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HEALTH & SAFETY

SAFETY OF WOODWORKING MACHINES

Woodworking machines can be dangerous if improperly used. The wide
range of work of which they are capable, requires adequate '
safequarding arrangements against possible hazards.

Many injuries to machinists are caused by carelessness or failure to
use the guards provided or to ajust them correctly.

WADKIN PLC supply machinery designed for maximum safety which they
believe, as a result of thorough testing, minimizes the risks-
inevitable in their use. It is the user's responsibility to see
that the following rules are compiled with to enSure safety at work:

l‘

The operation of the machine should Gonform to the
requirements of the Woodworking Machines Regulations 1974.
All guards should be ysed and ajusted correctly.

Only safe methods of working({should be adoptéd asWgiven

in the Health & Safety Booklet No. 41, "Safety in the

Use of Woodworking Machimes",, (obtained from Her Majesty's
Stationery Office) and,as advised by Wadkin, plc.

Only personnel traimedyinwthe safe use“ef @ machine should
operate it.

Before making @djustments or clearing’chips, etc. the
machines should be)stopped and all “movements should have

ceased.

All toolshandcutters muftbesecurely fixed and the speed
selectédumust be appropriatedfor the tooling.

It, is not unusual for RRouters to operate at noise levels
above 90 dB(A) depending on extraction, spindle speed,
tool form and typeyhead etc,. We therefore recommend that
ear protection®is\worn by anyone working in close proximity
to’ the maghineywhilst in use.

SAFETY IS OUR WATCHWORD BUT THE USER MUST COMPLY WITH THE
ABOVE” RULES IN HIS OWN INTEREST. WE WOULD BE PLEASED TO
ADVISE ON THE SAFE USE OF OUR PRODUCTS.



-
.

UX ROUTERS

APPLICATION AND LIMITATIONS OF AUTOMATIC\FEED

REASON FOR ISSUE
To explain ths applidation and limitaticns of tha

automatic feed

- FEATURES
1. TEMPLATES MUST g8, CONTINUOUS

‘E,‘______,_Moving feed roller
i ‘ gntre fixed roller
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4, INTERNAL WORKING

Minimum radius is equal toc cutter radius but in order
to improve feeding a slightly larger radius is
recommended s8.g. when_40mm fsed raller insides radius

on_template should be 2Z2mm.
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3. EXTERNAL WORKING _ . SQUARE CORNERS.
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MOVING, CQUTER

CROLLER—_ ¢

CORNER HAS TO
BE RADIUS TO
ENSURE FEED
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NO. 26

SLOTS CAN BE MACHINERQ, but.remember tamplatss

must be continuaous
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Cutter diametsr is necessarily less than slot width

u
Therefaore the 2nds of the sloft are not trus radii.
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3.

No, 26

SIZE LIMITATICNS ON MODEL UX1A

3.

b.

Components up .to 1 metre squars (approximataly)
can be fed fully autdmatically.
Larger compaonents can be machined but may nesed

operator assistance.

Oval table $ep as shown
below' ganb€ fed autiogmatically

2900 mm

1800mm



UX JIG BOOK

The jigs are powered by two rollers, both driven through a differential
gearbox by a D.C. motor. The feed speed is variable between O — |5
m/min. using 40 mm dia. rollers, and is reversible:. An air cylinder
nips the rollers together, the pressure is adjustable. This pressure
should normally be about 40 p.s.i. :
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A slow-down feature is available which allows the jig to be fed at the
normal speed and then slowed down at cormers or any difficult points, or

cross grain where it is necessary to produce a good finish.

To activate the slow~-down (the ‘plunger mounted 1n'the top of the-'centre
roller spindle has to be tripped by the_jigd{ To do this the jig has
to be built up as shown.
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The feed\speed of thé jig when slow-down plunger has activated is also
adgustable by means of a control knob on the main panel.
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In most cases the centre rollers run on the internal face 'A' of the
template. There are times when due to the shape of the component the
centre roller can be arranged to run on the external face 'B' with the
outer roller running on the internmal face 'A'. When this type of jig is
made an outer support wall is sometimes necessary to prevent the jig
tipping over. :

e

Cﬁbuazgydhﬂkf/?d(-

3

N x\z
\\ s

. s
Ccler Seumocrr”
Certne L3/ F
T enpiale “ “




CONSTRUCTION OF TEMPLATES-

Templates can be produced by glueing together several sheets of good
quality hard plywood to a height of 70 mm.

The face which the centre roller rumns on has to be very accurate as any
imperfections will be reproduced on the finished component. This face
should be sanded. The face which the outer roller rums on is not as
critical but should be reasonably smooth to ensure a good roller life.
This face should not however be polished or sanded.

PRODUCING TEMPLATE DRAWINGS FOR EXTERNAL SHAPES

Draw the finished shape of the component full size. Decide on the cutter
to be used, if it is a profile cutter its smallest diameter has to be
used for the calculations.
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Decide the diameter of the fixed roller to be used. (Normally 40 mm dia.
as standard but when very intricate shapes are to be produced different
roller diameter may be needed).

Draw a line all around the component cutter radius + roller radius
away. This gives the internal shape of the template. Draw another line
approximately 40 mm further away from component, this gives the external
shape of the template. Wherever. possible the template wall should be
parallel,

The drawing has then to be transferred to the 70 mm hard plywood and

accurately machined. ~-
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PRODUCING TEMPLATE DRAWINGS FOR INTERNAL SHAPES

Draw the finished shape of the component full size. Decide on the cutter
diameter, decide on the fixed roller diameter. Draw line around the
component roller radius — cutter radius away. This gives the intermnal
shape of the template. Draw another line approximately 40 mm further
away from component, this gives the external shape of the template.
Wherever possible the template wall should be parallel.

The drawing‘ﬁas then to be transferred to the 70 mm hard plywood and
accurately machined. '

Note:

If cutter diameter and the roller diameter are the same then internal
shape of template is identical to external shape of the component.
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By using a sample compounent a template can be machined manually on the
"UX Router. The fixed centre roller and moving outer roller have to be
removed to allow guide pins to be fitted. To remove rollers unlock
allen screw and lift roller spindles out, replace large opeing centre
ring with one with small hole for guide pin.
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PRODUCING A TEMPLATE FOR EXTERNAL WORK FROM A SAMPLE COMPONENT OF MODEL

To produce such a template it will be required to convert the machine to a
pin router simply by substituting the feed rollers with guide pins.

Before work can commence we must first determine the size of cutter that
will be used to machine the finished component.

On a template the profile of the inner face will be larger than the
finished article by the fixed roller radius + the cutter radius as shown

at (X).
NOTE : ALL STANDARD ROLLERS ARE 40MM DIA.
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The following formula determines®the diameter of guide pin bush required to
follow around the sample in order to machine the template face.

.
-

A+ B = C + b

Where :- A= "FINISHED CUTTER DIA.
Bl = FIXED CENTRE ROLLER DIA. (40mm)

C = STRAIGHT CUTTER USED TO MACHINE TEMPLATE
(WE RECOMMEND 12mm DIA. LSW 3185)

D = GUIDE PIN BUSH DIA.
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D Being the unknown the formulae can be transposed to read :-

D
EXAMPLE :-

If we decide our finished cutter
centre roller is 40mm (B) and we
to produce the template as being

= A +

- C

will be 1l4mm dia. (A), and we know the
also know the cutter we will be using
12mm dia. (C), "then the guide pin bush

required to machine the template inside face will be

<. D
or D

D

= A + - C
= 14 + 40 - 12

-
= 42 MM DIA.

We also require a second guide pin bush to enable tHe outer face of the

template to be machined.

This is simply calculated as follows, given that

the template wall thickness is 40mm, it can be geenhthat the outside face
has to be 40mm all round larger than the inner \face plus allowance for, the
cutter, thus 2 x 40 + 2 x 12,

Therfore second guide pin bush equals

FIRST BUSH DIA. + 2 x,40 + 2 x 12

42 + 80
146 DIA}

+024

N.B. 2 x 12 REPRESENTS TWICE THE CUTTER DIA,.

e
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THE\FOLLOWING DIAGRAMS=INDICATE THE FUNCTIONS OF THE TWO BUSHES
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HOW TO MAKE GUIDE PIN BUSHES:

The bushes can be made on the router from plywood or similar‘material of
about 6 to 8mm thickness.

To do this simply cut a square of material to suit the disc dia. and mark
the centre of the piece.

Clamp a block of wood to the router table and pin the bush blank to this
block, ensuring that the block will rotate about the pin freely. Lower the
cutter to just above the bush blank and adjust the whole block until the
radius of the bush can be measured from the pin centre to the cutter edge,
(i.e.) in the case of the 42mm pin, this dimension should be 21lmm (X) .~
Check that the clamps are firm, start the cutter and gently lower the
cutter into the blank whilst rotating it until cut throtigh) Remove disc
blank from pin and drill a 12mm hole on the pin centré@ito acecept a guide
pin.
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Having now produced suitable guide pin bushes work can now begin on the
actual template.

Firstly a suitable piece of 25mm ply should be cut to dimensions which are
at least Roller radius + Cutter radius + 40mm all the way round the sample.

Secondly a sample or model component should be provided. This sample
should be exact and within your specific tolerances, and should have no
irregularities, as these will be reproduced into the template and
subsequently onto future components.

