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RADIAL-ARM ROUTER

ROUTING PROCESS AND EQUIFMENT

1. Principle of Routing Process.—In the aircrait industry
routmg is the most commonly used process for the cutting of
aluminum-alloy sheet, when at least one edge of the part, or
hlank, 15 o1 or irregular.  Although most of the material
routerd is dural or Alclad, other soft metals, such as magnesinm,
copper, and brass, can also be routed ; ar present, the process
is not adaptable to the cutting of iron or steel.

e hasie principle of ronting, or profiling, s to stack a num-
ber of sheets of standard size, generally 48 + nches,
a tahle, deill them, al then, with o router hit as the oncing tool,

speration to the outline of a pattern, Thas,
i a is ent by the roater bt bt

of the router patiern o,

simidler heeanse the romter il s gunded arone ittern iy
a pattern [ollower, or guide, o that s larger than the hit, The
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follenwer 05§ inch i dioneter, whereas the router hit 45 %
meh i diwmeter, Therefore, the pattern mwst be made smallée
than the fimished part to compensate for this difference of 7
il i radiis at all points around ts periphety,

2. Application of Routing Process—HRouting offers a
rapil, vel imexpensive, means of cottmg the great variety of
complex shapes and sizes required in aireradt production, 11 s,
however, more expensive than square shewring and  replaces
shearing omly when the parts are irregular in ontline. Routing
= owell suited for either large or small guantities, bul when
as any as ten thousand small parts are to be oot routing 1s
norndly replaced by Blanking on a punch press. because of the
greater coomonny and speed of prodoction,. Routing, however,
15 the least expensive method of blanking large, complicated
shapes, With gowd working conditions, a =killed router oper-
ator can out as many as two-lndred parts per bour, but the
average production is generally less, The usual speed of rout
g s aboul 2 feel per iinute or more, depending on the thack-
ness of the stacked sheets aed the condition of the router

3. Routing requires littde set-up time and is exible in
regirds to design changes.  The tooling cost 1= low since only
a drill wemplet and a router pattern are needed for each part,
Foonting 15 also economical with materal, as small patterns can
be arranged on a large layout, so that generally less than ten
per vent of the stock 15 serapped.

Sinee the parts are cul o mateh router patterns, e
accuracy of routed pares approaches that attainable with hlanlk
ing dies.  Mouwl parts also have clean, smooth edges, which
are free drom burrs that wight cause iracture during subse-
quent forming operations. A barrng operation may e neces-
sary on the top amd ot sheers of a stack, as these shects
are not =0 adegquately supported  during ronting as oare the
genter sheets, Routed edges are especially desiralile on parts
t than

that wre to be formed, sinee cracking 1s less hkely to resu
with parts that have been shearcd, sawed, or blanked o dies,

The arks and seratches leil across the edges of o sheel Ty
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these other cutting methods may set up stress concentrations
and be starting points for cracking ; whereas, the tool marks left
Ly o router bit are parallel to the edges and set wp no such

stress concentrations,

4, Limitations of Routing Process. The limitations of
the routing process are illusirated in Fig, 2. Those edges of
the part that have large curvatures, such as at a, can be routed
readily by following the outline of the router pattern . Since
the difference between the madil of the patiern [ollower ¢ and the
roater bit o 95 g% inch, the part will be uniformly 5 inch
larger than the pattern,  Square inside corners canniot be
routed since the siallest radins, as shown at e, 15 the radins
of the router hit, or % inch, O an outside corner, the radins
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will Le at least equal to 7, inch. Since the ronter pattern will
wear rapidly on the corners, il they are lelt sharp, these corneos,
az zshown at f, either wear to or are given a radius of at least
& el thus making the radius on the outside corner of the
part at least ' inch.

5. The diameter of the smallest hole g, Fig, 2, that can be
rotted is equal to the dianeter of the hit, or 5 inch. Routmy
hioles of the mininmm size. however, is often unsarizfactory,
because of the danger of damaging the router pattern, cither
Liv the router bit or by the pattern {ollower, as the router head
15 dlropped,

Inside holes are also lmited in their position. 11 the holes
are too close together, the router pattern will be so thin between
the holes that it cannot withstand the pressure of the pattern
[ollower,  Thus, as shown at £, the mmimum distance hetween
hodes, ar hetween a hole and the omside edge of the part,
shoukl e at least & mel.  For the same reason, routing is
impractical on parts that have lmg, thin projectioms on their
outer edges,

6. Radial-Arm Drills and Routers.—T1The machines il
1

wils nsed for drilling and routing vary semewhat in differ-
et aireraft plants, hut are all similar in principle.  The radial-
arm drills and routers are identical in genceral construction.
with the exception of the drilling and ronting heads. Each
machine consists of a heavy steel base on which one or two
arms are pivoted.  ach arm 1s jointed in the nuddle to peruit
free movement of its end to any place within fts reach, Thus,
an arm of 114 inches can cover a table 48 by 14 inches in
size, amcl on o smaller machine an arm of 84 inches can cover
a table of 48 by 72 inches,

