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y first, and very sad duty this
M month is to record the passing of

ane of our contributars. Robert
Nawman of Lancing, West Sussoex died a
couple of months back,

Robert sent us a number of anticles
over the years, the majority of which
offarad a shightly differant slant on
problems encountered in the homa
workshop. | particularty enjoyod his
contribution on hand turning and his
instructions on how to make dead-blow
hammars. | regret that | mever had the
opportunity to meat him face to face, but
pnjoyed guite a few good-humoured
telephone convarsations, and will miss
his cheery greeting. We send sincere
condolences to his family and friends.

The fact that many of our fraternity
are in the older age groups means that,
inevitably, wo shall suffer thase losses
from time to time, The same problem s
affecting REMAF, thae charity which helps
to provida technical equipment for
disabled people. During a recent
conversation with their National
Organisar, John Wright, he was telling
me that it is about eleven yaars sinca
their last campalgn to recruit more
volunteers, and they now have a need 10
saek additional help. A par of this need
has been generated by the increasing
number of refarrale, soma 3000 of the gix
million or 0 people with disabilities in
the UK having been helped last year.

Some of the devices produced by the
1500 membears of the 106 local panels
(tha 107th is just being established in the
Isle af Man) ara designed 1o halp with
the business of just genting on with life.
For example, Devon South constructed a
stand for an electric razor, allowing it to
be usad by someaone who is unable to
usa thair hands, while Lincolnshire
devised a WC rail for a schoolchild, Work
related itams also feature, Essex North
East having halped somaona to be able
1o continue working in a Post Office by
designing a handle for a document
stamp which absorbed the shock of the
SIAMpIng process.

Leisure activities are not forgotten, the
Tyne-Tweed Panel having produced a
line casting device - something like a
Roman catapult - for 8 beach angler, and
a husky racing rig which enables a lady
with cerebral palsy to continue to enjoy
the sport in the forests of the area. For
waterspons enthusiasts, Devon North
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constructed an attachment for a canoe
which allows a ong-handed person 1o
operate a double-endad paddle.

The value of these and a number of
other projects was recognised at a recont
axhibition, NAIDEX 2000 held at the NEC,
Birmingham, when awards ware
prasented for 8 number of categories, in
the presence of an audience of disabled
paaple and health care professionals.
Five NAIDEX awards wera prasantad by
REMAP Vice-President, Professor Hainz
Wiolff, who also presented his own
award for the bast electronic submission.
The Inman Award, donated by co-Vice
President Professor Willlam Inman was
for work-related projects, 50 went to
Essex North East, and the shaver stand
was judged to be of benefit to a numbar
of people rather than a single disablad
parson, $0 was given The New Horizons
Trust Award.

Quite a few of the current REMAP
volunteers are home workshop
anthusiasts such as ourselves, but
membaears of our fraternity have also
banafited from thair afforts. Tools
capable of being operated with ona hand
are a frequent requirement, while the
waorkshop activities of one of our number
have bean made much mora enjoyable
by the provision of a chair equipped to
run on a rail, so that he can move from
lathe to milling machine to othar
equipment arranged along ons bench.

REMAP's volunteers fall into two
groups. About half are problem solvers -
enginsers, mamy of whom ara
professionally qualified in mechanical
and electrical disciplines, supported by
axparianced machinists and carpenters,
together with ingenious handymen and
DiY-ers. The other group consists of
problem identifiers, including
occupational therapists, distriet nurses,
teachers, social workers, doctors and
others in the caring professions. A panel
may have around 156 members and will
probably meet monthly to review
prograss on axisting projects, receive
new cases for discussion and decide on
action, Usually two members take
responsibility for a project - an engineer
and an occupational therapist - thus
observing a balance of professionalisrm

If you feal that you would enjoy a
technical challenge and have a few hours
spare time available, why not use them
1o help this worthwhile cause? All you
need to do is to call the REMAP National
Organisar, John Wright on 01732 883818
or the National Organiser for Scotland,
John Golder on 01294 832566 and one of
them will arrange an introduction to a
convenient local panel, the members of
which will give you a warm welcome.
More information will be available in the
2001 edition of the REMAP Yearbook
which is due to be published by the end
of January and is available from the
above Organisers at a cost of £5.60
including postage. By purchasing a copy
you will give the funds a welcome boost.

In other spheres of volunteer activity
in the UK, | am aware that efforis are

being frustrated by the weather. The
racent heavy rains and swollen rivers
have causad chaos in some areas,
including the valley of tha Bristol Avon in
which our Brass Mill is located. We were
inundated to a depth of 4fi., something
wa have seldom expearienced at this ime
of year. Very large woodean items weare
floating around like matchsticks and
much of tha display material has been
ruined, particularly the panels on which
photographs and diagrams wara
mounted.

When the waters subsided we were
confronted by a vary thick layer of an evil
smelling mixture of silt and vegetable
matter containing all manner of
obnoxious items, An assault with
brooms, shovels and wheelbarrows was
succassful in dealing with the bulk of the
problem, then a pressure washer proved
invaluable in shifting the finer material. it
will, howaver, be many months before
we get back to the condition in which
things were seen at our final Open Day
of the season, just about a week before
the watars started to rise, We are
keeping anxious eyes on the weather
forecasis, hoping that we do not get
another flood in the coming weeks.

Howavar badly we were hit, all
members of the team were very
conscious that, at the end of a clean-up
sasgion, we could lock the door and walk
away, We are not nearly as badly
affected as those whose homes and
businesses have been in a similar stats.
Wa can only imagine how heart-breaking
it must be to have to start salvaging
treasured possessions, many of which it
will be impossible 1o replace. We hope
that none of our readers has had home
or workshop ruined. Small tools can
usually be salvaged, and modern de-
watering fluids can work wonders, but a
silt-filled machine gearbox or saturated
electrical equipment is another matter,

It seems that we in the UK have not
baen alane in experiencing flooding,
television pictures having shown us that
some areas of Australia have suffered
similarly, We have a significant
readership in that part of the world, so
we hope that you too have escaped the
worst of the problem.

Turning now to more hopeful matters,
this issue of M.EW. will be published
just & few days before Christmas, 8o all
at Nexus join me in sending readers the
compliments of the season and
axprassing best wishes for 2001. Looking
back over the past year, all the publicity
surrounding the Millennium Dome
prompted me to compare public reaction
with that accorded to the similar evént
held nearly 50 years ago, the Festival of
Britain. My recollection is that there was
a much more positive response then -
parhaps thers are 80 many more major
events in the world now and getting to
them presents little difficulty, so we have
become much more cnitecal and
salectiva. | remember, in 1951, logether
with a school friend, cycling the 120
miles to Londan to visit the South Bank
and Battersea Park, and also o attend
my very first Model Engineer Exhibition.
50 years on, | suspect that the event to
be held at Sandown Park over New Year
will be the occasion for a small
celabration.




LATHE SPINDLE
LENGTH STOPS

1. Mari I set of parts showing how the screwdriver can hold the screwed rod in place
wihile tightening the focknut with a tube spanner

oaner or later all lathe users

encounter a need 1o precisely

position parts axially in lathe chucks
or collets, Some sort of stop 15 required,
but these do not seem to ever be supplied
as part of the onginal outht, and rarely can
be obtained as optional extras.

Various designs for such equipment
have appeared from time to time in "M.E.",
'MLEW." and elsewhere as References 1 &
2 indicata, This article relates to two such
devices which now grace my workshop,
and which show some differences from
those praviously described,

Mark 1

My first attompt, the device shown in
Drawing 1 and Photos. 1 & 2 was 10
be a minimalist approach - a tapered plug
{lem 1) in the spindle bore through which
8 langth of screwad rod (Item 2) was used
10 set the required stop position, and
which could be fixed by a locknut. Three
various diameter caps (ltems 3, 4 & §)
ware made to use with different ranges of
work diameters,

The screwed rod was adjusted using a
long screwdniver in a slot in the end of the
rod, and tha locknut tightened with a tube
spanner, Thus the screwdriver blade could
operate down through the tube spanner 1o

o8

2. Caps, each stamped with its length
addition when scrawed on to rod

12

hold tha screwed rod mn posttion while the
spanner tightened the nut.

The axial position of the end of the
screwed rod could be checked from the
face of the chuck or from the and of the
chuck jaws with a depth micrometer or a
vernier caliper. The thicknesses of the
three caps when threaded on to the
screwed rod were measured and recorded
by stamping on each cap

For a couple of decades this device
served its purpose 10 some degres, but o
was nelther convemnant, nor very accurate,
s0 at length it was decided to supplant it
with samething mora sophisticatad.

Mark 11
General

]J‘IL’ naw H(IIIPF}I"I"I-F.‘F‘,! OWEBS much in
concept 1o thase of Tubal Cain in
Reference 1 and Hareld Hall in Reference
2. Because my Taiwanese |athe has a
ralatively large spindile bore it was
possible 1o saparate the various functions.

The determining dimensions of my
lathe for this project are as follows:-

« Axial length of spindle 365mm
+ Spindle bore diamaetar 35.5mm
*Spindle ond taper MT 4'32
» 3 & 4-jaw chuck
internal bore dia. 41.5mm

= Quiside diameter of spindle
at non-chuck and 42.2mm
The deavice has two sets of pants:

&, Tapered plug with verious sliding stop
rods.

b. Screwed rod with end supporis and

A simple lathe stop srslem,
suitable for a larger lathe, is
described by Philip Amos

poasitioning nut held in spindle bors by an
expanding split tapered sleove.

These are shown in Photo. 3.

Design

a. The tapered plug (ltem 8) occupies the
full length of the tapered section of the
spindle bore, It has a reamed 'zin.
diameter axial hole in which silver steel
Trzin, diameter stop rods slide.

The length of the simplest stop rod
(Item 7) is such that one end projects Imm
from the rear of the tapered plug when its
other end is just level with the outer end
of the chuck jaws (3-jJaw chuck - it projects
further with the é-jaw chuck)

The second stop rod (ltem 8) is turned
down 10 6mm diameter for a siightly
greater langth than the axial length of the
chuck jaws. This allows it to be used with
material down 1o "4in, (6.35mm) diameater

The third stop rod (Item 9) has a fiat
disk of 40mm diameter attached at one
end such that it will fit easily through the
chuck bore - see Photo. 4. This can be
used to position larger thin components
accurately axially in the chuck jaws when
there is not much to grip on.

It may be that rods with larger disks
might be useful in positioning work in the
chuck reversed jaws, but so far | have not
had any such jobs come to hand, so | have
not made these additional rods, and will
delay doing so until a definite requirement
emarges,

All the rods have been machined 1o a
common axial langth to facilitate
measurement - see later. Thess rods are
posithoned axially by the screwed rod
arrangement describad below.

b. A nut, Item 10, has its inside tapped
‘2in, NF for 13mm length and the
remainder of its length drilled 3.3mm
diameter to clear the scréwed rod. Its
oulside has a tapered portion (20 deg
included angile), a parallel portion and a
slightly reduced portion threaded ¥ain.
BSPF. This nut engages with the
expanding split taper sleeve, tom 11,
whiich internally has a matching 20 deg.
included angle taper, split with four slois,
and a parallel portion, Externally it has a
parallel portion which is relieved in its
miadie range, and also has a large knurled
handwheel formed on it

A knurled nut {ltem 12) threaded Juin.
BSPF is usaed to draw the taperad nut into
the tapered split sleeve, causing it to

Model Enginears’ Workshop



expand and grip on the spindle bore.
These components are shown separately
in Photo. 8§ and assembled in Photo. 6.

The outer end of the screwed rod has
fixed to it (with Loctite 680) a large
diameter knurled handwheel (ltem 13),
and there is also a large loose knurled
locknut threaded 1zin, NF {this is identical
to the handwheel, ltem 13).

At the inner end there are two
centralising supports, ltern 15, threaded
Izin. NF and pinned in place with 30
("ein.) taper pins - see Photo. 7. Why
two? Well, for use as a length stop for
components which extend in from the
chuck beyond the front face of the taper
plug, the screwed rod does the whaole- job
- the taper plug and stop rod in this case
being removed. Howeaver, if the stap
position required causes the end
centralising support 1o be in the location
of the spindle taper, then the increased
diameter maans no suppor ig renderad,
Hence a second support is provided at a
distance which allows it to locate in the
parallel part of the spindle bore.

If a casa arises whera the screwed rod
must be withdrawn so far that the second
support fouls the positioning nut, then it
can be removed by knocking out the taper
pins, unscrewing both suppons and then
replacing the end one.

The cover door for the lathe change
wheels must be open to allow use of this
device - sea Photo. 8. After the device
had been finished it became evident that a
minor change in the design of the sleave

and positioning nut, as shown in Drawing
S, would allow its use with the door
closaed - but | don't intend to remake it
now. The change involves an increase in
axial length of both components (ltems 10
and 11) of 25mm, shown as ltems 10A and
1A,

Manufacture

This is not a blow-by-blow description, but
draws attention to some salient points.

a. Tapered Plug

The lathe's original equipment headstock
sleeve MT 472 - MT 2 was supported on a
MT2 centre and set up with its smaller end
towards the tailstock, The centre was held
on a female centre in a headstock sloeve
and a normal centre in the tailstock - the
Latter having bean previously chacked for
its fore-and-aft position. The taper turning
attachment was adjusted to match the MT
412 taper using a dial indicater and than
locked in that state. The tapered plug
outside shape was then machined to size
held in the 3-jaw chuck and supported by
a tailstock centre, It was choecked with a
MT 4'z gauge and Prussian blue and
slight corrections made with a Swiss file,

The tapered plug interal diameter was
then drilled, borad and reamed to an easy
sliding fit on the silver steel stop rod (with
no wobble) and was the partad off to
length.

©

412MT

-t 175 p— -t 178

— 250 -
il
\

[#]
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PLUG
/2 NF x 6t

SLOT
16x16

Drawing 1 -
Details Mark |
Material Mild Steel

3. Mark I1 set of parts with all three stop
rods - one inserted In the tapered plug

Stop Rods

| initially tried using Loctite 680 to attach
the disk to the third stop rod, but found
after several attempts that it would not
stand up to finish machining, sa | then
sitver soldered it in place and machined
the face 1o ensura that it was at right
angles 1o the rod axis.

b. Nut and Sleeve

Dimensions for the nut and sleeve were
determined by full size layout drawings,
starting from the spindle bore diamater of
35.5mm. To ensure this bore was parallel
and circular, | put an expanding reamar
through it, and removed a few minor
irmegularities.

From the drawing it seemed that the
thraad for the draw-in nut should be about
1in, diameter, and as fine a thread as |
could find for which | had a tap and die.
This proved to be 3uin, BSPF, 14 1pi with a
naminal outside diametar of 26.14mm, s0
the parallel portion was made 27.00mm
diameter and the taper 20 deqg. included
angle following Harold Hall's design. The
taper was machined using set-over of the
topslide, and both internal and external
tapers were machined at the same setting,

The splits in the sleeve were made with
a hacksaw ag no canvenient means
presented itseif to hold the component
securely for cutting with a slitting saw.

The sleeve, draw-in nut, locknut and
screwed rod handwheel were all knurled
in one operation, and then aach parted off
the bar.

After pinning in place, the outer face of
the and support was skimmed at right
angles to the screwed rod axis, with the
latter held in brass shims in the 3-jaw
chuck, and the outer face of the
handwhael was similarly treated.

Use

From Drawing 6 it will be seon that the
depth of the stop bar bahind the ands of
the chuck jaws - ‘F” - is given by the
axprassion:-

F=A+B+C-D-E
= A + ([constant)

Thus the depth can be readily measured
by the use of a micrometer or vernier

13



MATERIALS: ITEM 6 - MILD STEEL
| ITEMS 7 & 8- SILVER STEEL
MT 412, ITEM 0 - SILVER STEEL & MLD STEEL

| i | —{10
| - | }?
‘ I T Z ‘ i
| | |

. p—————— =

e o .
fu — %]
“_J.-d”l":‘;].._ } } 1 4

. Drawing 2 Plug and Stop Rods

callper across the handwheels (distance A) For those who have lathes with spindle

and applying the constart. This sase of bores say 30mm or mora, tha Mark ||
measuremant was a principal aim of the concept would be recommended, The
concept. actual dimensions, of course, must relate
to the dimensions of the lathe concerned.

i No doubt it could ba scaled down even
Conelus“}n further, but probably Harold Hall's design
The devices described in this article may in Reference 2 might be casier 1o make for
be found useful in the home workshop. a smaller lathe.

2 | 3 5. - - Yezin. 3 4in. :
4. Flanged stop rod positioned with 3jaw chuck nut,sw‘“gwu rzin. NF locknut, 3:4in. BSPF draw-in
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8. As fitted in lathe spindie with change
gear guard door held open
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WE VISIT
DEREK BROWN

While in Lincolnshire the editor

took the opportunity to call in
on a fellow SMEE member

erek Brown is a retired Chantered
rginear who spant his w f
plopment and man
cal and food industries,
s and fluid

any year
o Chairmar

stand and works unnJH:‘.:mhnL; a
varety ol tachniqueas, particularly the
ening of very small drills. He has

L Mhlamndlllmdrdtbummm of smmall tools .mdhas given many DR . L QriNG, D9S8
demonstrations at exhibitions where he can usually be found in the workshop organised ) taken an interest in the application of
by the Society of Model and Experimental Engineers, of which he is a keen member. He
.ﬂubefuruonmamofw !wmodﬂmgmws

computar aided drawing to modal

.’rne muymion of ,- X 53
smalr focomotives is -
anolhq pifis .22 ' »
rasts. This ZTsain.
g!wp Hunslet was
started as a joint V.
project with his friend -
Tony Priest’ who died
soon after f" ;
camm

carfied on, J ap!ﬂl o4

the engina wi

now naméd in. o *ff g
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3. Prominent in Darek’s well equipped : : ; 6. The device seen on the machine vice in

Sy = 4. The table power feed mechanism is a Photo. 3 is this vevsatile ma e clock
workshop is his Myford VME miilling : bani " gnet.
machine which is fitted with an ‘Ortec’ X- substantial homeDulie cevics stand equipped with a variety of fittings

Y digital read-out system. Redundant to aid workpiece

pressure gauges make an interesting
addition to the workshop wall

engineering projects, having set up his
system at exhibitions to give
damonstrations and lectures. He always
draws a large and receptive audience.
Encouraged by the response he set about
writing a book on the topic, this having
now been published as No. 29 in the
Nexus Workshop Practice Series.

Derek's workshop is not large, but is
well equipped, as can be sean from the
following photographs

/? Wi,

5. Another view of the fabJo feed gcarbox which is occasionally removed from the
machine to be displayed on the SMEE stand at modal engineering exhibitions

4-‘1

7. An accessory made for use on the

milling machine is the optical aligmment 80. Derek’s lathe is 8

microscope developed by Derek and his conventional Myford Super 78

collengue Du;'k Stephen. This 'Uﬂa‘f was equipped with a taper turning

described in ‘Model Engineer’ Issues 4103 attachment and Myford-Dickson b

and 4105 FSapteml?ﬂX October ?99.'3,’. Also toolpost. An impressive srray of — 8
to be seen is the pipe which brings toolholders is readily to hand ' ™

coolant to the tool -
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9. No workshop is complete without at 10. Derek is always prepared to spend
least one George Thomas project, this time making small tools if this is

being his Pillar Tool necessary 1o achieve the correct end
result, Quite & number of these small pipe
benders have been made by readers after
he described it in M.E.W. Issue 64

11. When we visited Derek he was
putting the finishing touches to a smaill
precision lathe tool honing fig

e

12. The completed jig became s Silver Medal winner at the last 13. Another locomotive project, now nearing completion is a
Model Engineer Exhibition LN.ER. Class A4 Pacific

18 Maodel Engimnears’ Workshop



presentable axamples,

en our distinguished editor was
Wln my workshop a few months
ago he warmed to the method |
usad for making nut runners and has
twisted my arm to share the secrets with
all readers!

In common with, | would guess, many
model enginears | originally bought a set
of the unbeautiful Terry BA spanners.
These have severe limitations in use
insofar that they require a huge amount of
claarance all sround tha nut or balt haad
and this just is not available in many of
the comars of a nicely turned out model
(see Photo. 1). One step up the market is
the accurately made chrome vanadium
spanner, but again this has limitations on
access, as does its cousin the ring
spanner.

It was therefore inevitable that | bought
a set of 'box spanners’, all rather clumsy
but fulfilling a useful need in the armoury.
Ovar the years | hava followed these with
commercial wooden handled box
spanners and a socket set with all the
common sizes of socket, but all these tools
have one thing in commeon - they require
plenty of radial clearance around the
hexagon - enough to swing a cat, so to
gpoak (Photo. 2).

