A Clarkson Tool

and Cutter Grinder @

Mike Huu?htnn describes buying, renovating and learning

tousea C

Background

There is a casa for the use of small
industrial machines in the home
workshop., Owners or prospactive owners
of any makae of “universal” tool and cuttar
grinder should find intarast in this short
saries of articles.

Of course we all do things differently. It's
a part of the independence that a home
‘shop can give you. “I did it my way";
“¥our mileage may vary” etc. Here are the
reasons that took me into this tocl and
cuttar grinder project.

I built a Dore-Wastbury vertical mill and
later replaced it with 8 Chester UK 626
wartical mill. | couldn’t sharpen end mills
and slot mills on the offhand grinder in the
way that | had learnt to sharpen |athe tools
and drills. Claarly | naaded somathing a bit
more sophisticated or was | destined to
spand a lot mora monay an and mills etc.?

| purchased tha Quorn book by Profassar
Dennis Chaddock Ref. 1 and subsequently
purchased a set of castings from Maodel
Engineering Sarvices Ref. 2. The book is a
reprint of 17 articles in ME wolume 140,
1974. Unfortunately the greyscale
photographs in this book are just as bad
as they wera in the original ME articlas.
Fortunately, the Quorn drawings supplied
by MES are excellently drafted, clear, and
accurate and had baen updatad.

The Quorn is now so wall known
worldwide that there are suppliers of
castings inthe USA, Ref. 3 and Australia,
Ref. 4 and maybe other countries.
Varsions of the Quorn have appeared
regularly on the front cover of this
magazine {e.g 131, 98, 83 and 62} and can
ba seen at most ME shows in competition
and on display. As one cynical friend
commented as we stood admiring an
exhibition Quorn, complate with fitted
mahogany box and many accessorias, “I
wonder if the maker has ever actually
used that in anger.” It didn't look like it
had ewver struck a bat and we noticed that
it was back in the show the following
year! |s that the fate of many {mast)
complated Quorn's?

MEW 82 contains a useful compendium
of Quorn modifications and additional
accessories; there have been many over
the years. The requirement to add mors
accassorias to axtend the capabilities of
the Quorn and many of the homa
workshop machines referancad latar in
this article is a common and recurrent
thema that has occupied many minds and
created many column feet of articles in
this and other magazines.

My cynical friend went away from that
ME show and subsequently bought, in a
private sale, a used Clarksen Mk1 with
some accessories for less than | paid for
the un-machinad Quorn castings,
matarials and drawings! Am | doing
something wrong?
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Thare is a fairly active Yahoo Group on
the Internet devoted to Quarn Owners
Ref. 5 and they have an extensive and
usaful picture gallery and files sections
cowvaring the Quarn and similar machines
e.9. Tha Bonnella and relatad topics. |
would recommand any prospactive
Quorn buyer or builder join this Group.
There is alse a Yahoo tool grinding
group, aleso Ref. 5 that contains a waalth
of files and photographs for anybody
with widar interests in tool grinding; it is
highly recommeandad in my opinion.

It saddens ma to raport that my Quorn
project remains in an incomplete state! (It
has got past tha maturing the castings
under the bench stage.) | think it's safe to
say that making a Quorn exercises just
about ewvary modal angineering skill
except boiler making and sheet metal
work; and it's very tima consuming. | have
read astimates that to complate a Quarn
requires at least 1700 workshop hours.
Apparently that's about half a modest
steam loco construction time with no short
cuts. (Le. without laser cut frames and
purchased boiler.) You just have to be
single minded and dedicated to complete
a Quorn. Some Homea Workshops must ba
more productive than mine!

A bit more Quom

The Quorn was, or has evolved into, a
truly "universal” tool and cutter grinder
of some complexity. Several UK home
workshop machines have been developed
to prowvide some or mast of the Quorn’s
functionality but at supposed reduced
construction time and complexity, but not
necessarily reduced materials cost. In the
UK we have the Stent, Ref. 8, the Worden,
Ref. 7, the Kennet, Ref. 8, and there may
be more. There is a very brief review of
some of these machinas in a recant book
by Harald Hall, Ref. 9. In addition there

is the Tinker medification to a standard
bench grinder. The Stent was apparently
developed to provide affordable Clarkson
capabilities to the Home Workshop.

In tha 1970°s when the Quormn was
designed by Prof. Chaddock, Clarkson wera
manufacturing all 3 versions of their Tool
and Cutter Grinder. At that time, the new
cast of even the cheapast Clarkson Mk1
would have baen complataly outside what
any home workshop ownar could afford,
probably 20 times the Quorn castings cost
at the time. So | can easily appreciate the
good Professors’” motivas for designing the
Quorn. Ha must have had access to
professional tool and cutter grinding
machinas at the Loughborough University
Workshops where he was Prof. of
Enginearing Design at the time. In the 1960°s
| used to sneak into the some of the
enginaering workshops at L_n-ughhﬂmugh;
they seamed pretty well equipped to ma,
but | was only an undergraduate at the time.
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Photo 1. Clarkson MK2 installed.

Quorn is of course the name of a small
town close to Loughborough whare
Chaddock lived, not something a
vagetarian might eat.

Small Industrial tool and cutter
grinders (and drill sharpeners)
There ara a remarkable number of thase
machines and they vary a lot in thair
design objectives. Many are not commaon
in home workshops and many ara worth
sariows consideration should you come
across a usad ona. These tend to ba

single purpose machinas rather than tho
one machine does everything approach.
Unfortunately the usual reference, the
Lathes website, Ref. 10 is someawhat
lacking when it comes to these machines.
if you Google for names like Briarley
{Cuttarmastar, now ownad by Chastar UK),
Boremasters (Tiplap), Deckel, Alexander,
Drill Doctor, Darex and Gartan, The
Alexander/ Deckel SO and SOE styla of
engraving and milling cutter grinders have
been extansively “copied” by a number
of Asian manufacturers and imports are
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available under the Vertex and other brand
namaes in the UK. | hawe heard slightly
variabla reports but don’t have any first
hand experence, but the £600 or so fully
equipped model from RDGtools sets the
price standard at the time of writing.

Other Factors

So with a Quorn more than half built and

a list of modifications for it already in
mind, why did | change horses and look
for a Clarkson Tool and Cuttar Grinder? I'm
sura somae, If not all of these factors will
rasonate with most of our readers.

A retired enginear gave me a large part
of the tools collected over a working
lifetime by his brother and himsealf. This
was a substantial collection of taps, drills,
raamars, and mills and slot drills, litting
saws and milling cuttars. All this tooling
was High Speed Stesl by respectad
Sheffield makers with lesser quantities of
German and Australian manufacture. |
think cna of the brothers worked in
Adelaide at one point. Most of the hoard
of tocling was in need of re-sharpening
and some de-rusting. See MEW 127 for my
article on alectrolytic de-rusting of tools.
Some of this tooling had already been
badly re-sharpened and was in need of
raworking. Some of tha larger tooling in
this hoard was ideal to practice tool
sharpening on.

Used tooling in a very similar condition
to the above often appears at car boot
salas at very attractive prices, and
provided you can ra-sharpan them, they
are often worth purchasing. Even though
the supply of tooling from local
anginearing closures is drying up, there is
still a steady trickle of stuff from private
workshops and house clearances. FleaBay
is another source, but | prefer to see the
stuff in the flesh before purchasing.

A local factory, with extensive modern
CNC milling and turning facilities has
decided not ta re-sharpen any tooling
balow 13mm dia. They use it until the
parfarmance falls then they scrap it. | have
been lucky; some of it comes my way. This
factory makes medical equipmeant
components and machines a lot of
stainless steel and tough steels. The
tooling, mostly drills and end mills in HSS
and carbide comes from very reputable
manufacturers, though most is, sadly, no
langer made in Sheffield.

You can learn a lot from studying the
cutting edges applied to this quality
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Photo 2. Clarkson MK2 tabie and tooling.
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Photo 3. Clarkson March MK1, 2 and 3.

tooling, especially when you compara it to
some of tha cheap Asian stuff. You can also
learn a lot from the tool wear produced by
rapatitive high spead and high fead rate
machining on modern rigid machines.

A friand visiting from South Africa with
origing in the Sheffield Tool industry
pushed me to consider a Clarkson Tool
and Cutter Grinder as an alternative to the
Cuorn. His company still uses 40 or so
Clarkson Mk1's for low volume and
specials production for the local SA and
export markets, (Soma to the USA). | have
some of their tools and they are good
quality. Their high volume precision stuff
in carbide and HSS is increasingly
producad on & axis CNC grinding
machines with auto size adjustment to
allow for wheel wear, but the Clarkson’s
never the less ramain in use.

Clearly these Clarkson’s can have a very
long life, ewen under very heavy industrial
use. Mo spares are available in SA, so they
make their own. | was even offerad a
spindle should a purchased usad machine
require one. Whilst my friend was
staying, we took a look at Clarkson's
adwvertised on UK Ebay and a few dealers
stocks on the internet. Evidently there are
alot of thermn about still. Apparantly there
were quite a lot of Indian produced
Clarkson clones being traded at one time.
These may not have made it into the UK,
but buyers beware.

Purchase

| placed a free advert on the excellant
Home Workshop website. Ref. 11. | also
decidad to ask at my lecal club to see if
anybody had a suitable machine. Returning
from a waekend away, | found 10 machinas
offered from the internet advart plus an
additional 2 from club members.

Most of the Tool and Cuttar grindears
offarad ware Clarkson Mk1 and 2, but thera
were a couple of Boxford G200's. Prices
varied from £100 to complataly silly monoy,
maore akin to Dealers prices. Look in this and
other magazines advens to sea what |
mean. One of the most important price
determining factors seems to be the
number and type of accessorios offerad with
the machines. Howewer if you can't afford

spacialisad accessories such as radius
grinding, 3 axis vices, drill point and tap
lead grinding, air bearing and controllad
spiral attachmants don't despair; thare may
be cheaper alternatives once you have
learnt the basics of tool and cutter grinding.

| bought a Clarkson Mk2, a 3 phase
machine, serial number MT1058, photo 1
plus some of the basic accessories and
grinding wheels from a local private saller.
| saw the machine operate before
purchase. To keap costs down | declinad
the radius attachment and this sold quickly
on EBay a few days later for almost as
much as | paid for the Mk2.

Although Clarkson produced several
hard to gat i.a. axpensive attachmants
there are alternatives available as | shall
detail later.

Photo 2 shows the top half of the
machine with some basic attachments and
sleeves on the table. Thae Clarkson is small
enough to fit into most home workshops,
and is considerably smallar than say the
Cincinnati No2 or the Jones and Shipman
310T. | have seen Clarkson Mk1's
convarted to bench mounting, but |
wouldn't recommend it.

About Clarkson and

e spare parts situation
Tony Griffiths has some information about
the company and its three Tool and Cuttar
Grinder products on his wabsite. Mast of
this material has baan ra-published in ME.
Ref. 12.

| have been unable to find anything
about the origins of the Clarkson
Company; maybe a reader with inside
knowledga of the Sheffield Tool Industry
could enlighten us all? I'm sure it would be
an interesting story.

Clarkson were certainly very innovative
and famous for their developmeant of
screwed shank milling cutters and milling
cutter holders. (Trade names Autolock,
Dadlock etc) Of course the Clarkson nama
lives an as manufacturer of cutters. INow
as Clarkson Osborn International.)