Some machines have only one radial arm to which either a
drilling or a routing head may be attached, Other machines
have two arms, one used [or drilling and the other for routing,
or hoth arms may he emploved for drilling or both for routing,
By using a machine for only one operation, the drilling can be
done away from the routing, This practice is more efficient

n
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Fig 3

since routing requires only hall as mueh time as drilling.
With a comnbination machine having one rounter and e drill,
the router is idle a greal parlt of the time, Performing he
routing and drilling separatelr alsa prevents chips o the
roater bit from interfering with the drilling operation, as can-
v eurtaing may be hung around each ronter or pair of routers
i localize the chips,

7. When a combination machine is nsed, two tahles, each
measuring 48 by 14 inches, are provided [or holding the work
during the drilling and routing operations.  These tables are
fixed to the foor, and the drilling is done an one tahle while
the routing is done on the other. The arms are then swung
to change operations. When machines are operated in pairs,
however, the work tables should be mounted o casters so that
they may be moved successively to one location fur loading,
to a racdial-arm dnll for dolling, to a router [or ronting, and
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finally to the unloading station.  Steel plates should be set in the
floor at the drill and router locations, and quick-acting clamps
should be used to hold the table legs firmly and to insure that

the table tops will be level,

8. Drilling Head.- The drilling head shown in Fig, 3 is
used for stack drilling in conjunction with a drill emplet, and
consists of an clectric motor enclosed m the housing o, and
arranged so that the drill b ois chacked directly to the end of
the mator shait.  There is no intermediale gearing for speed
control, but on this particolar make of head two speeds, 7,500
amndd 13,000 revolutions per minute, are obtainable with the speed-
selector starter buttons in the switeh ¢. On osuch heads, the
drill iz fed into the work either by compressel air or by a
separate electric motor.  On the head illustrated, the feed
mechanism 15 driven by compressed air and is controlled by
a valve o on the right-hand end of the control bar o0 Rotation
of this valve in a clockwise direction causes the drill head to

n
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move downward,  As long as the valve is so held, the drill
continues 1o descend until the end of its travel is reached, or
until the valve is turned counter-clockwise to reverse the direc-
tiom of travel.

8. Electric Feed Mechanism.—Cin a drilling head, such as
shown in Fig. 4, on which the feed mechanizsm iz electrically
driven, a trigger g contrals the vertical movement of the deill,
When the trigger is pressed, a reciprocating clectric mator
mioves the drill down and up through one complete cyvele which,
once started, cannot e stopped,  Therelore, the Tecprocating
motnr should not be started by its push-button control switch
uniil the hole positioner has been lowered into a templet hole.
As osoon as the deill head begins to move downward, the
trigger should be released so that the dnll makes only one
cvele,  IF the trigger is held down, the drill will continue 1o
niwove up and down, and will finish out the cycle it may have
started when the trigger 1s released,  The feed of the drill
15 vomtrolled by change gearing that can
15, or 23 complete strokes per minute.  Small drills should be
fed at higher speeds than the larger drills, but a feed suit-
able for the whole job should e selected since frequent gear
changes arc impractical,

e selected to give 91,

10. Hole Positioners.—To enahle the drill to be centered
yuickly over holes in the drill templet 6, Fig 4, the drill iz
provided with a hole positioner ¢ that 1s operated by the con-
trol bar d. The positioner ¢ is attached to a slide bracket ¢ that
15 adjustable vertically by the control bar. A small projection
f on the bottom of the positioner is tapered so that it ecan
center exactly in the templet holes.  These templet holes are
nob of the same size as the holes to be drlled in the stock, bt
are made larger so that the positioner can quickly arml accurately
he centered in them. On other makes of drilling heads, the
positioners may be constructed  somewhat  differently, but all
of them are tapered so as to center in the templet holes,

11, Drill Chucks.—Since the drills on drilling heads of
the type shown in Figs, 3 and 4 operate at high speeds, the
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chucking arrangement is unlile that
for ordinary drlls. A cross-section
of the chuck 15 shown in Fig, 5,
The drill @ is held by a set screw
moadrill holder &, which in turn is

gripped moa lapered and slotied |
collet o The collet is wedged in J
the spindle by the upward pressure
exerted by the chuck as it is tght-
ened on s threads, The  drill
holder b cannot be used for any

AT

|

drill excepr one of the exact size for

which it is made, since a smaller
drill would be thrown ol center by
the set screw.  Therefore, when it
15 necessary to change drill sizes,
the drill holder must be installed
with the drill in place.  The hole
positioners must also be changed
with the drills.