This sample should then be fixed centrally onto one face of the ply block
by pins or &érews. Then, with feed rollers removed and the appropriate
centre table plate fitted, a 12mm guide pin should be located into the
centre feed shaft. Place the smaller of the two guide pin bushes onto_the
centre pin and secure a 12mm T.C.T. panel cutter into the spindle chuck.
Place block sample down onto work table and adjust pin dnd bush height so
that they are just clear of the ply block underside. gNow feed the block
and sample up to the bush and set the cutter to come down, just above the
workpiece. It will be seen that as the workpiece, is rotated against the
bush the template shape will be plotted, and as/such, after familiarising
yourself with the principles of the operation, cutting can commence,
remembering that if you leave the guide pin/bush,you will damage the
template face.

Start the head and lower the cutter just, enough to cut a shallow path
indicating the template shape. Repeat this process gradually until a
trough of about 6 - 7mm deep has been produced then retract¢the head and

stop the cutter.

Now replace the small diameter bushypwith the largérjone and repeat the
above process exactly until,two grooves or tbacks arejcut into one face,
the land between these grooves being the eventual template,.

At this stage the samplle can be taken offjthe bloek and the bush removed
from the centre pin leaving only the 12mm dia. portion of the pin
protruding above the tabledsurface.

Turn the ply block groove side downgzlocating one of the grooves onto the
pin. Start the cutter and lower the/head onto the workpiece until cutting
takes place,{then repeat the above process sliding the workpiece over the
pin via the pre-machined groowe untilcut through.
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BE CAREFUL NOT TO MACHINE THROUGH ONTO PIN - AS SUCH LEAVE CLEARANCE BETWEEN
PIN AND GROOVE AS SHOWN AT (X)
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Repeat same procedure on second groove, feeding downwards gradually at each
pass about 3mm until cut through.

NOTE

WHEN MACHINING ABOVE PROCEDURES DO NOT CLIMB CUT, AS TO DO SO CAN CAUSE
CUTTER TO SNATCH AT WORKPIECE. FEED SMOOTHLY WITH HANDS SPACED AWAY FROM
CUTTER.

IN MOST CASES IT WILL BE FOUND EASIER WHEN CUTTING GROOVES TO MACHINE DOWN
TILL THE TWO ALMOST MEET BUT LEAVING A THIN VENEER BETWEEN, THUS ALLOWING
THE WASTE TQ BE BROKEN AWAY BY HAND. (i.e.)

7

[ %
- o

T o/l -

After following the procedures to this stagé thelrmeSulting piecde will
represent a single section of the complete|template.

This will now requirerbuilding up to give ‘the required depth.

Having completed ¢the first layer of the template the inner face should be
sanded to remoye anyuWirregularities,and to provide a smooth surface. The
outer face is notWcritical and as such need only be cleaned up. Any large
irregularities incurred in the{(iniftial stages should be filled and sanded
smooth ompboth faces, for this a good brand of motor body cataloy filler is
recommended.

Now_we have 'to achiew¥e .the total height build up of the template section.
We require an ideal template height of 70 - 75mm. Therefore, it is
necessary to complete two Or more layers similar to the ore already produced.

The easiest and most economical method of doing this is to use scrap strip
pPly material ffom simidlar stock to that of the first layer. Such strips
should be wider than the finished wall width by Smm or so, and should be
screwed and gluedrdown onto the first layer as illustrated.
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The surplus material should then be removed by machining the assembly
against a 12mm pin and cutter.
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This process should be repeated for the thir@r.
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PRODUCING TEMPLATES FOR INTERNAL WORK FROM SAMPLE COMPONENTS OR MODELS

The main difference from the principles already outlined for this
procedure are that when working round the internal profile of a component,
i.e. a frame, the cutter is working at the other side thus requiring a
different offset, as such the calculations will now be different.
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As such the value for X is arrived at from the formula

- A= ¢ - D

= FINISHED CUTTER DIA.
FIXED CENTREQROLLER (40mm)
= TEMPLATE CUTTER\DIA.

= GUIDE BIN,BUSH DIA.

Where :-

o 0O w > w
]

To calculate the guide pin‘bush size it can¢be ‘seen> that the difference X
between component and /femplate inside face i1s the’roller radius minus the
cutter radius.

IN SOME INSTANCES "ITyMAY BE REQUIRED TO USEVA LARGER DIA. TEMPLATE CUTTER
THAN THE 12MM NORMALLY PREFERRED.

e
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This anomaly occurs where in instances the finished cutter dia. is less
than the fixed roller dia. '

This can be seen if one inserts 12mm into the previous formula when sizes
of finished cutter are less than 40mm, this would result in a guide pin
diameter being indicated in value as a minus.

eg. FIXED CENTRE - CUTTER '~ = TEMPLATE - GUIDE
ROLLER DIA. DIA. CUTTER DIA. PIN DIA.
B - A = C - D ’ ~.
40 - 20 = 12 - ?
20 = 12 - ?

This is no number which can be taken away from 124to equal 20 so 'C' must
be increased.

eg. B - A = c &
40 - 20 = 30 = D
20 = 30 < 10

So guide pin will be 10Omm and centrejwill be 30mm.

As such the inside face of the template can now bé machimed. However, if the
calculations prescribe a larger dia. cutter to machine)the template, this
cutter need only be used to cut'a 6 - 7 mm deep)groove after which the larger
cutter can be substitutedyfor, the usual 12mm| dia.)one, and a similar pin and
cut through as previously/described.
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It should be noted that the outside face of the template cannot be machined
by following the previous methods due to the offset. As such this can be
overcome by marking an equi-distance line round the inside opening 40mm
away and this shape bandsawn carefully away.

eg.

LOpmi o L Flusm.
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The resultant shape should ,ihen be sanded smooth, gthough this face is not
critical a good standard should ‘be maintained inlorder to preserve a smooth
feed on the machine. ‘

As such one master layer of oUr template ‘has agaim been constructed, and as
previously outlined thisf{section shouldinow! be increased to its required

70 - 75mm section by‘layering glued and serewed strips onto it, finishing
as outlined earlierfiusing the 12mm pin and)cutter. .
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PRODUCTION OF MULTI-STATION JIGS

This particular kind of jig should be considered where it is required to
produce a method of economically manufacturing large quantities of
components, i.e. kitchen door rails. As such, depending on the size of
component, such a jig can be designed to accept between 4 or 8 components
on average.

By this process it can be seen that where one face of a component requires
machining such a jig can provide a continual path feed past several
components arranged in either a circular or square pattern.

Normally such jigs will be proportionately larger than the single comﬁanent
types, and though exactly the same processes can be applied, it will be
found easier to break down the template into sections.( As)such the first
step is to decide on the arrangement of the components ‘and the number
involved.

A four station jig can be broken down as follows.
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If one master template is made for one station, all the other pieces for
this arrangement can be made from this master ensuring that each station

will be identical.

Similarly the corner pieces required to link each station into a
continuous path can be made from one master. Using 25mm ply, such a four
station jig would require 12 corner pieces and 12 station pieces.

The best method of providing the dimensions for the pieces is to draw the
template to full size on either paper or sheet plywood using the previously

given formulae.
.

A decision can then be made how to break the shape down and master pieces
can be made from the drawing.

A point worthy of note when designing the construction ‘of the template is
that a stronger template can be made if the layers 'are dovetailed together
rather than simply butting each section edge tol edge.

i.e.




An alternative, though more exacting method of producing the template, is
to mark out the entire template profile on sheet ply and then bandsaw and
sand to the marked lines. Once a full single layer has been made in this
fashion strips can then be fixed onto this layer, and as previously
described the surplus material routed away using the pin method.

Having produced the template the next requirement is that of a top board.

Consideration should be given to the physical size of this board, especially

where a routex type dust hood is fitted to the machine, as it is an
advantage to-have the brush curtain of the extractor always on top of the
board and not hanging over the edge. This ensures total enclosure of the
suction effort thus giving less chance of dust being expelled in the
operators area.

With a suitable top board secured to the template .thegassembly should be
engaged between the feed rollers of the machine. Agcutter which is the
same diameter as the finished cutter should be installed into the cutter
chuck. If a moulding cutter is to be used selec¢t a ‘straight cutterswhich
will suit the smallest profile dia. (See page_8)

Start the jig feed and head and lower the cutter /onto the jig until a’path
is traced onto the top board approximately 0.5 1mm deep.
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The resultant path showé where the machined face of the component will be,
and as such the position of datum stops for each component can be marked
back from this line with the aid of a sample component.
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Work Piece Holding :-~

The normal method of clamping each ‘piece on station is by mechanical
(toggle) clamps. In most cases two clamps will be required to hold back
component, and though supplied ‘individually_ these clamps can be linked

with a bar handle to facilitate the release of both clamps at once -
thus saving time.
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l ' METHODS OF CLAMPING WORKPIECE
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For single compénent), jigs two methods of work holding are available, i.e.
l VACUUM o# MECHANIGAL clamping.

’ It is the types of component which invariably dictates the type of holding
which must be employed. The above drawings illustrate this point.




When placing mechanical clamps around a jig consideration should be given
to loading / unloading of the component.

In certain instances the clamps may have to be raised above the top board
surface with packing blocks. Here, consideration should be given to
ensure the clamps clear the routex hood and cutter chuck.

Adjustment is available on all toggle type clamps to enable the optimum
clamping effort and height to be varied according to clearance available.
This adjustment will provide more than adequate leeway in most cases to
allow this style of clamp to be used.

S
Another point of note is that the clamping effort of these fasteners can
be greatly enhanced by glueing pieces of abrasive papesy onto the top of
the top board under the component station. This method does not damage
the workpiece but offers greater gripping powers to'ensure complete
firmness of the workpiece whilst cutting.