Clarkson appear to have to started
manufacture of the MK1 at thair factory in
Muneaton to support their own cuttar
manufacture in Sheffield and other



locations. The Company seams to have
aventually become a part of the ill-fated
Thorn EMI group, the Nuneaton Plant and
all its work in progress, spares and
drawings, but not the Clarkson namae,
wera transferred to March Enginaering Ltd
who had bacoma a big sub contractor to
the Clarkson Operations at Nuneaton.
March continuad the manufacture of all
three versions of the Clarkson with very
small changes, March Enginearing ﬁnallv
want into liguidation in 2004 and tha
assats wera bought by Machine Spares,
Ref. 13, who can supply manuals and
spare parts for March and Clarkson
badgad machines. | hava visited Machina
Sparas in Brierley Hill and was vary
imprassed by thair stock of complete
machines (even a rare Mk3) also spares,
drawings, belts, casting pattarns, un-
machined and machined castings. They
ara definitely worth a try should you
raquire spares, advice atc.

March machines are very like thair
Clarkson cousins, many of the spares and
parts sharing the same part numbers.
March mowved to fabricating thair machina
bases whilst Clarkson used castiron
construction, although it's hard to tell from
the extarnal appearanca.

March reconditioned Clarkson’s do
occasionally appear second-hand and it
seems that March did guite a bit of
rebuilding of alder Clarkson Machines.

Tha following illustrations of tha three
machines are taken from fairly late March
Sales Literature, courtesy of Machine
Spares, and show the later fabricated
bases, photo 3.

The Mk3 machine is very rare, few were
sold and they were wary expensive. The
Mk3 is bigger in capacity than the earlier
modals and has a rotating and elevating
column. Machine Spares hava tha
demonstration/ sales room Mk3, photo 4.

Refurbishment of my Mk2
Although the Mk2 machine waighs in at
about B00Ib (226Kg) it was vary easily
broken down into four major man-sized
chunks for transpart. | neaded 2 halpers
to unload the heavy base casting from the
VW Touran, but otherwise the move was
simple and didn't involve engina hoists
and lifting tackle.

Although the machine loocked clean and
tidy as viawed, on getting it into my
workshop in bits it was obviously in need
of a good clean up and paint. Years of
grinding dust proved extremely difficult to
ghift and wire wool and soap (Brillo Pads)
followed by hot water and a lot of elbow
greasa eventually did the trick. The

Photo 5. The MK2 slides are
tectad from grit.

machine was strippaed down to the major
castings and repainted. Bacausa of tha age
of my machine, probably 1970, all the
fixings are Imperial threads.

The first thing that struck me about my
Mk2 during restoration was the
enormous amount of metal in the
castings, the rigidity of the design and its
overall simplicity. Aftar all it was
designed for hard industrial uge by
“sami-skilled” tool grinders doing a very
rapatitive job. It's no wonder there are
still lots of these around in the UK still
capable of good work.

Several users, including the Editor,
advised against any sort of lubrication for
the swivelling and sliding bits as il or
grease convert to a grinding paste when
wheel and steel dust are added to it.

| reassembled my machine with a very
small amount of Aeroshell Grease 15
which contains PTFE suspended in it
applied lightly to all the moving parts. I'll
find out with time if that was a good idea
or not! This is helicopter grease, a car
boot purchase, and it has a very high tech
spacification!

The Mk2Z is somewhat better protected
from grinding dust than the Mk1, having
alloy covers over the rack and pinion ands
and concertina covers over the dowvetail
slides, photo 5.

My machine had, at some time, been
canverted to roller bearings for the top slide.
See photo 6, which clearly shows the
grinding debris that had to be cleaned away.
The slides were manufactured by Cleveland.

| say "converted” because the set screw
and nut adjusters for the original gib strips
are still on the front of the table, but don't
seem to do much.

Photo 6. Table

u-r du.

The roller slida movament became very
free after cleaning and greasing but there
was a lot of slop in the rack and pinion that
mowes the table. With the pinion shaft
locked the table could ba pushed several
mm in either direction. | judged this to be
unacceptable so | used a feeler gauge to
sstimate how much | could pack the rack
down to get a tighter engagement on the
pinion; then a 0.16mm (0.006in.) brass shim
was made and inserted between the rack
and the table bottom to remowve the slop
down to acceptable proportions, pheto 7.

The only athar signs of wear on my
machine are the slide acmae scraw and
bronze nut, (10tpi left hand thread) which
at some point | shall replace. There appears
ta be no methad of lubricating the wheel
gpindla assembly and | was reluctant to
take it apart as it runs quietly and the
measured run-out on the wheel side is
below 0.0006in. | have a GA drawing of the
Mk1 spindle and it seems that everything
rung on “standard” ball races so
replacerment shouldn't be a problam.

In the next part | shall cover the addition
of an inverter, wheel guarding and
axtraction. M
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Photo 7. Adjustment of MK2
rack and pinion.
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A Clarkson Tool

and Cutter Grinder &

Mike Haughton adds an inverter, looks at
extracting dust and discusses wheel guards

y Clarkson Mk2, described
in tha first part of this serias
had a perfectly satisfactory
3 phase 0.76Hp (0.65Kw)
2B50rpm dual voltage ASEA
motor fitted. It would have been very
easy to replace the motor with a single
phasze one as the foot mounting and
balt tansioning is very simple. Many of
the machines | was offared had alraady
been converted to single phase by earlier
ownars. Some had bean convertad to
1450 rpm, definitely a bad idea, | think. |
dacidad to stick with the installed thraa
phase motor and add an inverter to run
it from 240V single phase, somathing |
hava wanted to axparment with for soma
time as | have plans to convert several
othar machinas in my workshop. Threa
phase motors are reputed to run smoother
than single phase and the invartar brings
with it control of the motor's spesad and
programmability.
| bought an Allen Bradley 180S inverter,
from an advertiser you can often find on
the Home Workshop site, ref. 11. The
inverter isn't new, to save cost. It was naw

8. Inverter wall mounted
control box.

April 2009

old stock, an old moedel but | did sea it
demonstrated on a test motor befora |
bought it. The seller programmed the
inverter ta produce a maximum of 50Hz
with a 2 second start up and 2 second
slow down speed ramps. We reckoned
that this would be pretty kind on the drive
belt and the abrasive wheels and prevent
any ovar spead. Thera is a speed adjusting
pot hidden away in the operator's cabinet,
but it's always set to maximum, §0Hz. The
gpindle slowing down to a rest in 2
seconds has proved to be a real plus as
maost grinders tand to take a long timea to
come to a stop. Experience shows that the
motar gets a lot of stop/ start when |'m
using the Clarkson to allow adjustments to
be made to the tool position. The AB unit |
used didn't nead additional brake rasistors
but on a larger motor or more rotating
mass a.g. on a larger lathe, one might be
necessary. This particular Allen Bradley
modeal has a removable programming
panal.

The Allen Bradley Inverter ref. 14 is anly
IP20 protected, so in my opinion an
installation with some protaction from
workshop debris and fluids is called for.

| have seen a number of invarters, of
different makes, installed in home
workshops since | started this project and
many don't imprase ma with the safaty of
their installation. If you are just going to
mount the bare unit on the workshop wall
you really cught to be looking for an IP6S
rated wnit, in my opinion. IP85 is dust tight
and watar jet resistant. This option could
double the purchase price of an inverter
howaever. As an alternative | believe you
should mount the inverter and its wiring in
a lockable metal box. The metal box also
helps shielding as inverters have a
reputation for electrical noise creation.

Completely prewired inverter packages
inwall protected workshop proof control
boxas, with or without motaors, are
available from Mewton Tesla ref. 15

The control cabinet
| built the electrical control stuff into a wall
mounted steal box for safety and because
of the comparatively exposed terminals
on this Allen Bradley unit. | also wanted
to add a mains RFI filter to reduce any
electrical noise going back into the mains
supply. The box also houses a low voltage
supply for the machine light.

| have a Powerline Ethernet computer
netwaork in the house which uses the mains
cables for data transmission so electrical
noisa could cause big data problems.

Bacause there are so many Invarters
awailable from at least 20 manufacturers |
wion't describe the AB unit in detail. It
happens to require a DIN rail mounting,
easily substituted by a small alloy angle
brackat in the box; other models will be
diffarent. What is critical is an isolating 2

pole switch and fuse on the power input
side and an emergency stop button with
twist to release. Both these can be seen in
photo 8.

Some inverters have intarnal RFI (Radio
Frequency Interference) filters; usually the
cheaper basic models whilst others have
external add-on RFI filters as backpacks or
saparate units. In my case the RFI filter
was a saparate unit which | mountad
inside the steal box, photo 9. It is fitted
befora the Inverter in the incoming powear
line. This particular model has mounting
holas for direct connaction to a Mitsubishi
invarter but can also be panal mountad.

The eagla eyad amongst you will see the
wall mountad cabinat has a vartical handla

ey

Photo 9. An RFI Filter.



Photo 10. Cutting holes in an oid box.

on it; it was originally a cheap cash box
from Staples and is key lockable. The
plastic coin drawer was vary aasily
removed and now finds use in my storage
system for small parts. The box metal is
quite thin, ca 0.6mm including paint and |
had problems making neat 20mm holes in
the case for cable glands. | did several
tests on a rusty tin shown in photo 10 and
the old %in. screw up Q-max chassis
punch, front left, gave the bast result with
least distortion. In this thin metal the
chassis punch was superior to the step
drill, the hole saw and a tapared chassis
raamer, not shown.

Power cables

For some time | have been using SY steal
wire braid “control cable” in my machine
restorations to replace the old flexible
metal armoured conduit, which is now
difficult to get and is usually damaged and
rusty on older machines. | have noticed
that many of the impaert machines, such
as my ChasterUK 626 mill, use cheap
corrugatad plastic conduit, which doasn’t
give much crush and flex protection. The
SY style of cabla is shown in photo 11.

It has a clear outer PVC cover with very
tough braided galvanised steal visible
through it. There are many variations on
numbers of conductors and conductor
gizas available in the SY cable ranga. Sea
ref. 16. | found that | can buy SY cabla in
common sizes, by the meatre, from a local
electrical distributor at reasonable prices.
| used 2 different conductor sizas for the
light and the motor. In use | find SY cablas
tough and more than flexible enough
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for most installations. The cable in the
photograph actually has 3 conductors and
an earth.

RCD tripping
The following elactrical comments are from
my experience. Pleasa consult a qualified
electrical contractor if you have concerns
about choosing and installing an inverter.
Regulations in other Countries, non UK, will
probably be different, please check.

| beligve 30 milli-amp {mA) Residual
Current Devices, RCD's, are now
mandatory in the recently updated |EE
17th. UK wiring regulations. BS 7671
2008, An RCD measures the currant
imbalance between the live and neutral
conductor and then very rapidly
disconnects the supply when it detects an
imbalance of approximately 30mA.
Modern consumear units can have more
than one RCD and your domaestic
waorkshop may have an RCD that could
trip when you install an invarter,

. i e &

My invarter tripped the house RCD on
switching on the motor for the first time. It
was a consistent fault always occurring as
the motor ran up to spead. Hurried chacks
of all the wiring lead to nothing. The
motar started to run up to speed then the
RCD tripped. Repeatedly tripping the
house RCD made me very unpopular!