In consequence, several years ago |
started to expanment with home-made
box spanners of the nut runner pattern
and have found the manufacturing
method easy and the product durable
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1. Some pretty awful Terry's spanners alongsice some rather more

|
| s
|
1

enough for the purpose, althaugh not built
for everlasting life! A selection of home-
made nut runners is illustrated in Photo.
3; all are to fit 10BA nuts and standard
head bolts of that size and they are shewn
for comparison alongside one of the
commuercial box spanners of the same
siza. The photograph makes it apparent
how clumsy the commercial article is by
comparison, Production of the items is
easy provided that some basic size
considerations are observed.

In any hexagon, the distance across the
corners is 15.5% greater than the
measurement across flats. This
datermings that we need a core hole for
the fermale hexagon somewhere between
these two measurements and from
axperience, take a figure around 6%
greater than the across-flats measurement;
this will ensure a small amount of
stretching of the metal as the hexagon is
formad.

Chuck a piece of silver steel of
convenient length and diameter and drill
the correct size shewn in Column 6 of the
table for & depth of 117 times the nut or
bolt head thickness. Next dnll the BA
clearance size for say 'zin. depth beyond
this hale, so as to enable the nutrunner 1o
be used over a protruding thread. Now
turn the O/D of the silver steel to a
diameter 0.030in. greater than the core
hole size, so that you should have a shon
cylindrical portion with a 0.015 in, wall

R SRS |
2. Box spanners and socket gpanners, all commaercial examples
with their own disadvantages.

thicknass. Take this diameter back far
enough 1o clear any obstructions as
necessary (Fig. 1)

Now we are ready to form the hexagon
by deformation of the metal in the core
hole and for this purpose use an Allen key,
elther in its entirety or cannibalised for the
purpose. These keys are of course cheap
enough for this purpose, but if it goes
against the grain to cut one up, then grip it
in a short split bush with a hole drilled
through just big enough to take the
hexagon across-comers size (Fig. 2), By
holding it thus in the 3-jaw chuck, the
‘heel’ of the Allen key will press against
the chuck body and aflow the key to be
forced into the hole. The business end of
the Allen key should be slightly rounded
to allow it to enter the hole which it is to
deform,

Now, if you examine the data in the
table you will notice that 2, 5, 6 and 9BA
hexagons are slightly larger than the keys
to be used. In these sizes, after forming
the hexagons waggle the keys around in
the hexagon holes while the pieces are
still in the chuck. This will enlarge the
hexagons 10 the correct size; not much
movement is required to open out the
sizes by a thou or two. Altermatively, you
can finigh to size by forcing & nut or bolt
head into the tight hexagon, On the other
hand, for 4, 8 and 12BA the keys as
bought are slightly too big and these
should ba stoned down to size on A coarse
oilstona.

Now check progress: if you have
worked to the correct dimansions the
haxagons will be well formed and will be a
good fit. Do check at this stage of the
proceadings, since if there is any
reworking 1o ba done, it is a simple matter
lop?noﬂmemdofmepanandmrt

again.
| should mention that, with tha
abandonmant of soma Imparial rolling
facilities, some of the sizes on commercial
screws are bastard sizes. Thus for example
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12BA screws are produced these days
with a 26mm head, which always irks me,
Is 2mm hex. bar not available, | ask? In
this size the %32in. key can have the same
reatment as for GBAL

Shanks

| hawe drawn a shank o suit individual
requirements, but | should like to say two
things about this discretion, Firstly it
makeas for 8 vary usaful grip if the end Is
knuried and a diameter only little greater
than that of the nut itself enables sufficiant
torque to be imparted to tha screws on
assembly tor all normal : _
purposes; the only
exceptions to this rula
really come with sizes
above 4BA, where you
may care to finish
tightening with the
conventional tools. | e

Secondly, | have |
found that in some
confinad positions &
short stubby nut runner
is the most convenient
tool to gain access.
Such an axampla is tha
second from the right in |
Photo. 3.

It gets to the
parts that

Split Bush to fit Key

. —
Typical dimensions for 10 BA nut runner © |

H sz 3 i

Fig. 1

B
]

&

3 mm Allen Kay

others

cannot

reach!

| should now like to
introduce the “Heineken”
pattern of nut runner in
which | have designed a
simple universal joint.
This iz detailed in the
drawing (Fig. 3} and assembly can bo by
means of short lengths of 4azin. silver stesl
rod riveted over to stop them falling out.
As a matter of interest, the pivols in a
spider should lie in the same plane and if a
‘lop-sided’ spider such as the one drawn
were to be run in & rotating mechanism it
would not transmit a motion of uniform
angular velocity. Indeed a single universal
joint in a rotating device gives rise to
variations of angular velocity in which the

Fig. 3

.'l. erdiﬂ.m IBBA Mmmmnmm!doncomm-mu

box spanner for comparison.
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"Heineken" Universal joint unit f—

pointing to one example currently in my
workshop, the tender for my 5in. gauge A4
{Photo. 4), the chassis of which has a
couple of hundred screws, many of which
hawve tight clearances around them. | can
strip them down at great speed and
replace them similarly, in the knowledge
that the tarque available from the small
diameter shanks will not dastroy the
threads. Of course there are washers
under all those heads. |

driven component speads up and slows
down with what is called a ‘Coriolis’
acceleration. To compensate for this, any
universal shaft should have joints paired,
with the axes of the two ends carefully
reflecting each other. Have a look at the
prop. shaft of any lorry to see what | mean!
So that is the story to date. | have found
the designs useful and | do not hesitate to
make a special if required. | have found
the devices time savers and | will finish by

4. Amd-ﬁwmmmwm
underneath and above foot steps. A nutrunner is a great advantage hers.
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TRADE COUNTER

Please note that, unless otherwise stated, Trade Counter itemis have not necessarily been tested. We give
news of products and services which have been brought to our attention and which we consider may be

of interest to our readers

Tungsten carbide and
diamond tooling from
Eternal Tools

Eternal Tools specialize in tungsten
carbide and diamond tooling for the
enginser and horologist. In addition to
their ever-expanding range they have just
introduced a range of very fine (600 grit)
diamond files in all shapss and sizes,
perfect for detailed work on all hard
materials and also for re-sharpening blunt
culting tools. Individual 140mm diamond
files cost £6.00 each or an assorted set of
ten for £44.95, while the larger 180mm
diamond files cost £7.50 each or a set of
five for £34.95.

Ta complement their diamond range
they are also manufacturing diamond
wheels to specification. They can be
offered in 20 differant shapes, most sizes
and various diamond grades. Ona very
popular wheel is a 6in. x '2in. x 20mm
whoel designed for your bench grinder,
Once easily fitted as a raplacement for
your normal grit wheel, tungsten carbide
and High Speed Steel tools can be
repeatedly sharpened with gase, At a price
of £49.95, for a model engineer hobbyist
this kind of wheel can be expected to last
for a lifetime,

For further information Eternal
Tools can be contacted on Tel: 0208
880 09874, email: enquiries@etemal-
tools.co.uk and they also have a
comprehensive website with secure
online ordering: www.etemal-
tools.co.uk

Make waterslide decals
on an ink-jet printer

JetCal is a new paper that can be used ta
make slide-off (waterslide) decals using an
ink jet printer. This revolutionary paper
allows you to create your own decal
design on your home PC to decorate all
sarts of itams, on materials such as glass,
Perspex, plastic, wood, metal, pottery,
painted surfaces and wax, It is therefore
ideal for model makers and craftsmen,
providing the maans of making transfers
required when painting models or putting
the finishing touches to equipmant which
needs dials or labelling.

To make JatCal transfers, designs are
generated on a PC using a standard
artwork package, by scanning an existing
design or by taking a digital photograph.
Onca the desian is finalised on-scraen, it is
printed on JetCal paper using an ink-jet
printar then cut around the edge of the
design. To apply the transfor to the item, it
is soaked in water for one minute 10 allow
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it to shde from tha backing paper on to the
itemn, After application, the surface is
wiped with a wet sponge and remaining
water removed from the surface with a
clean tissus, Unprintad areas will appaar
white. This process is explained further in
the JetCal Instructions section of The
manufacturer’s web site

www thadecalpaperstore.com,

JetCal is available in packets containing
ten sheets of A4 or five sheets of A3,

Visit wwwi.thedecalpaperstoré.com to
find out more about JetCal, How to use
JetCal and Suggested Applications or &-
mail guestions@thedecalpaperstore.com

The Decal Paper Store, PO Box
1687, Stoke -on-Trent ST1 3TR

ML.E.W.
Computerised Index

A reader has suggested that some
recipients of the magazine may have
difficulty in reading the note which
appeared on page 36 of Issue 69 regarding
the computerisad index for MEW. This
index comtinues to be available and, as the
number of published issues of the
maghzine increnses, it becomes a more
valuabie tool.

The current version contains an index
1o all issues up to No. 68 and includes
reflerences to all srticles, Quick Tips, letters

and to trade items having long term
interest. A feature of tha index is that it
includes embedded subjects, items within
an article but whose subject differs from
tha main object of that article.

The index is sorted by areas of interest;
turning, welding, computer etc., but this
can be overridden by the user so that it
can be sorted by other eriteria such as the
author or chronologically. Search and print
facilities are avallable, as is the ability for
the user to to edit and update the index
far him or herself, For those not wishing
10 carry out this exercise, updates are
issuad every slx (ssues, howevar, all
updates contain the index from lssue 1, 0
il an update is missed, later updates will
cover tha missing information.

The systam, whilst not requiring
Windeows will run on a Windows based
system, any 386 standard machine or
higher being adequars.

The supplied disks now also include the
Lathe Changewheel Calculation program
which was previously sold separately. This
calculates every possible combination
from the user’s list of changewheeals (well
over 10000 for 13 changewheals).

The computerised index now costs £10,
which includes post and packing within
the UK. For non UK orders, please add £2,

The index can be purchased from




THE 70th MODEL
ENGINEER

EXHIBITION
NEWS UPDATE

The 70th. Model Engineer Exhibition will take place at |
Sandown Park Exhibition Centre between the
29th December 2000 and 1st January 2001

arrangements for the 70th Model

Engineer Exhibition are proceeding
satisfactorily. At the time of writing
these notes (at the beginning of the last
week in November), a substantial
numbar of antrias for the compeatition
classes has already been received and
the Loan section is also well supported.
When taken together with the items
which will be displayed on the Club and
Society stands, it means that a goodly
number of models, pieces of workshop
equipment and horological items will
bie available for visitors to study and
enjoy. My fellow Editors, Mike Chrisp of
Model Engineer and John Cundell of
Mode! Boats joim me in thanking all
who have indicated their support for
the exhibition, now being returmed to
the traditional format which evolved
from that first Model Engineer
Exhibition staged by the foundar of the
movement, the late Percival Marshall,
back in 1907,

That support, together with that from
our friends in the trade, has meant that
it has been necessary to seak more
space in which 1o accommodate the
axhibition, which will now occupy the
Surray Hall, the Cobharn Hall and the
Eclipsa Bar of the Sandown Park
Exhibitien Centre. In addition, our
friands of the Malden & District Modal
Enginearing Soclaty have extended a
welcome to visitors 1o the exhibition 1o
join them at their nearby club
headquartars, Trangport is to be
arranged,

Members of the Harrow and Wembley
Society will be running an cutdeor ground
level railway track st Sandown Park
(weather parmitting, of course) and the
Society of Model and Experimental
Engineers will be actively engaged on a
variety of workshop projects, using
equipment most generously provided by a
number of the trade exhibitors. SMEE

I t is pleasing to be able to report that
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membars will also be attempting to
answer questions posed by visitors, as will
the representatives of the other Clubs and
Sociaties who will be manning thair
stands.

The list of these organisations who
have eonflirmed their altendance 15 :-
Gas Turbine Builders Association,
Guildford MES, Harlington Locomotive
Society, Harrow & Wembley SME,
Maxitrak Owners Club, Stirling Engine
Society, lckenham & District SME,
Malden & District MES, North London
SME, SMEE and the Southern
Federation of Model Enginearing
Societies,

Trade suppliers currently

AB Toois
Anga Hobbing
Bidwells
RECIAlES

Engineering
Campenter & Howlett
Chalk Garden Railways
Chester UK
Chranog Limited
pe IC L‘L\L\

| “-|.'l |\1 L E

| W. Hobby Ltd
Home & W
Ja L'Tut!.'n

LB Rosio
Langdor

Getting to the Exh:biﬂon

Sandown Park Exhibition Centre has 3000
froe perl:umtpamandgaudmadm
and is located on the A307 London to
Portsmouth road. It ng from the
dimﬁono!(‘:munlundm.lduﬂum

“and #xit for Eshar on tha A308. From all

other directions, join the M25 and exit at
Junction 10 to follow the A3 towards
London. Turn off for Esher on the A244,

‘The route to Sandown Park is signposted.

Trains run from London Waterioo to
Esher at half hourly intervals, the journey
time being 21 minutes. A free bus service
for rail ticket holders will run from Esher
station to the exhibition, timed to connect
with the trains. A retum bus mmwm
also be available. -

booked to attend:-

MEC

Maxitrax

Mode! & Colloge Metals
Myford

Paper 'n’ Staam Galore
Peatol Machine Tools
Phoenix Promotions
Powsr Ball

| Sociuty
RDAG Tools
Ryan 1nn &

Produces
Starkss Lid

Vidaoling
Warren Machine Tools (G
Wilmington Engineering Sup
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In Part 2, Loris Goring
describes the installation of his
reconditioned lathe and the
preparation required to bring
it into operation

such as a Myford was anything less rigid

than a frozen mammaoth. In fact, the
massive bed can be twisted and this is a
thing that must to be avoided if you want
to produce accurate work. The exacting
needs of a proper installation were
something of a shock to me - a beginner
at engineering.

No [athe will ever achieve the desired
accuracy if the bed not housed on a very
rigid level bench. Although a stout wooden
bench can be made at home, wood moves
as a result of changing temperature and
humidity. Stout timbers and a metal top
can minimise this and indeed, many an
amateur’s lathe has managed perfectly well
on & wooden bench, Howewver as my
workshop has limited space, | decided that
the cost of a compact new Myford Tray Top
Cabinet Stand would be justified. In fact,
long before the stand arrived | had played
about with all variety of possible locations
in the workshop, but due to other work
benches | could not house it in the ideal
position under a window, so the final
position had to have some kind of first
class lighting

Lighting for the lathe

AS Woe age, 5o our sight seems not to be
as efficient as it was when we were young.
As you sea (Photo. 1), an extending light

| had no idea that a robust lump of iron

i
- — Al

1. A good light on a properly engineered
extending arm is invaluable because it can

be quickly positioned to illuminate the
working area
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GETTING STARTED
IN MODEL
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2. There are a number of good headband mounted magnifiers on the markat. Thair
advantage is that they leave both hands free.

[£25) that could ba positioned directly aver
the tool post was purchased, Halogen
lighting is good, but at around £130 from
Myford rather too exotic for my fast
diminishing pursa,

It is worth noting that there is danger in
using fluorescent lighting since this
'pulses’ making it appear that the driving
plate or tools in tha headstock are
stationary when in fact they are ready to
give you a nasty injury.

For fine critical work, eyesight can be
enhanced by using one of the magnifying
lights on the market or Head Magnifying
Glasses. | found an inaxpansive one
(Photo. 2), costing £19, at 8 model ghap.
It had dual magnification - 2.2x then, by
slipping a second set of lenses down, a
3.3x magnification,

Safe working

Eyes are precious, so | was told that a
polycarbonate mask to give full aye
protection is a must when turning some
types of brags which chip rather than peel
off the tip of the cutting tool, Your ordinary

glasses give some protection from flying
swarf, but safety glasses which have some
form of side shield do a much better job.
A chuck guard s algo an excallant satety
investment. More than one accident has
occurred bacause a chuck key was laft in
the chuck and the machine has flung it out
at the careless machinist.

White | detest the fact that we are
becoming more and more a ‘Nanny State’,
safaty in the workshop is a vital issue.
Simpla measures like waiting for
machinary to stop before working on it
and avoiding dressing with any loose
clothing that ean get caught up in
ravolving chucks or spindles are obvious
measures to take, but as someone once
said, "Common sanse ain't common”|

Acquiring tools

It Is quite amazing how many naw tools
you nead for a new workshop, but don’t
rush out and buy them at top price. Old
engineers sadly pass away and oftan their
tools are sold at greatly reduced prices by
widows, Sounds morbid, but the chairmen



3. A simple tool rack. conveniently
positionad, is a real time saver and avolds
the possibility of the tools getting lost in
the swarf in the machine’s undertray

of model enginearing societies are often
asked to advise on sensible prices for tools
when widows have no idea of thair real
value,

| made a sheet aluminium bracket and
fitted it, as in Photo. 3 to hold the tools that
are constantly needed immediately to hand

Heating the workshop

Although the joy of making things on your
new lathe will blind you to the fact that it
is freazing and damp in your workshop,
the lathe will not like 11, Therefore, put
personal considerations aside and
consider the best form of heating for the
lathe and other machinery. While paraffin
or Calor Gas (both hydrocarbon fusls) are
an sasy way to heat your workshop and
make you comfortable, they are not the
best for the lathe and tools. When
hydrocarbon fuels burn they produce an
equivalent weight of water vapour, This
water vapour condenses on cold surfaces
and rusty equipment is the result. Good
ventilation will remove the vapour but also
the heat, so these forms of heating are not
the best. Convaentional central heating or
alectricity are the best as both provide dry
heat. | must admit that when | bought my
house it was split level on a hillside and
the under part was perfect for both a
workshop and the central heating boiler.
I'm not suggesting that you now move
house, but that this was parhaps the onas
area where the problem of comfort for the

A

5. The range of ocils required fo keep the
lathe in good order and to aid machining
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4. Although not cheap, a proper machine leveal is a worthwhile invastment

lathe and myself did not need solving
Wall mounted heaters are well out of the
way. Storage heaters (sometime second-
hand ones) are relatively cheap and well
enclosed. Free standing electric fires are
not good as they can be knocked over and
love wood shiavings that seem to abound
in workshops, They can be a fire hazard if
you forget and stand too close to them
while totally absorbed in your new project
Similarly, fan heaters at ground level suck
in the dust that can be equally dangerous

Levelling the lathe on
its bed

Just heaving the lalhe, aven without a lot
of its 'bolt-on bits’ on to the stand was a
job for two. We had insered the levelling
screws and their bolts onto the raised
blocks and made sure that the blocks had
their grommaets inserted under them, As
the blocks come down on the grommets

6. The Myford oil gun is designed to suit
the nipples fitted to the oiling points

they prevent leakage of coolant into the
cabinet below. If an old lathe is bought
and dismantled from its stand for
transport, the gaskets should be renewed
The Myfard manual is specific about
levelling, and | ordered all the measuring
and testing equipment necessary from
Moore and '\"Jr:gh{ of Sheffield. They have
now maore than 94 years of experience in
l"'l'l(.]l‘”l!l"[l[‘!l [Jl!‘.(';‘i:(]!l IT:.DIHH'.JTIH!.} t(lf.‘l\ and
| "back Britain® as far as | can these days.
The ool | needed was the Moore and
Wright ELS Engineers level (Photo. 4) 1o
got the baed leveal in both the lengthways
and crossways planes as it was adjusted on
the four levelling screws. | was very
surprised to find that when these screws
wira correctly adjusted so that tha bed was
perfectly level in both planes, just tightening
the lock screws on top of the bohs would
upset things. i took me a couple of hours to
get things perfectly correct and all tightened
down without disturbing the levels. In the
Mytord manual it describas how to turm a

7. Ready to go! The refurbished and well
aquipped lathe wouwld grace any
workshop

Model Engineers” Workshop



st piece 1o check the levelling and 1o
angura that tha chuck is holding the work
correctly. My machine came with a 3-jaw
chuck and things worked out well, although
| undérstand that a 4-jaw chuck is likely 10
be more accurate, provided it too is in good
condition,

Lubrication

Oil of one kind or another is really the life-
blood of any machine, so | was not
surprised to find that | needed three
differant typas of oil (Phota. 5) for the
Myford,

The manual doegs, of course, show tha
seventean lubrication points, and the
beginner is well advised to keep an
illustration near his Iathe, so that he does
not forget to oil any.

The standard olls required are Esso Nuto
H32 for general lubrication and Esso Febis
K 68 for all the sliding surfaces. A rather
expensive special Myford oil gun (Photo.
8) is required for the nipple oiling points
and it is important to ensure that if your
machine Is aquipped with the two drip feed
oilers (which | had replaced), they feed the
main headstock bearings at a slow, steady
drip. As you 586 in the same photo, an
ordinary oll can is used for the ‘Nuto’,

The third can of il was Myford 80138
Cutting Oil. This type emulsifies when
water is added and it used for cutting
operations to cool the metal being worked
and the cutter itself. Although you can have
machines with a pumped system for the
milky coolant, most small machining only
requires the occasional squirt or dab from

Would readars wishing to make use of thi
tacility please note that the maximum total value
of iterms aocepled for a ‘For Sale’ entry 18 £50.

