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Thl l Bookl et Is Intended to give a 
prodwcl ng components from dural sheets 
and ROuting Haehine, 

genera T I dea of the methods of 
on Wadkin Radial Ana Drill 

Th' Methods described are now standard practice throughout the 
IrHhh Ai rcraft Industry where high standard of accuracy is essential 
wlU! • ",Inl_ out lay for jigs . 

Th, ~Jor advantage of nesting or grouping a number of s~11 jigs 
.. shown, Is that a saving of ruterlal can be effected. which In many 
Irlthh Aircraf t shops amounts to 30 per cent , -compared with the previous 
"~hod •• 

Tht Ill us trAtions were taken when us ing a sma ll nes t of j igs , so that 
CiD,. up views showing all detai ls coul d be obtained, but the same procedure 
hOld' good fo r sheets of any si ze. The same methods are also suitabl e , 
1',,1' prOducing large members such as wi ng and body main webs up to 20 feet 
0" ""'rt long and the external shaping, the lighten ing panel holes . all 
GrillIng clln be done at the same setting as the jigs. 

Th, .. mach ines have proved equally effective for use on 
'Ift}(Id or 'Stacks of plywood up to 1.In thick. The method of 
Oll,r.tlon is sfmilar to that for dural and same high s t andard 
of ftnls h ts obtafned as from the fixed head type of router with 
lidllch most fi rms are familfar . 
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RADIAL ARM ROUTER TYPE L.E. 

Thts m~chtne has been designed for cutting l ar ge components from the dural, or 
• nuniler of smaller patterns from one sheet. The principle for opeNtion 
i t based on a movable router head being worked round jigs secured on the top 
Of the duralumln sheets , as clearly seen in lhe following photographs. 

A f. ature of the mach i ne is the use of a stationary guide bush, which reduces 
wUr on the jigs prof ile to a minimum . Best results are obt ained by using 
• I t,. 1 profile plate approx. 1/81n thick and plywood packing and a 3/81n 
dt.Mlter cutter in a S/81n dialeter guide bush, but the choice of cutters 
.nd Jigs Is dealt with on pages 28 and 29. 

11" machl ne cons; 5tS essent; a 11y of a mal n bOdy and sw1ve 11 i ng frame carry1 n9 
• !lOvable radial arm. The arm con be swung through a full circle. 

Ih' radial arm i s a alu~ i nium casting carrying two hardened steel rods along 
H. enti re length , which forms the runway for movement. The ann mo ves on four 
b. 'l bea ring rollers in a swivel fra me, t hree of which are adjustabl e. 

Ih. route r head embodies built in motor of 2/8.5 h.p. rating and has a 
v' l"tl cal rise and fall movement of 41n. The head is fitted with stops to control 
~h. depth of cutting. A spring plunger holds the head In the required position 
~ I plndl e lock 5nd also brake are provi ded . Motor Is of t he Squi rrel Cage 
~yp, and speed of 24000 r.p.m . is obtained by means of a frequency changeI' 
housed In the base of the main frame. 

Contro l is by push buttons mounted on the router head , and tile cable is carried 
In • hi nged conduit . 

th, work t.ble Is a separate unit consisting of a wooden top secured 
to . ubstantial cast Iron legs r igidly cross braced. It is IIIOvab le al ong 
It. , l r.lls , Full details of tile tllbles available are given in the fol lowing 
p.g .. 

lh. Mu.I-u .. si ze of sheets thllt can be covered without mo ving the table are 
.. fo llows. 
1l n.Oln X 2In.6In: 61n.31n X 21n.gln: 51n. 81 n X 3In.Oln: 
~\on us i ng a mo vable t .ble ,sheet up to 4ln .Oln wide and of any length can be 
rout.d. 
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This mach ine has been designed for drilling holes up to 3/81n diameter in light 
&t loy components including the nesting or tooling holes in the dural sheets, 
l)repa rHory to routing . 

A. In the case of the router, it cons 1 sts of a mal n body and $wive 11 i n9 frame 
c. rrying a radial arm on the end of which is moun t ed the drill unit. 

rhll radh l arm is an aluminium casting which moves through the swivelling frame on 
two circular steel tracks and four ball bearing rollers . Swivelling frame can be 
t~rned through a full circle. 

fh l dril l head embodies a squirrel cage electric motor rated at 1/2 h.p . and runn ing 
H 2.800 r . p.m. It Is f itted with brook self-centring chuc~ of 0 to 3/81n capacity 

A Yer tica l stroke of 2in Is obtained by means of vertical stee l rods working in , 
4 ba ll bearing rollers, ensuring a rigid yet effortless mo vement. A vertical 
adJ ul tment of 3in is also provided, to set the drill relative to t~e face of t he 
J IQ . 