Of course at this point | had to take all of
the control wiring out of the steel box and
try and work out logically what was
causing the RCD tripping. It would have
been a lot more sensible to test the systam
out of its box and then install it once it was
bug frea!

Removing thae RFI filter completaly
stopped the tripping and the motar
would start up and run as expectad. Big
gigh of ralief!

At this point it should be noted that the
30 mA RCD reacts to tha sum of the
leakage currents in all the circuits it
protacts. Many domeastic alectrical items
hawva small earth leakages and thesa ara
additive, so connecting an invertar may
just be the last straw that takes tha total
leakage over the limit. Fluorescent lights
can leak up to 1.5mA aach for exampla.

Industrial installations often have higher
currant rated RCDs and several homa
workshop users of inverters tald me they
had replaced their 30Ma RCDs with 100mA
to avoid nuisance tripping. DON'T DO
THIS! You are putting anybody who uses
the RCD protected circuits at risk.

Since electrical supplies to outside
workshops (a hazardous area under the
new UK regulations?) have to be installed
by a “qualified person” and incorporate a
protective 30mA RCD, | believe this RCD
nuisance tripping could become 8 mora
common problem for workshop owners in
the futura.

l acknowledge lots of help and advice
from three UK suppliers whilst | was going
through the drama of RCD nuisanca
tripping, Ref. 17. It now sesems that my
criginal RF| filter made in the UK for
Mitsubishi probably had an earth leakage
of around 13mA. A "low"” leakage
replacement from the same manufacturer,
spec <7mA and bought from Newton Tesla
gawve less nuisance tripping but didn’t
completely solve the problam. | have since
learnt that even lower leakage RFI units
are available <3mA for the motor size |
have from IMO, Ref. 18.

if you are unfortunate enough to have
RCD tripping problems due to earth
laakage caused by an RFI filtar tha
following observations may, | hope, help
you sort out your problems.

Many of the lass expensive Inverters on
tha market have built in AFl units. Thesa
can be leaky and can’t be replaced,
because they are integral, should they
cause RCD tripping.
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Photo 12. Delta Star connections.

Inverters with a back pack or separate
RFI unit can be changed for a lower
leakage unit.

Tha higher the power of the invertar
and RFI unit, the higher tha leakage is
likely to be.

The new UK regulations don't allow for
>3.Em leakage for a plugged in device so
inverters should be permanently wired to
a switched, fusad, spur or ring main.

Consider running a dedicated alactrical
supply from a separata RCD protactad
consumer unit to your inverter(s) so your
invarters and the domestic powar circuits
are not connected to the same RCD.

Take advice from one of the invarter
suppliers.

More on using Inverters

The 3 phase motor on your maching must
be dual voltage and should be rewired

ta 220 Volt operation befare usa with

an inverter. This is usually just a simple
resetting of jumpers inside the motor
wiring box. Sinca most small 2 phasa
metors sold in the UK over the past

30 years were dual voltage ie usually
440/220v this modification, Star to Delta is
frequently indicated in the box. See photo
12 of the Clarkson’s motor cover.

Caution, there are some industrial 3
phase motors that appear in auctions that
ara dual voltage but diffarent voltages,
110/220v for example.

| was surprised at the number of
manufacturars offering inverters in the UK,
over 20. For this reason | have not given
any wiring details for my AB unit. Most
manufacturars have websitas from which
manuals can be downloaded.

Modern inverter units are getting
smaller, lighter and have more features
than you will ever need. Adding an
Inverter will probably cause a complate
rawiring of the control and emergency
stops on your machine and can ba quite a
major undertaking.

The invertar unit contains a
programmable computar {microprocessor)
and a power output modula which must ba
connected directly to the motor it controls.
No switches or contactors must be prasent
batween the inverter and tha motor as the
computer continually monitars the motor
condition by injecting a "high" fraquency
signal into it along the three phase lines. In
some situations this signal is just about
sudible. Most inverter microprocessors are
capable of detecting a number of motor
malfunctions and shut down the powaer
output module before any damage is done.
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Photo 13. Low voltage Lamp.

Connecting mora than one motor to an
invertar isn't a good idea.

Sorma invarters have built in keypads for
parameter settings; othars have
removable programming modules, like my
Allan Bradiey. Paramater settings might
include the maximum and minimum
inverter frequency, the speed up and down
tirma ramps and how the inverter will
respond to analogue or digital control
signals. All the control signals to my
inverter computer are low voltage and
analogue. Hence operator switches and
wiring for stop, start, forward, reverse and
reset can be fairly undemanding and, in
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my case mounted on the cabinet. For
machines more complax than this grinder
all these commands can be collected
together on a remote pendant. Work out
what you really want from your inverter
and ask a supplier specialising in home
workshop situations.

low voltage lighting

HBecause the original machina lighting
was 24 volt and ran from a 440v 3 phase
transformer mounted on the Clarkson
cabinet | decided to scrap it and convert
the rather elegant machina light to 12v 20
Wiatt halogen. | found very inexpensive
bathroam ceiling lighting kits with 3

MR 11 bulbs, holders, cable, electronic
“switching” transformer and wiring
loom at a local DIY stora. To mount tha
lamp holder | turned a 3mm thick alloy
disk to fit the existing lamp shroud and
bored it out to accept the lamp housing
and its spring mounting clips, photo

12. The switching transformer was
fitted into the steal cabinat with its own
mains switch. Incidentally, these cheap
switching transformers can also be a
source of leakage and noisa injection.
Torroidal transformers are available as
replacemaents, should you need them.

Wheel and belt guarding
Saveral of the Clarkson's that | have sean
in home workshops during this project
have bean opaerated without any safety
protaction around the grinding whaal.
Hawving used the machine for some time

| can understand why the wheel guards
get in tha way. The original wheel guards
and extraction connection were often no
longer prasant on many of the machines |
saw. In a workplace that would be illegal!
The same comments apply to unguarded
drive balts, Please give consideration to
wheel and belt guarding on your machine
and waar aye protaction.

Incidentally, the Mk2Z cperates at 4000 or
6000rpm with 2-step flat belt pulleys and a
standard 2850rpm motor. The Mk1 is 4000
rem only,

My Clarkson Operators Handbook, dated
April 1973, that came with my Mk2
suggests, pdd, that if extraction isn't to be
used, the wheal guard axtractor outlat
should be blocked off with a steel plate.
Photo 14 shows the wheel guard that
came with my machine. Phote 15 shows
the style of blanking supplied with a
March Mk3 machine.

| have added a 2.5 metra length of 73mm
diameter stael reinforced PVC extraction
hasa available from Axminster Ref. 19,
This hosa is very heavy and | was forced
to beef up the bracket that supports the
rathar ﬂims',r wheel guard and to give

14. Whee! Guard and
Extraction Hose.

Photo 15. March Mk3 Guard.
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some additional support for the hose with
a wall mounted bracket. It is my intantion
to separate the extraction and wheel
guarding functions at a later data.

Dust extraction

It is said that the life expactancy of
Sheffield cutlary and saw grindars and
polishers in the early 1800's was as little
as 20 years; no doubt due to working 60
hours a waek in appalling conditions,
hand grinding on silica containing wheels.
They used natural Millstcne grit stone
wheals, often lying almost horizontal on
wooden boards, hence the old “nosa to
the grindstone” expression.

Grinding dust cannot ba good for your
lungs and the bare minimum protection
you should use is a dust mask and safety
spectacles.

Clarkson supplied a separate dust
axtractor to fit their tool grinders. | have
seen several of these units at Machine
Spares. Unfortunately one didn’t come
with my Mk2. In the tool grinding industry,
guarding and extraction have to be used
to meet HSE Regulations. Fires in dust
extraction equipment aren't uncommon in
industry. Tha Clarkson extractors used
flame retardant cotton bags as filters and
wera fairly simple in design. Teo! grinding
dust is pretty dense compared to wood
dust for exampla, so should be simple to
remove by centrifugal separation followed
by a filtar elemant,

Maost small bench grinders don’t
genearally have provision for extraction. If
you set a 6in. grindar up on a clean work
surface cowerad with white paper and
sharpen a few tools thare will scon be a
thin layer of grinding dust on the paper. If
you put a modern powerful magneat inside
a thin plastic container you will find that
the magnet will pick up the majority of the
grinding dust, indicating that it's mostly
iron or iron oxide. See photo 168 whare the
magnet inside the box hag attracted a fuzz
of grinding particles. Closer examination
shows the grinding dust has a very small
particle size. If you are grinding HSS tools
thera is bound to be Cobalt, Tungsten,
Chromium, Maolybdenum and Vanadium
metals in some chemical form in the
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grinding dust. Not a pleasant cocktail.
Incidentally, if you shake the magnet in its
plastic box you should be able to dislodge
the magnetic particles into the waste bin.
This doasn't work as well for carbide dust
as it's not as magnatic.

| have been using a wet and dry domestic
wvacuum cleaner attached to tha Axminster
extraction hose, which is about 2.5 metres
long. Of course the Axminster flaxibla isn't
compatible with the extractor and an
adaptor was made up from a 63mm
rainwater adaptor and a home turned
Polyethylena adaptor. See photo 17.

| am vary careful NOT to use this vac for
any other purposa in the workshop. The
last thing | want is a smouldaring fira
inside the vac. For this reason | would not
recommand using an extractor designed
for woodwaorking nor the vary thin
Polyethylena 100mm ducting that is often
supplied with some inexpensive power
tecl dust extractors or domastic extractor
fans. Remamber, a lot of hot sparks will be
going into the extraction hosa,

Ideally your dust extractor should hava
an induction motor, Mine has a brush
mator and is very noisy.

The grinding department
Thare is no danying that any grinding
operation causes a lot of abrasive dust that
isnt good for you or the othar machines
in your ‘shop. The arrival of the Clarkson
has caused me to collect together all
these dirty items into a dedicated corner
of tha 'shop. | do maka an effort to wipe
the machine down after ewery grinding
sassion because, despite extraction, a lot
of dust and debris escapes.

Operators manuals

Machine sparaes, Ref. 13 can supply
original March manuals. Scanned copies
of manuals and CD's containing several
scannad manuals for differant tool and
cutter grinders are availabla guite cheaply
on the internet from EBay. | have found
that the Clarksan Operators Manual to
be limiting when it comes to actually
using the machine. It gives detailed
blow by blow accounts of operations for
resharpening end mills, slot dnlls, side
and face cuttars, tee slot and dowetail
cutters but leaves some more complex
operations to a saries of small booklets

Photo 17. Extraction adaptor.

that they and March supplied along with
the attachments | list hera:-

» The air bearing flute grinding
attachment, code 98100 English,
98101 Metric.

* The controlled spiral grinding
attachment, code 98200.

» The radius grinding fixture, code 97112
Emglish, 97114 Metric.

» Tha drill and tap lead grinding
attachment, code 94100.

« Tha univarsal and swivel vices, code
94200 Universal, 54250 swivel. | don't
baliava thasa vices had booklsts.

Although the vices listed above are
comparatively common the other
attachments are rare and command
excruciating prices at dealers. Fortunately
some attachments from other makers’
machines will often fit on the Clarkson/
March.

Standard equipment.
Tha Clarkson/ March manuals contain lists,
part numbers and images of the standard
equipment supplied with each machine
when new.