To advertise goods of o greater value, please
contact our Clansified Advertisement Department.
Pleasa indicate clearly if an item is

intended for Link Up,

FOR SALE

® MEW Nos. 1-25 As new with all
plang ato, Offes for lot pleate.

Small slittng saws, 25mim dia, and
smaliar, 0,75 (o 0.3 thiok, 20 mixec far £3
or 40 mixed Tor £5,

Tel. Colin on 71332 517439 (Dearty)

® Single phase maton ¥ hp, 240V, with
ciutch, a5 now. £25

Brefet buyers 1o test and colleet,
otherwise 10 arcanga gotlection,

Tel 01723 362537 {Scarbarough)

® Pons’ siper drill gt'mdlug {ig, Lnusasd
£48, 240V moton wonm gearbiox, Ain,
shaft. final drive 48 rpm. 09,

John Hammand, 96 Mo orcrol Road,
Mogeléy, Bremingham B13 80U Tel, 0121

248 1520
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a brush-full 1o keep temperatures down. |
raided the bathroom for a shampoo
squeazy bottle (sean right on tha lathe tray
in Photo. 7) and with a cap off an serosol
and two 5in. lengths of plastic ube, it has
proved parfectly adequate for the job.
Rocol do aerosol cutting spray cans of thair
RTD liquid, one for extreme pressurs and
the other a foam application,

Connecting the
electricity

| am no slectrician and as | anjoy lifa, |
always use masking tape labels on any
wires | dismantle, so that they go back in
the same place. The lathe had originally
baen on & woodan banch, so the switch
was of the old ‘back and forth’ type with
‘stop’ In the middle. It is vital in any
workshop to have all machine tools
properly sarthed or ‘grounded’, 30 new
wiring with the correct cross-section
copper wire for the job was purchased
from a proper electrical shop that
advisad on what should be used. You do
not want any old wire that will not handle
the starting load of an electric motor,
With the switch duly installed on the
naw cabinet and connected up | was
pleased that the thing actually worked.

Getting the metal Contacts e
stock in Precision Lavet Moore and ¥t

For a beginner, mild steels are cheap and
cheerful and they abound. | found one i

'WANTED

® Any information on B.CA Mk, 2 jig
borer/miller,
Tel. Colin on 01332 517439 (Derby)

® Operating manual for ACORNTOOL
shaper. Any information to help me repair
and adjust this machine would be
appraciated.

Tal, Jim McGowan on 01661 822702

® Information on Boxford VSL (Variable
Speed Lathe) control and speed
measuring system.

Tel. Pym on 01200 422257 (Lancs)

& For Westbury miller, complete Spindle
Head Assembly or drawings/castings or
w.h.y. Also drawings for Tinker Tool and
Cutter Grinding Jig. Will copy and return
with pleasure.

Tel. Thomason on 01756 797261 (Skipton,
N. Yorks)

® 30 notch {(or 60) index plate for
SAFAG Il wheel cutting machine. | have a
spare 12 notch plats,

John Hammaond, 96 Moorcroft Road,
Maoseley, Birmingham B13 8LU Tel. 0121
249 1520




Lathe projects for
beginners (5)

- Turning Parallel -
The Tailstock Effect

Harold Hall now considers the influence of the lathe tailstock on
parallel turning and suggests that the manufacture of a between-
cenires test bar as an aid to future accuracy

1. Before you undertake serious work you
must be sure that both your hard and soft
centres run true. Use a dial test indicator
with each centre in turn mounted in the
Iathas spindle, turning this by hand.

aving, in Issue 70, ensured that the

lathe is set up to turn precisely

parallel, the reader may now feel
that it would be the end of the subject, but
this is not so. It is possible that the
tailstock could be off centre, resulting in
work being tapered when the tailstock
centre is used to support tha workpiece,
whather this ba with the work held in the
headstock chuck or mountad on the
headstock centre.

Before luming a test piece to check the
situation, bath centres must be chacked
for concentricity. Place each in turn in the
headstock, after having serupulously
cleaned centres and internal bore. Turn the
lathe by hand and chack with a dial test
indicator that the centre runs true (Photo.
1). If, as is most likely, both run true (at
least better than 0.005mm total indicator
reading) all’s well, If the soft centre Is at
fault, it can be twirned in situ in the
headstock; if the hardened centre is off-
cantre it neads grinding, not a job for the
majority of home workshops and it is
‘probably better to purchase a new one. If
both are out of trug, you should suspect
the bore of the lathe mandral. Hopefully it
is just a small area of damage on the entry
to the socket, which can be removed with
a scraper.

Many lathes have a means of moving
the wailstock bodily across the axis of the
machina, providing the facility of
deliberately producing tapered work,
though by no mare than a degree or two.
Ag this permits the centre to be out of line,
it must also be usad to get the centre back
on the lathe's axis, If this adjustment is not
available, then it will be a major fitting
exercise to correct any fault and this is well
beyond the scope of this series, especially
as the method will vary from one lathe type
10 another, Even if adjustment is not
provided, the test piece described befow
should still be produced, as it can be first
used to prove that the tailstock is
sufficiently accurate (the most likely case),
and secondly the test piece produced will
be an essential accessory later in the series.

Turning the test piece

Cut a 1652mm length of 26mm diameter
mild steel and centre drill the ends. There
are many ways of doing this and the
method chosen will depend on the level of
accuracy required, and of course the
equipment available. For this application |
would suggest the simplest, as any error
prasant will ba machined out when the part
is being machined over its complete length.
If you have a 'centre square’ (Ref. 1)
then use this to locate the centre, but if
not, the previously made "Mini Height
Gauge' can be used in the following
manner as a good alternative. Set the
height 1o 12.5mm as accurately as can be
achievad. Coat both ends of the bar with
marking-out fluid and place it on the
surface plate or some other reasonably flat
surface. Scribe a line on the end, rotate
the bar about 120 degrees and scribe
again. Turn a further 120 degrees and
scribe a third time. If your 12.5mm was
spot on then the thres lines will cross in
the exact centra, If, however, there was a
small error, the centre of the bar will be in
the centre of the small triangle produced
by the linas. Centre punch the end and
cantre drill to about 5mm diameter on the
drilling machine, making sure that the bar
is accurately upright whilst being drilled.
Repeat the process on the other end.

With the piece mounted in the 3-jaw
chuck and the outer end supported by the
tailstock centre, face the end as close 1o
the centre as the tool being used will
permit. If you have a “half centra’ then use
this, avan if only a drill chuck mounted
varsion (Photo. 4, lssue. 70 page 27).
Foliow this by machining the reduced
diamater. If you have a tool that presants
an angled leading edge, then use this as it
will give a less abrupt transition between
the reduced and full diamaters than would
a 90 deg. knife tool (see test bar drawing).
Reverse the part and produce the reduced
diameter on the other end, but as this time
it is being held on the recently machined
portion, do protect this from damage.

As we hope the part will have a long
term application, a fact that will be
understood as the series progresses, it is
desirable that the centred ends are dead in
line with each other. Sketch SK.1 shows,
much exaggerated, the error that could
have cccurred as a result of their baing
drilled on the dnlling machine, an error
which we are trying to avoid. To eliminate
this possibility, the cantre driflings will now
be trued on the lathe, With the part still in
the chuck from the last operation, remove
the tailstock centre and fit the fixed steady
in a position to locate on the reduced
diameter. the centre to prevent
the part moving whilst the steady arms are
fixed in place. Remove the centre and, with
a centre drill in the drill chuck, deepen the
drilled impression to about 10mm diameter.
This action will eliminate any error that
may have existed in the alignment of the
cantre to a degree sufficient for this
application. It will also remowe any
unmachined portion resulting from facing
the end whilst using a full centre. With the
first end now centred accurately, reverse
the part and centre drill the second using
the sama sequence of oparations.

Where accuracy is of extreme
importance, the concentricity of your 3-jaw
chuck should be considared. If an arror of
say more than 0.02mm total indicator
reading is evident adjacent to the chuck
jaws, then the 4-jaw chuck should be used,
the individual jaw adjustment being
employed to minimise the error, hopefully
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MATERIAL.

150

25mm DIAMETER 230M07 STEEL

MISALIGNED CENTRES CAN OCCUR IF DRILLED

ON THE DRILLING MACHINE.

SK1 Misaligned centres

lathes axis,

to zero. Additionally, for super accuracy,
rather than using a centra drill to trim the
already drilled hola, it can be finally trued
uging a8 vary small boring tool. This is an
additional improvement as the centre drill
may wander a little, especially if the barral
of the ailstock is on the loose side. In this
casa, unless your 3-jaw chuck is very
inaccurate and/or the talistock barrel very
loose, these precautions are not essantial,
However, for good practice saks, you may
choose to adopt them,

The part must now be located between
centres so that its outside diameter can be
turned along its length. Do remember that a
hard centre is always fitted at the tailstock
end and whilst not essential, it is narmal to
fit a soft centre at the headstock. Fit the
driving dog on to one and of the test plece,
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A

2. Turning a test bar between centres to check that the tallstock is set accurately on the

using some protection to prevent damage
to the already machined end. Whilst turning
between centras the peg on the drive plate
acte against the arm of the driving dog 1o
keep the workpiece ratating. If the part is

3. The test bar, turned batween centres, will, after having been made to prove the

Between centres parallel test bar

not round, maybe when turning a round
portion on a square bar, the cut will ba
intarmittent and the drive dog will bounce
about on the drive peg. This is not ideal.
With a continuous cut the problem is much
less, but can still occur with light cuts. Itis
therefore good practice in all cases to tie the
arm on the dog to the drive peg on the
drive plate by some means, perhaps strong
twine or copper wire.

When using centres, it is good practice
to very slightly over-advance the tailstock
{and | do mean very slightly) to ensure that
both centres are fully home, always having
first thoroughly cleaned both centres and
their sockets. With this done, release the
pressure and readjust to a running position,
not forgetting the oil.

The part is now ready to have its outer
diameter tumed along its length. For this
operation it is highly desirable that a fine
fead is set up, making it probable that a
better finish will result. it will also make the
task less laborious as the part is going to be
turned along its length a number of times.

Your lathe manual should quote the
changewheel combinations for a range of
fine feeds, use something between 0.10mm
and 0,15mm, much finer than that baing
unnecessary, Unless you are going to do a
lot of rough turning it is this feed that is
best left set up on the machine. If you do
not have a change wheel chart then select
the three smallest gears as drivers and the
three largest as driven gears. You may have
to expaeriment to find the baest order.

Fine feed quantified

If you want to calculate the feed rate it will
be:- ( Dr1x Dr2 x Dr3 x leadscraw pitch)
divided by {On1 x Dn2 x Dn3 } where Dr
are the drivers and Dn the driven. Do take
note that if you have an Imparial
leadscrew, leadscrew pitch isequal to 1
divided by leadscrew tpi. If you are in the
fortunate position of having a lathe with a
quick change gearbox then you will have
the apportunity to sasily experimant with

tailstock s accuracy, find other uses in setting up the lathe. Treat it as a precision item

and store away safely.
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differing feeds. Certainly, with the round
nose finishing tool, rates faster than
0.16mm are worth trying.

Firet using a knife tool of your cholce,
machine along the length with cuts of
0.1mm deep, repeating this until a
constant depth cut is being taken. At this
diameter 600 rpm or thereabouts is a good
speed to try, No matter how careful you
ware at centring the part initially, it is likely
to run slightly out of true to bagin with, the
truing of the centres described above only
having made them accurate with each
other and the reduced diamater ands. With
the part now machined all aver, raplace
the knife tool with the finishing tool used
on previous occasions, With this, take a cut
of 0.05mm depth (Photo. 2), and measure
along its length. If already parallel, and we
are looking for no more than 0.002mm
differance, and to end, your lathe is
already set accurately. It is, though, more
likely that the tailstock will need adjusting.
Inspaction of the tailstock should maka jt
obvious how this is achieved but, if not,
then consult the lathe manual.

Continue to make adjustments and take
further cuts of 0.05mm deep until the part
becomes parallel, Now take further light
cuts, endeavouring to get to a diameter of,
say, 24mm +/- 0.004mm. Whilst not crucial,
having & simple whole number dimension
for the diameter may prove beneficial
when the test piece is put to use in future
applications. As already mentioned in
earlier parts of the series, the fine edge on
the finishing toal will quite quickly
deteriorate. If you maks many cuts to get
to this point the, edge may well requine
honing again.

mnttlmmlwudrlllhgmd
threading 50-odd 6BA holes in a
 steam locomotive cylinder block of
--_mmuummouomummeu

nasty piece of cast iron and in spite of
malubdummukmgammm.i
still ended up breaking a tap. After trying
to remove it by my usual method - hoking
- and poking - which has some times
worminﬂ'npm this one still refused
to budge. Being a steam chast bolt hole
~ there was quite a bit of clear metal area
around the tap, which meant that if it
oouluboarmouomwmhnrwmud.

timber plugs - you know the sort -

wuoﬁnn plugs used 1o cover up

~ woodscrews which have been recessed
' below the surface of the timber. This gave
: -rmmmaa,whvnutmakaupnhollcw

“secured in the milling

: '-_upmwnmdund-nhn
~ itcould be re-threaded 6BA. The problem «
hmmmmmllbﬂnlyﬂnm? 2
- Inthe past | have had, on occasions, to
" use home-made plug cutters for making

Do remember that, during this
machining sequence, the pan will warm up
and expand, resulting in the naad 1o resat
the tallstock from time to time. As only
light cuts are being taken, temperature rise
will be low, but tailstock adjustment should
nevertheless be checked. For more arduous
operations, the effect can be extreme, such
that the tightening of the centre in the
drilled end can cause localised heating,
sufficient to destroy the centre. Keep
checking and renewing the lubrication, You
should, of course, not make adjustments
whilst a cut is being taken. Also remember
that a break in proceedings can cause the
part to cool and contract, similarly making
adjustment necessary.

During this machining operation, do not
move the tailstock along the lathe bed, but
make all adjustments by advancing and
retracting the barrel. The reason for this is
that the barrel may not be exactly parallel
with the lathe's axis (remember that all
components have an allowable machining
tolerance, even super-precision iteéms, so
that this does not necessanly inchcate a fault
in the laithe’s manufacture). The effect of this
lack of parallelism would be that the centre
would not be on the same axis if the
extension of the barrel was differant to that
when the previous cut was taken. An
imporant point 1o note is that the [athe may
not turn parallel in subsequent applications
if the barrel extansion is different and small
adjustments may nead to be carried out
each time a very critical item s turned. The
process just carried out will though have
familiarised you with the theory. In most
casas, my concern is probably unfounded as
the lathe will be sufficiently accurate for it

pluu cumr and drill round the outside of

.:_ v

mmluudmuana

'ahmnhﬂloﬁhm dia. silver steel was

selacted and drilled axially with a drill

‘aqual In size 1o the clearance diameter of

the tap and 1o a depth slightly more than
the af:hnpbmdfhmunuplhn:
had 1o b
face of the now tubular end with a junior
hacksaw - two outs at right angles: This
created four segmants, each of which was
carafully filed in orderto
give & linls back clasrance,
just like an end mill or slot
drill, The cutter was =
hlmudandumldh
the usual way, then
mounted in the milling
machine drilling chuck.
With the cylinder block

‘machine vice the braken

Cutter,
- The metal

J surmounding
 the tap was now carefully Fe=a
- drilled out, bit by bit, WA

taking care to clear the
swarl at intervals, My first
cutter shatered after a
whils, huving been mades a
Immmmimn

removed. | then cut across the

Tutside diamster Lo sud

ftlver steel

not 1o be a problem, Tha test piece will tell
you. With the test piece in place and the
barrel in the same position as it was when
the test plece was machined, move a dial
test indicator along its langth with its
plunger on the front adge, Deflection of the
indicator should be minimal. Now carry out
the same test with the barrel fully extended
and with it fully home. If in both cases the
indicator pointer ramains essentially static
along the length, the tailstock can be
considered sufficiently accurate.

Without going into & lot of detail regarding
its uses, one application for the test piece can
be to use it for setting the top slide accurately
parallel with the lathe's axis using a similar
approach. This is better than turning a test
piece involving a turm - measure - adjust -
turn - measure - adjust approach,

Whilst there is very little to see resulting
from the two articles on parallel turning, just
two pieces of parallel steel, the expenence
and knowledge of the lathe’s capabilities
should be invaluable. The ‘cylindrical
square’ may not be used that frequently, but
you can use it to check your smaller squares
as its accuracy will be greater than
workshop grade squares The betweon
cantres test bar seéen in Photo. 3 will
though be immediately invaluable in the
next part of the series. In this, it will be
found possible to turn pans with naxt to no
detectable error in diameter and length,
though as will ba illustrated this can only be
within the capabilities of ones measuring
equipment. a

mads ancther and eventually the piece of

broken tap came out. The enlarged hole

‘was then fittad with a threaded plug, Taain.
‘X 40, the pluﬂ imll mwngomwm

Hw!na unhd out this oparation

~ successtully, | then breathed a sigh of
'.:ullellthwlﬂg!oundawbﬁoniowhn

sometimes can becoma a nightmare
“problem. %ankfully it only pnmlnow
and again. , "
Principle of
4 Toseh Msllow Plug Puiner
Dtés for doilling machine.
Orill out oorw to pule brokes tap disseter

Bide of etem may 29 Telleved
4 Little in Alaseter above
tooth form for clearames

size of Tap To De resoved

hardan and tevpear |
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MILLING ON THE

UNIMAT 3

Readers frequently write to say
that they do not have sufficient
workshop space in which to
house a milling machine or
that they do not wish to spend
the significant amount of
money needed to acquire one.
Bob Loader describes how it is
sible to use the smallest of
athes to perform quite
substantial milling operations

aving used my long-suffering
H Unimat 3 as a drilling machine and

found it quite successful, it was a
short step to doing the same with the
milling process. As my milling is mostly
odds and ends, it doesn’t put too much
stress on the machine, but there are
factors to considar.

Taking care

First and most importantly, reamember that
the Unimat is a small lathe and not really
designed for milling. So forget that you
have evier used a Parkson, Cincinnati or
Bridgeport or any such machine and get
used to the idea that hacking off great
lumps is a non-starter,

Where possible, make life easier far the
machine by roughing out, a hacksaw, used
carefully, or a file, or both will do a lot of
the matal shifting and just leave the lathe
1o trim off the precision bil. Photo. 1
shows a saw used to cut the sides of a slot
raady for the last few hundredths to be

2. An ideal cutter for general work

January/February 2001

1. A bit of preparation work before milling

trimmed off. On the subject of slots, ifa
slot has to be cut, remembar that two,
three and possibly mora, blades can ba
put in the hacksaw frame to cut a wider
than usual slot for starters.

Baocausea the milling process tends to
put more strain on the machine than
usual, remember to 1o¢k the saddie when
the cut has been wound on. It is a good
idea too, to put a drag on the cross-slide
by half locking it; this will stop the
machine jumping about €0 much. if a
machining table is being used, it may be
necassary to replace the socket scrow
which locks the cross-slide with a siotted
one: a screwdriver will get into places

which a hexagonal key cannot - a look at
Photo. 5 will show what | mean.

Ba vary careful if you are tampted to
use o fly cutter, Thay have their uses and |
do use them, but only for very small
spacial jobs; more about that later. They
are an extra which is always available for
small lathe, but what I always consider is
the clout when the cuttar hits thoe work.
For softar matariale like zinc basad alloys
and some aluminium alloys they are all
rnght. Anything harder will be a bit
liresome.

Work which has a travel of more than
about 50mm will be a problem because
the maximum cross-slide travel is 52Zmm.

3. Finishing the slots in a four jawed chuck body
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Fig. 5 Adjustable packing with set screw
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|  Fig. 4 Clamp with radius will allow for
small variations in alignment

4. Using the larger chuck far the %/1sin.
end mill

Unless a vertical milling artachment is
used, there will be no height adjustment,
so one height setting will have to be
anocugh. The setting can be varied by
using packing undar the work or by using
a larger cutter, As this article is aimed at
thosa who would like to use the standard
machine to do all sorts, without
accassories, various cutter diameters and
lots of accurate packing is the answer.

Useful cutters

A selection of end mills and slot dnills will do
most milling jobs, Of the two, end mills are
the best because they have more than two
teeth. Each tooth will take a smaller shce
than that of a slot drill with only twa, The
slica, called “chip par tooth', is an important
consideration: the smaller it is, the less effort
for the machine to cut. For general use,
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:‘ig. 6 Work with thin section may need support under the
mp

5. The milling table in position and the
{not very good) drilling and milling head

cutters with helical teeth will cut better than
those with straight ones, bacause they have
side rake as well as top. For the same
reason hard brass and brittle materials will
do better with straight fluted cutters.