A pneumatic clamp is fitted to the drill head to press t~e jig and set the s~eet 
ftf!fl ly together, and prevent swarf entering between the sheets . The clamp,is 
.rr.nged to carry two clamp shoes and bot h t hese' are_supplied with the machine 
~nd ftre i nterc~angeable. The most usefu l type is that designed to carry gui de 
but hes up to 3/81n bore for IJse on bushed Jigs. The second type is a claw 
t hOe for the use on bushed jigs. Bot~ these shoes are illustrated lat er In 
~hh book. The clamp is operated by a pis t on va l ve on the top of the operating 
!l.ndle and is designed for use with compressed air up to 100 lbs per sq. in . 

11ut h but ton control is bui 1 t into the dri 11 head and a hi nged conduit prllvi ded 
f or cabling. 

WOrk table is movable along f loor rails and consists of a s t out wood t op 
Clrrled on cast iron legs ri gidly cross braced. Full details of the tables 
.ro gi ven in the following pages . 

rhe mini mum size of Sheets that can be 
'0 110'01$ ;-
11n.01n X 2in.61n; 6in.3in X 2in.gin: 
When us ing a movable table sheet up t o 
hondl ed . 
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covered without moving the table are as 

5in.8in X 31n.Oin: 
41n.Oln wide and of any leng th can be 
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This type of table is a new development 1n Radial Routing and has been introduced 
to . limi nate the hardwood table top and the jig base board wllen preferred. The 
I.tta r has not proved entirely satisfactory in service due to unseasoned jig 
bOlrtls being used, and subsequently twisting. Another disadvantage is the bulk 
0' the j ig boards for storage and damage done to them when stored in racks, and 
their general deterioration of over long periods of service. 

In the table arrangement outlined on the blueprint. no wood parts are used 
'XClpt the packing between the profile plates and the sheets and this can be 
sc rewed to the steel profile plate as before. The longitudinal rails A and the 
CI"OIS ralls Band C take the place of the hard. wood table. These rails are of 
brigh t steel fitted with a dovetail slot. The rails A are pennanently attached 
to the tab le frame, and rails Band C are attached to A by dovetail bolts, s8 
that they can be set in any position, square or swivel up to any angle of 30 

Th, bushes 0 locked in position anywhere along rails Band C on dovetail bolts , 
t.~. the place of the wood base board of the jig, and support the sheets. The 
prMlle pla te and the packing are placed on top and clamped down in the usual 
III(Inne r . These bushes can be positioned anywhere over the surface area of the 
tOble by adj usting on the rails and moving the cross rails 8 and C to suit 
lIIe drill ed holes in the profil e plate and when set up they remain locked 
ch.ngt ng the sheets. 

!~'. ~~~t~e~~~~!m:~~s~ather large but these can be made to any required size 

In consi dering changing over from one method to the other , the table frame is 
tde ll t i cal and all that is required is to remove the wood top and fit the 
longi tudi nal rails A to the top of the table frame. 
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LAYOUT ARRANGEMENTS FOR THE TABLES FOR RADIAL ROUTING AND DRILLING MACHINES 

ThO wor k tab les for the radia l machines are mounted on sma ll groo~ed rollers 
and run on gui de rai l s f astened to the f l oor . A major advantage of this 
I rrangement is that work of any lengt h and up to 4ft wide can be conveniently 
dril led and routed on a work table of suitable length. Tables to 28.0in 
lon9 have been supplied for main spar webs , and a power trave rse for tables 
more t han 12.0;0 long can be suppl i ed. Standard t ables are supplied in two 
. h as . 

8.0tn X 4.01n and 12,0;n X 4.0in 

LAYOUT OF MACHINES ; 

The re are 3 genera l methods of us i ng t he dr ills and route rs. 

1. One dr i ll ing machine and one routing machine and two tables set out as 
Ihown on the layout over . The drilling can be done on one tab le , whilst 
the router is done by a second operator on the other table . When these 
operati ons are finished, the two tables are pushed along the rails, to the 
posi ti on shown in t he lower view , the first tab le to be re loaded and the 
ItCond table to be routed . An ext ension of t his system is to ins t all 4 
tables and longer rails , so that a third operator may be employed in loading 
$rld re loading the two spare t ab les . 