VACUUM CLAMPING :~

Vacuum clamping is a highly efficient and time saving method of work
holding. The system applied to the UX router has been timé tested and
incorporates safety features outlined in thé operators manual.  The one
main criteria which must be satisfed before contemplating this method is

HOW DENSE IS THE COMPONENT MATERIAL((i-€.) in that it is NOT HIGHLY POROUS.

Having said this, it must be understood that many materials are porous to
some varying level.

However, this can be overcome by the vactuum system on the UX, as the vacuum
effort can be varied fto «compensate byQalterimg, the vacuum pressure regulator
(see manual).

In the previous sections we have covered the sequence of events in producing
the actual jig template. The following procedures describe the
installationh of a vacuum system tofa Jig.
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CONSTRUCTING A VACUUM FACILITY

In earlier sections of this manual it has been described how to cut a path
or indicator line on the jig top board, thus showing the finished
component profile. This should again be done using a straight cutter of
the same diameter as the finishing cutter.

As mentioned earlier, this groove heed only be about 0.5mm in depth as it
is purely for location purposes.

A block of 25mm ply should be cut to size, which covers this path, and
screwed down to the top board from the jig underside, ensuring that tlhre
wood screws do not break through the top of the block.

Using the aforementioned straight cutter, the whole jdg should then be
located between the feed rollers, and the top blockymachined down to the
top board surface. The resultant shape of this top block will conform
exactly to that of the finished component.

A hole of approximately 20mm dia. should thén be, bored throughgthe jig at
the central point of the component area. On), the underside of the jig a
clearance hole or cutout should be made into which the rotary Jjeint can be
fitted.

i.e.

L2 e
Dot/el .

Aoblzery
Torsr é Aece._s.s
T bbcé l

'_;———1 I i Sosonss
/?;49 49/27434:)éf

=

zu/
//,'

5

2 i ; .
T o148 /LD o S o S los



g

An advisable step to take at this stage is to apply some sealing compound
around the inside of the 20mm hole cut in the top block. As the vacuum
effort will be directed through this hole, it is as well, at this stage, . to
ensure that no effort could be lost through the veneer of the ply. Any
type of sealant can be used but preferably should be a hard setting type,
such as PVA wood glue.

The rotary joint should now be fitted in the underside recess. Ensure the
joint is central on the 20mm hole and apply a film of sealant between the
jig and 301nt - Hermetite or rubber solution type adhesive are ideal.

The joint should be screwed to the underside of the jié, but ensure alter
fixing that the ball conmector rotates freely.

The final operation is that of installing the vacuumgseal. ) For this it is
required to machine a groove around the top face profile)of the jig top
block, into which a special noepreme foam strip is_ inserted.

To produce this groove it will be necessary to revert to the hand, pin
method of machining.

As such a guide pin bush should be produced to¥create the glot lOmm inside
the profile of the top piece. An 8mmfdia. TnC.T. cutter should be used to
cut the slot.
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Select or produce a guide pin bush, as outlined previously, that will
position the groove approximately 10mm from the edge of the top block.

Insert an 8mm cutter into the chuck and lower the head until the cutter is
Jjust above the top jig surface. Start the head and lower the head to take
a light cut whilst feeding the jig round by hand carefully. Repeat this
process until the slot is between 7 - 9mm deep.

When complete apply glue to inside of groove and insert rubber seal.

Apply glue 'to end of seal strip and buff together when pressed into groove.
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Connect vacuum pipe¢to jig and switch onm vacuum pump. Test jig by
applying a piece pof non=pérous material amd check for leaks.

The jig 1s now ready for use.
IN PRODUCTION TERMS, A WELL DESIGNED AND MADE JIG REPRESENTS A SOUND

INVESTMENT, )\ AS SUCH A _COAT OF VARNISH ON ALL SURFACES EXCEPTING THE
TEMPLATE WILL ENHANCE THE JIG AND PROTECT IT.
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THE BASIC PRINCIPLES OF ROUTING TO PROFILED SHAPES.

CUTTER

the same.

FORMER PIN

E r

The smallest diameter of’the router cutter
and the diameter of the former pin sheuld be

. Page B2

The component produced will then
be correct in size and profile.

. COMPONENT

777777, TEMPLATE

The template should be the same profile and

size as the compenent or article to be prod-
uced.
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JIG FOR PROFILING

I R

L LAl Z N LK

L % f
' 3/32% or 3 mm. clearance

Fix hardwood rails to jig body and,screw™template in sultabléposition. It is advisable to have the jig
4" or 5" (100 mm. or 150 mm. )dargertall round than‘the work piece. Fix rails and templale, mark
the surface of jig body by making,a shallow cul with suitable size of cutter, tracing the shape of the
template on the face of the jig./3Cutter and former,pin‘must be of same diameter.

s

Spikes . .
: Packing piece
chy ” gp

Fm, ~epa .
™

b

NNRTEIRNN \ 1%\\\

RN AR 7777 A7,

—

Py

\4

aving surfacé&of jig correspondingly marked with the shape and position of template the packing plece

can be hixed g pasition. p

Il holding spikes are required these can be fitted. Use wood screws of suilable length to project 3/32"
(3 mm. ) through packing piece. File screw ends (o a chisel edge.

Page S
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.

$e— End cover.

Cap
=4 put. 1. 9716

i i
Keep this dimension as small as possible: J

1 : :
\ N Cutt
\\}\Om\p&m \\\ . —Cutter

i

Always keep thetop face of the component as near to the collet cap
nut as possible.
Any top cramping device must be low enough to clear the end cover
of router, head.

Page 5~ S



Jig for ropting to aha'pé curved components such as brush backs, elc.

[
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Shaped packing piece.
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METHOD OF MAKING ROUTER JIGS FOR PRODUCING RECESSED BRUSH BACKS.

Prepare lwo jig bodies filled with diemporary hardwoed 'railssand under each in turn pin (tack) the master
sample brush back. :

Mark the face of the jig withiboth oulside profile ofibrush and shape of recess.

Mark face of jig.

//// / ///////// LLLLL L /4

\\\\\ AUERN NN NN NN NN NN N\ \

-(

w\

e e e =

———

Templale material can be mounied on face of jig and cut lo shape during this stage of jig making.
i
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Spikes. Loeating piece; . Cramp.
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With tempiates firmly{ixed the face/of/the}igsfcan be marked to show the position of templates.
Fix screw for the holding spikes on the'profiling Jig as described on page 15 and locating piece and
“crimp on the recessing jig.
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r1ilfThvyu TEmrLATEd T J1G BODIES,

¢

WLLTTLTII TH Y,

Remove lemporary rails from jig body, turn®ig over and,fit hardwood rails on the opposile
side, that is the marked face.

Fit template firmly, locating ityfrem the previously made markings.

VIEW OF TEMPLATES FITTED TO JIG BODIES.
Jig for profiling and shaping lst operalion. Jig for cutling out recess, 2nd operation.

Daaon =9
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Many articles to be shaped on the router requiré machining
all round, such as bagdandles) .coal hangers, some types
of brush handles, ele. T'ovithis class of work it is advant-
agcous lo make a jifg canpying twogcomponents. '

METHOD OF ORERATING JIG: -
I. - Pulyprepaped blank in gosition=A*and rout ouler edge.

2 Move shaped blank™ inlo position B locating off
previously cul gdge

3 Place a new blankdin position A, With the jig now
fully loaded a finished handle will be produced at
cach complete circeull of jig

Actual shape of
template.
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| - ROUTING OUT HANDHOLES IN CASE -
| - END, SAW ANDLES, ETC.

n=\rg '

3

=4 Packing plece.

A

\\\ NN Machine table.

ALWAYS KEEP_J1G MOVING WHILST
WORKING CUTTER THROUGI TIMDBER.

When sinking cutter through timber the large * =
dilameter of former pin engages template, thus —.

culler 18 gulded through timber without gashing 2
sides of handhole. \ -
Q Y

When cutler has been worked@hrough timber
and reached position required, lower the

N \‘ﬁ‘
former pin so that the small"diameler engages \\\\ \\
the template. One pass angund the template \ AN
will then complete the handhole. \\ D l .

To avold gashing the sides of handhele, when ralsing\\w “l

N NN ™

the cutter, after finishing the cut, return the
large diameter of the former pin inlo position
In the templale.

Page 32/
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THE DIMENSIONS OF ANY WORK PIECE CAN BE ENLARGED OR DECREASED
ON THE SAME JI1G BY USING GUIDE PINS OF LARGER OR SMALLER DIAMETER
THAN THE CUTTER.

DLLN

\\\\\

SN

1. Pan larger than Cutter.

\

M) \
AN

DN

\/’/

B/

2. Pin‘andi\Cutter same size.

AN
SNRSION

\\\\\\\\\\\

3. Pin qmaller than Cutter.

/
THE SAME RESULT CAN BE OBTAINED BY USING CUTTERS OF VARYING DIAMETER

Page <AL



. . . A. Culler In top position and former pin engaging first

- templale.

B. Head lowered to second p@sition and former pin raised.

C. Head lowered to bottom position and former pin raised
. ' to engage third template.

® | ©

N L LT DAL LI
\\\\\\\\\\\\\\\\\\\\\\\\

——~J W& ////Z///////Z// Al Lk

TR

lllHl!!llll)‘

N ‘ _"___,,lla :
Al TR i 2

® gm O ‘“@

Recesses of varlougsadepths’such as those In"Cutlery trays, Tap and Die cases, types of Brush
backs, ele., can beyworked by making a Jig witlimultiple templates. Each template corresponding
to the recesses alfene deplh. Mouanistheylemplates in one pack on the jig body and raising the
former pin by the ' band lever @n the frant of the machline table - each template can be engaged

in succession. ‘I'ie various depthsyofscul are pre-set by the varlable stops on the router head.