Slot drills have advantages, due to the
wiay they cut all across the centre, which

6. The small angle plate - a very useful
accessory

makes them ideal for cutting blind slots
and for flat bottomed holes, The straight
fluted ones can, with care, ba sharpaned
on the face {eeth which are the ones which
get blunt. With a nice sharp and small grit
grinding wheel it is not difficult. When |

n
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7. A simple milling operation,
using the tool post

=4 P,

8. Clamping to the side of the tool post ta mill a vee

worked on the milling sectian as an
apprentice, my apprentice master was
always in trouble for using tha small
grinding wheal which the woman who did
the engraving used for her cutters, It was
supposed to be for the engraving cutters
only. My apprantice masgter was a keen
student of the sayings of Confucius and
paid heed to the one which states "A
waorkman who wants to do his work well

32
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must first sharpen his tools"”,

For most work, the best cutter 10 use is
an eénd mill with helical teeth, like the one
in Photo. 2 which also shows a holder for
larger cutters which will be mentioned
later. Using the lathe with standard
equipment, the largest cutter which can be
held in the drill chuck is 8mm. Over this
sizer the 3-jaw chuck can be used but will
not always hold without slipping. | made

10. Milling a slot
with the work
clamped to the
small angle plate

an adapter so that | could use a 'zin,
capacity Jacobs chuck, It is shown in
Photo. 3 where the slots which were
roughly cut in Photo. 1 are being finished.
The lerge chuck is a standard Black and
Decker accessory and just needs an
adapter with a <sin, UNF. thread to fit the
chuck and an M14 at the other end to
screw on to the lathe spindie, concentric
with sach other of course. In Photo, 3 it is
the piece between the back of the chuck
and the lathe headstock. It is also used in
Photo. 4 10 hald a %win, end mill for
counterboring a part, something which
would be normally outside my range, a
very useful and easily made adapter,

A better way of
holding cutters

Some time ago, the editor suggested that |
give some thought to the problem of
holding cutters so that the axial and radial
slipping in the chuck could be aliminated.
The results were described in Issue No.53

Small cutters under Tsin. were well
catered for by the anes made by Dermer
called Mini Mills. They are locked by o set
screw which locates in a ground slot which
allows no relative movement. These are
great for small work, not expensive,
between €5 and £68 each in sizes from
Y118in. to Ymin. or the equivalent. Ball ended
ones are available and the others are three
fluted with one flute aver centre, so that
they can be used for plunge cutting or
bottoming. All | had to do was make a
holder to fit them, the one sold by Dormer
being a little too expensive for me. Like the
larger one it was in Issus No.53.

The large cutter holder

A holder for the large cutters needed some
head-scratching. | chose the largest one |
use regularly and made a holder for that
size. The 1ain. shank, the biggest | used,
had a slot ground in the shank by methods
a bit out of the ordinary.

That left a few more end mills with 3ain
shanks, which are used a lot. These weare
fixed by pressing a sleave on and filing the
slot in afterwards. An alternative to the
pressed-on sleeve could be silver
soldering, Both methods are not such a
caper as thay sound and the cutters with
the sleeves stood up to some heavy work
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Holding the work for
milling

Of the things | have made for my Unimat,
one of the most useful has been a milling
table which can be bolted to the ¢cross-
slide, the one shown in Phato. 8. It is a
much simplified design, with no tee slots
to cut and a minimum of machining.
Tables can be bought as a Unimat
accessory but they cost about £30 and if is
more fun to make it. There are fences to
help in setting and locating work. To go
with it | got a small angle plate, the one in
Pheteo. 8. These can be bought as a
casting in several sizes with all the faces
and edges ground. All that needs to ba
done is to drill the holes for the bolts.
With the table and angle plate | can work
out a way of milling most things | require.

Don’t forget the tool post

For small work, tha tool post makes an
id@al miniature vice. By clamping the work
in the slot whare the tool fite (Photo. 7)
and setting it square, all sorts of trimming
can be done. As the photo shows, the
work can be packed up to haight and a soft
strip over the top will stop the locking
screws doing any damage. Photo. 8 is an
axample of work clamped to the side of
the tool post to machine a vee,

| have two other tool posts for work
which will not fit the standard one. One
has a larger slot, the other one a slot in a
higher position and the three will do most
of the milling of small parts.

Other methods

Some work can be clamped directly to the
cross-slide (Photo. 9) or, more often, 1o
the angle plate (Photo. 10) or to the
milling table

Another useful variation, not strictly a
milling process, is saddle boring, a good
mathod for boring an accurate hole in a
component which cannot be swung, a
componeant like the one in Photo. 11, an
example of clamping directly to the cross
slide.

Like saddle boring, using a 4-jaw chuck
is not really milling but will give the sama
result. itis a good way of truing and
squaring rectangular or square work and
the work does not have to be set dead true
for machining, Photo, 12 shows a typical
operation; it only needs the chuck and a
facing tool. My chuck is home-made and
the jaws spread & little when tight, but it
does the business,

Vertical slides

Although | don't own one, a vertical slide
s & very usaeful item and solves the
problem of vertical controlled movemant
and measurement. They are pricey; a
custom made one for the Unimat with
angular adjustment will cost £137 at the
latest list price. If you want to go the whole
heg and get a milling/drilling head it will
be £350 and a co-ordinate table to fit is a
further £360 odd.

1 only mention the prices ta give an idea
of the expense to completely equip the lathe
to do everything. if money is no problem, it
could make more sensé to invest in a small
milling machine for about £500.
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| onee mada a milling/drilling head for my
Unimat, the one shown in Photo. 5. It was
notl @ great success and 1ook a long time to
set up, which influenced my décision to use
the lathe as a machining cantre.

Clamping the work

| have mentioned clamping and aspects of
it in previous articles, but only in passing
and ignoring the technology. A few words
and pictures will explain the fundamentals
of correct clamping.

Essentials

Clamping systems depend on three things.
Firstly, the clamp must be strang enough
not to band whan tha bolt is tightened.
Secondly, it must be arranged so that the
clamping force is maximised, done by the
positioning of bolt, work and packing.
Thirdly, the clamp should be parallel. Fig. |
shows correct clamping conditions with an

-

11. Saddle boring, a variation on the milling proesss

ideal set-up, Fig. 2 shows two of the
common mistakes and Fig. 3 may cause a
laugh or two, but | have sean axamples
almost as bad, Figs. 4, 5, and 6 show
thrae special cases.

There are many othar custorn-made
clamping systams, and ane | am very fond
of is the one shown In Photo. 2. | call them
‘staircase’ clamps, and they are excellent.
A full set of the pair of clamps and the step
blocks will cost about £25, but wall worth
it. They are sasy 10 adjust, strong, and just
nead the right bolts and tee nuts.

Thae vital thing when clamping, assuming
avarything is right, is the position of the bolL
It is a casa of leverage ancd the application of
it. Archimedes theorised that, given a lever
long enough and rigid enough, and a firm
place to stand, he could move the world. It
was a slight exaggaration, but it lilustrates
the importance of leverage, something
engineers uso a lot. To summarise the
clamping application, the bolt must be
closer to the work than the packing and the




14. The milling table with a reasonably correctly clamped work piece

further the packing is from the bolt, the
more clamping force there will be on the
work.

Most of the other do's and don’ts are
common sense, Lise the right spannar. Do
not overtighten - as one of my apprentice
masters used 1o say, “You aren’t anchoring
the Queen Elizabath”, When using clamps
with radil or set scrows, like the ones in
Figs. 4 and 5, protect the surface with a
piece of soft material to prevent damage.
Often, if the work is small, sockst head
screws are useful as the clamping bolts.

Photo. 13 is another, closar look at the
‘staircass’ clamp set-up and also an
example of poor clamping, the area of
work under the clamp not being enough.
The set-up shown in Photo. 14 is a little
better, but the boit should be closer to the
work and the packing further from the bolt.
The table is the one mentioned earlier.
Phato. 15 shows a couple of small
clamps with shapes cut off them for
special work and the tes nuts which they
fiit. To get an idea of size, the threads in the
tes nuts are Juin, BSF,

Home-made cutters

Some cutters | use are horme-made ones,
for those awkward jobs for which | cannot
find a commaercial alternative, Fly cutters
ara always useful because they can be all
sorts of unusual shapes ground to order.

The fly cutters | use are not the sort |
warmed about in the introductory remarks,
but specials for specific jobs and usually
quite small.

| first used such cutters when | workad
for a small company which, though fairly
wall equipped, lacked things like a cutter
which would cut a $0 deg. groowve fine
enough to allow a 0.003in. wire to sit in,
or a saw fing enough to lot 12BA screws.
| still have a selection saved from those
days and one of them was just right when
| had to put some very thin slots in the
legs of a calivider | was making, o that
they would spring and clamp. Photo. 18
shows the cutter | used. It is about 0.020im.
wide and was held in an arbor in a ¢ross
drilled hole, locked with a small cap head
screw. The cutter can be made from a
Tain. round tool bit, or as this one
probably was, from a standard punch

: 15. Two small clamps with -mo nuts

17. The roughly fashioned saw

ground to shape.

Photo. 17 is of a saw | used for other
glots in the same legs. It too, is home-
made and looks it. but when it is whizzing
raund, the hideous shape of some of the
testh cannot be seen. It was one of a half
dozen | made for cutting slots in wood,
which is why it is $0 rough. It was made
from gauge plate, hardened and
tempered. Like tha fly cutter it is on an
arbor, with a large washer and locking
SCraw.

Cutters like these need careful using on
the harder metals, but can somatimas bé
surprisingly robust, | once got excited and
accidentally wound a thin fly cutter, like
tha ane shown, into a milling machine
table. It went in 'nsin, before it broke,
Hands must be kept well out of the way of
such cutters and eye protection is @ must
because the chips fly ahout.

The only limit to the shapes of homa-
made cutters is the inventiveness and/or
dasparation of the user, Shapes do not
have to be ground if the softer materials
are to be machined. Gauge plate, silver
steel or old files which have been softened
will maka vary good cutters, only neading
filing 1o shape and hardening and
tempanng.

Milling on the Unimat is not too difficult
and extends the usefulness of the machine

no end. o
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TAPER TURNING
BY OFFSET
TAILSTOCK CENTRE

Doug Ball of Letchworth, Herts describes his
version of a device which simplifies taper

turning

s, it's another tapor lurning article.
YAnd 10 get the apologies over

immediately, it's dimensioned In
metric units. In defence, it's simple and it
works,

My curremt project is a tool & cuner
grinder based upon the Derek Brooke
dasign published in MEW. The collet tool
holding system used by Mr. Brooks has
been raplaced by 2MT adapters, with the
grinding wheels held in IMT adapters, so
there were a lot of MT adapters 10 make
about 20 including spares. I've cut MT
tapers bafore using the top slide, but the
taper length is near top-slide travel limits,
the handle gets in the way and, when
traversing by hand, tha finish is never as
good as using the power feed, so a new
approach was looked for.

It & Mylord or similar taper turning
attachmaent is owned, the problem is aasy
Alternatively, the tailstock centre can be
offset, with the trauma induced by
returning it to centre when finished, so it
was decided make an adjustable offset
centre 1o fit the talstock, and a trawl
through MEW back issues found the
design by Mr. Major in lssue 26.

To make an exact copy would be too
easy, so the following changes were
made:

® Push/pull serews addad for fine
adjustment of the offsal.

® Attachment clamped to tailstock barre!
10 prevent rotation.

@ g for accurately aligning offset centre
included,

@® Plain hardenad centra used to
aliminate any inaccuracies Iintroduced
by a rotating centre. Incidentally, two
bought rotating tailstock centres
checked have total indicated runout
arrors of 0.03 and 0,04mm
respactively.

Morsa wapers vary in angle, but for the
commanly used 1, 2 and 3IMT the variance
is slight, in fact the discrepancy is
0.00032in. par inch or 0.008mm per 25mm,
less than most of us ¢an measure - the
discrepancy ig less than the error in my
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1. This view
shows the barrel

clamp
arrangemeant

rotating tailstock centres - so it seems that
a commaon setting for the tailstock offset is
possible for the usual sizes. Taking a
component length of 100mm, or din,, the
common offset becomes 2.5mm in
100mm, or 0.100in. in 4in., so setting up is
easy:-

(i} Cantre drill both ends of the workpiece.

(i} Using a dead tailstock centre, set a dial
indicator to zero against the very end of
the workpiece, Take care to have the dial
indicator at centre height and horizontal.

(iii) Put in the adjustable wilstock centre
and adjust across until the dial indicator
raads 2.5mm, or 0,100in

Care was taken to drill the centres to
the same depth, or effective length of
workpiece would viary slightly, but with an
offset the centra probably ndes at the big
end of the centre drlling. Maybe a paraliel
drilled hale would be suparior 1o a cantre
drilled hole, but centre drilling done with
care gave accurate tapers. :

It’s such a simple accessory that the
plan is to lamve this offsst centre set-up for
1, 2 or 3MT tapers, and make another if a
differant angle ts required.

The photos and drawings will make the
dovico easy 10 understand, there baing
nuthing in the manufecture 1o warment

deseription. pilss




Note:

To ensure alignment when assembling unit -
Clamp Part 6 into Part 3

With screws fixing Part 3 to Part 2 loose
Pass Part 7 through Part 3 and into Part 2
Tighten screws fixing Part 3 to Part 2

The unit will now be aligned with the
tailstock barrel.

Fig.1 General arrangement of offset tailstock centre

Bl

©

Talstock barrel

method for setting taper le
gm:f::tnfhwmm‘:‘:a
required angle.
Put fixed centre in tailstock and workpiece
between centres,
Take reading with dial indicator at very end
of work-piece.
Leaving dial indicator in place substitute
lql.nﬁ)bunmforﬂmd centre.
Move adjustable cenre across until dial
indicator shows calculated offset.
For 1MT, 2Mt and 3MT the offset is very
ebu‘}ozscm per 100mm, or 0.100"
per 4",

Fig.2 Setting procedure
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fit n Part 2

2 holes drill & 44
chore for N3

Il aoff
Matericl BMS

Noter dlaneter A’ €0 be good fit on talgtock barrel
Dismeter shown suits Myford 37

1 off

Material silver steel or BMS

Part 3

Part7
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the various designs of 10l and cutter
: grinders available, some as
commercial items supported by the supply
of the necassary castings and materials,
and others as designs published in this and
other magannes. Some were axtramely
waraatile, but quite complex to build and
likely to become a life-time project in
themselves, Others were based on
substantial castings which would have
taxad my current machine capscity to the
limit, while one or two appearad ta be too
flimsy 1o guarantee a satisfactory result.
While this survey was in progress - a
rather low-key procsss, | must admit - |
met up with John Corlyon who now runs
- the Hemingway business from a base just
outside Hull. | was telling him that Mike
Chrisp of ‘"Moadel Engineer” and | would ba
in his neck of tha woods in a fow weeks
time because each spring, Mike and | set
- up a workshop at the modsllars’ holiday
which takes place at the Primrose Valley
Holiday Village at Filey in North Yorkshire,
John immediately asked us if we would
like to borrow ons of his Worden grindars
for the waeek, offering to daliver and collact
it while taking the opportunity to have a
look at the events in progréss. He has since
kindly donated a material kit for one of the
small toals in his catalogue as a prize for
the engingering section of the exhibition
which traditionally starts the week.
Each armed with a pocket full of milling
cuttars and lathe tools, Mike and | were

'For some while | had been looking at

THE WORDEN
TOOL AND CUTTER
GRINDER

able to use the quieter moments in the
wiorkshop 1o explore the capabilities of the
Worden (Photo. 1) and acquired an
interasted and enquiring audience whila
daing s0. We were all impressed with the
simplicity of operation and the sturdinass
of the machine, so much so that |, in the
weeks that followed, we both ardered kits
far our own workshops.

Capabilities of the
machine

It has to be said from the outset that the
Worden Is designed 1o carry out a spaeified
and limited range of grinding operations
which, coincidentally, are in line with what
| had already decided were my primary
requirements. It will grind lathe and shaper
tools and the cutting tips of slot drills and
end mills. It has no spiralling capability, so
eannat daal with the flutes of milling
cutters or reamers. Giles Parkes has shown
(M.E.W. Issue B64) that with an additional
caomponent or two it can be persuaded to
carry out four-facet drill grinding, while the
Hemingway catalogue carries details of
additional kits which will add a further
range of capabilities. On balance, | decided
that the limitations were offset by the
simplicity of construction and the
likelihood of bringing the project to a
successful conelusion, considaring the
limited amaount of time | seem to be able 1o
spend in the workshop these days.

Geoff Sheppard describes the
construction of a machine tool
from a kit which includes a
number of prefabricated
components

1 ﬂw Chrisp making use of the Worden
grinder in the workshop at Primrose
Valley

A bit of history

The origins of this project seem to have
started, like so many useful ideas, in the
workshop of the late George Thomas, He
had constructed s prototype from bar stock
materials and it was suggested that he
should describe it, but anno domini
intervened, Naill Hemingway picked up the
praject and ‘productionised’ it in
conjunction with Jack Norbum, whose
workshop we saw in M.LEW. Issua 41, Jack
had commercial experience of
manufacturing sheet metal itemms by CNC
punching, so the machine was redesigned
to incorporate structural componants made
in this manner. Nail wanted to call it the
‘Norburn' to recognisa this, but Jack
prefarred that it should be named after
Woardan Park, the spot in Leyland,
Lancashire where the local model
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1 FOOT UNDER MOTOR 2 FEET UNDER TABLE

TABLE ANGLE ADMSTING CAWS (3)

ADAISTING KNOS

FINE ADJUSTMENT

Drawing reproduced by kind permission of Messrs. Hemingway

COARSE ADJUSTMENT

TOOL HOLDER
SUDING TABLE
P L i

WHEEL GUARD

TO POWER SUPPLY
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 component has a rib
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imy kit and to check that someone
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~ words were “This is very heavy, so | think it
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5. The longitudinal stiffening bars have to
be drilled and tapped to match up with
rhe punched holes in the base. The motor
is seen here still bolted to the base, a
uwr:rrmusm used while the kit is in
transit

promiging stan to the project.

On chacking the contents, | found that all
was securely packed and the envelopas
containing tha small parts clearky laballed as
to which of the assemblies they belonged.

When unpacked, they made an
impressive collection (Photo. 2).

The planning stage

With sverything safely re-stowed, a couple
of evenings were spent studying the
drawings and deciding how to tackle the
project. As it happened, the drawings and
building mstructions were undergaing a
major revision, and | had been supplied with
a slightly out of date version. Within a few
days | was sent a new set which were now
in line with the modification standard of the
components in the kit. While | have been
building my grinder | have kept Hemingway
informed of any further anomalies | have
found and have made a number of
suggestions for improvernants to the design
and manufacturing methods. It is pleasing
to note that the majority of these have been
incorporated in future updates,

One of the most important planning

tasks, essential for anyone embarking on
this project is to identify from which pieca
of material @each component is to be made.
Any kit suppliar will provide only just
anough stock from which to make the
paris, so it is necessary 10 plan the
saquence of operations so that optimum
use is made of each length.

Making a start

My original intention was to make first as
many of the smaller machined parts as
possible, leaving the larger items safaly
packed away in the original container so
that they would not be scattered about the
workshop, taking up space and vulnerable
to damage. Consequently a start was
made on the tool holder slide assembly,
but this strategy was promptly thrown into
confusion when Mike Chrisp rang to say
that he had found a small campany which
was prepared to powder coat the structural
components of both kits at a sensible
price. Some preparatory work was
necessary before this could happen.

The CNC punching method of
manufacturing the sheet metal
components leaves them with a slightly
nibbled edge (Photos. 3 & 4), 50 these
have 1o be cleaned up by draw filing, lts
not a time-consuming exercise, but one
well worth carrying ouwt carefully 1o ensure
a satisfactory end result. The items treated
in this way were the base assembly, the
motor mounting plinth and its end cover,
the wheel guard, the side plates of the
table mounting assembly and the table
itsell. The other essential task was to fit the
stiffening bars (Photo. B) within the
prefabricated base. The ends were first
cleaned up on the milling machine, but
filing would have sufficad. Next. the bars
were sat in position and the hole location
marked through so that they could be
drilled and tapped for the securing bolts.
tha bars wara tamporarily held in position
with coumtersunk machine screws, the
thinking being that these would not mask
too much of the surface of the base during
coating. The final task was ta drill the
hotes for the screws which would secure
the rubber mounting feet (doorstops) on
which tha unit would stand. Whan wa
collected the components after coating,
thay wara all picely bubble wrapped, so
they could once again be packed away,
and it was back o Plan A,

Tool Holder Slide
Assembly

The majority of the items which make up
this unit are made by straightforward
drilling, tapping and plain turning. There is
a bit of screwcutting and some knurling, so
it is necessary to ensure that the
appropriate tools are 1o hand. The base
plate of the slide is made from a length of
2in. x 'uin. steel, the positions of the two
rows of holes being marked from the
previously drilled guide bars. Before
drilling, however, the material was
prepared in true George Thomas fashion
by carefully filing and scraping, checking
regularly with engineers’ blue on a surface
plate. Tha more complex opearations on
this part wera to craata the bavel on the
racdliussed end and to engrave the three
fiducial lines which are to be set against
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6. The base of the tool holder slide assembly mounted on the face
plate to allow the bevel to be turned and the fiducial Nines marked.
The Headstock Dividing Attachment was used to set the angle

the engraved table scale, As suggested in
tha Working Instructions, this was carried
out with the base set up in the lathe,
strapped to the faceplate. However, instead
of just relying an dividers to transfer the
position of the two outer fiducial lines
from the table scale, | used my Headstock
Dividing Attachment (another project from
the George Thomas song book) to turn the
base through the appropriate anglﬁ
{(Photo B). It was necassary 10 ensura zero
backlash because two 10 deg. lines are
required, one each side of cantre.