The drilling heads shown in Figs. 3 and 4 can use drills up
to 4 inch, but drill holders and hole positioners for only two
sizes, No. 10, or 1935 inch, and No. 41, or 096 inch, are
stamlard equipment. . The No. 10 holes are the tool holes
drilled ta receive the % inch hold-down lag screws, and the
No. 41 holes are the assembly pilot holes.  To deill holes of
other sizes, different holders and positioners are NECESSATY,

Fig., 3

12. Routing Head.—The routing head, one tyvpe of which
is shown in Fig. 6, is similar in appearance to the drilling head,
but differs m the controls and cutter assemblies. A drill cuts
downward only, whereas the router bit, as e, cuts both down-
ward and sidewise.  The router motor is controlled by push
buttons and runs at 15,000 revolutions per minute. A brake b
is provided to stop the spindle quickly after the motor §s turned
off, and a spindle lock ¢ on the leit side of the head keeps the
spinddle from turning while the router bits are being changed.
The vertical movement of the motor and bit is controlled by
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an air valve . Turning the valve to the left lowers the hit
to the work. and turning it to the right raises the hit, On
some heads, the vertical movement 15 controlled by two separate
Iuttoms on the control handles.

The pattern follower ¢ is kept in contact with the pattern i
during the routing operation, and is surrounded by a bracket g
that has inside of it a mixing nozzle for cutting oil and com
pressed air,  This mixture is blown on the router hit to conl
arul lubricate it and to wash the chips away from the bit. The
il hose /i leads to the coolant tank in the forearm segment,
and an air hose in the rear of the bracket leads to a com-
pressed-air Jine,

13. Router Bits.—Router bits are special single or double
helical-fluted end mills that differ [rom ordinary end mills in
that they have a shightly concave face, and require a greater
rake and clearance because of their high cutting speeds.  Two
Linds of double-flnted bits are uwsed, the up-cut bit shown in
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Fig. 7 (o) and the down-cut bit shown in view (b)),
The up-cut Lit, having a right-hand helix, can eut
straight down into sheet metal,
whereas the down-cut bit, hav-
ing a left-hated helix, cannot
drill through the wwtal, but
must enter the work from the
sitle and can therefore he used
only for outside cutting.  The
latter tvpe of bit has the
advantage of pushing  down,
rather than pulling up, on the
sheets heing cut. However, 1o

avold the necessity of changing
bits during the routing oper-
ation, up-cut hits are generally
used,

Single-fluted bits of the up- )
cut type are used io a greater Fre. 7 Fre. ¥
extent than are double-fluted
bits. A double-end bit of the single-Auted {ype that has heen
correctly ground s shown in Fig. 8 Some plants use only
single-fluted bits, having either one or two cutting ends, wherens
other plants wse single-fluted bits for S0 material and double-
fluted bits for 5T material,

14, Use of Resharpened Bits.—The quantity of work that
can e ronted with a bit depends on its sharpness.  As soon as
its cutting edge is dulled, the cutting speed nmust be decreased
and, furthermore, there is the possibility that the tool will jam
in the cut and break.  For routing aluminum alloys, the hits
should be resharpened after approximately 2 hours of use by
removing  just enough material o renew the cutting  edge,
When a bit is resharpened, its diameter s reduced,  For most
worls the reduction in diameter is unimportant, but when close
tolerances must be maintained, this difference must be taken
into account, especially if the bit has been sharpened several
times,

EEmkh
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The wnly way in which

wljustment can be nuade Tor
the reduction in diameter of
the Int 1s by the use
of i mew pattern fol-
lower with a corre-
spondingly redueed
diameter, Since  the
original difference
between the rudn of
the follower and lat
wits 5y inch, that difference must
be retuined with the resharpened
it and its  dollower. General
practice is to marl bits that have
heen redoced in diameter by 2
certain amount, usually L incl,

amd o use them with followers
that have been made undersize
Ly the same amount,  Care should he taken not to use a standard
Je-inch bit with an undersize follower, since the parts would
then be cut undersize and possibly spoiled.

15. Router Checks,—Since router bits, althongh similar 1o
drills, are vsed entirely differently in that the cutting pressure
is applied in a horizontal direction, the conter chuek should
be mide so as to prevent, as much s possible, the bits {rom
breaking hecavse of the leverage effect of the cutting pres-
sure,  The type of router chuck shown in Fig, 9 s intended
ior single-end bits and utilizes an inverted taper-shank bit a
and a taper chuck & to permit gripping the bit as near to the
cutting poini as possible, A spring ¢ and a piston o exert
enough pressure against the bit to cause the tapered surface
to prip so tightly that the bit will twist off hefore it will slip.

To change bits, the pattern fallower ¢ and its hracket { st
first be removed so that the chuck & can e unscrewed,  The
bit can then be passed up through the chuck and replaced by a
sharp bite If the new hit has heen resharpened and is shorter
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than the old bit, its vertical adjustment should be changed Try
meats of a set serew underneath the arm so that the tip of the
bit will eotne about {1, inch below the bottom sheet o e ronted,
IT the bit is set too low, it will cnt oo decply mto the crating
plywood panel that is placed under the sheets to proteet the
top of the worle table,

.