2. To keep the drilling and routing operations ent irely separat e , and all 
dri l li ng on the sheets on drilling machines, and then pass al l the work to a 
.tparate routing sections . 

J. To insta ll our L. E. G. machines having both drill and router on ·t he one 
maChi ne and have one operator completely finish t he components from the blank 
sheets . This has the advantage that the diffi culty of ba lancing the dr illing 
and routing times does not arise . 

An extensi on of this sys t em is to have a second table mounted on rai ls 
on the oppos i te side of the machine , so that a second operator can be 
un loading and rel oading .whi ls t · t he first operat or is. drilling and routing . 

Al l routing and dr illing machines types L.E. and L.G . are sent out wi t h 
the radi al arm prepared to receive a second head, thus converting ei ther 
~pe combined machine having routing and dril li ng heads. 
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ReCOMMENDED LAYOUT OF ARM ROUTING & DRILLING UNIT 

After Drilling sheets on tabl e 'A' and routing on table 'B' they 
Cln be moved along the rails to the position shown below 
The sheets an the table 'A' to be routed , and table 'B' to be 
~loaded and drilled. 

DRILL 
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THE WAOKIN METHODS OF PRODUCING DURAL COMPONENTS 

The next 5 pages ill ustrate each operati on in the production of 4 dural components 
from the blank sheet to the f inished part . This small set up was so that 
close up pho tographs could be ob tai ned , but the same methods can be used fo r 
large work. 

The dural sheets are placed fh t on the table top . The nurrber of sheet s whi ch 
can be routed at one cut depends upon the gauge , but a tot al thickness of 1/410 
should no t be exceeded , and a thickness of 3/16in or less i s recommended for 
economic working. 
The following t ab le Is general guide :-

"0. of sheets . 

4 or 5 
J 
1 

Feb. 77 
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22, 
16, 
10, 
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rigl&f1g2 . 

The nesting jig (F ig 2) is nonr.ally ~de of plywood approximately 3/41" thick 
,uld Is the same size as tile sheets. The functfon of this jig is to position and 
drill the tooling lIoles required for locating and c1alilping Jigs . 

This nesting jig is made by setting out the individual router jigs on plywood 
boa rd and arranging them to show a mlni.um waste of space , which is equivalent 
to the scrap on the dural sheets. Care must be taken to see that just over 1/ 21n 
gip Is left between a~ two jigs, so that when routing the cutter can pass between 
tile jigs . 

The too l ing holes In the individual jigs are now copied back in the nesting 
Jig and aftenlards opened out to suit the bush diameter on the pneumatic clamp 
, hown on the page 22. No. jig bushes are required in the nesting j i g. 

.~:::.:~I~'~"~OW. ready for repeating this corl'tJina t ion of parts with the same rii of scrap on sheet . 

Fig. 1 

• 

Fig. 2 • • 
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Fig 3 

Fig 4 

llle nesting jig is now placed over tlte slleets and h.stened by a few C clamps 
tile number depending on the she of the sheets. 

TII, locating holes are now drilled through the sheets. the nesting jig locati ng 
tile posi tion of each hole. To obtain accurate drilling the pneumatic clamp 
.nd se lf·centring bush used. lhe clamp holds down the sheets around the drill 
potnt and t he drill bushes wllich is hardened and is carried on the clamp locates 
In etch hole in the nesting jig and thus prevents the drill or a~ rotating part 
touching the jig . thus ensuring its long life and maintaining its accuracy. 

, 
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-----------------------------------------------------. 
Thi S photograph demonstrates t he pnuemat ic clamp action. The hardened bush 15 
ca rried on the clamp which \s operated by a small thumb butt on on the control 
Item convenient to the operators left hand . This bush has three functlons; 
(1) To clamp the jig and sheets finmlly to the table and prevent swarf packing 
bltween the sheets . 

1
'1 To guide the drill. 
l To locate easily and quickly in 
u,nes and drills of any si ze and up 

Jig. and sheets afe now removed from 

the jig ( which does not require to be bushes). 
to 3/8;0 are interchangeable. The nesting 
the table.' 

Fig S 

Fig 6 

This photograph shows t he necessary nesting or tooling holes In the sheets. 
These holes should be all the same diameter for purposes of standardisation of 
the bolts, drill and bushes where the tooling allow 3/16in dia bolts 7/ 32i n 

• 

drilled holes are suitab le sizes . Now that· routiIJ9 practice is so well established. 
components for most new designs ·a~ now planned wi th tooling holes t o hcl1iate 
routing. All the shee ts to be cut should be drilled in this manner before proceeding 
to the next operation . 
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Pleet the base on the table top and screw to t he table top using four 
ICrews. 