All the other companents in this
assembly are to drawing except the two
columns which suppor the tool holder
clamp bar. | saw little paint in having to drill
and tap a blind 2BA hole in one end of
each, then tum and thread up to a shoulder
on the other. A plain clearance hole through
each and a couple of longer cap head
scrows provide a much simpler solution

The Table Eccentrics

The work table is supported at the desired
anale by three occentrics mounted on one
bar (Photo. 7). The centre one is securaly
fastened to the bar which is rotated by
maans of a knurled knob at ona and and
clamped In position by a knurled nut at the
other. The ouler eccentrics are frea to
rotate and slide on tha bar, 50 are

8. Boring the three sccentric plates as one unit
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positioned appropriately and secured after
the table angle has been set by moans of
the centre one,

The three eccentrics are supplied pre-
punched and are finished to size and
bored as ona unit while screwad to a
suitable piece of wood (Photo. 8). The
spigots of the hubs to which they are
attached are turned to fit after having bean
bored to a closa sliding fit on the bar.

Experience gained while using the
grinder at Primrose Valley prompted me to
drill tommy-bar holes in both the bar
adjustment knob and the clamping nut in
order to provide batter control over the
angular setting and more secure clamping
while not disturbing the angular position,

Setting bar lengths

In addition to the eccentric mounting bar
there are threa others fitted between the
side plates. Two of these are simpla
distance pieces, while the third is the bar
on which the table sliding block is
traversed. All four are spigotted and have
10 be closely controlled 10 length over the
shoulders. The procedure | used was to
machine one end of each, drilling and
tapping or thréeading as necessary, using
the fixed steady for support. The other end
of each was coated with marking-out fluid
before the two side plates were clamped

7. The cams which set the angle of the table. The centre one Is
fixed to the shaft and set first, then the outer ones are located so
as to support the tabla at the limits of travel

to the base with  strip of ordinary

photocopying paper interposed on eéach
side to ensure a sfight amount of
clearance. The bars ware then set up in
turn, sacured to one plate by its machinad
end, with the other plate positioned 50 as
to abut against the unmachined outer
diameter of the other end. A screw jack
was use to stop the bar sagging undar its
own weight (Photo. 9), Then, with either
one of the table stop collars or an eccentric
hub in position against the inside of the
plate, a very sharp small diameter
tungsten carbide scriber was used to mark
tha sacond shouldar position around the
bar. Returning each bar to tha Iathe, it was
& simple matter to finish the second end of
each; working to the clearly visible scribed
line. When all was assemblad without the
strips of paper in position, thare was jum
enough clearance to allow coarse
adjustment of the table position by sliding
tha whole unit, but tightening the bolts
which pass through the slats ensurad
socure clamping. | turned up some large
diamater bevalled washers to go under
these bolt heads and also standardised on
countersunk socket head screws, with the
appropriate washers to secure tha threo
fixed bars. The lattar changé s puraly
cosmetic, but worthwhile,

9. The table slide bar set up 1o mark the position of the second

abutment face. The other three bars were treated similarly
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The Table

Mummmhmsw{mm

( pmmmalmmm _
_the numbers have to be added. The

- Hemingway instructions suggest the

‘manufacture of 8 wooden jig, butl

. discovered a short length of dain. x %ldn

~ steef angle in my odds and ends bin. This

- had a square internal comer which made a

anug housing for the number punch, so

the jig was made from this (Photo. 10)..

. The remaining task was 1o attach the

- sliding block, care being neceseary to

‘ansure that everything was square.

Metal finishing

With all the stesl completed,

the majority were treated with Metalblack

~ solution 1o create & rust resistant finish
hﬂmﬂnﬁmblf

" The Grindtng wheel
-'Hnb -

Hwilmﬂnldudtl'nuhhlmmblv.
ma&:ntunndmlhnmarmmnhub'
~ on which the wheel is mountad. Afulr
 degree of precision is required here !
mmnwmmbaaMﬂ!mm
‘motor shaft and the whee! must be
 properly located and secured. Hamingway
hmncenﬂvbmbvbuothyafaw
problems which affect this area because
- the motor supplier has chs number
 of the details of its specificstion. In
sddniun,mawpptvaﬂquammwhull

of this size has dried up, only tapered cup
- whesls now being obtainable. These have
a thinner section at the mounting bore
location, wthaMufﬂwupluommhl
m:bhaambeadiumﬁ!omnmd

11. The grinding wheel clamping washer is located on a short spigot rumad on the hub
and secured with a 2BA screw while the clamping screw holes are being drilled

machines built to the earlier standard will
have to re-machine the spigot whan the
time comes to fit a new wheal

In orcler to ansure concantricity of the
hub and the wheel clamping washer, the
holes for the three clamping screws were
drilled whila tha washar was located on &
vary short spigot machined on the hub
material (Photo. 11). This location was
removed when the hub was subsaquently
bored to fit the motor shaft. The arinding
wheel spigot and the outside diam eter
ware turne at the same setting.

The motor and the

control circuits

As supplied, my motor had its capacitor
clamped to the external cooling fins, but the
Instructions suggestad that it should be re-
located within the motor mounting plinth, a
hole having been provided in the end wall
of the latter. Unfortunately, the capacitor
proved to be far too long, 0 & new
arrangement was sought. It could have
remained in its original position, but this
would have necessitated a length of six core
cable batween the motor junction box and
the plinth mounted forward-off-reverse
switch, only five core having bean supplied

| could have mounted the capacitor baetween
the upper and lovear sheat metal
components of the basa and dnlled extra
cable holes in both base and plinth, but a

call to Hamungway produced a smallar
capacitor of the same rating, which would
go into the plinth with a bit of fiddling, As
this one had no mounting stud, its strap was
bolted to the underside of the top face of the
plinth, making sure that the bolt heads
didn’t get in the way of the motor, Motors
curréntly being supplied have an internal
capacitor, 5o this problem shoukdn’t arisa

As suggested, wiring of the switching
circuits was completed before fitting the
components into the plinth (Photo. 12),
then there was just room to get everything
in (Photo. 13), All circuit connections and
earthing were carefully checked with a
meter before attempting to switch on.

Ready for use

All that remained was to dress the wheel
with a diamond dresser, remembaring to
take the machine outside to svoid covering
the lathe and milling machine with
abrasive dust, and it was ready for action.

This has been an interesting project
because of the unconventional method of
construction. | now have no excuse for
trying to work with tools which do not
have the keanest of cutting edges.

Supplier:- Hemingway, Wadworth House,
Greens Lane, Burstwick, Hull HU12 9EY
Tel/Fax. 01964 670701 E-mail;
anquiry@hemingwaykils. freeserve.co.uk
www.hamingwayhkits.co.uk QJ

13. There is just enough space to get everything fn and still have
aceess to the motor mounting bolts
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A DRILL
EXTENSION

Peter Rawlinson suggests
another method of maintaining
alignment when more than

one drill is used to create one
hole.

number of contributors have
Asuggesta(l solutions to the problem

of maintaining alignment in the
drilling machine or mill when the need
arises to use a varioty of drills to complete
ane hole. This idea for this device was
suggested by Neil Munro, who askod me if
I would see what could be made of it. The
detail has changed somewhat from Neil's
original design, but the principla is stll
there. It has been modified to reduce the
height required and to incorporate a
‘sensitive drill driver” for those small drills
which only require finger prassure,

Tha unit (Figure 1 and Photo. 1)
consists of an arbor which houses a
sliding shaft which can be pinned in any
one of four positions, thereby allowing the
use of perhaps a centre drill followed by
two or three lengths of drill without having
o raise and lower the machine table or
move thie head. It also incorporates a
remowvable capstan handie so that it may
be used for guided tapping, and by fitting
a baaring and cutting a kayway it has bean
adapted to feed micro drills, The
compaonents can be seen in Photos 2 and
3.

The ‘Drext’ {for short) is based on a
standard arbor, RS, No. 3 Morse or even
an MTZ2, to suit the machine in question,
the latter not having been made but is
covered on the drawings, My own
requirement was for an R8 type, so this is
whiy this particular one was made and
photographed,

2. The major components of the unit
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1. The Drill Extension unit constructed from an RE arbor, the shaft baing machined with

a Jacobs No, 6 taper

Main Arbor Assembly

This basic component Is, to my mind, bast
purchased finish machined, but can be
miade if so desired. Thare have bean many
excallent articles on this subject and on
taper turning, 5o | will not cover that
ground again.

The arbor is first turned down to create
a spigot which will sccept a praviously
bored and turned outer bush which will be
used to take the anti-rotation pin, and this
is made as a press/neat shrink fit or could
perhaps be Loctited into place. it may be
‘sculptured’ 1o taste if s0 required. After
this has been fitted, the arbor is than
drillad, bored and reamed to suit the size
of shaft selected, as shown in Figs. 2 and
2ZA. This does, of course, require 10 be
accurately carried out as any variation in
gither concentricity or parallelism will

3. The detent parts

throw the drill off centre, and as we are
extending the drill this will multiply the
arror. Don't forget that all R8 arbors and
some Maorss taper versions require a draw
Bar, 5o don't drill right through,

This item is then set up, drilled and
reamed for the locking pin, warking fram
one side 1o creats a fiat bottomed hole on
the other,

Drive Shaft

This is machined from one plece of silver-
steel of 18mm dia. and must be a very
good shiding fit in the bore created in the
arbor. The two versions are shown in
Figs. 3 and 3A. | would suggast that it is
turned between centrés for accuracy, and
if a Jacobs taper is required for the chuck,
then the top slide should be set up first so
that it can then all be machined at the
same setting. If a threaded chuck is 1o be




| PULL TO RELEASE
' ROTATE TO SLIDE

Fig. 1 Drill Extension Assembly
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' Fig. 2 Arbor Assembly
| = R8 or 3BMT

' Fig. 2a Arbor Assembly
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used then the thread (usually 33 x 24 tpi,
UNF) can also be cut at this time.

Every machinist has his own way of
working and his own types of tooling, so
the drilling of the holes and the set-up for
cutting the keyway will vary from person
to person. Photo. 4 shows my way, which
will not suit everyona. The MilVDrill
Cantring Device was used 1o set up the
tool on the centra line of the shaft (sea
M.E.W. Issue 47, Dec, 1997), | have used a
indexing head and a tailstock because this
allows me 1o rotate the shaft as required
for the holes and the key way. | also used
the same basic set-up for drilling and
reaming the locking pin hole in the arbor
{(Photo. 5).

Hardening

As | have said in previous articles, we
do not use our tools either as hard or
as frequently as the professional tool
makers or machinists, sa the desision
on whether to harden componants or
not | leave to the incividual. Howeawvaer, |
feel that it would be best to harden and
temper the main shaft and perhaps to
case harden the pin. Through-
hardening of the latter componeant is
probably best avoided as it is in shear
when driving.

A

SHRINK FIT OR
* __LOCTITETOARBOR

Drive Discs

| to be fitted while the unit is still in the
machine. Knurling is an option and the
only accurate feature is the location of the
holes, which must align with those in the
| Tapping Holder

/~ BEARING No. 6003-2RS1
- JACOBS No. 34 CHUCK, 1-13mm

| Release Knob
'Assembly

| The pin could be turned in one plece with
the large diameter knurled to taste, but
| assembly is probably made easier by
| screwing the knob on when the detent,
i pin and spring ara in position. The datent
s is of siiver steel and should be hardened.
| | | On Fig. 6 | have quoted a maker’s
number for the spring, but it is unlikely
_ that it would be available as quantity of
| | one, but something can usually be found
in the junk box that will suit the
application. The stud is simply made from
4mm steel, threaded 4BA.

| | | Tapping Holder

i SRS | This is made from a 10mm thick disc of
] | 100mm dia. steel (Fig. 7) , but the sire

! | could be reduced if you are using a
smaller chuck. It must be a good fit over
tha Tapping Disc and, of course, the
handles, when, fited must engage with
the holes i thes desc,

Tapping Handles

These are knurled, both to sase asseambly
and to ensure a good grip when in use, It
would be advantageous to case harden
the ands which tranamit tha torque.

-

- S mm —

The unit in use

No problems have been ancountered in its
use, but do be careful when using the
sansitive hand feed to keep the hands away
fram the releasa knob. Photos. 6, 7 and 8
show three stages of drilling a holg, the
milling head to workpece distance having
been set to suit the longest drill being usad,
with the unit in the fully closed
configuration. Photo. 9 illustrates the set-
up for tapgpng, when the detent is located in
the keyway, rather than in one of the hales
It s similarly set when using hand feed.

These are simple machining jobs as
shown on Figs. 4. 4A, 5 and 5A, but
could be reduced in diameter if smaller
chucks are to be fitted, The sizes quated
are large anoudgh to allow the Tapping
Holder to pass over the chuck, allowing it

Machining the keyway in the shaft
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5. A similar set-up was ussd whan creating the detent hole

centre drill
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6. The unit in operation, fully extended to allow the use of a
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The centrifugal force scting on the
detent does not seem 10 cause any
problems up to about 1800 reve/minute,

_..1| e Bl @ { but if a problam should be found then
| . —i—— STD LEE SPRING l"l‘-ﬂl:"! !hﬁlﬁﬂﬂh frqm a lighter mﬂfﬂ ri.('li
rm No. LC-0228C-n such as plastic or increase the strength of
1‘ | ! the spring accordingly.
— Trnm Tha whola thing, withaut haat

L GO TROuEN

21 0 x 12rmm KNURL TO SUIT

=
: =— 4BA STUD TO ST

RELEASE KNOB

Fig. 6 Detent Assembly (RM/3MT & 2MT) : ‘ - R
7. ud. it now accommodates a small drill

1BNM i ol fas10mm ©
[l i * LENGTHEN BY 6mim FOR 2MT j
.14
i ' e ! treatment, took about 6
A RN e B0y g. .| | hours to make, using a
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. / e o GiE 1 = [~—10mm | | had a large Jacobs taper,
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ol N g [ | THREADME TOSUIT | | winding up and down of the
D e - .\ I d' | milling machine knes, and
S il “ “eeomm  h'd TAPPING HANDLES, 4 OFF | | asthe handle of mine is
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\ S 2T ; | will save losing skin off my
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- GUT FROM 2100mm x 10mm | | would be better still, but
THICK DISG I that’s another story.
1
|

Fig. 7 Tapping Holder (R8/3MT & 2MT)

8, With the detent dropped into the keyway and the handles fitted,
the hole can now be tapped
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ELECTRIC ARC WELDING

TECHNIQUES

Metal Inert Gas Welding

Trevor Marlow describes the
equi and the methods
used when MIG welding and
suggests some advantages

which the process can bring to
the home workshop

attributes of simple Manual Metal Arc

(MMA) or "Stick” welding, and found that
it could provide many benefits at very little
cost, A slightly more complex process,
‘Metal Inert Gas or "MIG" welding has, in
recent years. attracted great popularity,
largaly because it offers a capability that is
not usually available with the MMA
welder, that of joining relatively thin sheet
steel. Further popularity stems from the
fact that there is little requirement for skill
in making such joints, There has recently
bean such intense competition betwean
the suppliers of DIY-level welding
equipment that a basic MIG system has
become very affordable. Wa can now aven
have systems which do not require a
supply of inert gas if we so choose. It has
to be said thot there are some downsides
1o MIG welders, some things that they will
not do wall or at all. That said, the
imtroduction of MIG to a workshop will
usually result in increased fabrication and
repair capabilities that are quite
disproportionate to the modest cost. In
some workshops, such as those in which
there is frequent work on the restoration
of older vohicles, it will ba nearly
impossible to do a good job in reasonable
time unless there is MIG availability.

I n a pravious anticle | described the

A purchase that you
will never regret

Nothing in what follows s intended to
detract from the benefits of using MMA
welding techniques describad in the
previous article, those available from the
MIG apparatus baing complementary. For
many |abs, provided the steel is more
than about Zmm thick, thera will be no
special advantage or digadvantage in
choosing to use aither methods: both will
do equally well. On the other hand, thera
are some jobs where one mathod will be
the natural choice, and when the job
involves walding material less than about
Imm in thickness, there ceases 1o be any
uncarainty. You will do it sasily with MIG
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1. Familiar front-end view of typical hobby-level MIG welder, showing simple adjustment
of current levels (white switches) and control for wire feed speed (blue knob),

but will be driven 10 distraction if you
seek 1o do it with MMA, There are
occasions when other methods
{particularly Tungsten Inert Gas, or ‘TIG")
are better than either, but the key word is
"occasional”. In a workplace where a full
spactrum of joining methods is
immaodiately 1o hand, it will be found that
either MIG or MMA will prove to be the
natural choice for wall over B0% of the
jobs Arising.

Why are MIG systems
so popular?

Firstly, for straightforward jobs, MIG
welders are so sasy to use. A second
advantage is that, unlike the MMA ‘stick’
process, one doés not have 1o keep
stopping to change anything. Additionally,
there is no need to remove slags/fluxes
from the finished MIG weld, but the recent
availability of ‘deslagging on cooling’
MMA electrodes has somewhat negated
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this advantage. The outstanding banafil
however, is this ability to weld really thin
sheet steel. Incredibly, it is possible, with
carn, to wald onto sheet stesl that ix clad
on the other side with carpet or similar
material (e, g. car internal rear whes!
arches), in 8o doing causing so little
damage to tha carpet that tha
deterioration is not noticeable. It is éven
possible, in extreme circu mstances, to
weld onto something that isn't there any
maore! (That technique is based on the use
of copper ‘splashes’, and will be described
in more detail later in this article).

How does the
traditional system

work?

As in the MMA systern, we strike an arc
between the matal of the workpiece and
the metal with which we wish to ‘fill” the
joint but, instead of using discontinuous
‘sticks” of filler metal, we feed the filler as
wire, from a reel, As a flux coating on the
outside of the wire would flake or be
scraped off by the feed system,
atmospheric oxidation of the weld poal is
prevented by covering it with a cloud of
inarn gas. This system 1 refer Lo as
‘traditional’ MIG, A latar development, the
‘no gas’ variant will be described latar, The
welder (Phote. 1) consists essentially of a
transformer 1o provide high amperages at
safe vollages, a motor and rollers system 1o
drive the filler wire, and a steady supply of
inert gas at near-atmospheric prassure
{Photo. 2). The feeds for welding current,
gas supply and filler wire are conveniently
bundled into a single tough umbilical. At the
other end of the umbilical we have the
wilding torch which has a two-staga trigger
systemn, The first finger prassure causes the
start of gas flow, and at a slightly higher
finger pressure current is provided to the
wire. The current is supplied to the wire via
sliding contact at the peint just bafore the
wire emerges from a copper tip (Photo . 3).
The inert gas is guided 16 whara it neads 1o
be by being made to emerge through a
cylindrical shroud.

Ongoing Cost

2. The spool of wire locates on a spindle, The wire passes between grooved rollers and
feeds into the umbilical. Most machines have sufficient spare space in this co

to allow storage of smaller spools of aluminium or stainless. With benefit of hindsight,
rather smaller gas bottias are preferable to that shown here. Because of that heavy
bottle, moving this equipment more than a few feet has become an unwelceme chore,
despite the castored trolley

On most MIG machines the controls
have been kept as simple as possible, with
the operator being able to set wire speed
and to switch betwaen prafarred levels of
gurrant. Given those settings, the control
mechanisms of the machine do clever
things, so that if you, say, change wire
speed, the amount of current supplied will
change 1o a more appropriate value.

It is genarally accepted that using MIG is
totally easy, the novice operator probably
being able to lay a useful weld in the first
minutes of familiarisation. Despite this,
there are occasions when you can anly
arrive at a satisfactory outcoma via the use
of some wheezes and dodges, these
occasions usually being associated with
attemnpting welds that aren't really feasible.
As your machine loses its nawnass, you
will also become aware that there are
mildly distressing aspects of behaviour
whan a MIG systam needs maintenance.
Thera are similar tantrums whan a MIG
welder is presented with a surface

—1
— -

Region of Minimum Cost

Fig. 1

Frequency of Use

condition that is not to its liking. We will
touch on these topics later in this articla.