16, Drill Templets.—To save time and still maintain hich
awcuracy in stack-drilling the holes required in the finished part
and the tool holes required for subsequent operations, drill
templets are used with the radial-arm drills,  The templets are
generally rade of sheet iron or steel, from 4% to % meh thick,
which is cut to the exact shape and size of the devels iped surlace
of the part, They are made Trom the master templet, which was
laid out in the lofting department, by auy of the reproduction
processes in use, among which are the photographic, photo-
drawing, photo-print, electrolytic, and Neray processes. Previons
t the development of these processes, the drill templets were
laid out from the shop drawings by careful measurements, or
by seribing and transfer punching from a master or layout
lt'11'|[}-|t’t. The hand methiols, however, were too slow ad 1ot
nearly so accurate as those now being used,

17. After the outline has been transierred 1o the drill
templet, its shape is cut out. If the deill templet is to be used
in making the router pattern, the templet must be carciully
cut. ground, and filed 1o shape. However, if a master. or Tuy
cut, templet i3 used in making the router pattern or if a separate
router templet has been made, the drill templet need not he
made z0 accurately.  All holes in the deill templet must he
cemter-punched and  drilled with the greatest possible pre-
vision.,  The tewplet holes, as previously explained, are larger
than the holes in the Gnished worle; thus, the diameter of the
templet hole for a l-ineh rivet or bolt hole in the part s made
§onch, the temmplet hole for a Noo 41 hole in the part is
inch, and the templet hole for 2 Ko, 10 hole in the part is &
mch.

In addition to these holes, rivet or ball holes of the exact
size must be deilled if the templet is to be riveted or Lolled
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to o plywood backing sheet on which several «drill templets
are combined.  For easy wlentification of the hole sizes, coloraal
rings may be painted arcund the templet holes, eacty color el
cating a certain size of drill to be used. The holes reguired
for riveting or holting the templet to a backing sheet are not
identified by pane ws the operator does not drll these Loles
and, therefore, requires na ddentificaticn fur them,

18, Master Drill Templets. Drill templets may be useil
individually i laying ovut the sheets to he drilled, or several
nny be combined to make 4 master drill emplet, such as shown
in Fig, 10, The master drill femplets are made 1 two ways.
By one methol the individual deill emplets o are riveted or
holted to a plywood backing sheet b about §odnch thick and of
the same sige as or hall the size of the sheets of stock, s
niany Arill templets as possible are placed on the plywood shee
in such a way as to obtain the maximum efficiency in using
thie waterial, and o reduce as much as possible the amonnt
of serap metal, A minmuom distanee of £ el amst e lel
between templets for router-bit clearance.

In sclecting the tenplets to be wounted together, the mum-
Ter of finished parts required must be considered, hecanse, for
all templets wounted on the plywood, an equal number of parts
will he produced,  For example, a templet for parts of which
lve arve required per provluction unit, would not he Y :llpl:*c] with
tetnplets for parts of which twenty are required.  Instead.
combinations are made of templets for parts that are necded
e the same quantitices.

19, When the templets have heen grouped on the plywnod
sheet, their outhnes should be drawn with a penal on the ply-
wod e oorder o Ax their positons amd to aed in replacing
them alter the rivet or bolt holes arve drilled,  With o center
punch that [ts looselyv o the templet rivet or boll holes, the
corresponding holes may he marked on the plywond.  The
teiplets are then removed and the holes are drilled in the
plvwood sheet,  The wemplets are replaced on the plywood by
locating them m their warked outhnes, and are riveted or Bbolied

o ——
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m place. The ends of the rivets or ults should be set deeply
enongh in the plywaood that they will not serateh the top sheet
of the stacke,  Wath the templets fastened 1 place, the conmplete
sheet, now called the master deill temple, is ready for use, even
though none of the other holes has been deilled 1o the plywonol,
The first time the templet is used i production work, these
holes will be drilled e the plywond, as owell as in the stack
of sheet metal, without an extra operation,

20, MMaster drill templets may also be made of sheer steel
with na plywood backing,  The individual templets are grouped
together on a sheet of steel, L meh thick and of the same sze
as the stock.  The holes required in the finished part and the
tool holes are then drilled in the large steel sheet, and the
outlines of the individual templets are marked on this sheet,
These outlines later aid the operator in locating the router
patterns in their proper ]'J:J:'.iriujms on the sheet-metal stack,
The mdivicdual templets are then removed, and the holes
the master drill wanplet are wdentfied with colors o mdicate
the size of hole to be drlled at any location,