In part 3, | will daal with grinding wheals
and make a start on using tha Clarkson for
cutting off and drill sharpening. T
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The two Clarkson standard wheels ware
chosen for general purpose re-sharpening
of High Speed Steel tools. A modal
Enginears objectives are likely to be wider
than just re-sharpening and includs the
manufacture of tools from hardened HSS
blanks and possibly from Carbide blanks. |
find that for faster rough shaping of HSS a
coarser grit is desirable. | have been using
48 grit wheals for roughing out shapes in
HSS e.g for the manufacture of D bits.

| avaid whaels that coma with or are
offerad as replacemants for 126mm Bin.
offhand banch grinders. Thase are
fraquently dark blue or green, thay are still
aluminium oxide in composition but a lot
less pure and less refined (cheap) general
purposa grades. For high speed steel, hard
white alumina wheals are best and worth
paying a small premium for. They seem to
cut H55 coalar and with lass burming. Thase
wheaels are quite brittle and need careful
storage and handling. | prefer to keep
whaals flat, as a single layer in a drawer
with a soft anti-slip lining under tham.

4) Mounting the wheel
I checkad the spindle of the MK2 for any
end float in the bearings with the wheel
and balt remowad and then measured
tha run out of tha spindle with a DTI, sea
photo 19. In this photograph the spindle
extansion piaca had bean scrawad on, it's
8 left hand thread 0.6in. x 16tpi Whitworth
form (BSF). The run out on thae clamping
face was nagligible < 0.0006in. (<0.01mm).
The Clarkson should come with two pairs
of steel wheel flanges 4in. bore and 1.5in.
or 2.5in. dia. Mine came with several more
sizes that somebody had added at some
time. It's good practice to choose pairs of
equal size flanges and always use paper
blotters just bigger in diameter than the
flanges being used. Don't make the
mistake of over tightening the spindle
whaal retaining nut, you could crack the
wheel. The Clarkson uses a tommy bar
and spanner. The Clarkson does not use
the Quarn drawbar and wheel arbor
system, so changing wheels and then
dressing them takes a little longer.

19. Measuring the run out of the
spindie with a DI,

5} Truing and dressing the wheel

Having mounted a new whaal on tha
machine it needs to be trued with a single
point diamond on whichever parts of the
wheeal you are going to grind with. If you
don't true the wheel, parts of the cutting
surface will be pounded whan you grind
with it. The wheel will also be out of
balance and this affects the quality of the
ground surface. There is no provision for
balancing wheels on the Clarkson, as one
might find an a higher powar and fastar
machine with bigger wheels. My machine
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Photo 20. My machine came with &
moiinted diamond, not a Clarkson one.

cama with a mounted diamond, photo 20
that certainly didn’t come from Clarkson!
Tha Clarkson varsion is illustrated hara,
photo 21. | have been using a 0.36 carat
diamond mountad in a short steel rod and
then tha rod is then held in a Zin. Three
way vica, photo 22,

A wheel that has had some use will
slowly stop cutting as freely and when
looked at closely will look glazed. This is
particularly obwious an white aluminium
oxide wheels. This glazing is a result of
the grinding debris blocking pores in the
wheal. A well used wheeal will also cut
more slowly and produce more heat due
to the abrasive particles bacoming
blunted; think of them as mini cutting
tools. Wheel dressing will remove these
blunt particles and their vitraous suppaort
to reveal the new sharp particles below.
The only remedy is to use the single
point diamond again with the very
lightest of passes. The diamond dresser
must be about the whael cantre haight
and is used in a dragging mode; it
mustn't be able to dig into the wheel
surface. f you do dig in, the wheel may
give dressing lines, ridges on the work
when you grind with it. On the side of the
wheel you should dress from the centre
outwards and the dressing diamond
should always be moving.

Silicon carbide dressing sticks can also
be usad, by hand, t0 remave the glaze and
re-profile the wheel should you need a
corner radius for work an, say, flutes on
taps and reamers. Silicon carbide is hard
enough to blunt the aluminium cxide
abrasive particles and a mounted diamaond
drassar is really tha best choice in most
situations. The dressing diamond may
itsalf become dull with a lot of use and it's
a good policy to cccasionally rotata it if it's
in a fixad holder. Personally | don't like, or
usé, star wheel dressers.

Both thasa operations must ba carried
out cautiously taking the minimum
amaunt off the whael. The quantity of
gbrasive debrig produced, even with a
good axiraction systarm, makes it a
necessity to cover the machina befora use
and clean it all down afterwards.

Photao 21. The
Clarkson version
of diamend holder.

photo 22. | have been using a 0.35 carat
diamond in a steel rod held in a three way
wice fo dress the wheel.

6] A three way 2in. vice
The use of this inexpensive vice is going
to appear several times in my grinding
oparation descriptions so it's probably
appropriate that | describe it now, see
photo 23.

This vice came from Warco, Ref. 22 at one
of the ME shows and is very nicely made.
After some usae, | hava found some
operations where this design causes
problems and somathing more like the
Clarkson design, photo 24 would ba a

Photo 24.
The Clarkson |
designed vice.
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Photo 25. Engraving additii marks on
the base at 90deg. to each other.

batter choica; you live and learn! This
Warco three way vice isn't truly universal.
The base rotates through 380 but is only
calibrated +30deg. so | engraved thrae
additional marks on the basa at 90deg. to
gach othar using the mill and a very small
centra drill as photo 26. The next axis up
from the base rotates +45dag. but is anly
calibrated 0 to +46deg. The top axis rotates
through 90deg. and s calibrated 0 to
90deg. only. Be caraful to chack what you
are actually getting before you purchase
one of thasa. Sevaral of our suppliars offar
similar imports from India and China.

7] Cutting off HSS tool bits

A number of thin Morton, Ref. 20 cutting off
disks came with the Clarkson marked 57A
60 P B25.These disks are not white but a
dull drown. 57A is a semi friable aluminium
oxide, 60 is the grit size, P indicates a hard
bond and B a resin bond. These disks
measura just over Tmm thick and must
only be used to grind on the thin edge.

You will probably have in your collection
HSS tool bits that have bean nibblad away
on an offhand grinder then snapped in a
vice. The sort of effect is shown in photo
26 and is just a waste of HSS and the
carner of the grinding wheel. And a bit
dangerous when you fracture the end off.

| find the ability to cut off HSS tool bits
wery usaeful either to remove an unwanted
tool shapa (somebody alse’s mess!) orto
make a short tool for a boring bar. These
whaels are shape 41, i.e. flat. They can ba
purchased from MSCU&L Industrial, Ref. 20.

In photo 27 you can see this cut off
operation in prograss using the 2in. three
way vice again. Note where the sparks are
going, despite the extractor being
switched on during cutting.

Photo 26. Cutting up HSS tool bits.

Table 2

Operation - Cutting Off.

ABRASIVE WHEEL 1mm wide flat cutting off disk. 57A 60 P B25
WHEEL HEAD Raise wheel head to pass ower vice support
Spindle length Use spindle extension piece.

Swing Table Pivot

Set at 80 to wheel head spindle

Top swiwel plate

Set to O°

Fway vice

Sat jaws horizontal and 90° to wheel

Fead

Use rack and pinion smoothly with a pecking action.

In an attempt to shorten descriptions of
satting up the various grinding operations
that follow, | have adopted an approach
used by Prof. Chaddock in his book on the
Quorn and summariea the st up in table 2.

| have found that these cut off wheels
hava to be mounted between absalutaly
perfect flanges so there is no run out at
tha periphery of the wheeal. It's advisable
to actually measure this with a DT| bafore
you commence cutting. Should a run out
be detectad suspact and check the wheal
flanges bacause even a small run out will
dramatically shorten the life of thase thin
wheels. Don't use cheap stamped wheel
flanges, thay probably won't run true. The
authantic March/Clarkson ones have bean
turned from solid then ground.

The wheal must be exactly at right angles
to the work piece. It's important to set the
swival tabla at 90deg. to the wheel head
spindle with a square and then put a

Phntoi']" The cut off operation in progress.

Photo 28. Put a square in the vice jaws to
align the side of the cut off wheel.

squara in the vice jaws and align it with the
side of the cut off wheel az in photo 28.

if you fead tha work on to a cut off wheal
with a significant run out you will get rapid
wheel wear and a fairy disgusting phenalic
odour from the resin binding the wheel
together as it overheats and decomposes.

Thaese cut off whaals saam to work bast if
you peck gently at the work and don't try
to cut it off in one go. You will get a lot of
grinding dust. | usually have to ramove
the side cowver from the wheel to
accommodate the vica.

The cut off surface is extremely smooth
and uniform.

8) Twist drill sharpening

I'm sure that to some, the use of a toal
and cutter grinder to sharpen drillsis a
total over kill. | used ta think that way but
I've bean converted, for precise drilling
at least. Due to the need to carafully
study drill bit forms and damage before
commencing re-grinding, | have become
much more aware of differant drill

Fig. 1
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formats. (And I'm still learning!} Twist
Drills are deceptively complex.

There is a lot to be said for maintaining
two sets of drills in your workshop: an
everyday set for rough work where the
final hola diameter isn't eritical and a
precision set or sets for tapping, precision
drilling, deep drilling and drills modified to
deal with difficult materials.

Get an eyaglass (watchmaker’s loupe)
and critically examine the drill to be
ra-sharpened. Can you sea evidence of
wear, point thinning and multi facet
sharpening? Has someabody ra-sharpened
it befora? Sea Fig. 1 for some terms.

The close up, photo 29 shows the sort of
haorror story that you might encountar.
This example came from severa industrial
usa, but was successfully re-sharpaned on
tha Clarkson. The cutting adges are
chippad and worn and the centra chisal
almost destroyad.

It's important to decide what type of
drill you are about to re-sharpen. What
was it made for in the first place? Close
up photos 30 and 31 show diffarant drill
point styles. The lip clearance in photo 29
is conical, in photo 30 tharae ara 2 facets
and 6 facets in photo 31. Manufacturers
use all sortg of in house codes for drill
sharpaning stylas. The ganaric namas
Split Point and Modified Split Point ara
common in gquality drills as in photos 30
and 31.

Table 3 might help you decide what you
are attempting to re-sharpen, but it
certainly isn’t definitive. Note that thera
are at laast 3 helix angles in commercial
use. Every drill manufacturar will have
their own solution to a drilling problem
and you will see a large variation in the
web shape and thickness when viewad
from the cutting end. This has a big effect
on drill point styles.

Measure the drill point angle of the drill
you ara going to ra-sharpen. | usually use
a gauge, photo 32 provided with the J&L
Black Book. There ara many useful and not
too deep referances you could follow up if
needed, Ref, 24.

Ref. 25 is Graham Howa's vary
interasting web page on home shop drill
sharpening by several methods and jigs.
You may have to look up manufacturers’
websites for variations in drill profiles.

Photo 33 shows a “reliance” style drill
sharpener mounted on the Clarkson. This is
actually a naw purchasa fram Axminstar,
Ref. 22 simply bacause | seldom got good
results from this style of sharpenar when
used on the side of a bench grinder. Thesa
are pratty cheap and | decided on a frash
start. Table 4 gives the method.

This style of sharpener produces a
conical point relief and easily achieves
o cutting edges of equal length and
angle; very important for good drilling
perfarmance. Experimentation is the arder
of the day, with test drilling into a scrap
block of low carbon steal to sea how
things ara going. You should sea two
equal width ribbons of swarf emerging
from the drill cutting edges and end up
with a hola close to the drill diametar.