Page 9=



Bection across tray.

First depth.

NN

Second depth.

N

NN

Third depth /":]

Finishedarticle.

§ |

(Y

Firat lemplate "A" 3 Third template 'C’

; . ,
t ) '
) | l Details of templates for

working recesses of
C ) various depths.

~) /

()

~ac~pd template "B"
Pape #¥#



Tracrk of cotler

3
[

<

Finisned component spiked
to locating piece.

“Templales

- Blank

Plywood surround
to jig body.

e

When large quantilies 0fany small articles 8uch as eleclric light celling roseltes, elc., are to be
made, it is often advantageous to bullda clrcular jig carrying a number of components. By using
this (ypc of Jig the operalor’'s pogition in relation to the machine 18 constant and excessive move-
menlsg of the hands avoided.

To mainlain constant productiony, duplicale jigs can be used, one belng reloaded whilst operatoy
rouls with second jig. This eliminaies ldle machine time.

Page 25~

\ Components arranged on \
locating pleces around jig.
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Routed face of wood. %
7
_ 7

DN

.

Saw -cul.

Small circular abjects and wheels for toys can be made by sinking
a special shaped culler into the surface of any suitable wood.

Saw off the routed face then the wheels will fall loose.

The routing operation can then be repeated on the stock piece of
wood if of suitable thickness.

P Y Y
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Fence

Sland_:l rd Culterhead
LS. 1057H

7/

/
Angled plece of woad clamped to machme tablc.

L2 7 2 L L L L

/.
-

Marhine table

METHODOFSCARFING PLYWOOD ¢ETC., ON A WADKIN ROUTER.

DPage <7



Type of jig required for

+
shaping and moulding curved [—|—3 f‘i\ n—ﬂ

chair backs, etc. o .
Former pin

Cradleto carry
curved echalr back.

Shaped lable cramped =
to router lable.

Front of rouler table.

Page 5
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i
Y — -— |- '\X‘ Jf.?-x*
\
\ \ !
N A N
Feed in from Front of router table. \ \
this side. Presstire fence. Fixed fence.

Board carrying fences

clamped to routler
Position of cutter. table..

Simple type of pressure jence\to‘enable small, mouldings,
beads, ete., and thicknessing™to be worlked on Router.

?

Front of machine.
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N m e e m e e e e — e o~ around composition

Y

or aluminlum jig body.

\_.———-——-————-—————.—--
T W, = Ny ggin -,

l\
/
4

9 11 = i Light ailoy component supporting posts.
\ o,

' ]
i
X
\“ NS
N - 1
/;".._:?\\ 7 /S YT/ /T &) AT

el - ) ¢ . L

Light*alloy componenls can be profiled lo shape by using a jig made on
principle shown. ‘The supporting posls going right through jig body,
tracking up bolh lemplate and component, Lhe template having exaclly
the same profile and tooling holes as component.

Page 5 | '
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The culters are only sharpened Inside the flule.

P

’

ECCENTRIC CHUCKS

For slotting, ‘small mortices, grooving, etc., where constani cutling diameter is
important, the uge of an eccentric chuck is advised.

Providing the cutting edge is

always sct in position, between the 300 and 500 markstas shown in diagram, the
eflective cutting diameter will never decrease; '

It is important that the right combinations of cutter and chuck as setoul on the

chart are maintained.

chucks must be balanced carefully.

If not, cutter burning andpoor work will result. Eccentric

bgiluglf DIAMETER OF CUETER EFFECTIVE CUTTING DIAMETERS
1/32 i 5/32"=3/16 5/32 ¢3/16 1/32
3/64 i 5/32( 3/16 1/32 11/64 13/64 15/64 17/64
1/16 3/16 /32 ;4 5/16 4 0/32 5/18 3
3/32 H 5/16 4 11/32 13/32 ' 15/32
: 5/16 T 13/32.m1/48 /16 3 17/32  9/16
5/32 3 13/32  1/46° A5/18 17/32  8/16 10/32 3
DIMENSIONS'OF CUTTERS FOR ECCENTRIC CHUCKS.
L. 25" . '
g
9‘%"/& L__ C /
A 2’ |5/32" |3/16" [7/32"| 4 [s/16" | 3 |13/32'| 7/16"|15/32" | iv
B |31/32"|31/32'[31/32"|31/32"[1.3/16'] 13 | 13» 13" 13" 13" 13w
C 9/10" 9/16" %u %u E‘!n 7/8" l%" 1:7" 1. 3/16" 1. 3/10" 1%"
Dawn S/




Eccentric chuck.

P
.

—
Size of chuck
is stamped here.

4
T
t

X Ry
T

/43-— i
v

ﬂ[‘_-."—jx ‘

To find the cutting diameter of any respeétive chuck and cutter, add
the chuck gize to the diameler of the cutler. |y Fhe cutting edge of the
cutter must be elther, on or belween the Ithes marked 300-500 to
engure culter glearanee and the best cultingsangles.

With cutter so set™@ chuck marledil/16" and a culter ' diameler
will cut 5/18" diainceler.

Page 5,2

500 Line

30° Lige

Correct setbting of
cultew In,chuck

500 Line

30° Line

Incorrect

500 Line

30° Line

Incorrect



It is important that an eccentric chuck should be balanced

. every time the culter is changed. The culler belng set in

ils correct cutting pasition before the balance operation is
carried out.

Balancing platesis Tevelled by means of three adjustable
screws. Then the chuck is inserted in the balancing roller
and the corrfeepbalance 18 obtitined by Inserting or withdraw-
ing balan€ing Screws. Whentthe ¢huck 1§ perfectly in balance
the roller will come lo r@sttin any position.

Thé plate €an be levellediby testing with the balancing
voller only, or spiril level. Greal care must be taken with
the,roller, never allowing the rims to be bruised.

Page .53
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I 3n deep x 13"
>~<m
-\x

Rebaling acrosy or with the grain,

1

3/1()"

o
T U axlmum deplhg6f_dut when edging shaped work }
: :' I S\2"> For thig classiof foutlng 3/16" is the

-+ maximum amount of wood lo 1"
removerconlinuously. l
/\ 2) 50 m/m

a . .
! /
AN Maximum dimension
-'\C )) & ' ’ of moulding on Router.
#; [ d $

LY

</
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Maxmum si1zes double rebate

)
d

—c‘

. - /
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//‘

Ve

11/96
b - o
Maximun Size of groove

1/16"

I g
3 \‘\ ol

Smallest proove possible

EXAMPLES OF EXTREME

CUTS POSSIBLE ON
WADKIN ROUTERS,

Maximum and nunimum
sizes of dovelall grooves

Maximum and minimum
sizes of nosing (rounding)
cullers Type 235.
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-

A Spring Pressure Cramp can be T
fitted to the Router Head lo ensure \
that hardwood componentis are

presged onto the jig.
Also preventing the component e g — = 2-H--

1{ting off the splkes. | 4,
The epring pressure helps to )‘il ”!“I %

provide accurale rouling. ] =
ik
'
} < - Spring Cramp

:L_\\\_\\ X\X\\\@L&— Shaped Culler

Template

Applicable when routing thin plywood, veneers , plastics, and hardwood
components which arelheld toythe jig by spikes.

Page 86



Double Edged Culters - Panel Typa-d.

Helief or elearanco always increasing
from the

4 \ culling edge

Culter as sent oul
by Wadkin Ltd.

Hump behid
culting edge.

» Cutting edge.

Single Edge Cultera-S8poon Type 1.

>

&

i

/

/f//% B

Thisilype of culter is used where culter
dfameters of. ;' or less are necessary .
Therelief or clearance of this Lype of
culter must never be ground free-hand.
Always grind and hone spoon culters in
the flute, maintaining the original form
as near as possible.

Incorrect grii\ding will resull iIn culler
breakage and bad work.

Culter incorrgctly
ground and honed.

Face ground. .
Straight.

Cutter reground
correclly.
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W-- _CUTTER GRINDING
ffa* ‘/ /‘x - '

To oblain conslistently good work from high speed

‘\‘ ]jv\ﬂl routing 1l 1s-essential that the cullérs are kept
) p/‘ = gharpened and ground correctlyg#® Thigycan only
“"”2).1 be asgured when sullable equipmentyis available.
b {/r" 4 The ideal grinder for this pdrpose, is the Universal
.{?‘(L}-j ‘Type N.H. shown left. Naol only will this machine
h deal wilh all router culters,“bul it is indigpensable

Vv _\;'I‘ i l‘ ""j for malntaining every lype of cutler equipment
" used In a woodworking plant, excludigg long

planer knives.

NOTE - Where ajguitable grinder is already

installed, we' camysupply the sel of fixtdres for

roulerfcuttersyas used on thisumachine.

Where the amount of culler grinding doeg nol Justify agUniiversal
Grinder we recommend the N. U, tyfie ifiachine shown rlght., This
machine has been speclally deslgied for Touler cutlers. 1bls
gelf-contalned and provided wltlya ‘precision grindfng sphidle.
Table bas movement in threg directions and is designed to take
{ixlures for handling all types of ¢#ouler cutlers.