21, Router Patterns, Houter patterns, or blocks, are pon-
erally made of masomle or plywood, and ather with or without
a top facing of G-nch sheet stecl or -inch dural,  Masonite
15 considered the hetter material for patlerns, since it does ot
Lecome soaked with oil as quickly as does plywood. The tops
of some patterns, as shown in Fig, 6, are entirely coverad with
metal plates, whereas, on the larger patterns such as shown
Fig. 11, valy the bearmg edges roquire reinforcement e pre-
vent distortion from the pressure of the pattern follower,  The
patterns are usaally made i thicknesses of § to § incly, aod
arecsnller moaren than the dnll templet or Qnished part by
a differential of 7, ineh o its racdins. This set-hack on the
router pattern can be obtained aceurately in the loiting depart-
ment by carciul measuring amnd scribing on o ronter templet
The pattern may be wade direetly from this router teoples

22, A more common procedure, however, is not to make
a rovler templel, but o cut the rouater pattern of either dural
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ar masonite onoa pin roater by using @ omaster or Javeat
templet or a carefully cut deill templet as a guide. Since on
the radial-arm router the hit is 7% inch i dinmeter and the
pattern follower 1s § inch o dieter, this ratio must e
reversed on the pin router to obtain the Jo-inch set-back that
1= required.  Thus, as shown in Fig. 12, a $-inch bit @ and a
se-imnch guide pin & oare used,  The router pattern ¢ that is
heing cut to shape is fastened securely to the templet d, the
layvout templet being usually used for this purpose, The pattern
and templet are separated by plywood spacers ¢ 1o provide
clearance for the end of the router bit. The pattern is then
cut to its exact shape and size by keeping the templet o in close
contact with  the guide pin
while maoving the pattern to
the cutting hit,

This  method of utihzing
the pin router cannot e em-
Moved to cut patterns direcily
irom sheet steel.  Steel pat-
terns may he laid ont. cut,
ground, and filed to shape, or
& masonite or plywood pat-
tern may first be cut on a
pin router and then wsed as Fie. 12
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i guile for serihing the outline on the steel sheet. Tlsing a
misonite or plywood pattern 1o obton the outhine of the steel
pattern elininates the layvour operation, which takes consider-
il

o LI,

23, As oin the deill templets, hioles must be provided in
the router patterns for fastening them to the table. These
tonl, or hold-down, holes must be located and drilled aceuratel.
When a pattern is o alergo severe service, the holes mayv be
equipped with steel lnshings, o addition o the (ool holes,
sheet=steel patterns must boe drilled for the rivets or wood serews
that are to hold them o their plywood backing sheets. Hach
ronter pattern must have it own backing sheet and the pat-
terns cannot he grouped together, as can drill templets on a
wister Jdrill templet, since the router it most pass completely
around each pattern, The backing sheets should be undercut
approxinately L oinch to eliminate any danger of chips getting
hetween the pattern follower il the pattern, When the pat-
tern iz made of a solid plece of masonite, a setback of 1 inch
along the hottem edge of the pattern can be mecde by using a
shaping eutter mthe pin router, or hy tilting the router table.
Masonite patterns should be painted to increase their resistance
teo the cntting fluids,

ROUTING FRACTICE

24, Stacking Sheets for Drilling and Routing. The [irst
step in the dolling aud routing cycle is to stack the metal shevets
on a work table, which has previously been covered with a
plywood panel about 1% inch in thickness to prevent the router
Lit from cutting into the top of the table. The thickuess of the
staclk varies from £ to §inch, depending on the puactice heing
followed, amd the numher of sheets in the stack depends on the
thickness of the mdividual sheets. Tn some plants, no more than
$oanch 12 used, since the elaim s made thar with a stack of
material of ereater thickness the routing s
that the efficiency 15 lessened,  In other plants, however, the

el 15 so reduced

stacls are piled to thickness of 7%, 1 or even £ inch. The nse
of a stack thickness of % inch seems to be the most conmmon
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practice.  The thickness of the stack depends to a large extent
ot the length of the roater bit. A it that has been resharpened
several times and 15 considerably shorter than a new bit canuot
be used to rout a thick stack,

25, Drilling Stacked Sheets—The method of making the
drilling set-up depends on whether the intention is o use indi-
vidual dnill templets or a master drill templer.  When a master
drill templet is available, it is laid-on top of the stacked sheets
and the whole asscmbly 1s clamped tghtly to the table cither by
C-clamps or by quick-acting clamps that are mounted at each
end of the table,  When C-clamps are used, they should e
spaced around the whole table,  All holes of the same size, as
shown by the color code, should be drilled in one operation ;
after which the dreill, drill holders, and hole positioners should
be changed for each succeeding size ol holes, until all the
required hales arve drilled in the stack., The templet iz then
removed =0 that the router patterns can be placed on the sheets,
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26.  When individual dreill templets are used, the procedure
15 different.  Alter the sheets are placed on the table, they are
fastened to the plywood panel with either nails or § inch lag
screws.  Wext, a sheel of lavont paper is spread over the stack
atd the templets are placed on the paper and nested together
as closely as possible 1n order to save matertal. A clearance
of from ¢ to 3 inch must be allowed between the patterns for
the ronter Int. The tool holes for cach templet are then drlled.
The usual practice is to drill one tool hole first, insert a Jag
serew or a plye, as shown at o, Fig, 13, and then o deill the
second tool hole and msert its serew or plug, The ontline of
the templet is drawn with pencil on the layout paper, as shown
in Fig. 14, Next, the holes are dreilled by the radial-arm deill,
Fig, 15, As in the case of a master drill templet, haoles of all
one size should be dreilled at one time, the deills changed, and
the next series then drilled,