Adjustment of the setting finger and the
dagrae of drill point overhang wara the
biggest problem variables in my setup.
Once you have got your technigue sorted
out you can rapidly sharpen a lot of drills in
a short time. The drill overhang in relation
to it diameter influences the lip clearance
angle you end up with after sharpening.
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Phato 29. This drill has

L

30. Four facet

suffered from severe sharpenin sharpening.
industrial use.
Table 3
Drill Point | Lip Helix Angle | Work Piece
Angle Clearance
Angle |
118 10-12° 35-40° | Mild Steal: General purpose jobbers drills.
118" N 45-50" Extra long drills. {Crankshaft Drills)
118" 16" 22.5° Aluminium, Brass & Soft Bronze
135-140° 79 22.8° Tough steels: High Tensile Stesls.
130-135° 78 22.5° Stainless Steals:
100° 12° 22.5° Copper and some Copper Alloys
118 7 2.5 Bakealita, Plastics, Moulded Materials
60° 12’ 2.5 Wood, Hard Rubber & Fibre

e 32. A gauge provided with
the J&L Black Book.

With care, drills from about 3mm to
19mm diameter can be sharpened. The jig
can't handle long drills, over about 180mm
in my case, which is very limiting if you
want to sharpen Morse taper shank drills
and long series drills. Larger versions of
this jig are said to be available to deal with
lenger and bigger diameter drills.

| have found that the results | get depend
alot on tha typa of wab chape and helix
angle formed on the drill when it was
manufactured. When re-sharpenad the two
cutting edges should ba straight but if you
ra-sharpen at a diffarent point angle from
the original, a curved cutting adge can
result. This seems to be mostly a problem

with “modern™ high production drills
sourced from a local factory using CNC
machining cantres. Many of these drills by
manufacturars like Guhring, Dormer, and
Titex that | have “acquired” have drill paint
angles of 135 to 140deg. and thick strong
webs and are intended for drilling tough
miaterials like stainlass steals.

I think the failure to deal with small
gize drills stems from the inaccuracy of
the indexing finger and the clamping
device. Also you need magnification and
good lighting.

| find that soma cheap HSS imported
drille actually improve in performance if
you sharpen them straight out of tha box.



Table 4

Operation - Drill Sharpening, Reliance Jig

ABRASIVE WHEEL

WABD -JV1 Straight Cup

WHEELHEAD

Adjust height so drill bit is approximately at centra haight

Table

Set at 90" to wheel head spindle

Top swivel plate Setto 0

Orill grinding fixture

Mount at 90" to whael face. Sat drill point angle. Set drill
owvarhang to 1 drll diametar, sat finger so the drill cutting adge
to be ground is wvartical.

Faed Lock the rack and pinion. Use cross slide feed. Swing drill point
from centre of whaal outward, Return at same setting. Rotata
drill and repeat on second lip.

Motes Resist the temptation to take too big a cut with the cross slide

fead. <0.258mm {0.017) is an absoluta maximum for a 10mm
drill. Smaller dnlls nead smallar cuts.

OK, so this removas the TIN gold
coloured coating, but this is so badly
applied in some cases | doubt its
presence is much more than cosmetic.
You have only got to compare the
appearance and feel of a cheap import
against a quality drill. The cheap stuff is
rough on the flutes and has very dull
coatings. | know that some will maintain
that it's not worth re-sharpening drills,
aspacially emall sizas and cheap imports.
It's your choical

10) Thinning the drill web and the drill point
It is said that twist drill webs gat thicker
towards tha shank so if you shorten a
drill the web thickness will increase,
leading to a longer chisel edge. The
longer the chisel edge the higher the
drilling forca.

Occasionally you will come across an old
drill that has been repeatedly used for

shallow holes and this leads to wear of the
drill land close to the point. When you
attempt to drill a desper hole the drill has
s tendancy to dangerously jam in the hole.
The anly remedy is to scrap the drill or
grind away the tapered bit at the and and
then re-sharpen.

If ywou drill from a lathe tailstock with a
long slender drill you can often see the
drill flute “unwind” as the hala gets
desper and thae torque increases. Longer
“crankshaft drills” (intended for boring
oil ways] ara extramaly usaful in the latha
tailstock and are usually made with
thickar wabs to withstand this winding
action. Similarly, some drills made for
tough materials have thickenad webs by
design. Many of the import drills have
very thin webs, perhaps to save on
material and to avoid point thinning
whean sharpening. (Or maybe thay just
copy from each other!)
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The chisel edge at the centre of twist
drills has a negative cutting angle and it
needs a lot of force to push tha chisel
edge into the work. In some workpieces
work hardening can occur and friction
heating follows. Because the chisel edge
is flat it provides wery little self centering
action. We often drill a small pilot hole
and then opean it up with a succassion of
larger twist drills because the follow-up
drills are not cutting with their chisel
adges. Onca a pilot hole has been drilled
the chisel diamater of the next drill isn't
cutting and drilling forces tand to be less.
This is particularly noticeable when
drilling from the tailstock on a lathe.
Examination of the drills described above
show that many have thinned points, sse

Photos 30 and 31. TS
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A Clarkson Tool
and Cutter Grinder @

FLAT CHISEL
CUTTING EDGE

THINNING DRILL WEB
WITH RADIUSED WHEEL

Photo 34. The Clarkson/March drill point
and tap lead grinding attachment.
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Mike Haughton finishes locking at drill sharpening and
infroduces the Clarkson method of sharpening the end teeth of
milling cutters efc using the Clarkson system of sleeves used in
the Universal Head and his own adaptfion’s using collets.

nfortunataly | don't ovwn a
Clarkson Drill point grinding
attachment; they occasionally
appear for sale at ridiculous
prices. However, | do have a
copy of the March oparator's booklat and
the following drawings are taken from
that. See Figs. 2 and 3. Photo 34 shows
the ClarksonMarch drill point and tap lead
grinding attachment mounted on a Mk1
machine. You will notice that Clarkson/
March usa a rather expansive precision
six jaw self-centering chuck to hold the
drill by its flutes. To copy the Clarkson
attachmant would be a |large task and |
opted for a 3 way vice holding a 5C collat
block that is inexpensive and mora than
accurate enough for our purposes.
| have used ER32 collets in the ranga
0.5mm to 20mm mounted in an ER32 to
5C collat adaptor, which in turn is mountad
in a 5C collet block. The various parts are
shown in photo 35. Much of the drill

Photo 35. 5C collet holder blocks

sharpening that follows uses this
arrangement. The ER32 to 5C adaptor
conveniantly has a shoulder with 2 flats
that can ba seated against the ground
bottom edge of the three way vice.

My method uses tha sat-up shown in
photo 36 and can thin the web or produce
somathing like the commercial modified
split point. | have set the drill at an angle
of B5dag. and raised the wheal haad. The
angle of 55deg. elavation is outsida the
engraved scale on the vice, These scales
are in any case hard to read and | have
“cheated” by using a digital angle gauge
from Machine DRO. Ref. 26. This device,

r

Pheto 35. The satup for thinning the web,

wused for holding cutters.

Table 5 Operation - Web Thinning/Point Thinning

ABRASIVE WHEEL WABD -JV1 Straight Cup, dress small radius on edge.

WHEELHEAD Adjust height =o drill bit is approximately at cantre height

Table Set at 90deg. to wheel head spindle

Top swivel plate Set to Odeg.

3 way vice Maount at 80deg. to whaal face. Mount drill in ER32 collet and
5C adaptor. Mount adaptor in the 5C square fixture. Mark 2
opposita faces of the block. Flace fixtura in the vice and slida
backwards to rest adaptor flange against the bottom edge
of the vice. Usa digital angle gauge to set vice at §5". Adjust
drill bit projaction so the wheeal misses the vice. Adjust drill
rotation in ER collet by eye for thinning you require.

Feed Lock the rack and pinion. Use cross slide feed. Feed in
cautiously; adjust tha rack to get corract cut into web. Lock
the rack. Note the slide reading and withdraw. Turn the collet
block over and roseat against flange. Slowly advance the slide
fead to the noted position.

Notes Resist the temptation to take too big a cut with the cross slide
feed. <0.1mm (0.004in.) maximum




Photo 38. A 135deg. drill sharpened
on the reliance type jig.

4 FACET
SHARPENING

Fig. 4
GRINDING THE FIRST FACETS

which has a magnetic base, is shown in
photo 37 and will appear in several set
ups that follow. There are several points to
nota. Any langth of drill that can ba held in
an ER32 collet can be sharpaned. The
block can be removed to obsarve progress
and replaced. The light and lens shown is
there for just that purpose. Table &
daescribas this wab thinning operation as
shown in photo 3B.

The results from this system are good and
the system is flexible enough to achieve the
Clarkson style weab thinning and/ or point
thinning or both. My operating description
will have to be adjusted to get the result you
want. There is no nead to tightly closae the
ER32 collet, just hand tightening is sufficient
as the grinding forces are low. Photo 38
shows a 135deg. drill sharpened on the
reliance type jig with thinning of the web
and point. The performance of this drill is
bettar and has a lowar drilling force, but it
doas not self centar any better.

11) Four Facet Drill sharpening

In his book on the Quorn Prof. Chaddock
daseribas four facet drill sharpaning, but
not the conical point ralief. Fgs. 4 and

5 show tha concept of grinding four flat
facats and the aeffect on the dnll point.
The chisel edge becomes an apax of two
edges instead of a single flat edge, which
improves drill centering. The point is
effectively thinner than it was. The primary
clearance usad by Prof Chaddock was 10
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Fig. 5

4 FACET
SHARPENING

to 12deg. and the secondary clearance

25 to 30deg.

Clarkson provide a four facet sharpening
mathod for their drill point sharpening
attachment. They use the angles 6 to

| f,\

IT IS IMPORTANT THAT 11-1ESE\
AMNGLES TOUCH BUT DO NOT OVERLAP

i TR
Photo 339. A drill sharpened using
the four facet mathod.

10deg. for the primary and 35deg. for the
sacondary. The choice is yours, | have
bean able to sharpen by the four facet
method using the collet adaptor and block
described abowve. To prevent grinding on a
widae surface of the wheel, Clarkson swivel
the bottom casting 1 to 2deg. to transfer

Table 6

Operation - 4 Facet Drill sharpening.

ABRASIVE WHEEL

WAEBD -JW1 Straight Cup

WHEELHEAD

Adjust height so drill bit is approximataly at centra height for each
facet.

Table

Set at 90deg. to wheel head spindle then move 1 to 2deg.
anticlockwisa,

Top swivel plate

Sat to Odeg.

3 way vice

Mount at 59deg. to wheel face. (118dag. drill point). Mount drill

in ER32 collet and 5C adaptor. Mount adaptor in the 5C square
fixtura. Mark 2 opposite faces of the block. Place fixture in the vice
and slide backwards to rest adaptor flange against the bottom
edge of tha vice. Use digital angle gauge to set vica at 10deg.
Adjust drill bit projection so the wheel missas the vice. Adjust drill
lip orientation to horizontal. For the secondary clearance set the
vice to 30deg. inclination and raise the wheel, repeat as before.

Fead with tha rack and pinion. Advance the cross slide until a cut
is obtained. Turn the collet block over and reseat against flange.
Feed with tha rack and pinion and observe the new edges. if a lot
has to ba removed to creata a new primary adge you may have to
rotate the drill in the collet to make the new edge horizontal.