Financial outlay

You will be faced with an initial outlay and
with an ongoing cost. At the bottom end
of the price range, the initial figure could
be as low as about £100. At the top end of
the range, but still in a home workshop
context, the figure might be about £400.
Betwaen £150 and £200 will providae you
with a set that is unlikely to "trip out” at
normal wire speeds and current levels.
Cheaper sets will usually produce welds
aqual to those made on the more
expensive sets, but the runs of weld must
be smaller, slower and less penetrotive.
Protracted welding sessions with a cheap
set will lead to frustrating waits when the
thermal switch “trips out’ to prevent
damage to the windings. As to the
ongoing outlay, the figure can range
between virtually nothing through to some

©

Legend: Tredinonal on Argon Mixture

legend: Traditional on Carbon | hosde

[egend: No-Gas
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naar-ruinous higure for a worst case. It all  Table 1
dopends on the choices you make Traditional MIG ~ No-gas MIG
concerning the gas/no gas alternative, £'vKg £'vKg
and how much use you will make of your On ‘Small’ Recls 49 158
MIG, as is explained balow. On ‘Medium® Reels 212 11
On 'Big' Reels 13 Not usually svailable

What will I get for my
initial outlay?

The traditional MIG package is usually
made up of the walding set, a small reel of
welding wire, a face mask, a small gas
bottle and a primitive gas regulator. The
'no gas' welding technology dispenses
with the need for the bottle and regulator,
The differences in basic initial price
between the one or the other of those
systems is relatively trivial. If you opt for
the traditional ‘inert gas” MIG, you will
soon be faced with the decision whether
o persevere with the Lilliputian gas bottle
and rudimentary regulator, or to invest in
a reasonably-sized bottle and a sufficient
regulator, Most people seem to make that
upgrade, sooner or later, because a small
bottle is soon exhausted, whather in the
short term by use or in a middle term by
leakage.

Which should 1
choose? The
traditional package or
the ‘no gas’ model?

There isn't an automatic best choice
betwesan ‘gas’ and ‘'no gas’ equipment. It
all depends on a decaptively complicated
relationship between how often you will
use it, why you will use it, and where you
will use it. The long term and convenient
availability of an appropriate shielding gas
i5 not totally cheap and it iz not totally
canvenient, the need for a gas bottle being
a detraction in two ways. Firstly, the rental
of a cylinder and the occasional refill
raprasents almost all the on-going cost of
having a traditional MIG capability.
Secondly, the presence of a substantial
cylindar transforms something totally
portable into something that is still
portable but only with considerable effort.

Conversely, when we examine the on-
going costs of the no-gas system wa find
that the special flux-cored wires used are
many times more expensive than the
stralightiorward MIG wire, 50 ba caraful 1o
make sure that you are comparing like
with like. A ‘'small’ reel of traditional MIG
wire will usually be much bigger than a
‘small' reel of gasless wire, a strategy
which allows the prices of those reels to
be made broadly similar. Similarly for the
larger reals of the twa materials. You will
get a better appreciation of this aspect by
comparing the cost of depositing a sat
amount of weld metal. The current figures
are something like those shown in Table 1.

Sometimes the advertised prices will
includo VAT, sometimes nol, so be aler.
Additionally, with traditional MIG you get
8 Kg of weld from a Kg of wire, but with
the no-gas technique you get rather less
bocause of the flux core, which must make
up some fraction of the weight,

It is not difficult to visualise that the
need 1o do a lot of no-gas welding could
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allow costs to enter the near-ruinous
category. Conversely, if you hardly ever
use the equipmeant, you will hardly ever
need to buy wire, and with no costs for
hiring and refilling gas bottles, the salf-
same gasless machine now has
vanishingly asmall running costs! 5o,
anticipated fraquency of use is probably
the paramount criterion, Other factors may
influence your choice, as describad
alsawhere in this article, but if you will
usually find it convenient to take the job to
the wealding machine, rather than vice
versa, these are likely to be of sacondary”
imporance.

The cost of gas for use with traditional
MIG will vary depending upon which gas
you choose to use, whather you need to
pay bottle hire charges, and how long it
takes you to use the comtents of a bottle.
That last factor, while being related to how
much welding you do, is not totally
dependant on that frequency of use. If you
never welded, slowly, but inevitably, the
bottie would empty. It might take years,
but it would happen, At the other end of
the spactrum, if you needed 10 weld near
continuously, a typical bottle could be
emptied in a day or so, the leakage factor
therefore being quite trivial. If you only
weld now and again, you still will have
modarata on-going costs, probably due to
hire charges, and certainly due to leakage.
If you are using and losing gas, then
claarly the unit cost of that gas is an
important paramater.

As is described below, if you have
opted for the traditional MIG, then when
walding mild steels you are faced with a
choice of gases. The cost of having those
gases to hand is fairly fixed if {asis
usually the case) you have 10 get your
supplies through a major supplier.

There are other factors that should
enter the gas/no gas decision process. The
detail is presentad balow, but in round
terms you can for the interim think along
the lines that if you will only use the
welder very occasionally, for litle jobs,
often in the open air, then you shouid opt
for the “no gas” model. Conversely, if you
anticipate fairly regular use, depositing a
lot of metal, and usually being in one
anclosed workplace, then you will be
better served with traditional MIG. If you
do opt for traditional MIG, you then will
be well advised to closaly examine the
topic of gas supplies. The diagram (Figure
1} illustrates how angoing costs are
related to fraquency of use for the various
possibilities of apparatus.

Choosing your Inert
Gas: an Argon mixture
or Carbon Dioxide?

In addition to cost considerations, the
identification of the "best’ gas for MIG
welding is nowhere near as spsy as might
be thought because of the multiplicity of
variables and the range of opinions. The

3. Where the wire emerges at the torch.
lnﬂlll the wire is shown
to trimming to correct working

wu., You will do a lot of trimming,
mﬂmmmm«m

ost rewarding actions is to identify a
goodqtuﬂlyplkahldcmum
aside specifically for that purpose. Cut the
wire as short as possible, to ensure that
you always initiate an are, as opposed to
the hot wire syndrome.

difficulty largely hinges on tha criteria by
which we judge "best':-

@ ability 10 prevent oxidation of the
weld?

@ ability 1o achieve deep weld
penatration when joining thicker
materials?

@ that the gas stays where it is
needed? (light gases are very
‘mobile’)

@ that the metal stays where it is
needed? (i. e, doesn't spatter a
lot)

® ability to support a fluid weld
pool?

@ that the wire becomes molten in
a preferred fashion ( a wire
dipping into the weld poal may

be preferred to metal

transferring as a stream of
droplets).

In addition to trying to evaluate the
relative performance of a list of candidate
gases (Neon, Xenon, Helium, Argon....) an
unlikely event in just one lifetime, it is
necessary to be aware that being “inert’
does not necessarily lead to optimum MIG
perfarmance. Small additions of other
pases play an active part in the welding
procass.

The only thing that does seem to
emerge from the debate as a hard and fast
conclusion is that the ‘best’ gas will either
be straight carbon dioxide or a
complicated argon mixture. There is a
range of the latter, but there is no need to
overly concem yourself with the exact
composition and function of the gas, just
take advice from your local supplier as to
which will be best for your purposes,

You can rest assured that, of tha two
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4. This type of gas regulator tells you how much is left in the bottle, allows you to adjust
the value of the low pressure side of the system, tells you what that LP value is, and
allows you to do fine adjustment to the flow rate.

main candidates, neither has some really
awful downsida that will render it totally
useless for your needs. Its all a matter of
fina tuning to gat tha bast ragult at an
acceptable cost - you can always change at
a later date,

Remember during those discussions
that the bigger the bottie, tha longer it will
last, but at the same time it becomes that
much less portable.

You may basa your choica of gas on
special circumstances, perhaps you or
someone In your circle of friends having
access 1o vary cheap carbon dioxide
{probably from a source connected with
the production of fizzy drinks. Its no
coincidence that some MIG users will refer
to their use of 'pub gas’l). If so, your
aongoing costs for traditional MIG might be
reduced to a vanishingly small amount,

If you chose to seek the opinions of
expenenced users, you will probably hear
quite a lot of criticism about carbon
dioxide, but little against the argon
mixtures, except of course concerning
their cost. That about says it all. To have
first class gas performance, opt for the
argon mixture. Then, if you end up using
your MIG fairly frequently, but not near-
continuously, your ongoing costs will be
somathing like a couple of £'s a weak.

Preliminary Setting-Up

In the initial setting-up of & new maching
the operator will set the roller pressure
which sarves to faed the wire. That usually
is a one-off adjustment, maybe never reset
for years on end. It is deemed wise to have
the roller pressure set just tight enough
that you normally do not get slippage
between wire and roller, but will allow
slippage if something prevents easy
feeding. Almost always, that ‘something” is

+ sticking of the wire up at the working end:

it happens for instance when you don't
leave sufficient gap betwean torch and
workpiece, Bacauss you have astablishad
the 'slip if necessary’ condition, you
should not get any big tangles or damage
down at the wire feed region.

As to setting up for regulation of gas
flow rate, it all depends on what sort of
ragulator you possess. The simplest
ragulators have to be reset for aach
welding session, because there is only one
control and it serves both for turning the
supply on and off as well as providing
adjustment of the rate of gas flow. A more
up-market regulator (Photo. 4) has on/off
and a separate control for rate of flow, so
the setting of rate of gas flow can be a
once-off adjustment if you so choose, You
may however find that it is wise to close
off the flow adjuster after each welding
gesgion because, by observation of the
pressures indicated on the various dials
over the several days after a welding
session, you may arrive at the conclusion
that the on/off seal at the flow rate
controller is better than the on/off seal at
the bottle neck. By shutting down bath you
S8t Up an extra stage of pressure
differential that helps conserve your
precious gases, It is also vary worthwhile,
when making the connections to a new
bottle, make sure that all joints are
gastight. Train yourself to shut down your
gases after each welding session, no
matter how short the pariod before you
expect 10 resume operations, In addition to
knowing that you are making reasonabla
affort to contain your ongoing costs, you
should be spared the pain of coming back
1o an empty bottle. Remember also that
the gas valve at the torch is vary
rudimentary, serving its primary purpose
and no more.

‘Floating ball’ or “floating bobbin’ flow

indicators can be awfully prons to sticking,
a fact of life that there isn't a lot you can
do about except to ensure that the viewing
tube is vertical. Stuck bobbins can usually
be freed by a light tap on the side of the
viewing tube, but very occasionally they
can be a bit more troublesome and you
then will have to do some dismantling and
prudent cleaning. The flow rate indicator is
still worth having, despite such problams,
since it removaes the subjectivity of judging
flow rate by the loudness of hiss as the
gas emerges from the end of the tarch. A
numarical value for flow rate will be
suggestad by the manufacturer of the set,
a figure which is easy to forget if the
equipment is used only infrequently, so it
is a good idea to stick a reminder label in
the vicinity of the flow meter. Another
useful label, in that instance of the tie-on
luggage variety, should be hung around
the nack of tha bottle, reminding you of
the most recent advice from your gas
supplier as to where you now go to
exchange the bortles.

Recurring problems:

their causes and cures

As one of the principal attractions of MIG
welding is that it doesn’t require high skill
and you can start making good welds
almost immediately, it also means that
thare is not a lot for you to forget if you do
not need to use the equipment for a while.
Hence, when you do resume welding, you
tend to do so as capably as previously.
Owar tima, howevar, you are almost certain
to axpariance problams, aither cavsad by
wear and tear of the equipment, or by lack
of recognition that an apparently simple
task is deceptively difficult. The equipmant
may be ‘playing up' becausa of In
adequate preparation of the surface of the
workpiece,

Among the most commaon of problams
is that where, on pulling the actuating
trigger, nothing happens. Almost always,
the cause is lack of power, either due 1o
simple oversight on your part or in
consequence of the high amperage
demand from your mains supply having
blown a fuse or something similar. The
best quide is the illuminated onfoff switch
on the front of the machine. If that isn"t lit,
you will probably have a simple supply
problem. If it is lit, then you are suffering
from something that will take a bit more
sorting.

Perhaps next most common problem is
that where wire is propelled through the
tip of the welding torch, but does not make
an arc on the workpiece. About half such
occurrances ara bacausa you missad! Your
aim is such that the wire has missed the
obyjective and is feeding into free space.
You can immediately recognise this
because, in addition 10 the lack of an arc,
there is no simultaneous feeling of
‘kickback’ on the torch due to the wire
coming up against the workpiece. There
are other commen érrors where you don’t
get an arc, but in those instances the wire
comas in contact with the workpiece but is
not melted. The workpiece is reluctant 1o
move, the wire still wants to come out of
the torch, something has to give, so you
feel the wire-driving force fed back
through the torch.

Missing the workpiece is often directly
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related to how clearly you can see what
you ara doing. It is oftan overiooked that if
you need to wear spectacles for reading,
then you need (behind the mask, of
course) to wear similar spectacles for
witlding. If you cannot sas with total clarity
at the working distance, it will degrade
your spatial perception. If you can afford a
liquid erystal mask (the type which is
darkenad by the arc, usually costing £100
to £200), it should allow you to have totally
clear vision, but be warned that those
masks can have their own occasional
frustrating downsides, one such being that
incident sunlight or a nearby workshop
light can be enough 1o switch the mask to
darkened mode. It usually happens, of
coursa, that it switchag just as you ara
positioning yourself prior to welding, so
your vision is now totally obscured. Claver
solutions, such as positioning yourself
whare there are no incident sunbeams ara
not always available since sometimes you
have to take the welder to the workpiece
rather than taking the workpiace 1o the
walder. All the ‘headband-held’ type of
masks (a category into which most liquid
crystal masks fall) can make things very
difficult when you try to get into the best
position to do an awkward weld, a.q. as
encountered when fitting replacement sills
to a car. All things considered, the best
strategy often turns out 1o be to use the
gimple hand-held mask that came with the
welder, perhaps in conjunction with a
coupla of small but intense spotlights with
which you illuminate the region whara you
are about to weld. As well as making It
@¢asy to see what you are doing before you
start welding it also ansuras far bettar
vigion avan while you are welding,
Keaping the mask close to the face qgives
the added beneflit of minimising
raflections from the inside-mask surfaca of
the walding lans,

Another contribution 10 making life aasy
is to identily a nearby object that can be
used as a steady for sithar the torch or the
hand that holds it, parhaps positioning
something for just that purpose. One old
favourite that can be used on a workbench
or other flat surface is tha familiar Nippy
vigs. Because of its broad basa and
substantial mass, and jaws perfect for
holding something like a piece of
doweling, it enables you to precisely
position your ‘steady’ wheraver you
choosa to put it. Similarly, a welders’
clamp can be used as a steady, sets of
such clamps being dirt cheap and oh-so-
useful.

Surface preparation

Returning now to the causes of ‘kickback’
experienced when feeding the wire. Firstly,
if you try to start welding with the wire
actually touching the workpiece and the
maching is set to low amperage, you do
not always have the necessary conditions
to establish an are, so all tha happens is
that hot wire feeds out of the torch, More
usually, the classic cause of kickback is
gimply that you haven't remémbered to
connect the earth clamp to the workpiece.
Variations on the theme are that you have
connacted onto something that isn't,
elactrically, parnt of the workpiace, or tha
earth clamp cannot make contact because
of rust or paint. if you are sure that you
have a good connection at your earth
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5. The tip of the torch with the gas shroud pulled off its retention sg

from holes just prior to the location for the scraw-in tip. The gas !
spatter, which causes deterioration of the uniformity of local flow of the

mm
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spare shrouds to hand, so that mumsﬁﬂwmlmmmm

needing to break off for a despattering

clamp, and yet you still get kickback, it
almost certainly means that your feading
wire has abutted against a surface that,
while generally appearing clean and
bright, will at the position of wire contact,
not allow electrical conduction of sufficient
amperage to establish the arc. Almost
always, the culprit turns out to be a minute
araa of rust or paint, often indicative that
your workpiece poses extra problems re
surfoce preparation. What in normal
canditions would be adequate is, an that
particular surface, not anough, (See
‘tubercules’ in the following paragraphs).
Considering preparation, we should
remember that wire brushes are only
marginally usaful for removing rust, For
us, the more effective tools, by & long way,
are aur ald friends the small angle grinder
and the miniature hand-held belt sandaer,
driven by either compressad air or
electricity, Both score high marks because
they ramove rust with greater ease than
other equipment and they generally allow
far batter access. Belt sanders aro now
available which use 13mm belts, the cost
of which has dropped significantly relative
to the other widths in use. Although the
small electrically driven units do seom to
have a finite life, for convenienca of use
and aconomy, the best strateqy appears 10
be to stick with the 13mm electric model
and accept that you will need to buy a new
one parodically. Purchase replacement
belts in bulk at a fraction of the local shop
cost from one of the postal suppliers,
perhaps also investing in a few of the
twisted-wira cup brushes that fit your
angle grinder to take advantage of post-
free order level offers. You will find that
these remowve paint and similar materials
with a Tarminator-like efficiency. Finally, if
you &ra going 1o encounter fiddly work,
with tight recesses thal deny access even
to the snout of the 13mm balt machine,
cansider the benefits of a minlature
electric drill {0.g. Dremel or Minicraft)
driving a diamond-impregnated point or
burr - just think of the small spaces your
dantist has to work in when preparing a
tooth for filling. Incidentally he may be
willing 1o give you some used burrs which
are no longer suitable for his purposes, but

- which will sult yours admirably.

The task can call for a little patience,
b el iyl
~any contour of surface. Using & miniature
{about 20mm dia nmlrmwmdm
“.:.::':'.;.t‘i'..;':." bt
“surfaces and in the whnquun druuug of

wmmmnma
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thowlre-foed nwwfwumwm
“aware of a rather frantic and halting
‘delivery, probably accompanied by the
“staccato rattle of relays seeking o rest
position. At the same time, you may
“experience a hint of the ‘kickback'
‘phenomenon at the torch, wlﬂnh-m
ﬁiﬁhﬂnom:mioﬁlnm
unprodictablo fashion.

fanmnmnm havdn'luutvaﬂr surfnﬂ

ys presented
100% matal surface. Almost invariably, the
mmhﬂ\atynursmfmhub-mlmg-
term rusted, and that process has
not been uniform resulting in local
“tubercules’ whara the rusting process has
beu\pmiuularlvvigmnommloft!n
_general thickness of rust means that you
_are laft with an array of rust-filled pits sat
-in an otherwise bright metal sudace.
‘Those regions have lower electrical
conductivity than the general surface, a
wndﬂmwhbhknnwdmmmmtm
MIG control system into a déegrea
dwmmudwmm«g
mainplﬂmg:atodoium g
circumstances s, obviously, to re-g
~surface to sufficiant that you remove
thmﬁﬂﬁ M;r
further pmwnah ou
have nothing left to weld onto W et
solution is to grit-blast the pha mut-ho.
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at phenomenon if you could
onlvoonunnnmmmmmmmm
place, Fortunately, if you bias the

dupmilion mmrdn mmum
weld pool, that side becomes a leading
mmalmwmmmmim PRy

deposition painwwnmm by . ‘

edgs, you will, after a little pract ’
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Problems in weldlng on a

good surface -

Ilnumnmmﬁ«mmm
stuttering, kickback ete. when you are
sooking to weld metal that has an
lmmmmmm.moﬂmmm
hamdlmttommlhn
of the copper tip at the ‘w
Mwewlnnmhm ®), Tt

as it emerges from lhtw!l:ﬂno
tnpmvldaalupplvpoimiurm
current that will convert that ng
wire to weld metal. The latter task subjects
dntip:o-hdlﬂo,andahraporhdof
ummwmwmnolnnwbnanuuﬂt
1o the wire. That degradation does
mnhmmmerm
inoparative. Rather, hmﬂmmm
some of the consistancy of

contact between the wire and the tip, and
consequently lose some of the
smoothness of oparation. mmmm
-mndawmmgothcﬂp.namvf
about a £1, will restore the pleasure of
walding and avoid the degradation of the
finish of the weld. '

Rapid degradation of tips
due to a damp workshop

Slmcnonppwtlphﬂshhﬂﬂlfbatllﬁhﬂi
s sl
any an
on the surfaoe of the wire. That however is
axactly what happens if the wire is allowed
10 start rusting, a phenomenan experienced
in many workshops. Onea # reel of wire has
s o e e
m may
wmuv:"uﬂvmwmhmw;h
mmmﬁnrﬁ.wmmﬂfm
that material away and get away
mkimlﬂmmhllmbmﬁvnuuﬂ]ﬁ
wain lutpiﬂmmﬁnl.mmwwi
inorease, particularly if you are using flux

cored maternal. The best course of action, by
far, is to prevent the rusting ever happening.
There are all manner of prevention
strategies, such as storing the bulk of your
wire in the airing cupboard until you need it,
by sprinkling “Vapour Phase Inhibitor’
powder in the reel compariment, having the
real feed out of a plastic baq, or perhaps
lining the base of the wire reel compartment
with trays of those blue desiccator erystals.
Choose whichever method is effective and
easiest for you.