&
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27. Routing Stacked Sheets.—\frer all hinles are drilled,
the templets are removed and the router patterns are fastened
tor the stacked sheets by Jag serews. TP a0 master drill templer
has been used, the individual templets or their ontlines marked
ot the master drill templet may be nsed as a guide in locating
the router patterns. In some plants, master drll templets made
i sheet steel are marcked with identification munbers nstead
of drawwn ontlines; the router patterns hearing corresponding
mmbers can then be located in their proper positions, [ indi-
vidual (eill templets have been used, their outlines marked on
the Tayout shect indicate the positions of the ronter patterns.
After all the patterns have been located, the lag serews are
started in the too] holes. To prevent Tmekling of the material,
e serews should be tightened by starting at the center of the
table and working out toward the edges. The lag screws can
Le conveniently tightened b an electric nut-runner @, g 16,
o by one that 15 air operated, as shown at f, Mg, 3.
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28, Aler the router patterns bave been serewed fast, 1he
table is moved to the ronter. The nsual practice is to eut oat
nside contours first, ]'l} ]'lﬂt’ing nta the worl in such a ]lrj:".;iLiun
that the pattern iollower will be about 4 ineh away from the
inside pattern edge. Then the routing head is swung to bring
the fellower against the pattern and the contour s ent ont,
At the end of the cat the bit should e carvied on for an inch
or a0 to insure a clean surface, and then swung away from the
pattern and raized.  The outsile contours are cut last. T
routing the outside contours, the hit is generally kept down
and moved from ooe pattern to the pext. When the head must
e raised and lowered again, it should not be lowered Juto places
where the patterns are clise together as the patterns may he
damaged by the follower: instead, the bit should be lowered
into 2 clear spot and fed uto the cose places,  When all entring
has heen done, the table is moved o the unloading station,
Here the lag screws are removed and the blocks taken off,
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and finally, the finished blanks are
foring operations require extremely smooth edges,

wirred, il the subsequent

20, Cutting Fluids for Drilling and Routing.—During the
drilling and routing operations, the drill or bit shonld he flooded
with a suitable cutting fluid. One commonly used curting fluid
comsists of a hall-and-halil mixture of kerosene and S5 ALK 10
lubricating oil.  Another is made of 20 per cent of lard oil and
S0 per cent of kerosene, Both of these mixtures are fairly
expensive and canse annoving smoke and fumes: therefore, a
soluble oil consisting of about cme part of oil to from twelve to
twenty parts of water iz often preferred.  The soluble-ol
mixtire should be removed soon after the routing is completed,
to prevent corrosion of the sheet metal by any alkali that way
be in the water. Special coolants that have been compounided
by the oil companies for roating eliminate the foregoing trouliles
and are very =atisfactory,

30. Routing Corrugated Sheets,.—Houting may be done on
corrugated sheets as well as on fat stock, and s well adaptable
to cutting out sections of corrugated mmer slan, A nomber of
corrugated sheets o, Fig, 17, are nested together for the ront-
ing operation, but their overall depth cannot execeed the length
of the cutting edge of the router bit,  The router pattern b s
then placed over the sheets. Sinee it s difficult to clamp coren-
vited sheets firmly withour adequate hearing surfice, the pattern
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has three long projections ¢
that it into corrugations.
Clamps o over the side pro-
jections can then holl the
stock and the pattern firmly
enough to the table top that
there will be no danger of
7 | therr  shifting  during  the

routing  operation.  Since

leaves the edges sharp and

[ ronting of corrugated sheets
) R —I‘ =
I|

Fie 14 boroughy, all such stock should

My A

e burred aflter routing,

31, Routing Square Corners.—\lthough outside corners
are generally routed to a winimmm rading of % inch, they can
b cut square with fairlv good resulis by the method illnstrated
in Fig, 18, The router bit @ is siply carried bevond the pat-
tern & in o continuons straight line and then creled back to start
a new cut on the next side of the pattern, The follower ¢ 1=
it of comtact with the pattern while the corner of the sheets o
are cut, but by ecareful manipulation the corners of the sheets
catl be cut approximately square,

32, A wwore aceorate method of making square outside
corners with the router provides for the use of strips that guide
the  pattern follower  De-
voned the limits of the pat-
tern. Two such guide strips
a and b, g, 19 are fast-
ened to the commer of the
pattern, and are hinged =0
that  either one may e
extended  bevomd its edge.
This, when the rounter bit

¢ 15 catting along the front
eilge of the sheets d. the
slrip @ 15 swung open to

act as o guide for the fol-
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loswer ¢ Lo the viul of the ront
mg cut oon that side of the |
staclk,  The }.11'1']| a 15 then
closed, the streip & s swung

G, and the router bit s | ¢

cireled back to bogin s new cut ‘;

in the ¢direction indicated, The ¥
use of the two strips in this A
mamner  provides  a o posiove U :
vuthing action for the bit amd | i il
the results obtained are more i -

accurate.