Fl 9 7. 

fig 8. 

Thts Is a hardwood on board appro~ l mately l1n t hick which carries t he bolts 
3/16 1n or 1/41n diameter, necessary for clampi ng t he sheets and jigs and 
e.n be pr epared by copy1 ng th rough the holes 1n the nes ti ng j i g , recessing 
tilt underside for the bolts. 

Loc_te the sheets, which now have all tooling holes in , over the bolts and 
Ill', .. fla t Iln tile base board 
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Ftg 9 

Ft 9 10 

The individual routing and dri lling jigs are now positioned on the bolts and clamped 
tn pos ition on tile Sheets. These bolts lIave two functions. 

J
AI To locate accurately the tooling holes in t he sheets and those tn routing jigs 
8 To clamp the Sheets .nd jigs firmly to the base board . 
hese routing and drtlling jigs are made from 1/8;n sheet steel and do not require 

hardening because they do not contact any rotating part . The profile Is made 
uactly to the components t o be cut , and is prepared for drilling holes like an 
ordinary simple profile drill jig. except t ha t bushes are not required , as these 
are enried on the clamp . A packing of 3/l6in plywood i$ required between the 
. tleets and the steel jig for cutter clearance. 

Tight en all nuts. A nut runner is recOlTrnended for speeding up thi s operation . 
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Drill all holes, &~cept of course tool holes which have already been drilled 
.nd used. 

All bushes are tapered at their bottom end so that when the drill and bush are 
roughly positioned ove r the hole In the jig , the latter quickly enters the jig 
when the chulI!! Is operated by depressing the pneumatic control knob In the 
operating handle. The portion of the guide bush whi ch enters the jig also has 
a par.llel port ion , to give pos1tive location t o the drill position , and long 
11ft to the jig. 

After drilling all ho les, push the table along the slide ra ils to the routing 
Nchll1e. . 

When a combined machine , type L.E. G. Is being used, the radial arm can be 
Iwung round , so that the Router Head is over the jig. 
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Fig 11. 
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The cutter head can be lowered to the poSition required to correspond with 
the sheets and positl~ely locked by a pl unger. Always move the head In an 
anti -clockwise direction around the outside of the jig profile, and when 
cutti ng internal panels holes move clockwise. so that the movement Is against 
the direction of the rotation of the cutter. 

In speaking of the operat ion of this machine, i t must be emphasised that there 
Is no pull or snatch when cutting and rigid grip is not only unnece5s~ry but 
ijetrlmental to efficient working. If the cutter Is doing i t s work properly 
a pull of a few ounces Is sufficient to move the head along, as it has been 
found that the action of the cutter helps t o feed the head In the right 
direction. This lightness of control is very helpful to the operator in 
guiding the head around the jigs without slipping at the corners. The speed 
of feeding the head through the work is difficult to esti~te , and in general 
Is determined by the ability of the operator to move the head around the 
jigs. for example. a long rectangular plate say 10ft. long can be cut at 
20ft or 25ft per minute while the speed on small parts as shown In the 
photograph opposite came out at 7ft. per .inute. The time taken on this 
set up of 4 parts, including the three panel holes on the centre piece 
was about 1.1/2 minutes . the amount of cutting being 11 feet. 
From the above figures it may be said that 12ft per minute is a fair average 
for cutting speed. 

The life of cutt er between grinders is difficult to estimate, but many users 
of our radial routers are getting 5 or 6 hours continuous working between 
re~grlnds . The cutter can be re~ground severa l times without practical loss 
of the diameter providing It is done properly on the fixture which we can 
supply. and not free-hand 

It Is usual to hone up the cutters In position on the spindles about every 
hour with a Carborundum stone. The operator becomes quite proficient at this 
after a little practice. 

We wish to stress that the success of routing dural is dependent upon 
correct cutter grinding . as experience has proved that free hand grinding 
le.ds to failure . The components are now finished and the jigs can be 
removed and the pieces taken Off. .. 

fig 12 
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CHOICE OF CUTTER AND GU IDE BUSH SIZES. 

The diagram over shows two alternative arrangements of the jig plat es , cutters 
and guide bushes . 