Whilgt"we slrongly recomm-
end the use of a separale
grinderywlfere the number
of ‘eulters to be maintained
doea not justify either of the
above machines, we can
supply the fixture shown lefl
for uge on lhe Rouler ilgelf.
In thls case il i3 essential
{o use the Rouler wilth speed
18,000 r.p.m., this lower
gpeed belng necessary for
the grinding wheels.
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INSTRUCTIONS FOR GRINDING @DKIN R @CUTTERS
0\
A sharp and properly ground cut h key to @o@g. 1t is Important, therefore, that |
the operator should underst y whatil@when sharpemng culters.

f router cutters are given on the following

Detalled instructions in inding of all, t
pages, and i reac -:u-e‘ully and the inst ons carrled out will ensure lrouble {free running

"Q

and high pro 1.
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WOODWORKING CUTTERS.
CHOICE OF THE CORRECT CUTTER,

In order to get the best results firom routlng 1t 18 essentlal to use the proper culter for each
operalion. Stralght cutlers from 1/16" dlameler to 13" dlameter are ayailable in varying
tengths. A wlde range of shaped cutlers can be supplied, also built-up'cutlers for tonguing
and grooving, moulding, etc., clrcular cutterblocks and moulding blocks, INustrations show
some of the principal types in the range.

TYPE 52 TYPE 53,
Pancl » Tonguling
Cutler 1 : and i
llcad 2 Grooving i
: { Arbor
B!
[ad n e .-l rg\ l
G -F B '\7’“‘” "‘h-p
~ 'Y W ) . .
}f () { I . oA TYPEM  ° TYPE 21 ;
”,{,\ ~d A TYPE 1 <4 Doublejedge Solid Proflle TYPE 55
'lﬂ.‘\‘fij;-‘ff UL Spoon BIt Pianel Bit Cutler Circular Block

When in doubt, always consult Wadkin Ltd. for advice and
recommendalionss, More Information on culter types can
be obtalinediunder the followln@ Réferences :- '
Culters for, Wood, I'asticsdSynlhetic Bonded Ply. Book No. 713
Itlouter“gpeération, Design%ef Jigs and Flxlures, etc. Book No. 716

THE AIM OF CUTTERRSHARPENING,

The prim:'xry objéct ol cutter sharpening 187°to restore the culling edge al the correct cutting
angloe.and ensue correct clearance behind the culting edge.

Original. - ° y /Z

\ dlameter. . )
__+ Facenol slraight. . o ) »(__ _ ‘1
. 7. \ A

ftellel or clearnnce.

flump behind
culllng edge.

. :}{In(‘urrecllylmncd,
“Z{Z= “rubbing on the back,

LN ve . \ 1 cul . O eC . ler. . ‘
Correctly honed nud ground culler Incorrectly honed eutter Woran culler correclly ~ Dulled lipe Indicalea neceasary
ground and Loaed. grinding o restore culling edges.
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'I'”E JMPOQRTANCE OF MACHINE GRINDING.

The !(ey to hmggh m;.nllly routlng is a culler with clean sharp edges nnd smooth continuous relief.
In order to mamntain the correct cutting angle and Cleurance, machine grinding is essential.
Jixperience has shown that free-hand grinding does™ot give the clean.amooth edgé essential for
good cutting, and the resull is nothing like theflife of"a machine ground culter. Another import-
ant point is that it i3 almost impossible lg grind equal amounts from both edg.'ea free-hand.
Mecchanical grinding ensures that both edges of a culler are identical, also the minimum amount
of melal i3 removed al each regrindysthus making gtre of longer life from a cutter than when:
most carelully free-hand grdund. |

GRINDING MACHINE, JYPE N, U. ;

This is the Grinding Machine generally supplled for grinding router cullers (see illustration on
Page 42). It hitg a spindle speed 8f 4,750 r.p..m. and i8 provided with rise an.d fall, and also
lraverse gnievement to the talste. |\, With the aid of the lhr.ee allachment‘s shown overleaf, most
types of,cutters for bathfmetal and wood roullhg can be dealt with. The class of work being done
wilth dictate the attaehments néeded, but for wood cutlers the S. F. A, attachment 18 essenlial,
and the P, R, I istwery useful for regrinding the relief on straight panel cutters. For sheel
dural, @letad and brass the D.G A. and P. . F. attachments are essential.

Where an eéxisting Tool Room Grinder of suitable type and having a spedd of not less than 5000
r.p.m. is available, the grinding altachments only are needed.

In such cages the user ld need to make a spindle exlens] rbor o sult his machine.

- .



GRINDINRG ATTACIIMENTS ' Grinding wheels supplled with

« GRINDING ATTACHMENTS.
A'TTACHMENT,

S.F.A.

FOR APTTACHMENT S, F. A, ONLY
to be used for grinding stralght ;
fluted culters of all types, also
ending up panel cutlers and
Spoon Bils.
Thig altachmenl will generally

3 .)H,/ .7 iy Le used for proflling cutters
T and spoon bita. 1t Is also 140
'i‘_ﬂ-_ . sultable for tungslen carblde 2" dlameter 251" diameler 23" diameler
culters. ' 1" FLARace 1" CUP 1" DISH
X M Bore 1" Dore i Bore
A SO A o AR
‘lé‘j.» e LY i ATTACHMENY FOR ATTACHMENT D.G. A. and S. F. A.

2" dlameter
137 3/16" ROUND edpe
3" Bore

?'

ﬁ ; »A_\\\\V\’\\ 537‘){‘ : “w D. GYA.

i !

;
“J
R

to be wsed for grinding lhe

. H-‘r S fluteésy(spiral or stralght)of 2" dlameler

w,,u /"‘i‘ . P ¥ “'1@;:; A all alclad or dural catlers used & 138 1" ROUND edge
] ‘7 ol on SBEET WORK, . 3 , i

w/ﬁh M,': ' '.'.;‘ X ) - f Bore

IR~ A R ’ .

FOR ATTACIIMENT FOn A'l‘TACllMENT
S.F.A.
ATTACHMENT
PPR. T,

to, befised for regrindling the
ccgentrle rellef on panel p N
cuilers; suitable for dural, 061 Rougher 071 Finlsher lf‘m'
alelad and brass cullers, after
logg of elearance due to con-
Unuous honlng.

These wheels are used for gripding 21" diameter
chipped edpges of 'Y unrqlvn Carbide 1" cup
Cullers. Doth are 23" diameler I Bare

1" dish, 3" bore.

Page & 2



LAPS FOR TUNGSTEN CARBIDE

TIPPED IlOU'l‘E’R CUTTERS.

Diamond lap wheel for use on Altach-
menl 8. F. A. and used for lap finish-
ing ‘Tungsten Carblide Tipped Culters
after regrinding with wheels 861t and

g71t.
- .-,L '
,v""‘..:u‘::"“"o M—”‘
- '“'T""’} 1;_’1;},’-/ - M
. I R

Diamond Impregnated for Hand, Cap
honlong ‘Tungsten Carbide Tipped
Cutters. Also a similar henelof
solid malerial In fine and medium
grain can be supplied,

Carborundum SlipéStones

for THgh Speed Sleel Itauter Cullers
N0, 43" x 13" % 30 - 8/16"

No. 177, 44" 1’" ‘" £1/16"

WHEERL DRESSER DIAMOND .PART NO. P, R, F. 317.

"/"'1
”,,' " sed for dressging all lypes of
b n.g,-;iﬂ - grinding wheels, excapting the
A Diamond Lap Wheel, No. 145,

REGRINDING STRAIGHT FLUTED CUTTERS OF
ALL TYPES, ON ATTACHMENT §, F. A,

. AADIAL ADRISTING SCREW
LOCKING ROLF
FOR CANIVING
ARBOR

STOP LEVER FOR
_INDEX PLATE

. N ‘/
¥alHAX. BORL e
OF CHUCK = .
M
s0°
COMBIMED LOCKING BOLT - ARBOR
FOR SWIVELLING ARBOR)-. : \HANDWHI [ 1)

BRACKED AHD SECURING
¥ [ e s el
BASE TO TABLE f 3

TYPES OF CUTTERS MOST COMMONLY GROUND
ONT'INS ATTACHMENY

() SPOON BITS. Use grinding wheels

Nos. 137 and 138,

After grinding the flute, it will be

necessary to stone a flat on the

cutling edge of this type of cutler

Qy lo obtain more clearance, The out-
gide diameter should not be ground.

PANEL ROUTER CUTTERS
OR
SOLID SHAPED CUTTERS

Use grinding wheels Nos. 140 and
141. After selling up as described
opposile both flutes should be ground
al lhe one setling.

i

1
1
- -
’ t

After several regrinds of the flules
It becomes necessary on lhis type
of culler to glve more clearance on
the back of the culling edge. (Sce
pages 48 and 490.)




‘10 S1T UP FOR GRINDING FLUTES.
vl T T T

First bring the culter flute into correct relation
with wheel. Adjust the stop omymachine table to
suil length of flute to be ground. | Use table move-
ment lo grind the flute taking Wght culs. T'o put
on any cul uge the radiabadjusting screw, thus
mainlaining a correct cutting angle. DBothiflules
should be ground afferteach adjustmentto ensure
that each Is ground idéntically. :

. b L4 ) 4 B
PRSPPI ¥ R LAY Cet s S, J .'."s.’ I - ]

First turn attachment round at right
angles Lo grinding”wheel and lock up.
Bring catter into correct relation
with wheel and adjusgl stop. Take
light cuts"by using table movement.
Therentalning face can be brought
inlaya similar position by using ;

K . index plate.
' Use grinding wheels
) 140 ana 141.