33. Instead of two hinged strips, a single guide strip may
Le used T setting il on a pivor so that it can be swung ar right
aneles after one edge of the sheet has been cut, In Fig, 20,
the strip o is pivoted at b and is held paralle] o the side edye
of the router pattern ¢ by a removahle pin o, The steip can
then guide the pattern follower bevond the point at which 1
leaves the pattern. After the side edge 35 routed. the pin o s
removed, the _\'t]'ip 1% swong 1o s secondd ljljﬁi:'l-;l'l'l. o andd the
P is inserted ab its second position 7. The upper edge of the
slicets may then he routed with the strip in position o guiding
the pattern [ollower,

To olviate the necessity of having o removable pin that might
get lost, the end of the guide strip can be cot to a tongue shipse
soothat it can bear against either of two stop pins set near the
edges of the router pattern, These pms should be Iocated in
the pattern nosuch positions that, when the strip bears against
cither pin, it will be held parallel e that sule of the router
pattern, s soon as one edge of the stack 15 mouted, e sireip
is swung until it makes contact with the other pm, and the
secotid edge 15 then routed,

34. Routing Notched Corners—\When a notched corer
must be routed in o stack of sheets, a pivoted guide plate o
Fig. 21, may Tw set i oone cornier of the router pattern b, To
view (ad, the guide plate, which s pivoted at ¢ and held in
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position by a removable pin o, 15 sct =0 as to present a square
corner to the pattern [ollower, in order that the corner of the
stacle ¢ can be romted approximately square. Then the guide
plate 1s swung to the position shown m oview (B, and the
corner of the stack is notched,  The radins of the mside cormer
af the notch is equal to that of the router hit.  The outside
corners of the notch, however, are square, since the two legs
of the plate @ guide the pattern follower heyond the limits of
the router pattern.  I[ the outside corners of the notch can
be given a radius of at least 5 nch, no guide plate is needed
as the rotter pattern ean e made square on these corners
to obtain the mwinimum radins of 7 inch.
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SPECIAL ROUTERS AND SHAPERS

15. Pin Routers.—Another type of router that is used in
the aircraft industry 35 the pin. or fixed-spindle, router, which
was adapted from the type wsed for wood working,  As shown
in Fig, 12, these routers are used in making patterns for radial-
army routers.  They are also emploved for trimming formed
aluminum-alloy parts and for catting small. far, blanks that
cannat be satisfactorily secured to router tables for radial rout-
ing. Fin routing is o convenient method of cutting a large
quantity of identical parts, since any desired number can be
citt without the necessity of coordination with the number oi
viher parts being produced. Another advantage of pin routing
1= that outside corners can he ent square withoul speeial equip-
ment, as the router pattern is made of the same size as the
Llanks, and provides positive gmicding action throughout the
entire cut. However, as in the case of radial-arm router
patterns, o radins of Y inch is desirable on the outside corners
ol the pattern, The radins of the outside corners of the blanks
waoild be the same as the radins on the pattern, or Y incl.

36, Operation of Pin Router. The pin router, Fig. 22,
comsists of a0 metal table o, which may be either of the fixed
or tilting tvpe, and a routing hewd », which is supported above
the center of the table,  The routing heawd, which 1s similar in
comstruetion to the radial-arm head, is mounted on a slide and
can be moved vertically by o foot treadle. Stops are provided
to T the downward movement of the head to prevent the
rouler bit ¢ from damaging the guidc pin d, which is set in the
center of the table dircctly below ihe center of the router

spindlle,  The guide pin s generally made with the same
dinmeter as the router hit. The part to be routed, i this case
the formed part e, 15 located on the router pattern, or fixture,
I by means of twao tool heles that fit over pins in the pattern.
No clamps are needed when only one such part 15 being eat.
The part is then troomed 1o shape by pressing the pattern
against the guide pin, and holding it in contact with the pin as
the worl 1= Ted alongr the router bt During the ronting oper:
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tion, the bit must be lubricated with cutting fluid.  The bits
used for pin routing are of the same as those used in the
radial-arm router, except that various sizes are emploved in
pin routing. The pin routers are operated at two speeds,
namely, 21,0600 revolutions per minute for the smaller cutlers,
and 14400 revolutions per minute for the larger cutters.