Notes

Resist the temptation to take too big a cut with the cross slide
fead. <0.Tmm (0.004in.) maximum. If tha primary and sacondary
facets are not parallel a small adjustment of the drill in the collet
may ba raquirad. Smallar drills require smallar feeds.

Model Engineers” Workshop




Photo 40. A two flute siot drill.

Fig. &
= =—PRIMARY CLEARANCE
(0.8 TO 1.6mm;
1/32in TO 11 6im)

MOST CUTTERS HAVE PRIMARY (A)
| AND SEGONDARY (B) CLEARANCES

Photo 41. Four flute end mill.

the grinding action to the edge of the
wheal. Whean | coma to dascribe latha tool
sharpening in a |ater episode this is the
approach to adopt; it reduces rubbing
which just generates heat.

Photo 39 shows an old 35/64in. TMT drill
with an unusual wab design that |
sharpened to a 100deg. point by the four
facet maethod. Although the lip shape isn't
perfect, more practice is required, it self
centres very well and drills smoothly from
tha tailstock into low carbon steal. The
tapered first facet is probably bacause the
web wasn't designed to ba sharpened at
this point angle. The final sharpening cuts
by the four facet method have to be very
cautious with frequent close examination
of what's going on. You can get curved
cutting edges if the drill point is ground at
an angle the manufacturer didn’t intend. |

Hall Powerbor End Mill Cutter

Changed profile on
alturnate teeth

Photo 42. Hall Powerbor® cutter

June 2009

Primary clearance only

Hook

don't think the four facet mathod makes a
lot of diffarance for drills below about
Emm; otherwise it's worth the effort for
pracision hole drilling.

12) Six Facet Drill Sharpening

See Ref 27. for Derak Brown's dascription
of this modification. The angles usad

are 10, 26 and 456deag. | nead to do somea
more experimentation to assess if this
modification is worth the extra effort.
The and result isn't unlike soma of tha
commercial modified split drills.

13) Basics of milling cutter design.

You should closely examine any cutter
YOu proposa to re-sharpen with some sort
of magnification before you decide on a
course of action. It's a good idea to have a
new cutter of the same dasign to compare
with the used one.

The clearance and rake angles vary with
the manufacturer and the material to be
workaed, Fig 6. Photo 40 shows a used oldar
style HSS 2 flute slot drill {centra cutting
end mill}. You should be able to see the
two sharpened facets (clearances) to each
cutting edge plus the off centre gash. The 2
primary cutting facets are unequal in
length to provide centra cutting and the
secondary clearances have been relievad
to provide better chip clearance and to
provide a rake angle. The primary facets
are worn, with most of the wear
concentrated at the end of each cutting tip.
This cutter has almost cartainly been
{badly) re-sharpaned befora and is fairly
typical of the sort of used cutters you will
come across. Photo 41 is a slightly used 8%
cobalt HSS 4 flute end mill. You can easily
sae tha primary and sacondary clearancas
on each tooth plus & hook shape to the
outar adge of the cutting edges. This is
produced by the flute shape and could be
there for easier cutting of long chipping
softer metals. You will come across other
styles of end mills that do not have
sacondary clearances, so be careful. Photo
42 shows a Hall Powerbor® cutter, as used
with magnatic base "broaching” machines.
These cutters are usually used on structural
steal and have no secondary clearance but
a very obvious hook shape to the teeth.
These cuttars are used to bore large holes,
tha solid centra being ejected onca the
cuttar has passad through the workpiece.
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Photo 43. The Universal head
mountad on the table.

14) Sharpening the end teeth

Assuming for the moment that we have
no damage to the flutes and only the

end teeth need to be re-sharpenad. The
Clarkson standard equipment consists of
a Universal Head and somea form of tooth
rast to index the cuttar testh. Photo 43
shows the Universal head mounted on the
tabla with the genearal tooth rest mounted
on top. In my MK2 machine the Universal
haad has baen borad out to accept a non-
standard collet holder, for which | have a
set of 6 imperial collets which | have been
unable to identify. They have a very small
clamping range. The original Clarkson
sharpening system utilised adaptor
bushes for each cutter shank diameter
and parallel concantric sleeves that slid
into the Universal head. Indexing of the
cutter was by a tooth rest. Photo 44 shows
a group of genuineé Clarkson sleeves and
bushes. If you could leck closely at them,
they are each etched with the Clarkson
Logo and a part number. Bushas ware
available to suit all the standard imparial
and metric milling cutter shank sizes

plus Morse tapar sockets and a regrind
mandrel for saws and side and face
cuttars, shown centre back. My problem
was these sleeves ware un-usabla bacause
my universal head had been bored out to
1.625in. and the standard Clarkson sleaves
are 1.260in. The Stent, baing based on the
Clarkson uses sleeves based on 1.000in.
dia. The Clarkson sleeves are deceptively
simple and were obviously turnad,
hardened then ground to very precisa
gliding fits in each other. | have turnad a
number of sleeves to accept RS, ER32, 6C
and a reducing slaeve to use the Clarkson
sleaves and bushes shown above. The
starting material was a metra of 2.25in.
20 carbon steel from a local shop =aid to
be En3 Ref 28. An interesting exercise in
parallel turning and a lot of swarfl The
intarnal bores were finishad with a brake
cylindar hone. Tha desired fit is a smooth
slide with no shake.

Photo 45 shows some of the sleeves and
commercial BC and ER32 to 5C adaptors.
ER32 will take collets up to 20mm, the
larger sizes having a closing range of Tmm
and those below 3mm, 0.5mm. BC collats
go to at least 1%ein. dia. but bewara the
collet body will only pass about 25mim.
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Photo 44. Genuine Clarkson sleeves
and bushes.

The reason for making an A8 adaptor is to
mount tooling | use on my vertical mill,
particularly arbors for slitting saws. Both
6C and ER32 can grip milling cutters over
thaeir flutes and this is necessary because
the distance between the wheal and the
universal haad is fairly small. Hence
sharpening long cutters that will pass
through tha collets are not a problem,
Sharpening the end teeth of milling
cuttars is ona of the easiast of operations,
provided you take the time to set the
machine up correctly before you start
grinding. Table T summarises the
operations, but a bit of additional
information is in ordar. The Clarkson
swing table has no angular calibration, a
total pain | find, =0 | commence by setting
a large angle plate on the top swivel plate
set at zero degrees and use this to set the
wheel parallel to the table. Having
meounted the universal head on the
machine with a piece of ground rod in the
collet | use a squara to check that the rod
is perpendicular to the wheel, photo 46.
Although the universal head has no
adjustment at the base, there is sufficient

\ x o

Photo mm'.-ial sleeves
and adaptors.

play in the table slot and base tongue to
make a careful clamping of the base
necessary. Having got the head aligned
you then rotate the top swivel plate by
about 1deg. to laave tha cutter front teath
concave, so thay only cut on the periphery.
i you stand a sharpened cutter on its end
on a machined surface you should be able
to see daylight through the centra of the
teeth. It should also be standing vertically
on the outarmost point of each tooth,
unless it only has 2 teeth!

Clarkson quotes primary clearances of
Bdeg. for end mill cutters below 20mm
and Bdeg. above that size. Secondary
clearances for cutters above 20mm are
given as 15deg. but | have seen bigger
numbers elsewhara.

Clarkson advises operators to make their
own tooth rests from bits of hacksaw
blades, Fig 7.1 prefer springy brass for end
mills so the cutter tooth can be advanced
past the tooth then moved backwards to
find the new position against the rest.

Once you are set up and getting good
results a lot of milling cutters can be
sharpened in quite a short time. Try out

Table 7

Operation - Milling cutter end teeth sharpening

ABRASIVE WHEEL

WAEBD -JV1 Flaring Cup {gshapell) 100mmdia x 40mm deap. Na
wheel extension. Dress the wheel cutting face.

WHEELHEAD
whaal.

Adjust height so milling bit is approximataly at centra haight of

Table

Set at 90" to wheel head spindle

Universal Head

Maount at 90° ta wheel face. Elavate head to obtain primary or
secondary clearance angle. (use of digital angle gauge preferred)
Install collet or sleeve and cutter to be sharpened. Install tocth rest
support and select a suitably shaped tooth rest. Adjust first milling
cutter tooth edge to be harizontal,

Top swivel plate

Set to 1'to give teeth slight concavity.

Feed

Cautiously advanca tha cross slida so a slight cut is produced
whan the rack and pinicn movas the cutter across one tooth.
Grind cnly one tooth at a time. Rotate the cutter to the next tooth
and repeat. Remove the slesve and cutter to observe progress.
Replace and repaat.

Resist tha temptation to take too big a cut with the cross slide
feed. <0.025mm {0.0017) is an absolute maximum for a 10mm
cuttar. Smaller cutters naad smaller cuts. Go around all tha cuttar
teeth until no further material is remowved. Least is best to extend
thea life of tha cuttar.

Model Engingers” Workshop




Table &8

Operation - Milling cutter- end mill, re-cutting end teeth

ABRASIVE WHEEL

profile.

WABD -MEV Saucer Shape 13 or 12 Dish 100mmdia x 10mm
desp. Fit wheal extension. Dress the wheel cutting edge to

WHEELHEAD
axisting

With the wheel stationary adjust the wheel haight to enter the

Table

Sat at 90" to wheel head spindle

Top swivel plate
positive rake to tooth.

Rotate to approx 90°. Adjust with static wheel to produce

Universal Head

the existing slot.

Mount to left of tha table. Install cutter in a collet. Elevate head
and rotate collet to obtain a close fit to the existing gash in
cutter, Adjust rotation of cutter to give a good engagemant in
Install tooth rest support and select a suitably
shapad tooth rast. Adjust to index against the positionad tooth.

Feed Bring the wheal slowly

downward intoc tha cut and note the

depth. Rotate to the next tooth and repeat.

Notes

cuttar,

Resist the temptation to take too big a cut. Feed the wheel
down slowly. If need be, advance the cross slide by a small
amount <0.025mm (0.0017) to produce a clean positive rake to
the cutter teeth. Go around all tha cutter teeth until no further
miaterial is remowved, Least is best to extend the life of the

Photo 46. Checking for square.

the anes you have sharpened; most tool
makers in industry never used the toals
they sharpened for others (but they got
plenty of flack if they wearen't any good).
The moral has to ba, resharpen tools early
and frequently for the best performance
on the machine. Even if you don't get the
primary relief quite parallel with the
cutting adge, so long as tha edge is
sharpanad it will cut well.

15] Recutting end teeth on end mills.
Atime will come when repaated re-
sharpening has remowved so much cutting

tooth that the cutter will have to be recut
between the teeth. The idea is to cut the
front of the tooth to a positive rake of
about 10deg. The bast whael profile to
use is found by offering different wheals
into the existing slot when the whaeal is
stationary, photo 47.

This testing also gives a good indication
of the angle that the cutter must approach
tha whaal. | usually find that a 15dag.
taper wheel gives the best rasults, the
white wheel in the photo probably needs
to be dressed to a better shape. It's worth
keeping a wheel for just this operation.
Notice the brass indexing finger.

The sharpening sequence is described in
table B.

The next stage should be to re-sharpen
the cutter end teeth, described above, |
usually sharpen the secondary relief first
then follow with the primary. If you grind a
“lot™ away the cuttér may have to be
rotated slightly to allow for the helix angle
of tha flutes.