PEIPHERAL RELIEVINGORREGRINDING CEEARANCE OF PANEL CUTTERS ON
AUTACHMENT S I, A,

The best resulte oiteelice! grinding ase obtalned 1 )
by using the allaéhpient P, R. ¥, af degeribed on \ )
pages 49 to 53. ' . /

1

J——

i

T SR
e AESMETL R R

I'bly method lg Hlugstrated fop@perators who have

the S, F. A, Allachment only§ hut™it should be Flg. Fig. 2
slregsed that the results oltalned will nol be as Shows a new panel Shows the same
rood as with the PO IL T, culter with plenty culter after/ several
ol clearance. regrinds wilh no
clearance.

Page <4 ;



SBR[ VI DN . PAC.LIEM . L P sl Srape

s Stage:

Cutter is8 moved
across the wheel

v--‘".."L X ',_.“ i - N —“i ",,',' ..::".-' v . s, A!;r ';i.

T ,/\ '/.."'&“m\ﬁ! T T Mt et

Fivi g ot {t Alfay ot Ll g s 1 ment ag for grind-
A

[ [y l d . .
; ~.-_’;}‘§i-j?“.:"zf ,‘ )J )y N1 ﬁ 1 Ing the flutes Fig. 3 \
K ; R ‘; B ]:{} f Take light (.lllﬂ. Uge wlneei Fig. 4
‘\1“1 ; , ':v\\g No. 140fory141 ~ Using same wheel.
N IR e i oo

GUINDING OF SHAPED CUTTERS T YPL NOS. 9, oy, 12, 32,

Shaped cutlers must only be ground in the flutetandymust never be
pround on the straight retief, unless the shape orprofile of the
cutter is being ollered.  This operation g done on the S, ¥, AL
Attachmenl, using wheel No. 141, ‘Phefmethod is lustrated gight
and deser llu d on page 48,

PERIPHERAL RELIEVING OEBPANEY, CUTTERS ON'ATTACHIMENT P, R. F., ALSO SUI'i‘ABLE
FOR NELIEVING OF TWO-EDGED CUTTERSAORSUELT DURAL, ALCLAD AND UHASS

Y -

This Alttachment, mounted on ot N, U. Grindes® has been designed
lo obviale the poor regulis obtained whengoperitbing Routing
Machines due o thegoutstde relief of cuttérsebeing improperly
hone:d, and in someycites, hand groind. NI consists of a bage
plite, on which Jgspivoled a plifcngearnyling a swivelling bracket,
on which in tarigds citrriced the spindlehead which can also swivel.
Both the swivelling unils ave gradualedand the control knob for
pivolinpgding iso a gradoat gt diawEle work spindle is on the
cecenlrie principle, provision being made to vary the eccentricity
(or vadius of relief).

R T

GUINDING OF GIROOVING CUTTERS TYPES 41 - 53, Grinding of cutlers for Flat Knife Chuck

Theoe cullers must never be ground in No. 60, l‘xp'\ndlné Culterbead No. 51, Panel
the flutey heeause of the loss of width Cutu,rhv.ul No.52, Clreular Dlock No, 55.
which would quickly result, due 1o gide For resharpening these cullerg It 1g

retief of cul s~ edpges. Resharpen these  recor—~ended that the knlves be removed

cullers by ¢ dng on the oulslde face, from .. block and ground freehand on a
BRI i) i [ * PN . ’

A



For holding the cutlers, bushes 3 and 3" bore arve provided;: these have two lines eneraved at
un)“, cach low In waa l)(:lnl; l)l’uuy,nll [TTTRY) :l“[j,uun(_‘nl wilh @ zero ane on e spinate huse, liiug
cuabling both edges of the cutter loge ground al one selting. Ao approximale position to place
the cutter radinlly 1s also Indicated by another line on the nose of e¢ach bush, one of the cutter
cdpen belng placed opposile thls; this pm;llmn can only be approximale aggBuine cullers u.quu ¢
more deastic retlel (or clearance u) thin others

'hig varbdlon of clearance must not be um[uuul with varying cccentriegity“op (radius of relief).
‘I'he bushes ave pripped Ina gplil body and can be ehanged quickly,

A bolder with diwmond for trueing the wheel 1g also provided and fits e spindle noge the same
ag  the culter bushes.  Arvrangements are made lo hold the woflcspindle radially when using the
dinmond.  Part No. of thls diamond 1s PR, I, 37,

1L 1g aboolulely ensential to trae the grinding wheel wlth adiamond. A gpecidl {ine grain whccl
tlo. 146 1o supplied with this attachment.

1O ST UP FOR GRINDIHG.

Flhrat get both swivelllng hracket and spindle headgwithygraduationsgizerg; then, with the vertical
movemenl of the machine lable, bring the attaehment spindle to e same heighl approximalely as the
erinding wheel spindle (1 .myllnn[, the centrefol the attachment aplndle should be a 1iltle higher than the
centre ol grinding wheel gpindie). Now lysert eutler with oneledgetopposite the line on the NOSE of lthe
culter bush and tghten {Irmly wilh the gét gcrew; Lthen scb cutlerbush with one graduation In line with
zero e on apindle nose and Ughlen with te@ headed scefewNghown in right hand in Fig. 2. Flg. 3 shows
cutier selting lne on nose of bush and @8y one of lhe bush setling lines corrcctly sel on lhe zero line
of spindle nuse; this photograph alsogliows the actgal/grinding operation.

B

- ...,-—n—,r,—., w.."—m-vrh——'m,--—.—--,»-..,_.‘. _“ r,. ! ‘P ,l,. (’.uq
o C ] i i

! . L. ;: l 2\ ! '! ,‘.! ; ;
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ICwill wol he neceasary awp general rule lo movoe the splndle head away from zero, but the swivelling
hraclkel (which bap o hisié on the platen) wil require maving a little off zero {or the spival fluted
cutters, otherwisg due lo the splral angle, (the grinding operatlon will produce a taper cutler.

For vight hand splral cutters move the bracket zero line a Hitlesto théylefl and vice versa for left hand
spival culler. Fig. 4 shows the zero line on bracket moved out of Hue as required for a right hand
spival culler.

TO GIUMND A CUTTER,

Uuucrew conlrol knob shown in right hand on Fig. 4 Lo glve@wbout 3" openfag between ihe platen and base

plate. Bring e table up until the surface of the culleriadbe gluun(l W6 away from Lhe grinding
wheel; then move table stop indicaled by left hag@wp 1o stop hrackelland tighlten up.

Stavt anachine, aod by the control lever rolate one edpe of the cutler W and [ro, bringing the cutter

Into conlbacel with the grinding wheel by turndngithescontrol knob clockwise.

Take carve nol lo take the conlvol levefylog fimgover or the gpposite culling edge will come inlo contau
with the wheel and be damaged.

Mow bring the table and fixture away from/the wheel awd netedthe number of the graduation on the control
lnoh dial which ig opposite the zefoMne on the platen.

Unserew conlrol knob hall o theeelguarters of adurn, “angcrew tee headed serew shown'in right hand on -
Fie 2 and oen cutler holder vound until the arrow on ()pposil(, gide 1s in line wilh zero mark on spindle
nosic; left land indicates g heing done (domolyréréase cutler), then tighten up tee headed screw, move
lable up to stop and progeed as™hefore untid dial on control knob comes lo the same number as hefore.
I'oc metal rouling cudlery pfocecd 1o resaove a¥fu rther 010", to cul back one edge, by using in feed of
nuichine lable.  Sce PagedT.




For catlers ol preater length thiug the face of the wheel, repeal the operation with the table cross
triverse adjusled to cover the remalning length of the culler edge. When finishing, pass the culler
over the pgrindlue wheel once or lwice, moving the croas lraverse slide gufficlently to cover Lthe
whole tensih of e calting edpe being relleved. On short cullers move the“erosd traverse a little
vach way to latorove the purfaee flnloh.

. b shows how the eceentrlelty (or radiug of rellef) is varied.
The noindle note oo an Inltal amount of eccentrlcily whleh can be varied as follows %

sy hegvgon nul ndleated by right hand, but do not glacken(t right off; slackén offjthe small screw
Indleated by 1ell head, say o quarter of a turn, and Ughten theyone on the oppeaileislde; this Increasces
e zeceniclelty., ‘To decrease the eceentriclly glackengthe screw on the opposite slde and tighien the
ot ladlen ted by Left hand; then ve-Uphten the nulgindicated by right hand.™ Onsio account tey Lo adjust
wilthoul excine the henagon nul and be sure o re-tightem

The 2imount of cccentelelly required and thedexael pasltion lo-get Wie, culler are dependent on con-
dittone and rest be left to the operalor who @il flnd Lthese adjustients, quile easy afler a little
cupurience. ‘ '

IFig. 6 shows e splll chuelo and the almpllebly of chanpdugtentler Hhushies or ingertlng the diamond
holder. 201 that 12 necessary 1o o rdleage dhe tee headedyscrew and dreaw the bush oul; Insert
wnother, pushing It right up to the shoulder;

S : T b b the graduated Hne opposite zero tine
. (f, R 1\ ' " oipthie spindle noge und re-tighten the tee
ENS L Phrerad W' jicaded screw,
R + AR Oy < .
T K R Ly \ ) 1 . .
oy (“rl Y. - Sce that bushes and Lthe basce of the gplit
‘\-({' - AN P - ;
‘ ! R P Oy R chuck are perfectly clean and free from
o v M IR A
B S R U CEE RS rell
LAY R : e i SN ~ . ‘3 .
F . S, ;1 ! N A W \-\ifj c e
' . : . O L ;_.,'_'\' g $in
! N e A 7 o
RN Y 4 e ..—':"'-‘g".'}vi
R A i F:__v‘1 o T

Fig. 6
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TO DRESS THIS WHKIT., .

i elip onto operating handle ag shown
by etpbhl hand io Fig. 7, then insert Lhe
dicmond holder In the spindle nose with
the disond inclined to point a titlle
bobow cenbre (Thig is bnportaot) and
foltow the same procedure as for grind-
ing cultery (sce Pape 51), uging the
cross 8lide of machine to pass the dia-
wond aerogs the periphery of the wheel
and the control knob to regulate tae cul
g shown in Fig. 8,

e o e s

RS & AR sy ] VoA F A Ml e
! ' ! ’ Ie PR ‘?" ":) 4}" ‘q
! ‘ L AN Y
! - Seyend e T
t A SRR
! H‘ml e N s g
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See thal the Llable stop Is tight, only take
LIGII'T cuts and pass (he diamond over the
wheel slowly and with i continuous regular
motion.  When mounting the wheel on
miachine spindle place it with the recessed
gide luw.ndb the machine as gshown in

Fig. 2.