Wire Feed problems

Sometimes, for rather ill-defined reasons,
thia wire will not fead sasily to and through
the torch, causing sither slippage at the
feader bobbins or worse, tangles and bends
in unfed wire. There isn't a standard cure,
because there isn't a standard cause, but the
common feature of almost all such events is
that the wire "downstream’ of the drive
rollérs or in the umbilical is being directed
around 1oo many tight curves, in one way or
another. The remedy lies in ensuring that all
feed is as straight as possible, through a
liner tube that is in good condition. A low-
friction wire feed tube may help (Photo. 8).

- -
Welding Aluminium
It is quite possible, using appropriate wire
and pure argon, to use your MIG to weld
aluminium. It eannot howavar be claimed
to be an entirely appropriate method, for a
variety of reasons. In the first instance, the
MIG method does not lend itself to those
careful manipulations of the moltan pool
that allow you to end up with good fusion
1o the parent materials, there also being a
tendancy 1o deposit too much metal, You
can make good aluminium welds with
MIG, but it cannot be seen as the prafarred
method. Given the choice. you would
almost certainly opt to use an alternating
currant TIG system.

Material loosaly described as
‘aluminium” is almost certain to be an alloy,
preadominantly of aluminium but with a
vary important minor content of other
metals, While you may be able to make a
satisfactory join or repair in your
‘aluminium’, the final properties of the
welded area may be inferior 1o those of the
parent metals, with a range of deleterious
consequences (particularly a reduced range
of elasticity) combining to make the end
product unfit for its intended function.

Welding Stainless
Steels

Again, using appropriate wire and
{preferably pure) argon, it is possible to
use your MIG to wald stainless staels. To
be more exact, it is possible to weld
satisfactorily the majority of the austenitic
stainless steels - those which are readily
identifiable from their cousins {martensitic
and ferritic stainless steals) by having little
or no response when offered to a
permansnt magnet.

Attempts to weld the stainless steels
that do respond to a magnet will usually
result in 8 weld that looks good, without it
being at all cbivious that some parts of the
weld or adjacent material are mow very
brittle. Such welds should never be trusted
1o sustain any load, even a trivial one, as

they can fall catastrophically without any
warning. Be wise: unless and until you
have special information to tha contrary,
regard any ‘magnetic response’ stainless
steels iterns as not reliably weldable.

Tha MIG welds on the ‘no magnetic
response’ (austenitic) stainless steels can
be entirely satisfactory for any reasonable
purpose. If however, as happens in some
high-tech industries, you nead to seek the
highest levels of wald quality, then the
codes and local experts will deem MIG
wealding to be not good encugh.

You might be tempted, if possessing a
reel of stainless wire bul no pure argon,
and only needing to make an occasional
wald in stainlass, to make do with other
gases in your possession. If you do, then
10 a degree you may be successful and to
a dagrea you will fail. The use of the non-
pure gases will cause various degreas of
degradation of the properties of the
welded region which may exhibit rusting
in 8 damp workshop, whereas a similar
weld made under pure argon should
remain pristine for an indefinite period. Of
these non-preferred gases, carbon dioxide
is likaly to be found to be particularly
deleterious to the subsequent ¢orrosion
resistance. For any jobs where you are not
constrained by the thicknass factor, but
whare you havaen't tha ideal gas, and you
happen to also possess an MMA machine,
you would probably better job with this,
uging the appropriate austenitic rods.

Spot welding with
MIG

Spot welders that work from your MIG set
are obtainable, but there are a number of
factors 10 consider before making a
purchase, You may arrive at the conclusion
that you could put the money towards
something more useful. Will the amount of
use it is likely to get compensate for the
fact that the accessory will clutter up your
workshop between jobs? Give thought
also to the fact that a spot weld is not
examinable, and that the only way you can
assess the strength of such welds involves
their destruction. Consider how often you
are prevented from using a spot welder
because of access difficulties. Finally,
decide if you could make better joints by
simply pre-drilling holes in one of the
sheets. You may find, howewver, that this is
one of the few occasions where MIG
walding can be a little ... quirky, Your aim
will be to fill the hole with weld metal,
after getting good fusion 1o the backsheet
and all around the periphery of the hole.
There is a tendency for the arc to establish
all around the hole, failing to fuse at the
back surface, and droplets of melting wire
seam 1o go anywheare bul where you want
them. The edges of the pre-drilled hole will
eventually melt with the result that the
hole just gets biggerl With a little practice
you will get around the problem and will
then make superb welds. For a start. drop
the amperage and wire feed rate and make
a fillet weld around the rim of the hole and
wark from there,

Welding Cobwebs

As described earlier, one of the biggest
artractions of the MIG is that it allows easy
welding of thin sheet steel, material less
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than a millimeatre in thickness. Sometimas
however, particularly if you restore classic,
vintage or veteran cars, you will need to
weld materials that are far thinner, until in
axtremis, thera is nothing there at all, the
result of atmospheric corrosion,

Preparation of such materials always
presents a bit of a dilemma. In getting it
clean enough to avoid the stuttering and
halting problem, tools that will ramove
rust effectively will almost inevitably
remove a significant fraction of your
remaining metal (that is, if thara is any). In
trying te avoid one problem you
exacerbate another because the matenial
can become molten full through-thickness
and will simply fall away.

The first useful trick is to seek to remove

all rust, but not remowve any metal. The
usar-friendly 13mm balt devices allow you
to get down to the general surface and the
miniature electric drill and the diamond-
impregnated point or burr will deal with
the rust-filled pits, which must be cleaned.

One of the earliast experiences during a
‘cobweb repalr’ 18 that, daspite baing set
for lowest amperage, the arc melts right
through the workpieca, allowing the
unmelted wire to continue on its own
merry way through the hole. One remedy
here relies on the fact that a shon duration
of welding can be sufficient to allow good
daposition of a tad of weld metal, while at
the same time not putting in sufficient
local heat to cause melt-through, So,
instead of laying down continuous welds
such as one would do on thick material,
you lay down your weld metal as a
sequence of stitches. It is very useful 1o
utilise tha local elastic stiffness provided
by the last stitch to get over the prablem
that some regions of sheet cannot be fully
held together by welders clamps. By
lightly tapping around the location of the
last stitch you can plastically deform the
metal in such fashion that the sheets are
drawn fully togethar at the location of the
next stitch. Proceeding in that fashion
leads to the wnd result that the finished job
has tidy seams, If you need to repair an
old car by this method, be warned that the
MOT rules contain demands for
‘continuous’ welds. One way to comply
with such requirements is to add
intermediate stitches so that eventually
thoy fully overlap, and thus provide the
required continuity, Arguably, in situations
whare there is no such mandatory
requirement, the middle way is best, i.e.
put in enough stitches to create sufficient
strength, but do not proceed to continuity,
thus aveiding the same magnitudes of
residual stress or deformation.

A second way to make continuous

Slide or Rolle

Copper “splash™ i

Fig. 2
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6. When purchasing your first batch of
purchase a low friction wire feed tube. Fasten it to the carrying handle of the welding set
so that when you need it, months or years later, you will know exactly where it is.

welds on cobweb material is to increasa
the gas flow, so that instead of just
providing an inert atmosphere, it provides
significant forced cooling (provided
someone else is paying for the gas!),

Sometimes, you will come up against
the seemingly impossible task of welding
metal that isn’t thare, most having been
lost by corrosion, It is usually best to
replace those missing sections, but for ono
reason or another such replacement may
not be practicable. All nead not be lost in
such circumstances, The trick is to provide
a non-bonding coliection surface on to
which to 'splat’ the molten weld metal in
such a way that it builds up 10 be a surfaca,
Marging the adges of that new surface with
the remaining edges of the parent metal
creates one big surface, completing your
repair. Clearly, you would not seek to
raplace a big sheat by this technique, but
for small areas it is a winner.

An ideal non-bonding collection
material, widaly and chaaply available is
the copper tubing used for plumbing and
central heating installations, the copper
being formed into the shape of collection
surface required for the particular task,
e.g. you would use a flat collection surface
behind a flat sheet. A pithy generic tarm
for one of these copper collection surfaces
is a “splash’ and anyone doing lots of
cobweb repairs will, over course of time,
accumulate a collection of special tools to
do special jobs, pieces of copper foided
and beaten to provide snug fits into
corners, along edges and so on. You than
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carth lead to “splash”

copper tips, it is a good idea to

ensure that there is electrical connection
botween the pleces of the differant metals,
and then proceed 10 deposit metal at the
edges of the remaining sound steel, the
copper acting as backstop and receiver,
You continue with that deposition until, in
the case of the flat sheet, all the edges
join, i.e., you have built up your own little
shest to replace what was missing. You
will find that, besides accumulating your
own collection of special "splashes’, you
will creata simple devices to facilitate the
particular repair, s the occasion
demands. For instance, Figure 2
illustrates how simple rollers and other
guides can be used to enable cobweb
rapaire of cylindrical gactions.

The large circle represents the cylinder
under repair. The two smaller circlas are
rollers or sliders. The rectangle at the
base is the non-bonding deposition
surface (copper ‘splash’), During the
rapair, the cylinder is rotated slowly
(manually) while at the sama tima weld
metal is deposited at that appropriate
position whare the retreating edge of the
workpiece material is sliding across the
working surface of the copper splash. Tha
deposited metal forms a new retreating
adga, and the procadure is continued,
depositing overlapping lines of weld onto
the pravious lines until the aventual
arrival of the other side of the original
hole. Joining the two edges completes
the repair. It will often be found that the
easiest way to create the neatest end
product is to make these deposition lines
clrcumferentially on the cylinder.

Such a repair technigue is made easy
and practicable only by the control of
deposition special to the MIG process.
MIG equipment does what it is designad
to do superbly well, and for many tasks in
the home workshop there just isnt any
good altarnative. Anyone thinking that
they really cannot afford a hobby lavel
MIG has probably not fully appreciated
the direct savings made possible by that
naw abllity to repair and fabricate and the
value of the enhanced capabilities and
techniques. | hope that these notes will
help you make your dacision as to
whether you ought to make such a

purchase. u



al is a transformer? If you have

read the previous articles in this

saries you will know that it
congists of an iron core round which is
wound a primary winding which is
connected to an AC supply, and with ane
or more additional windings also wrapped
round the core. When an alternating
voltage is applied to the primary winding
this causes an alternating magnetic field to
be set up in the core and this in turn
produces alternating voltages in the
secondary windings. If a load is connecled
to the sacondary windings and current
thus flows in them, this tends to suppress
the magnetic field and when this happens
additional current flows in the primary
winding so as to maintain the field
substantially constant.

The main use of transformers is to
change the voltage of the incoming supply
to one which is better suited to the
intended application. There is another use
which comes as a bonus and is sometimes
important. A transformer provides
electrical isolation between the incoming
supply and the transformer’s output.

The Core

Cores come in various forms and, with the
axception of sintered ferrite onas which
are used almost exclusively for high
frequency applications, they are made of
thin sheets of iron alloyed with up 10 4%
of silicon. For reasons which will be
axplained shortly, laminations have an
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electrically insulating coating on one side.
Many years ago flour was used for this
purposa, sprayed as flour paste and baked
on. | shall naver forget my early days as
an apprentice in a fitting and machine
shop training school which was next door
to where this took place. Being wartima,
with severe food rationing, you may
imagine the effect of the all-day smell of
freshly baked bread upon thifty or $0
permanently hungry adolascent boys!
Silicon iron has a coarse crystalline
structure and can be sheared easily. By
cold rolling, its magnelic properties can be
enhanced along the direction of rolling at
the expense of reduced propertias
transversely. Core topology is sometimes
chosen to axploit this directional propenty.
Photo. 1 shows a partly assemblad
transformer which uses a form of
construction with what are called 'C cores’.
The iron, in the form of a ribbon, is wound
onto a rectangular mandrel and then
bonded with a special resin to form a solid
shapa. This is then cut in two by a thin
abrasive disc. After grinding the cut faces,
they can be re-united with little loss of
magnetic properties. Usually they are used
in pairs to make @ shape similar 1o that of
the stamped-out laminations shown in
Figure 1. After inserting them into the
winding assembly, they are strapped
together using the same taping strap
method which is used on large cartons.
With conventlonal, flat laminations it is
necessary to assemble these one by one
{alternately from each side to avoid having

an air gap in the magnetic circuit). Unlike
the C-core type it s possible to make a
thicker stack and thus increase the power
available from a given size of lamination.
Incidentally, it is vary rare to have coils on
both sides of a simple two limb core. This
is because of something called leakage
inductance, which we will come to later.

Currantly fashionable for small
slectronic power supply transformers is
the toroidal transformer. This has a ring-
shaped core which may be formed as a
coil of iron ribbon or as a stack of
washers, By having the windings on the
outside it is easier to get rid of the heat
which they generate, and another
advantage is that because of their
‘homogenous’ shape, there is very little
stray field to interfere with electronic
components close by. However, it is
difficult to make solid attachment to the
heavy core without imposing stresses on
the windings, so this form of construction
tends to be limited 1o small sizes. The real
killer for the amateur constructor is that,
unless the number of turns is small,
winding becomes impractical without a
special coil winding machine which is
about as complicated as a sewing
machine, to which it bears a slight
resemblance, | was involved in bringing a
machine of this lype into service about
fifty years ago and it took a long time to
learn how to use it,

The Initial Design
Stage

For our purposes we mostly have 1o stant
by taking an existing transformer and
adapting it for our purposes, Old radios
and TV sets often yield useful components
since the iron core is practically
indestructible and sometimes the original
mains input winding is perfectly sound.
Scrap microwave ovens contain a large
transformer which is ideal for making a
spot welder or battery charger. Fortunataly
it is fairly standard that the secondary
windings are on top and can be removed
to make room for new ones.

Before we begin the design process,
you may be wondering why transformaer
coras are always laminated. The
explanation is that if we used solid iron
tho core would constitute a single turn,
short-circuited winding and would have a
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large current circulating round it. Apant
fram anything alse it would get very hot.
This effect is called "eddy current’ and it ia
the bane of all electromagnetic designs.
Once you are aware of it however, it is not
too difficult to avoid it. While we are on
the subject it is important to avoid forming
any short-circuited loops round the core.
For example, where clamping bolts go
through holes in the comers of the
laminations they must be insulated at least
at one and. An Insulating washar under
the head and an insulating sleeve or a
layer of insulating tape along the bolt's
length is all that is necessary.

Wa can now procead to the design
process, assuming that we are building
from scratch. An early step is to calculate
the volts per turn, However, if you are able
to use a cannibalised transformer with a
healthy primary winding, it is easy to
measure this parameter, All you need is a
voltmeter and a length of flex, For the
sizes we are interested in, the volts per
turn will lie in the range of 0.1 to 0.5.
Depending on the ranges on your
voltmeter, wind & few turns round the
centre leg of the care, taking care that
both ends of the wire come out at the
same side, With proper respect for the
incoming mains supply, connect the
supply to the primary winding, having
previously connected your voltmeter to
the ends of the flex, and read the voltage.
As an example, let us suppose that thare
are 10 turns of flex on the core and the
voltage reading Is 3.5 volts. Then tho volts
per turn is 0.35.

However, we will go through the design
process from scratch, The transformer
which we will design has the following
specification:-

Input 240 voits, 50 Hz single phase
Output 24 volts, 10 amps. at FLUPE.

Thiz neads soma axplanation. Tha input
is the normal UK mains supply (shortly to
become 230 volts). 'FLUPF means full
load, unity power factor. This means that
the output voltage is to ba the spacifisd
value with the transformer delivering 10
amps into a resistive load. It makes a
difference if the load current is not in
phase with the vaoltage, We will deal with
this later. In the specification for power
distribution transformers it is usual to
quote the no-load secondary voltage
rather than the full load figure,

Based on an educated guess, we will
begin with a stack of laminations of the
dimensions shown in Figure 2, the stack
measuring 30mm thick. Because of the
insulating coating on the laminations and
the inability to squeeze the stack
completely flat, the amount of iron in the
stack is normally reckoned to be 95% of
the actual stack thickness. The area of the
centre limb round which the coils are
wound is thus:-

30 x 30 % 0.95 « BS6mm? or 0.000855m?

Choosing a flux density of 1.2 tesla, we
can now use the following expression to
calculata the volts per turn,

¥-4n.11x8xm x
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Where B = flux density
Aj = iron area
f « frequency

Remembering that the voltage inducad
in gach turn of a coil is derived from the
rate of change of the flux linked with each
turn, this formula Is explained thus:-

In the course of one supply cycle the
flux rises to its peak level and then
descends to zero before carrying out a
similar axcurelon through the negative
half cycle. lts total travel is thus four times
the maximum flux. The total flux is the
peak flux dengity multiplied by the core
cross-sactional area, The time taken is one
supply cycle and instead of dividing the
total flux change by this time we multiply
by tha frequency, which amounts to the
same thing. Lastly we come to the 1.11.
The volts per turn we have calculated so
far is an average value, and we need a
diffarent measure,

Because much of gur usage of voltage
and current involves the square of the
quantity, e.g. I7R, we need a factor which
raflects the value of this squared, which is
called the “root mean square’, usually
abbreviated to 'RMS’. The mathematical
process to derive both the average and the
RMS values for a sine wave entails the use
of the Calculus, though thay can be
evaluated in half a page of working out.
For those who want to get straight to the
answer, the average value of a sine wave
aquals twice the peak value divided by =
The AMS value is the peak value divided
by the square root of 2.

The term ‘form factor’ is used to denote
the ratio between the RMS and the
average values, In this case the form factor
s out to be 1,11, so by adding this to
the basic formula for volts per turn we got
the answer in volts RMS.

Putting the known figuras into the
equation, and choosing 1.2 tesla as the
peak flux density, wa gat:-

1"5- 4% 111 x 1.2 x 0000855 x 50 = 0.2278
Neaxt we make the number of turns on
the primary winding to be:-

240
02278 = %8¢

It may be that there will be a small
adjustment to this figure as the design
proceeds, but not by very much. The next
stage is to choosa a size of wire, For this
we make a preliminary choice based on
current density. Working with matric sizes,
0.79mm diamaeter (0,767 over enamel)
looks a likely choice. An area of
0.3858mm? gives a current density for a
primary current of 1.05 amps of 2.65
amps/mm? which sounds about right. (A
secandary current of 10 amps corresponds
to 1 amp in the primary since the
input/output voltage ratio is ten to one, A
hit extra is added on to allow for
magnetising current and iron loss). Now,
will it fit into the core window?

The window is 70mm long, but we need
to have a small clearance to be sure that
the pairs of laminations (the 'E" and I’ s)
can abut one another fully. Then we
assume bobbin flanges of 1.5mm
thickness and a further Tmm or so for the
curled-up edges of the interlayer paper.
The width for the wire is thus:-

70 -1 -3 -2 = GAMM

The maximum turns per layer is thus:-
0?57 = 83 plus; say 82

The number of layers becomes
12‘;‘1 =128

We end up with 13 layers of 81 turne
each

Neaxt comes the build-up to see if the
primary winding oecupies about half the
window’s space. Since the amp.turns on
the two windings are almost exactly the
same, the primary should take up about
half the space available. We will use paper
of 0.1mm thickness betwesen layers, but
because the winding never lies completely
flat, especially on a rectangular bobbin,
the build-up is based on an assumed
0.13mm thickness to make a suitable
allowance for this. It is good practice to
allow for a bit of sticky tape to anchor the
flex which ix soldered to the winding wire
fremember the earlier article about making
colls?) and perhaps put on a couple of
layers of paper to provide a smooth base
for the wire. The primary winding's build-
up is then:- -

Initial paper layers 0.26

13 x 0.767 wira 9.97

12 x 0.13 paper 156
Total 11.79mm

Don't be misled by the apparant
precision of working to two figures after
the decimal point. Its not really that
accurate. Call the build-up 11.8mm

Now, as a precaution against a
transformer fault connecting the mains to
a low voltage secondary output, which
would be hazardous, goed practice is to
add an earth screen betwean primary and
sacondary windings; then any primary
fault can reach the secondary only via a
connaction to earth which will eliminate
any risk of alactrocution. This is not an
essential feature, but | strongly
recommend it. It has another benefit for
transformers in sensitive electronic
equipment. A route for mains-borne
intarference is via capacitive coupling
betwesn the primary and secondary
windings. An earth screen gets rid of this
possibility. It is important that the screen,
which ideally is made of copper foil,
though aluminium is fine as long as there
is @ good earth connoction ta i, forms a
complota BUT NOT SHORT-CIRCUITED
turn. It must ba suitably insulated from the
windings, especially the primary one. Five
layers of paper below the screan and the
same above is usually suitable. A short
ovaerlap of one of the paper layers into the
foil will prevent the formation of a shorted
turn. The build-up of this element is:-

5 x 0.13 paper 0.65

1 x 0.10 foil 0.10

5 x 0.13 paper 0.65
Total 1.40

Finally we come to the secondary

winding. The volts per turn are the same
as on the primary winding, so the number
of turns is:-

N = 10536

oY |
§ 0.2278
Now clearly we can't deal in fractions of
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| aturn (though if the end connection is
: brought out on the opposite side of the
@ I | core to the start this amounts to a half
{ | turn). Howsvar wa have yet to maka

| allowance for the voit drop in both
windings due 1o their resistance, 0 w
can make a guess at how much this will be
and increass the number of secondary
turns accordingly. For this transformer an
allowance of 3% is a fair guess so we will
sattle on 1.03 x 105.38 = 108.5. So we
could use the tip above to provide exactly
the right number of turns if my guess of
3% voltage drop Is correct! Now we have
to choose a wire size.