16] Recutting end teeth

on centre cutting end mills

Older style 2 flute slot drills photo 48
require two recutting operations. | usually
cut tha longer of the 2 teath first trying to
leave the cutting edge radial, using a flat
wheal. Tha cut is made by lowaring the
wheal into the existing cut to deapen it.

Fig.7
+ PLATE GRINDING WHEEL

~ MILLING CUTTER
l‘u

/ pISTANGE -

// BELOW
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< INDEXING FINGER

r CUP GRINDING WHEEL

| f MILLING CUTTER
¥

-
"~ INDEXING FINGER
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Photo 48. Old style slot drill.

This takes soma practice, especially as you
hawve to maintain the positive rake of the
cutting edge. Repeat for the shorter cutting
edge, which is supposed to lag slightly
bizhind the centre. Again difficult to set up,
but waorth ruining a few old cuttars to work
out how to do it. Finally the central gash

is mada with a very narrow cut off wheel
or a thin drassed dish. The secondary and
primary clearances are then sharpenad as
dascribed above. Thera ara a numbar of
cantre cutting end mills available with 3
flutes, ona cutting adge being longer than
tha other 2. These cutters will probably
require a dish to recut the leading edges of
the teath.

References
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Ref. 27 D.A.G Brown, Model Enginear p38
TJanuary 1993; p162 4 February 1994;
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Ref. 28 http:/ /www.oldengine.org/
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Photo 52. Using the universal head.

Warning: after sharpening, the flutes can
seriously cut your fingers, they are razor

Sa?:.guld your milling cutter not have
centres at both ends, the cutter can be
hald in a collet or sleave in the univarsal
head. If you decide to use a collet, you
should be using the fixed tooth rest
detailed abowve. Using the Clarkson collet
systam allows one to use a tocth rest
attached to the table and to advance the
cutter baing ground by sliding and
twisting the cutter against tha tooth rast
as it traversas the wheel. Unfortunately
the centre height of the universal head
whan mountad on tha tabla, with its
graduated circular base is only 2%in.
{approx 67mm) so you have to allow for
this when adjusting the wheel haad centre
height. Photo 52 shows the set up, which
is usad in a wary similar fashion to tha
between centres method described in
daetail abowe except the tool and sleeva
slide left to right across the face of the
wheel. | have found a few prablems with
this method. To sharpen cutters smaller
than 10mm dia. you need a grinding
wheel greater than 126mm dia. otherwise
the head fouls the wheel head. The way
around this is, as abowa, to rotata the
bottom swivel by say 10 degrees
clockwise. The indax fingers need very
caraeful positioning and shaping to get
under the tooth baing sharpenad and
under tha point whera the wheal strikes
the cutter flute, especially for cutters
below 10mm.

Clarksan introduced an air bearing flute
grinding attachment but unfortunataly |
only have the booklet! The idea of an air
bearing is to reduce the “stiction” and
maka the movement of the tool over the
whaal very frea. Probably for really emall
cutters grinding on the side face of a cup
whaal would be easiar. Results show that
cutters with resharpened flutes and end
testh really give a good performance and
ara worth the effort, especially in tha
larger, more expensive sizes.

18] Resharpening slitting saws

| usa quite a lot of thesa HSS saws in my
vartical mill. Thay get through a lot of
work but eventually, wall quite quickly
really, become blunt and accumulate

in tha drawer. | seem to have a large
number of bore sizes, both metric and
imperial and hance tha R8 holdar was
made. RE fits the mill of course. The
Clarkson sleava | have is only for 1in.
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bora saws and mills. Thera ara a lot of
inexpensive imported slitting saws about,
which if you examine them closely, seem
to have never been tooth sharpened
after hardening! The claaranca(s) are

not bright. Soma whaen used on the mill
only cut on soma of the teaeth, probably
because their bores are slightly off
centre? A properly sharpened slitting
saw should “sizzle” whaen it hits the
workpiece, with all the teath cutting.

Tha tooth shapa on slitting saws follows
the primary, secondary and rake angles
given in tha table above. Maormally, | only
resharpen the primary relief.

Howawaer, many smaller saws with small
teeth show only one sharpening angle.
Photo 53 shows the sat up. Because the
space for the indexing finger between the
wheel and saw are so small, the brass
finger iz shaped to coma in from the side.

By mounting the finger to the right of the
saw the saw arbor can be moved laft,
indexed round and the next cut made with
the rack and pinion in seconds. The hook
shaped tooth rest is shown in photo 54,
The enly limitation to this method is on
larger diameter saws with very fine teeth.
You may notice that having gone round all
the teath of a saw the wheel no longer
cuts, This is simply because of wheael
waar, for the best work it's good to
advance the wheel again and go around a
sacond tima.

19) Resharpening side and face cutters
The peripheral teeth are tackled in the
same way as the slitting saw above.
Relieving the side teeth of a side and face
cutter involves a bit of craativity! The older

Photo 54. The hook shapad finger
for sharpening saws.

Photo 53. Sharpening a slitting saw.

Clarkson method wasg to mount the cuttar
on an arbor, work betwean centres and

to raise the left hand centre on two small
packing pieces to incline the arbour. In
later operators manuals the universal head
was used with a tapered cup wheal and
the head inclined 3 dagrees.

20) Resharpening tee slot and

key slot cutters

A typical small tee slot cutter is shown

in photo 55. You will notica that the face
teeth are angled alternately and thare
ara no secondary clearances. Fortunately
there is plenty of space between the teeth
to work in. Using the universal head and
a cup wheal it is possible to sharpen all
the cutting edges on cutters of this type.
Az before, offer up a static wheel to the
existing cutting facets to estimate the
anglas involved.

21) Resharpening reamers

For reamers with Morse tapered shanks,
Clarkson supplied sleaves. If the reamer
has a good centre at each end, | prefer

to use the centre brackets and centres
described earlier for milling cutter flute
sharpening. Obwviously, if you sharpen
tha flutes of a reamer it will cut a smaller
size. Old collections of reamers oftan
show specimeans with engraved marks
indicating how much has been taken off
by re-grinding. This flute regrinding could
be OK if you are sharpening an old metric
reamear down to the naxt imperial size (or
vice varsa) or you need a “special®. There
is a distinction betwean machine and hand
reamaers in that the lead length and angle
diffars. The |ead is tha tapared bit at the
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entry end of the reamaer. It can be safely
sharpenaed without affecting the final
diameater. In a hand reamer the lead can be
1 or 2 degreas and on a machina reamar
up to 45degrees. These angles can be
achieved by swinging the top swivel plate
and sharpening with just a primary relief.

Further notes

If you decide to usaed an arbor in

the Universal Head mounted on its
bracket, you get the banafit of a greatar
centre height, 4in. on my machine, but
corrections again have to be mada whan
setting the wheel head height to produce
clearances. The angular scale on my
Universal Head was checked against the
digital scale described in part 4 and found
to ba 2.7 degrees out, comparad to the
machine table.

22) Making and resharpening
single point lathe tools
You are likely to find a mixture of turning
toal materials in the average home
workshop. Most probably they will be
made from aithar salid High Speed Steal
{HSS) or HSS butt welded onto a tocl stael
shank or carbide pieces brazed onto a tool
steal shank. Few will have solid carbide
lathe tools although they do exist and few
will still use tools made from hardenad
and tempered 1+% carbon tool stesl
{"silver steel” , "drill rod” etc). In these
days of indexable carbide insert tooling
it's sasy to forget that the older HSS types
work well under the sort of machining
conditions wa normally hawe in our shops
and H5S can wvary readily be resharpenad
or reshaped for a “special” or one-off.
The traditional HSS resharpening
meathod is offhand grinding on a bench
grinder, so why use something maore
complicated? You only have to look at
some collections of used and reground
latha tocls to sea weird claarance (ralief,
rake) angles, grinding marks from coarse
wheals and “personalised” shapas. | wall
remember a very skilled machinist who
would ragrind a great deal off a naw
Myford butt welded HSS tool right out of
the packet to achiave his preferrad shapes,
What a waste? Fig 8 shows a generalised
drawing of the seven clearances (relief and
rake) on aright handed (cutting to the left)
latha tool, The numbears 110 7 are tha
grinding order that soma raferances seam
to use, Ref. 29. To resharpen a used lathe
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tool it will prabably enly require
recharpening on at most four of the above.
There seems to be quite a bit of variation
in tha use of tha tarms, rake, clearance and
ralief, | have tried to be consistent and use
clearance and rake. The actual clearance
angles should, for the best results, reflact
the matarial being turnad and tha
following is a typical guide for tool
grinders, Fig. 9.

| have bean using the three way Zin. vica
describad in part 3 of this series to hold
lathe tools for grinding. For smaller tools,
aspecially round onas, life is much easior
if you miount the bit in a square or
rectangular block and secure it with a grub
scraw with a flat on the shaft to aid
ralocation. You can grind the shaft flat on
tha Clarkson. My original blocks were
made from 20mm square black bar; this
fitted the lathe four way tool post. Lataly |
have moved to a quick changa tool holder
system on the Chester UK Craftsman that
will only accept toals that are up to 16mm
high so | now use blocks machined down
to 19 x 16 x 30mm long. The additional
length allows ma to place a tool bit in each
and, if necessary.

Phota 56 shows the three way vice set
up for hand regrinding the clearances,
rakes and the nose radius. As before the
digital angle gauge is invaluable for
satting the clearances. For general
purpose use | use a Tdegree inclination for
the end and side clearances. The 10mm
thick top plate shown has a sguare tongue
attached to its underside so this can ba
clamped in the vice. You can see one aof
my small tool bits mounted in a block next
to the digital gauge. This is a wery rigid
support for the tool bit and far superior to
a bench grinder. Also, your average
cheapie banch grinder has wheels that are
too coarse A3B/AG0 and probably the
wrang bond.

The whaeal is a cup shaped white
aluminium oxide wheal with the front
edge dressed back at about a 5 degree
angle so it only cuts on the outer corner. If
I am roughing out a new HSS tool blank it
can be quicker to da the preliminary
grinding on a banch grindar thaen switch to
the Clarkson for accurate angles. Don't use
water to cool the toal bit as the shock can
lead to cracking.

An 80 grit whita wheel gives a battar
surface finish and hance adge to the tool
than tha banch grinder but it can be

Photo 56.
to grind lathe tools.

way vice sef up

improved upon for the best turned surface
finish. | have been using a very fine
diamond plate to "fila” or “burnish” or
“hone” lathe tool cutting edges straight
off the grinder and it is just a small step to
try diamond wheels on the Clarkson. The
diamond plate is 600 or 1200 grit,
available from Ref. 30. These steel plates
hawve diamonds nickel elaciroplatad on
one surface.

23) Carbide turning tools

We have had carbide tooling for quite a
number of years now. Initially as small
pieces brazed onto tool steel shanks and
more racently as solid carbida. Sea my
garieg of articles on insart tooling in MEW
136 (March 2008) to MEW 138 (May2008)
if you would like te read about carbides
and how they are made etc. Traditionally
carbida was rasharpened using silicon
carbide grean grit abrasive whaels
because tha whita aluminium oxidae
wheels described earlier in this saries will
not work. Silicon carbide dressing sticks
can be used to dress and reshape white
wheals. My Clarkson cama with a numbar
of Norton flarad cup 85mm dia. Wheals
markad 39C80-JOV. The marking follows
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the convention dascribed in part 3. i.a.
Silicon Carbide, 80 grit, soft bond, 52%
abrasive and a vitrifiad bond.

| have experimentad with the set-up
shown in photo 56 with a green B0 grit
silicon carbide cup wheel to “rough out”
shapes in HSS for profile cutters, but
found that tha wheesl wear was quite fast
and the drassed shape was quita guickly
lost. Similarly when | sharpenad brazed
carbide |athe tools on the same wheel the
wheel soon lost its dressed shape and the
edge appearance was rough and
scratchad.