FFrequent dressiong of the grinding wheel

is nol necesdaary.  Conglderable quantilies
ol culters ghould be ground between dresg-
ingg and after the initial truing of a new
wheel subaequent dressingg should be of
the lighlest eharacter.

4
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CPONING OF CyTTEpe

I T

// ......... T~ *\\ _‘.3- ’
7 Magped cdpe THE RIGIHT AND WIRONG WAY OF STONING
% aller g'l‘lmhn[)
P
/1
] N .
| \

3 Shows ragpged
\ R a e m————— b S e oo . -
\\ TN cdge of cutler

aller grinding

N
\ the flulest
“‘}\
\.\‘7::_1._,__.__>___._,. L ] v
SR X THEWIGHT WAY - Culling edge is on

thd outside periphery of cutter track,
wiilimbuck of culter clearing the job. |

Edpe afler
bSlonlng

B W

/ Shows cdpge

A, of culter
alter Stoning.

)4 THE WIONG WAY - Dacl of culler

O . .
wlt’::-.-.._w_»/j. { > [urs vutside periphery of culter,

with the result thatl rubblng of the
, back on the Job vecurs.
Papge 7O ‘



- . S8TONING OF CUTTERS

Afler grinding, the cutter must be stoned up before using_to remove the ragged edge. This is
done by using a No. 183 or 177 Carborundum slip stopé dipped In paralfin and applied to Lhe edge
of the cutller as shown below. (Stones are Illustpiitedioin’Page 47). g€orrect BlOnl.ng can only be
achleved by practice, but most operalors have no dlfflculty withthis operallpnx after a few weeks
expericence. A reliable guide as to whether the culter has been properly stoned will be that lile
job wiil almost feed itself, Instead Of requiring force inifeeding past the culter. In additlon to
stoning after grinding, the cutterywill*need restoningbeliveen regrinds. The length of time the
culter will retaln ils edge w-lll deépend on the gmaterial, and may vary between half an hour and
two hours or more. IHerg again, the effort required to feed the work s the best indication of
the condilion of the cutter and whetlh@r stonlng is required. ;Slonlng for half a minute should

be sufficient and the cutter should stapd between four ar_nd elght restonings belween regrinds,

depending on the skill of=the operator.




TYPICAL OHESTIONS AMY) ANQWEPS NN WNQD ROYTER CYT™rER SUHARPTMINCG

. ’
Is a culler as despatched by thesmakers ready for use?

No. It requires honing or stoning before being used. The cullers are sent out as they leave Lhe
Grinding Machine. They are not stoned up at our Works as the edge maybe damaged in lransit.

Is the use of a slip slone necessary on router cullers?

Yes. All cullers should be honed before using on the Router. The sharper the culler the better
the finlsh and the [aster the feed.

Whal sort of slip stoue should be used, and what methods should be employed?
Sce recommadations as regards stones on Page 47 fandithe method ofgstoning, Pages 54-55.

0

HHow oflen should the cutler be honed?

This depends on the timber being cul.  Stringy llmbex: may require'a stone on the culler every
20 minutes, while on clean stralght graln wood, the cutlter may run fo® an hour.

When does a culter need sharpening?

When the worle is difficult to push past the cutler, or when the finish is not clean and smooth;
the two characleristics generally gotogether. When the cutter is sharp, the work will almost
feed itself,

Whal determines whether a paneléculler should he geéund in the [lute or on the relief?

The general praclice iselo grind in the llute, as's8hown on Page 48, and continue to do so unlil
the relief or clearance)) shown on Page 44y, bécomes insulficient. Then regrind the relief as
shown on Pages 49 to 52.

Is there any means of rulng the emeryswheéls on the Culler Grinder?

Yes. ‘The diagnond™mountedrin/a steel lolder, 1" dlameler, is shown on Page 47. The method

for truing wheel™No. 146 18 sliown op Page 53. When truing the [ace of the wheel No. 141, mount
the diamond in place of lhegeutter on the altachment S. F. A, shown cenlre of Page 48, and proceed
as described on Page 530

Is machine grinding of cullers essential? /

Yes. ‘To gel good work, and economy of cutter life. See Page 45.

o Page 7=



ROUTER GUPTERS FOR NON-FERROUS METALS,

e
-

CUTTERS FOR NON-FERROUS SHEETS.

Wadkin culters are made In two ranges, one having a profile_suitable for cutting Dural and Brass, and the
other suilahle for culting Aluminium and Alclad. In general, these cutters are quite suitable for use as
sent out, without modifjcation of the profile, bul some operaters claim to obtain improved performance by
shghtly modilying the profile of the cutter to suil the particular specificafion of metal which they are cutl-
ing.

‘These modifications may be regarded as refinements and should not betattempted until the operator has
become quite proficient in the use of the machine.

The lypes of cullers available are showngona@ listywhich is issyéd andsreviged from time to time, and can
be oblained on enquiry from us. Ail WadKin cutters are numberedjand it 1s advisable to quote the refer-
ence number when ordering or referting to specific types and sizés of culters.

For culting out from sheel the besl Size'lo use is a 3" diameter double-edged cutter, having a 3' diameter
shank. It is possible to use a i" cutter,where " internal radii are essential or 3 diameter, il required.

CUTTERS FORPROFILING CASTINGS S'I‘AMPINGS AND NON-FERROUS METAL FACED
PLYWOOB, ETC,

For thisselass of work weé recommend an entirely different range of cutlers from those
used for sheel culting.q Indfreneral, these cutlers are Z section with straight flutes, but it
Isyadyisdble to consult us before ordering culters, to ensure that the most suitable type is
useddor the partigular'metal to be cut and for the amount of melal to be removed.

$17Z1S OF [CUTTER SHANKS.

All cuiter shanks ogt the cutlters we supply are held to a limit of +. 0005 and -. 0005, i.e.
a tolepance ofon€ thousandth of an inch, but whalever the diameter it is most important
that dhe shank is parallel. A culter shank over . 0005" taper will not glve satisfactory

resulls. '

- — SMALL CUTTERS FOIl SPECIAL WORK SUCH AS GROOVING

When using small cullers, such as 3' or 3/16'" diameler, we 1eco;_nmend ordinary wood

cutting spoon bits, and these are quile sallsfaclory. Always ghorten lhe culling blade as
Typical culler  much as possible to avoid breakage. This is best done by the user himself as the cutters
for profiling. can then be she-tened to sult his own type of worlk.

Pawe 7S



IHOW TO TELL WHEN A METAL WORKING CUTTER NEEDé RE-GRINDING.

The first thing a rcuting machine Opgl'a(or should know i8 how Lo lell when the cutter i3 sharp and working
correctly. The answer is that when the cutter is right, the chips will leave the,cutter bright and curly, and the

feed will be su easy that the job almost feeds itsell.

between grinds.

When these conditions exlst the culter will have a long life

If the culler is incorrectly ground, the chips will come off In stralght shreds, and an excessive amount of force

will be needed to_push the job past the culler.
is always the danger of pushing the end off the culter.

Good work is out of the question under sucliconditions, and there

If the culler is nol working correctly, stop the machine immediately and find out why,

'fo ensure lhe maximum life of the cutter, and alptheysameytime obtain [Fee cutling, It 1s essentinl
that the culter is kept efflciently lubricated. Always use a lubricant consisting of @ mixture of

paraffin and lard oll.

The simplest method of application is by brushing the®lubricant on to each

blank before clamplng. The lubrican! needionly, berapplled on thesSheetsgn the track of the cutter.

THE IMPORTANCE OF MACHINE GRINDING:

]

Wadkin metal working router cutlers (except
special purpose culters) are supplicd™witliniwo
spiral culling edpges, a3 shown(in_the skelch below.

Culting Edge

: 010.,

Culting Edge

All metal cutlingyrouter cullers have one edge ground back
. 010.3This Is"done in lhe formed rellel grinding so that the

normal re-gpinding in the flutes of the culter will not be
affected.

In order o preserve the culling diameter resharpenlng Is
done by regrinding the two spiral flules equally. Experlence
hassshown that free hand grinding does nol glve Lhe clean
smooth Lhroat essential for chip clearance and good culling
and, In consequence, gives nothing like the life between
grinds that a machine-ground cutter gives.

Another Important point is that it is almost impossible o
grind equal amounts from bolh edges free hand,

By resharpening by mechanical means, not only is accurate
grinding ensured, with both edges of the culter ground iden-
tically, but the minimum amount is removed {rom the culler
at each regrind, ensuring a longer life than as possible by
the mosl careful free hand grinding.