The upper arrangements is reconmended in all cases where the jigs are not already 
in existence. A 3/810 diameter cutter having a 1/210 shank is used in a 5/81n 
dia-eter guide bush, so that the jig must be less than the profile to be cut 
be 1/81n all round , to COIa\Iensate for the difference in dhllll!!ter between the 
guide bush and cutter. This type of cutter is robus t and gives the best results 
under all conditions. 

The lower arrangement Is used where existing profi le jigs, that are t he size 
of the components , have to be used. In this, t he cutter Is the same size as the 
guide bush , 1.e. a 1/21n diamet er cutter having a 3/810 shank. Is used in ~ 1/2 
dhmeter guide bush. This type of cutter is not robust bec~use the cutting 
dl~meter Is larger than the shank and should only be used where size jigs are 
In existance and have to be used. 

In components where It Is essentl~ l to cut Internal radi i as small ~s 1/81n 
it is necessary to use a 1/4in diameter cutter in ~ 1/21n diameter guide bush 
and this arrangement should only be used where essent ial . 

PROF ILE PLATES 

The next s~tlsfactory type of profile plate Is that made from 1/81n sheet steel 
with a shaped piece of plywood 5/161n thlc~ unde rneath to allow for clearance on 
the top edge of the cutter. Reference to the blueprint will llake the point 
quite clur. Plywood jig l/2in thick can be used for routing. but these are nOt 
to be recommended except for small quantltes of non repeating p~rts. 

GUIDE BUSHES . 

The gu ide bushes are supplied hardened and ground and ~re available in v~rious 
diame ters ~nd bores. Undersized bushes .005in, .010in , .015in , and .020in 
below nonmal size can be supplied to compensate for cutter wear. 
The bush i$ screwed into the guide plate and can be quickly changed when 
necess~ry . 
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HIGH SPEED RADIAL ARM DRILL TYPE L. G. 
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NESTING JIGS. 

The arrangement ShOWn On instruction sheet No 501 is particularly suitable 
for preliminary nesting jigs. This is used for drilling the pr-elfmlnary 
too l ing holes necessary in the sheets, to locate and hold down the individual 
drilling .. nd routing jigs. The table at the bottom of this slu~et gives 
typical bush si zes and these actual si zes are s tocked by Wadkin ltd. Other 
sizes can be supplied to suit special conditions such as small pitch drill · 
lng ete 

The large outside diameter of the bushes are suitab le for plywood jigs. 
When using steel face jigs, use the bllShes reconm:!nded on pages 24 & 27 
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COMBiNED ROUTING AND DRILLING JIGS 

Instruction sheet No.504 shows the cl~mp arrangement for drilling In the 
combined routing and drilling jigs. The steel jig and packing piece are 
the same thickness as those shown In sheet No.S74 although, of course , this is not 
essential. 

The table at the bottom of the Sheet gives typical sizes and these actual 
sizes are stocked by Wadkln Ltd. 

Th ree types of clamp shoe are supplied with the machine. 

(1) General purposes combined clamp & drill bush holder 
illustrated on the opposite page and on the previous page. 

(2) A pressure shoe for use with bushed jigs illustrated on the 
extreme right. This Is used to clamp the jig and sheets firmly 
together and prevent the swarf getting between the sheets , 

(3) A smaller general purpose clamp 5 drill bush holder 
illustrated on page 25 ' 
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DR ILLING JIGS 

The cOmbined clamp and guide bush holder shown across has been introduced so 
tha t jobbers length drills can be used. The clamp illustrated on pages 31 & 33 
requires dril l 4in long and these are not readily obtainable in small diamete rs. 
The portion of t he clamp which carries the guide bush is small and very suitable 
for working inside shaped pressing and also for f ine pitch dril l ing. 
All holes up to the 3/8;n diameter can be done on this bush ho lder , is desired, 
although it is not quite so robus t as that illustrated on pages 23 & 25 
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This photogr~ph demonstrates how the head of t he machi ne can be moved to cover 
all.)' part of tile table. In addition the tab le i s mo vab le on rails to enable 
work outside the r~dlus of the ann to be brought into position for routing. 
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Although the Radial Arm Route~ Is essentially a cutting out machine for flat 
shee ts, several other applications have been developed. 

The photGgraph opposite shows a dural channel being milled to depth after 
pressing. The attachment can be fitted to any standard router In three or 
(our .Inutes. this channel was milled on both edges in 40 seconds, cutting 
tl-e averaging a floor to floor time of 90 seoonds. 

This application Is typical of several similar classes of work that can be 
handled efrl~lently on the Wadkln Radial Arm Router. We should be pleased to 
.dvlse as to Its application to your special problems. 
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