Photo 57 shows a 125 mm dia. resin
bonded diamond wheel from Ref. 31
substituted for the green grit ane. This
wheal does sharpen brazed carbide
efficiently and leaves a better surface
finish. | will give more details on Diamond
whaals latar.

Sharpening brazed carbide tools with a
diamand is little different in process from
HSS. Carbide tipped tools for turning often
have a flat top and 7 degree side and and
clearances and they are usually very
simpla shapas, which makes re-
sharpaning quite aasy. Some chaaper
tipped lathe and boring bars seem to
improve in performance if they are
re-sharpened before you use them! A used
and ra-sharpanad tipped boring bar is
shown in photo 58.

In photo 57 you can see a 5C collet block
hald in tha three way vice. To sharpaen the
second edge the top slide has bean
swivelled through 90 degrees, the tool
invartad and the clearance reset.

24) Diamond grinding wheels

Along with Cubic Boron Mitride (CBN),
Diamond wheels are often described as
“Super abrasivas”. CBN wheels don't
seem to have come down to a price
whare they can have home shop usa,

but they are very axtensively used in
Industry. Diamond wheels seem relatively
cheap and very available in smaller sizes
although still perhaps twice the price of
awhite aluminium oxide wheel. Four
distinctly differant diamond technologies
are available but only two of them are
likely to find use in our workshops, photo
59. The wheel on the top is 100 dia. x Tmm
thick, including the diamaond layers that
ara on both sides. The actual diamond
layar is approx 0.2mm thick and appears
to ba nickel electroplated. The whael
appears to be steal, magnetic. According
to the supplier, Arc Euro Trade Ref. 32, the
diamond meash size is 200, usually written
#200. The other two wheels are aluminium
alloy with a rasin containing diamond
particles bonded on, The unused wheal in
tha box is a pink colour resin. Aftar use,
the colour dulls and becomes grey with
maetal particlas, as in tha wheel above it.

A quick survey of the 10 or so diamond
wheals | have shows that only ona, from
Arc Euro Trade, actually has a description
etchad on it; all tha others ara unmarkad|
The box descriptions from aither supplier
are none too useful either. They usually
describe the wheel shape and size and the
dimensions of the resin cutting area.

e.g. D12A2 13x20%5x3 or WCWO03
1265*32*3285%3. In both cases the BX3 are
the dimensions of the resin layer
containing the diamond particles, that is,
Emm wide and 3 mm thick. In most casas
there is no mention of the diamond
concantration in tha rasin or its particle
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Photo 57. A resin bonded diamond wheel
sharpening a carbide tipped boring tool.

size. Both of these are critical factors in my
opinion. | have asked the two suppliers
referenced and they are both asking their
importars or manufacturers for mora
information.

My marked wheel is 12A2
100x13x20x5x3 C75 D150. The vital
information is the D150, diamond 150
mesh size and the C75 the concentration
of microdiamonds in tha rasin. 100
concentration is 72 carats of diamond par
cubic inch of bond. High concentrations,
100, are very hard and will last longer but
cost more. Low concentrations, 50, behave
as a softer whaal.

See the very useful Argon website, Ref.
33, resin bonded wheels and the FEPA
website, Ref. 34.

25) Mounting and dressing

diamond wheels.

None of my diamond wheels fit the
Clarkson without bushes. You really

need accurate bushes as any run out of
the diamond resin or plated diamond
disk is undesirable because dressing will
ramove the resin bond and there isn't
mmuch thera. | hava carafully turned brass
bushes for my wheals to bush them down
from 32mm or 20mm to 0.5in. They have
to be as true as you can make them.

| found that the plastic wheel bushes
often suppliad with white wheels are not
accurate enough. The plated diamond cut
off wheel in phote 59 cannot be drassed
as it only has a single diamond layer on
the adge and both sides. These wheals
are disposable and fortunately cost less
than the resin bonded variety. | notice
that “fleabay"” has several Hong Kong
suppliers listing these but be careful, some
ara intandad for use on stona and on
angle grindars.

Reshaping resin boended whaeels can be
done with a mounted diamond, but you
will seriously shortan the life of the wheel.
It's a battar bet to get a wheel that is as
close to the profile that you need and use
that, henca all my diamond wheels. Also,
most resin wheels have only one small
abrasive area. | have been dressing my
rasin bonded diamond wheeals very lightly
with a mounted diamond alternating with
a fine white alurminium oxide stick ta
ramove resin and debris, Ref. 33.

26) Diamond cut off wheels
My experience of thesae is based entirely
on the wheal shown in photo 59. This

Photo 58. The resharpened boring tool.

Photo 59. Various diamond coated
grinding wheels.

wheel will cut off HS steel and solid
carbide to give a very polished surface.
The general set up was describad in part
3. It will gash end and slot mills, see part
4 but is really too thin and square edged
except for the smallest cutters. | was
reluctant to use the sides of this wheal
and made a Imm aluminium alloy backing
plate to mount behind the side being used
for grinding. It seems to work. | have no
idea what the life of this wheal will be.
Some of the websites of professional
tool regrinders shows that thay often
manually modify carbide tool edges with a
diamond hone, after diamond whaal
sharpening. This particularly applies to
solid carbide tooling. Of course they don't
tell you how they do it!

a be cortinged
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A Clarkson Tool ©
and Cutter Grinder

Mike Haughton concludes this series by finishing his look
ot diamond wheels, then looks at so-licrcurbide tooling,
“specials” and simple surface grinding on the Clarkson,

27) Resin bonded diamond wheels
I'm beginning to think that the resin layer
on these wheels is colour coded. Those
from RDG are a dark green and appear to
behave as if thay are a coarser grit than
those fram Arc Euro Trade which are a
pinkish brown. Photo 58 (last issue) shows
a boring bar that was sharpened with a
silicon carbide green wheaeal and then with
an RDG diamond wheael, You should be
able to sea that the diamond wheal has
almost ramoved the desper and coarser
scratches from the green wheel.

| hava rasharpened a number of brazed
carbide lathe, boring and milling cutters
with resin bonded whaels using the
sot-ups described earlier. In just about
every casa the end result cuts well and
was worth doing. The ground surfaces
appear to be polished and free of the
grinding marks that a typical 80 grit white
wheal will leave behind. This is probably
indicative of a 160/200 grit whael and is
gatting closa to a “honed” surface finigh. |
notice the same effect when sharpening
HSS tools with resin bonded diamond. In
both cases the only restriction is the need
for very light cuts. One ramady is to rough
grind to shapa on a 60# white wheel then
completa the job with a resin bonded
diamond wheel.

28) Solid carbide tools

Solid carbide has replaced HSS in many
industrial applications, especially for
working difficult materials at high speed.
Solid carbide cutters have bean used

far engraving and printed circuit board
drilling for some time and are readily
available. The cost of carbide may take

Photo &1. The side of a used
carbide end mill.

wour breath away, but used examples and
naw old stock from stores clearances da
appear at times. Solid carbide is instantly
recognisable bacause of its weight
{dansity); something like 2x the density of
steel and 15X that of water. Salid carbide
tocling is sharpenad on diamond or CBN
wheels and the diamond wheels described
abowe will grind it well. The clearances
used for HSS seem to work for carbida,
Used carbide, bacause it is so hard often
shows differant wear and damage patterns
to HSS. For example photo 60 shows an
end mill that from this angle doasn't look
too worn, but when viewed from the side
shows axtrama tip wear and chipping,
photo &1. It's very debatable if this is
worth re-grinding unless you are preparad
to taka the tima to completaly reshape the
end of the cuttar. With the cut off whaal
you could racovar the shank, which will
be as hard as the rest of the cutter, unlike
HSS, and reform it into a "spacial”,

29) “Specials” and tool making

The traditional method of shaping

tools fram Silver Steel (drill rod) then
hardaning, annaaling and finally
sharpening can ba revised if you have
atool and cutter grinder. Most of the
tool shapes recommended by the old
masters were vary simple. D bits, singls

Photo

62. The magnetic chuck used for surface grinding.

Photo 60. The end of a used
carbide end mill.

edge reamers, half round drills and spear
pointed drills could be made, aspecially
in the smaller sizes, by grinding HSS rad
which Is available already hardenad and
ground accurately to size. You could even
have a go at salid carbidea.

20) Surface Grinding

Prof Chaddock, in his book on the Quaorn
describes using the Quorn grinding

head in a Dore Wastbury mill to surface
grind some small components. | seem to
remamber a lot of unfortunate commeants
{flack) about his use of double sided tape
to hold down the componants on the
machina tabla!

The Clarkson table is pretty limiting but |
have ground things like washers and
spacers stuck to the tabla with double
sided carpet tapa. With axtrama caution it
works. A better solution is shown in photo
62 where | have mounted an inexpansive
180mm x 100mm magnetic chuck to the
Clarkson table, Ref 35. It's deliberately
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mounted overhanging the table by about
35mm to increase the useable area, which
is around 45mm x 100mm. The spindla
extension is being used. Cheaper
magneatic tables have a smaller number of
poles and there are areas around the
parimetar of this table whaera there is very
littla attraction for small items. Hence |
have raisad the end table fance and
introduced a flat bit of steal to movea tha
thick washer, spacer, being ground so it

lies across 2 pole pieces. The down feed of

the wheel head has to be very cautious,
but it works.

Conclusions

I would recommeand a Clarkson Tool and
Cutter Grinder to anybody with interests
in tool making or refurbishing cutting
tools. There are plenty of these machines
about at prices that won't braak tha bank;,
aspecially by private sale. The spacial
purpose Clarkson accessories are another
matter but you can improvise along the
lings that | have dascribed. | hava not yat
cracked the problem of grinding radii,
but no doubt inspiration will provida
eventually. Or maybe somebody has
already cracked this ona?

Buying the Clarkzon has caused me to
reorganise my workshop to place all the
grinding, linishing, polishing and wira
brushing stuff into one place, "The
Grinding Department” photo 63. | faal
happier now that all the dirty dust and grit
making stuff is all in ona place and the
extractor is available to clean up. The
bench in the photograph was constructed
aspecially to fit tha space available, thara
are more wheels and accessories than the
Clarkson cabinet can accommodate and |
had to find places for the Quarn bits and
castings! Somaday!

Photo 62. The grinding dapartment.

The top of the banch isn't really that
cluttered, I'm afraid this is a posed shot. |
have ona position on the bench with M2
tapped inserts and the grinder in use is
scrawad down into thase. As you can
probably see | have a white wheel on onea
grinder for sharpening woodturning
gougas, a wire wheal and a polishing mop
on the othaer and a small linisher cum
sander that has proved very useful for
general small scale shaping.

As far as the Clarkson goes it is teaching
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me how to resharpen tooling and a bit of
tool making. The next project might just
be to add a maotorised head for betwaen
centre grinding.

Contact ma on mikehaughton@
btinternet.com or email Postbag if you
wiould like to make commeants or nead
maora information on the Clarkson. |
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