With the better cooling possible on the
S N O D e _..___,.;_..:‘___;__;.__';l £ 3 outside winding we can afford 10 let the

g
-
s
c
J)

current density be a liitle higher than for
the primary. 2.0mm diameter is about
right, With a8 CSA of 3,14158mm? we get
3.18 amps/mm? which should be
| adequate. However the tension needed to
| persuade this thick wire 1o lie on top of the
primary winding may be a problem. Thera
| are several solutions, We could use a flat
| foil of 0.05mm thickness by 60mm wide.
This would be easier to get to lie flat and
| 81 3.0mm CSA would be OK espacially
since heat flow would be battar than with
- round wire. Another method would be to
' use two or three wires of smaller size in
parallal. However, if this route ware
. chosen, it would be important 1o keep the
| separale wires close together turn by turn,
otherwise tiny differances in the voltages
e i -l e ' inducad in aach strand would cause
! E: i | substantial circulating currents to ocour
Hﬂ. 2 @ | batwaeen the strands. Finally, we could put
\ the secondary winding on the bobbin first
50 that it wouldn't put the comparativaly
fragile primary winding under strass. For
the time being let us assume that all will
be well and go ahead with the 2.0/2.092
anamelled wire, B4
Turns per layer can be 2.902 = 30.6

e

g
w
@

ur - ——————

g0 that wa nead four layers which
would each have 27 or 28 turns. Lets
forget the half wurn for now. Its not that
important! This seems to be an easy fit.
Next wa will look at the build-up. Note that
| | have assumed thicker paper batwaen
| layers because of the wire being so much
i larger.

IRON LOSS (Wikg)
i

4x2092 wire 8,37
| 3x0a paper

0.40
Total 8.77

Allowing for the wire's reluctance to lie
. fla, the true build-up will be a bit more
| than this; let us guess at 11mm.

Now we can tot up the whole build-up,

Clearance between core and bobbin ID,
- say 0.5mm each side
Bobbin tube thickness, - say 1.5mm

Bobbin wall 15
7 T000 O Primary winding  11.8
_ Screen 1.4
| Secondary winding 11,0
g 1 i Total 26.2mm

-9.184\' . 1-137\! -1 10A So:-  Clearance 0.5

.| just enough space ta wrap a few layars of
0 || paper or tapa on top to protact the
1.028Y —— | | winding from accidental knocks. Don't put
g @ ' too much on though, as we don’t want to
Hﬂ. 5 add thermal insulation and retard the

2
L 5 g { The window is 30mm deep, so we have

- Ry - - -—
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escape of heat from the windings.

Qur next task is to estimate the
windings’ resistances. We have na need to
be over-precise about the arithmetic
because the actual value vanes with the
temperature, and we don't know what that
is. It isn't even constant across the
windings. Figure 3 shows a cross-section
of the coil assembly. For each winding the
length of the mean turn (LMT) is the
perimeter of the bobbin plus the
circumferance of a circle of radius equal to
the mean radius of the ‘comears’ of the
winding.

From Figure 3 we can see that the length
of the primary mean turm (LMT) 8 174mm.
The total wire length iz thus 1054 x 0.174 =
183m. At 20 deg. C, wire of 0.71mm
diamater has a resistance of 0.0436
ohms&/m. The primary winding's resistance
is thus 183 x 0.0436 = 8 ohms. Howavar, a
likely operating temperature is 50 deg. C
and since the temperature coefficient of
copper is 0.004 we have to multiply the
‘cold’ resistance by 1 + (30 x 0.004) « 1.12.
Thus the effective resistance of the primary
winding is 8 x 1.12 = B.96 ohms.

Using the same procadure for the
secondary winding, we get:-

LMT = 252 mm
Wire langth = 108 x 0.262 « 27.2m

Resistance at 20 deg. C = 27.2 x 0.0055
= 0.149 ochms

Resistance at 50 deg. C « 0.119x 1.12
= 0,168 ohms,

The other factors which we need to
evaluate are the magnetising current and
the iron loss. You will recall that the initial
guess was that these would cause an
increase of 5% in the primary current. We
can now see how accurate this guess wa's,

Data sheets for the different core alloys
are usually published in the form of
graphs of total iron loss in watts per unit
waight against the working flux density.
Graphs of magnetising volt.amps per unit
waight are also published again against
flux density. Although it doesn't affect this
dasign, it should be noted that the loss
and the magnetising volt.amps rise with
supply frequency. The curves for Stalloy in
laminations of 0.35mm thickness are
shawn in Figure 4. From these we can ses
that st our chosen flux density of 1.2 tesla,
the iron loss is 1.8 watts/Kg, and the
magnetising volt.amps is 13.2VA/Kg.

Yau don't need me to tell you how to
work oul the weight of the core. Just
multiply the area of one pair of
laminations by the stack thicknaess to arrive
at the iron volume. and then multiply by
the dansity of iron, which is 7860Kg/cubic
metre, or 7.86 g/ce, to arrive at a more
conveniant number. | make it 1.75 Kg so
that the iron loss works out 1o 1.76 x 1.8 =
3.15 watts and the magnetising voltamps
comes to 1,75 x 13.2 = 23.1 VA. The iron
loss is clearly negligible in tarm of a
primary current of an amp or so, and the
magnatising current is only

280 = 0.0096 amps.

Since this current is 90 degrees behind
the load current (laok back at the phasor
diagram 1o see this) we can ignore this as

far as the effect on the primary current is
concarmed. From the start | knew that
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these effects would be negligible, but |
have gone through the calculations
because iron loss and magnetising VA are
not abways trivial, and it is wise to check
up on their magnitude.

There are two more calculations which
we can now make. First is the drop in
voltage which results from some of the
nominal voltage being used up in
overcoming the resistances of the two
windings, It is not too hard to see how this
happens by means of an "equivalent
circuit”. This is drawn to combine an
imaginary perfect transformer with the
various resistances and inductances which
are present in the real world. All the
diagram does is to show these factors as
baing axternal to the transformer. Figure
5 shows the diagram for our transformer,
There are some iterms on it which we
haven't dealt with yet, They are there for
completeness, but the things they
represent have no effect on our
transformer. They will be explained later.

It may be helpful to think of the
resistances as causing a drop in voltage in
the same way thal steam loses some of its
prassure in passing along a pipa. In the
case of steam, the pressure drop Is
proportional to the square of the flow; with
alectricity the voltage drop is linaarly
praportional, i.e. is given by current times
reskstance.

The other thing we need to check on is
the likely temperature rise in the windings
due to the 12R loss in the two windings, We
have just worked out that the primary
current is barely increased at all by the
magnatising and iron loss currants, so we
can calculate the loss as:-

17 x 8.96 = 8.96 watts

For the secondary winding, the sama
calculation is;-

102 x 0,1872 = 18.72 watts

The winding assembly thus has to
dissipate 25.7 watts. Remamber that this is
a figure which depandz on the actual
winding temperature, which may be quite
different from the assumed value, and will
not even be constant across the whole
winding. Tharmai calculations, and
consequently heat generation figures are
pretty rough but are good encugh for our
purposes. Its a different matter on large
transformers for power distribution
systems. Every manufacturer has his set of
formulae which have been tried and
tested.

There are lots of methods for estimating
the temperature rise in windings. A lot
depends on the axtant to which the heat ie
radiated or carried away by convection,
The first depends on the temperature of
the transformer’s surroundings, while the
opportunity for strong convection currants
is important to the convection process. Wa
have to dispose of 28 watts or
thereabouts, and we have a coil surface
area of roughly 200cm?, taking into
account only the face of the winding and
discounting heat which escapes through
the bobbin. This gives us a figure of about
0.13 watts per square centimetre. This,
combined with the chosen current
dansities seems o indicate a temperature
rise in the range of 30 to 40 degrees, so
having satisfied ourselves that the

-.qumwm Wocan

windings mumuaﬁalwﬂmlr
leakage inductances. Thase are dua to the
small amount of magnatic flux which links
with one winding but not with the other,

We can ignore them in our study. The
resistor and Inductor connected acrass the
primary winding are there to represent the
magnetising VA and the iron loss. We
fouuduﬂhrthuﬂmmlmﬁhuntln _
our transformer. Romembaring that
mearhmdﬂmmu
have voltage ratios and ampturn ratios
exactly in accordance with the turns ratio,
mmnnmmmmwftﬂmﬁmm
will behave.
Munchnmwhi&

to ba fixed, We will choose the s
ummmmmwalem b
mmmwmmﬁmmm--
pﬁmalvwmnlmllho:t '

10 % 054 1mne

calgulate the h
tl'lu"p-:igm'::’y winding which Vﬂlﬂﬂﬁ oo
1.025 J_{B.BB =9,184 volts.

Thus the vl t th primary windiog
is 240 - 9,184 = 230.82 '

Using our pmbe primary/secondary
mmmmmbg&m by:-

Nmmhamommvomew
in the secondary winding, which i4 10 x
0.133 = 1.B‘?vohu.nur full-load sacondary
vullanaht.huu

23.65 - 1.67 -m
H'Ifnnnutaw'hhh ﬂndwnll.

reduce the numbar of primary mmwhlnlt
would raise the flux density slightly. Since
the winding has only 230 or so voits to
produce flux, we could decrease the
primary turns to about ﬁ X 1054 = 1010.

Wam{dnhomhuﬂummbunl

- secandary turns slightly. Ofwémul-‘cldq

wm:ﬂmm process s ‘trial

orror Mmueluuc jinaers

call it “iteration’, nnu
Becouse there are mmmmonﬂa

,pmwmwmnhmhmmm

changes in output voltage =
mmmnmmmm&re AR
mma«nmlmmm:mdw .
mmuomghmmumuﬂh
‘steps of 5% atone
mdandlmmu:‘&%umm :
‘giving a wide range of adjustment with a

'-u‘mﬂnumbnrolupn.

This instalment has gone Into

.Mmﬂedmilhme«ﬂmm

mainly to show tha underying principle
For a good many applications it is not
‘necessary to go into such detail, In the
‘naxt article | will clear up the pants |

skipped over this tima and make a start on

electric motors,
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Varnishing brass

From Philip Amos, Mosman,
Australia

In lssue 69 of ME.W. Dr. W, B. Amos
enquires about protecting a brass finish.
Perhaps the following may be helpful.

Brass, eithor cast or wrought, can be
polished to a high lustre and a most
attractive finish. However, the oxygen,
carbon dioxide and water vapour in the air
cause the surface 1o tarnish and so the
appearance soon becomes less
satisfactory. The tarnishing process can be
delayed by varishing the product after
polishing. and this will preserve the lustre
for quite some time, but eventually the
brass will tarnish. This is probably due to
the varnish coating not being impervious;
a@s the solvent evaparates it leaves some
porosity in the coating.

Commercially these days the varnish
commonly used is polyester, As this
material is readily available in the market
place in pressure pack spray cans, it is a
vary eagsy maans of treating brass iterms.

Nevertheless it would seem that in
earlier times the varnishing of brass items
provided more effective protection than is
currantly achisved, For example, | have a
microscope presented to a medical
practitioner by grateful patients when he
left Kent in 1877 for New Zealand. This
instrument is not in pristine condition, but
is certainly in very fair order after a life of
120 years.

If ona refers to Charles Holtzapffel's
book "Turning and Mechanical
Manipulation”™ Volume 3 first published in
1850 (reprinted 1993) at page 1335 there is
a recipe for “Lacker for brass” comprising
*shell lac and spirits of wine®” , and at
page 1406 there are detalled instructions
for its application. This information
probably represents the normal practice at
the time when my microscope was made.

The problem of porosity is largely
overcome if 8 2 Part varnish, such as
epoxy, i5 used as this doeas not dry by
gvaporation of & solvent, but hardens by
tha interaction of the two componemts,
Most such varnishes are fairly thick -
suitable for brushing but probably not for
spraying. The use of thinners 1o reduce
tha viscosity of course violatas the
adwvantage of non-evaporation, and can
produce porosity again. | have not
encountered spraying epoxy varnishes so |
cannot determine whether such are
available to yleld a coharent poreless
coating.

From Tony Claridge, Derby

In the 1950°s | worked with a member of
tha Royal Microscope Society. | recall
watching him carry out the varnishing of a
brass tube which was part of a microscope
he was restoring. So far as | recall, the
procedura was somathing like this:-

1. The coating was shallac dissolved in
mathylated spirits and of a consistency
about the same as vary thin oil.

2. The process was carried out over a
mathylated spirit lamp, and the tuba had
been prepared by circumferential rubbing
with very fine emery paper. It was not
polished further, but it was not touched by
my friend’s fingers; he held it by the ends,
which were not to be lacquered,

3. The tube was warmed above, not in, the
flama, which was from a burner about an
inch in diameter. The varnish was applied
with a small paint brush and the tube
rotated gently to ensure an even spread. It
was not applied all a1 once.

4, | have an impression that the flame was
used chiefly to avaporate the spirit and
cause the shellac to dry in place. Clearly
the heat must have been too low to
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damage the shellac itself.

b. Afterwards the tube was stood on
and for a few hours, | used the instrument
of which it was a part for about 8 year
afterwards, and there seemaed to be no
deterioration on the coating

From Gerry Collins, Chairman,
Stationary Engine Committee,
The Soci Model and
Experimental Engineers, London

| read with interest two lotters in Scribe a
Line {M.E.W, November 2000.} It is many
yoars since | spent some time in a clock
and watch repairer's workshop. As a
youngster, one of the jobs | was given was
the polishing and lacquering of brass
pandulum bobs. After remaoving all the ald
lacquar with solvant, the brass was
polished with a cotton polishing mop
mounted on a double-ended polisher, the
mop being charged with polishing
compound which came in stick form, Once
| was satisfied with the polish, the bob
was given a final polish with a clean dry
cloth and then |lacquared with ardinary
brass lacquer applied by brush, It was
important NOT to touch the bob with your
fingers once you had given the final buff
up with the polishing cloth. All these
materials can be obtained from the
Axminster Power Tool Co. and are listed in
their eatalogue (usual disclaimer). The
lacquar dries very quickly and was not
sprayed as it would start drying before it
reached the work and give a mottied
finish. It may be that in the intervening
years products have been developad that
can be sprayed but unless you have large
areas 10 cover brushing will bé just as
good. | have, at a pinch, lacquared small
components using clear nail varnish
although this does not always satisfactory
if heat is involved (copper steam pipes for
exampla). For family harmony it is best to
get permission from the lady of the house
first unless you are a lady model engineer,
in which case you have your own,

The other letter that caught my aye was
the one from Brian Padgett of Clifton.
When David Urwick passed away in 1984
his collection of Stirling engines was left
to a great friend together with a large
amount of technlcal information and
correspondence. Due to constraints on
space six angines ware placed with the
Sociaty (with his widow’s parmission) for
safo keeping.

The society has a large collection of
modals including work from such waell
known model engineers as LBSC, K. N.
Harris, Tom Walshaw, E. T. Westbury and
many others. The collection is the
responsibility of the Stationary Engine
Cammittos, somawhat of 8 misnomar as
the collection contains madel lacomotives,
tooling, and clocks as well as steam, hot-
air and |.C. engines. The name goes back
to the early days of the Society when the
collection consisted of a few stationary
engines, As the collection grew, the
Committea’s namea ramainad tha sama.
The Society is always pleased to consider
donations or bequests from model
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engineers who want to be assured that
thair models will ba cared for and looked
after in the future. Thay do not have to be
members of the Society. It is a sad fact
that many models built by model
anginesrs, especially those with no family,
end up in tha antique trade unloved and
uncared for and just a means of making a
few mora pounds. Examples from the
collection are shown at major axhibitions
throughout the country, giving ideas and
encouragement to model engineers of the
prasent and the future. | feal sure the
buildars would want this to continue.

Vacvum chucks

From Doug Baker, Scarborough,
Western Australia

In response to an article on vecuum chucks
in l&sue 6B of Modal Enginears’” Workshop
magazing, | feel it necessary Lo voice my
concamns and a warning to your readers
regarding the configuration of this chuck
and in doing so, offer some alternatives.

The focus of my concern is the use of a
vacuum cleanar as tha mode of obtaining
a vacuum for this chuck. While | have no
doubt that the use of a vacuum cleaner
will work, vacuum cleaners, be they
industrial or domestic, ara not designed to
oparate in thie applied manner,

In Philip’s article he made reference to
using a ‘Shop Vac' of 850 wantts and thore
lias the first problem. This type of cleaner
relies on the air that is sucked by the fan
creating the vacuum to cool the electric
maotor. In tha evant one blocks the airflow
off, as has been done when the pipe is
coupled to the chuck, heat will build up in
tha motor and eventually cause the motor
to burn aut. In the worst case scenario the
cleaner will catch fire,

_

The article does make reference to dry
grinding, howaver thara wag no warning
not to use a grinder or milling machine
that uses coolant. It may be obvious to
most that using coolant with this type of
suction will cause the coolant to find its
way through to the alectric motor,

Finally, grinding dust as a generalised
statament is metal in a powder form. This
dust iz extremaly invasive and aggressive
to moving parts and It doasn't socialise
that well with 220 volis either. It is my
opinion that there should be a maze trap
with a lintle oil in the bottom (known as a
scrubber) to trap any dust that may find its
way down the suction line. | recognise that
some shop vacs do have a filter within the
works to stop this type of ingress. Be that
as It may, it still does not overcome the
previously mentioned hazards.

Timber, because of its instability, will
continuously move dua to ambiant
conditions, What may ba working fine
teday may net be tomorrow, In Australia
we are subjected to huge temperature
changes - 0 deg. in wintar to 45 deg. in
summer is not uncommaon, couplad with
very high humidity.

Philip also recommends the use of ‘0’
rings as tha mathod of saaling tha work
face. With my vacuum chuck | use a rubber
shoet called dental dam. This is @ very thin
inexpensive material, madily available from
any dantal supply housa, | place the rubbar
sheet on the work face and lay it fiat
ensuring that there are no wrinkles, and
apply the vacuum. Whan tha rubber is held
In pasition by the vacuum, | then placa the
job on the rubber and, using a felt tip pen,
mark around the perimeter of the job ento
the rubber. By remaoving the job one can
clearly see whera the job s going to be held
in position by the holes in the work face, |
then prick the rubber using a scriber at the
all the available ports that are insicle the
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perimeter. When this has been done, the
job can be returned to the marked aroa
and, within seconds, the job will ba held
firm. During the set-up procedure, leave
the vacuum pump running, so that the
rubsber sheet cannot move.

| have also found that ordinary typing
paper will do the same job as a seal,
similar 1o the aforementioned system.
With paper, all one has to do is place the
papar on the work face and, without
pricking any holes, apply the vacuum,
Paper, being porous will allow an air flow
through at a restricted rate and, in turn,
hold the job, If you use this method,
because of the coefficient of friction, paper
versus rubber, the paper may not hold as
well and you can cause the job to slide.

if you go to the trouble of
manufacturing a chuck | recommend that
it is built entirely of metal. It may take a
lintle longer, but it is weall worth the effort.
A vacuum chuck iz a vary usaful tool to
have in the workshop; as Philip has nghtly
highlighted, some jobs cannot be held in
any other way. If you are machining
plastic sheat, carbon, any non-farrous
metal, indeed anything that is fiat and
can't be held in a convantional manner,
than a vacuum chuek is the answer.
Vacuum chucks are also ideal for
production work, Some faculties of
industry make a mould of the irregular job
they wigh to machina and drill holes in the
holding face, so when the job is sat in the
cradle, the vacuum holds it in position
during the machining eperation.

Once you own a vacuum pump thera is
almost a never-ending list of projects that
one can become involved in. Just to
mention a few; - form moulding, lost wax
casting, GPR casting, furnaces, freeze
drying, cleaning small components such
as watches, making mirrors, The list really
goas on and on,
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A HEAVY DUTY KNURLING TOOL

A useful lathe accessory designed by Gary
Wooding
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