For delails of the recommended grinding machine and
atlachmenls, see pages 42, 45 and 46.

' Page <



REGRINDING STRAIGHT OR SPIRAL FLUTED CUTTERS FOR NON-FERROUS METAL

e SHEETWORK ON N
R -

ul —

ATTACHMENT D.G.A. |-
. |

TO SET UP FOR GRINDING STRAIGHT ELUTES.

The cutter is ,placed in the spindle nase and the atlachment adjusted to bring

the flute inlo correct relation with theywheel, i e., parallel with the table slots.
The table and cross slide should, then be locked, and the rise and fall of the
table ~d _the ‘radial adjustment screw "A' only, should be used during the
subscquent/grinding operation. ,

The cresd slide of the table, must not be used to put on cut after once setting
Use grinding wheels up, ‘as,this will alter the contour of the flute, thus varying the cutting angle.
Nos. 137 or 138.

TO SET UP FOR 'GRINDING SPIRAL \ FEUTES ON METAL CUTTERS.

The set uplandumethod ofgrinding in this case is PLAN VIEW SHOWING HEAD SET OVER
identlcal™with fhat for tiestraight fluted cullers FOR GRINDING SPIRAL FLUTES.
excepathat it is necessary lo set over the head
asgshown below to bring the flute into the correct
paratiel relation with“theMtable slots.

ITwil! also be neeessary to change the slotled
sleeve. To do this fi¥st remove the handwheel B
and collar C/bydoosening grub screws with (he
special Key provided.,  Slacken off grub scerew D
in the end af e spindle and withdraw guide pin E.
Unsgcrew the three countersunk screws F from
the sleeve. The sleeve is now free Lo be with-
drawn from the spindle.

Page 25



M HOD O GRINDIMNG FLUTES ON TUE ATTACHMENT D, G A

ol
i

il

Bring the cutter inlo the correct relation
with the grinding wheel by adjusting the
table slides. Lock table slides and lock
cutter as shown above. :

BEEASMLON I

2
.
) 8-
L KM

L

relative tofthegrinding wheel by turning
the small screw as shown above. Both
flules ghould be ground at theyone setling.
If after examination bath edges have not
been cleaned up, putd@nmore radial cut
and repeat the grindingiopération. Both
flutes should be ground after each adjust-
ment to engure that both flutes are ground

ldentically. Page &

2

Thefgrinding is done by.sliding the cutter past
the'wheel, taking care to get the stop collar
ncar the operating handles This motion is
controlled by a_grooved sleeve. Raise the
table untilygthewheel makées contact, and draw
spindle rightback after making each stroke.
Turn throtigh 180°, then grind the other flute.

spindle 18 drawn back to bring the diagonal
pin clear of the bush, as shown below. It
is then rotated half a turn to bring the
opposite flule Into position, when the pin.
can be re-inserled in the bush.

/



TYPICAL QQESTIONS AND ANSWERS ON METAL CUTTER S8HARPENING,

Is a cutter recelved from the Stores ready for use?

[y

No. It requires honing or stoning before use. The culters are éent out aa they leave the Grind-
ing Machine. They are not stoned up at our Works, aa_the‘eutting edges would be damaged in
transit.

Is it permissible to use an oil stone on the outsidefof thes¢utters when dull ?

This is the easence of routing and the key to high performance. - Assg8oen as the éutter begins to
drag, stop the machine and hone up the cutler, on the outer edges/untilithey are sharp. This can
easily be done in half a minute and the gnethod 18 iilustrated on"pages/54 and 55.

How often should a metal working cutter be stoned?

About every hour. On hard mategialjit.may be every haif hour. On some sofl materials every

two hours, but on aluminium and alelad,sheets it pays'to keep the culler sharp to prevent pack-
ing on lhe cutter.

How many timmes should a culter be gtoned belween regrinds ?

A cutter should stand fourito eight stonings depending on the skill of the operator. .

What stone should be uséd,and should it be used dry?

A No. 183 CarborundumnSlip Stone. Dip theystone in oil and paraffin to give the best results.
Should the cutlers'be used dry on metal 2 .

No. Always use anlubricant consisting of paraffin and lard oil, mixed and applied to the sheets
by brush befoerescommencingsto, cuty, \The paraffin is only a thinner to help to spread the lard

oil, and only ‘enough for Wie purpese should be used. Excessive paraffin causes a blue smoke
. when catting.

What causes metal chipsto'pack an the cutter?

Gencrally, blunteeutterss) The wrong shape of culter, especially on aluminium and alclad
shect® will causenit,“also a lack of lubricant.

What causes chips to,pack in the gulde bush?

Blunt culférs™), They make shreds of swarf which work up inlo the bush and weld to the shank.

If the cullerdis earrect the large curly chips cannol pogsibly get into the sm;}ll clearance
belween cutterdand guide bush.

What causes shudder when culting?

The culler has not been stoned. The rough saw cdgc left by the grinding wheel cauges it.
To cure 11 stone the culler.



1 ¥PIcAaL Quis I'IONS AND ANSWENY - Cominuea,

-

Can {he loss of diameler due to culler wear be compensated for ?

Yes. All Fixed llead Rouling Machines are now sent out with a range of gradedipins :-
. 005", .010", .015", . 020" on all sizes. On the Radial Machlne, undersized'guide bushes can be supplied.

What Is the feed speed on the Router?

Feed as [ast as the culter will take it. If the cutller i8 sharp Lhe job will almosl feed itsell andywill only require
guiding. 1f the job needs pushing the culter is not sharp. On metal ga good Speed on strafght work is 4 inches per
second. On intricate shapes, it I8 impossible to feed at this speed; andghe limitation i& the 8peed at. whlch the
operator can manipulate the job, generally, 1 to 2 inches per second:

Can sheet steel be routed?

No, only non-ferrous metals such as Alclad, Dural, Aluminlum, ‘Brass, Copper, Lead. Not Bronzes, Zincs or Tin.

TUNGSTEN CARBIDE TIPPED ROUTER CUTTERS.

) Type 60, Two Edged Panel Cutter, for cutting
As a general rule, lungsten carbide culters !

ahoulg only be used wh‘:an high speed steel  ptiside profjles only. Not suitable for sinking
cutters will nol stand up to the hardness of Pr cutthg; I"qup;,pr(’“!lfs' L

the material being routed. ‘They are not T la. 3 2 2 ,
suilable for ordinary timbers and will not i - ] Length ?‘" cut " . '

cut half as cleanly as high speed sleel on i i 13

wood.

Tungsten carbide cutlers are necessary

on the following malerials :- Type 61, Two edged Panel Cutler, for sinking

and cutting on side.

Resin bonded plywoods, wa6d pulped ' - Dia. " Lo s In
board and wall board, plastics such as Length on cut
Holloplast and Catalin. \Linen and paper ““H“‘ M Iy | i in 1" 1 1in

based materials, suchtag Tufnol and
Elephantide, Aluminium alloys, die
casl or wrought, eontaining silicon or

manganese (theréwake certlain high Type 62, Single Edge Spoon Bit, suitable for
silicon alloys which are loo hardeven sinking and culling on slde;.
for tungsten carbide on the router). Diameler i

All sand cast aluminiumycaslings’ '1‘353"“' Length on cul i

Other sizes and profile cultegs of all types are
avallable lo special order.
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SHARPENING TUNGSTEN CARBIDE’ROUTER CUTTERS.

Tungsten carbide cutters cannot be sharpened with ordinary grinding whecls or honed with
Carborundum honing stones. Theygrinding,can be done gh"the,N{'U. Grinder and S. F. A. Attach-
menl described on pages 45-46, using grinding wheels 861 and 87R described on page 46. Use
the wheels dry; 86R for roughing, laking very light culs,“and expect to take a long time remov-
ing a small amount of carbide. “Finish grind dryfusing wheel 6§7TR. In order to get a good .
culting edge it is necessarysfto'machine lap with wheel'No. 145. This wheel is made from soft
malerial and Its cutting edge is impregnatedwith diamond dust It is expensive to use and
should be used for finalTinishifg. It can,hof course, be used for grinding in place of the E6R
and 87R wheels, but dhe wear and cost ofythe laps would be prohibitive. Never attempt to true
the diamond lap. When using the macliinelap’smear the face of the wheel with oil and then

lake Lhe lightesl pogsible culs to gelya polished face and a clean edge. Finish the cutting edge
with a hand lap, whieh is also impregnated with diamond dust and is illustrated on page 47.

The best methed of using the fiand lap is to immerse the lap and tool under water and hone in
this position. “This Is recommended so that the diamond dust freed from the lap floats to the
surfaceof the water and, does not become abrasive between the cutler and the lap, causing
excessive wear on theslap. 'l this i8 not possible, use as much water as possible to swill off
the diamond dust.

The generalingtructions en stoning cutters on pages 54-55 apply to tungsien carbide culters
except that tife diamond lap is used instead of the Carborundum stone.

Tungsten carbide cutters sent out from our Works require honing with the hand lap.

/
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CONCERNING CUTTER COLLE'Q
Never over-tighten a collet. The’shQukr or scre @vided
is designed to give the maximum x\ en used by the age
operator. The use of a pip ench strains &m@n’d actually
reduces the grip on the \ ‘

Never allow cutte roject from th @ t more than is absolutely

necessary. dt is a golden rule %earei' the culter to the collet,
2
the bet t and the 1 life of.the cutter. -
N Q
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