37. Cutting Blanks on Pin Router.—The methmd of eur-
ting blanks on a pin router is illustrated in Fig, 230 Sheets a
that have been sheared to approximately the desired shape are
stacked on top of the router pattern b, and are held secnrely
by means of clunps ¢ that are tightened by the thumb serews
d. The outside contour s then cut out by feeding the worls
along the rouer it o, while the pattern is held in contact with
the guide pin directly below it

In case holes are to be routed in the material, as shown, the
contour of the hole 15 eut out of the bottom surface of the
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router pattern.  With the router head raised, the worle and the
pattern are slid over the pin so that the pin projects o the
cut-out part of the pattern.  The head is then lowered and the
hale 1s routed to size by again keeping the pin and pattern in
contact as the work 15 fed to the router bit. This method of
cutting the contour in the hottom of the router pattern, or m
templet fastened to the bottom of the router pattern, mav also
be emploved for routing outside contours of blanks, The sheets,
however, would not he lakl directly on the router pattern;
instead, a !-inch metal plate somewhat smaller than the finished
blanks would be placed between the sheets and the pattern to
provide end clearance for the router bit,

38. SBhapers.—The use of a standard wood-shop shaper is
regarded as the mwost accurate method available for trimming
irregular edges of parts that have been formed from aluminum-
alloy sheet by drop hammer, hydro-press, or other methods.
The shaper, as shown in Fig. 24, consists of a flat table a with
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i spindle projecting up through its center from an electric
mutor in the hase, Ol the spindle are mounted two collars b
anel ¢ that are about 3 inches in diameter. Each collar has two
parallel slots in which the two knife Dlades o are clamped.
These knives, which are about § inch thick, are set between the
callars in such a position that their sharp edges project slightly
bevomd the collars in opposite directions.

The lower collar ¢ acts as a guide for the shaper block, or
pattern, ¢.  The block ¢ is similar to the pattern used on a pin
router inthat it is of the same size as the fnished part, and the
work [ is clamped o its top surface, On a shaper, however,
a stack of parts np to 1) inches in thickness can he trimmed
safely and at a greater speed than is possibly on oa pin rouder,
The cut cannot be deep, vsually not more than } mmch, since
deeper cuts when feecding by hand are too dangerous. There-
iore, parts that are to be finish trimmed on a shaper, must be
romgh trimmed fairly close to the required outline.
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39. The knife-blade entter can be replaced with a slab |
milling cutter for nther nperations, such as for milling soi1-
metal castings or heavy extrusions, or for trinwming parts that ‘
are ton deep for a knife cutter. A trinming operation is shown i
in Fig. 23. The mill @, which is about 4 inches long. is heing |
used to trim the inside contour of the formed sheet-metal part .
A Block ¢, on which the formed part 15 clamped, bears against
the smooth shanlk of the cutter, so that the inside contour s
milled out to the same shape as that of the block, The min-
imum inside radius that can be cut is equal o the radius of
the milling cutter.

40. Horizontal Trimming Router.—\ router specifically
designed for the trimming of formed parts having flanges is .
shown in Fig. 260 The routing head o 15 air-operated and s |
suppotted horizontally on an arm b, that permits the head to
swing up and down as the pattern follower is guided by the
contour of the router block.  The formed part ¢, a lower nose
window-frame, that is to have its end flanges trimmed. 35 placed
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in the base d of the router block and held by the top o, Two
clamps, similar to the one shown at f, fasten to the lolts ¢ to
provide clamping pressure on the top of the block.

In Fig. 27, the top of the block is shown fastened down on
the irame by the clamp [ To trim the flange of the part.
the operatar grasps the router block in bath hands, and moves i
slowly past the router bit b, Since the routing head a is froe
to move in a vertical direction, the pattern follower 1 keeps in
contact with the curved edge j of the router block. and canses
the router bit to cut the flange to its correct height above the
block. The weight of the routing head is sufficient to main-
tain contact between the follower and the eilge of the router
block.,

41. Double Trimming Routers.—A method whereby hoth
edges of a nose-cowl skin can be trimmed simultancously is
illustrated in Figs, 28 and 29. The nose-cowl] ¢ fits down over
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a form b and is clamped in place on the form by a frameworlk
¢, which is supported on an overhead crane arm. When the
cowling is placed on the form, the framework is pulled down
agaimst the action of a counterweight and fitted over the part,
Then as soon as the part s trimmed, the framework on being
released lifts out of the way. This arrangement permits fast and
convenient loading and unloading,

With the cowling in place, one operator starts trimming with
the air-operated routing head & at one end of the part and a
second operator starts with the other routing head o, Fig, 29,
at the other end. Thus, the head d, Fig. 28, is shown finishing
its ent. whereas the head e, Figo 29, is just beginning its cut,
Both routing heads swimg in an arc horizontally in orvder to
frlloww the curvature of the skin, and are so adjusted on their
supports that the router bits [ollow the trim Ines and require
no pattern followers, or guides,





