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(54) Machining splines on a tubular
member

(57) Apparatus comprises a cutter head
17, which is angularly adjustable by
means of indexing means 13,14,15. The
tubular member 19 is mountable on a
carrier 18 for movement relative to the
cutter head 17. The cutter head 17 has
one or two rotary cutting tocls, driven
from a rotary shaft 11 via gearing, \
which groove the interior of the tubular
member 19 axially, the cutter head 12
being indexed between each pass.

FIG.1

The drawings originally filed were informal and the print here reproduced is taken from a later filed formal copy.
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SPECIFICATION

Apparatus for machining splines on a tubular
member

This invention relates to apparatus for machining
splines on a tubular member. In particular, the in-
vention is particularly, but not exclusively, applica-
ble to the machining of internal splines on a torque
tube for controlling the inclination of retractable
hydroplanes on a submarine.

It has previously been proposed to mount port
and starboard hydroplanes of a submarine each on
an externally- splined stock. Co-operating with
each externally splined stock is an internally-spli-
ned torque tube approximately 6 feet in length and
approximately 12 inches in outside diameter. The
co-operating splines of the stocks and torque tube
permit the stocks to be rotated in unison to vary
the angle of inclination of the hydroplanes in a
controlled manner. In addition, the splines permit
the stocks to be extended or retracted axially rela-
tive to the torque tube.

Because of the length of the torque tube, the
machining of the splines is a difficult operation to
effect with the accuracy which is required.

An object of the present invention is to provide
an improved form of apparatus for facilitating ma-
chining of the internal splines of a tubular member
such as a torque tube.

According to the present invention, there is pro-
vided apparatus for machining splines on the inter-
nal surface of a tubular member, comprising cutter
means for forming the splines on said internal sur-
face; a carrier for said tubular member for ena-
bling the tubular member to be moved in an axial
direction relative to said cutter means; and means
for angularly indexing the cutter means relative to
the tubular member whereby splines at angularly
predetermined intervals can be provided around
the internal circumference of the tubular member.

According to a further aspect of the present in-
vention there is provided a method of machining
splines on the internal surface of a tubular member
comprising fixedly locating spline-forming cutter
means, fixedly mounting a tubular member on a
carrier for movement past said cutter means to
machine said internal surface, and indexing the
cutter means angularly at predetermined intervals
after each pass of the carrier so as to produce spli-
nes around the internal circumference of the tubu-
lar member.

Embodiments of the present invention will now
be described, by way of example, with reference to
the accompanying drawings in which:-

Figure 1 is a diagrammatic side view of appara-
tus for machining splines in accordance with the
present invention.

Figure 2 is a transverse sectional view of a first
form of spline cutter, for use in the apparatus of
Figure 1, and

Figure 3 is a transverse sectional view of a sec-
ond form of spline cutter, for use in the apparatus
of Figure 1.

Referring to Figure 1, there is shown apparatus
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for machining the internal splines of a tubular
member comprising a horizontal tubular housing
10 through which extends an associated driven
spindle 11. The spindle 11 is driven in any suitable
well-known manner using, for example, a clutch
mechanism. The housing 10 is supported on a
fixed bed 12. At one end of the tubular housing 10,
there is provided an integral annular indexing plate
13. The tubular housing 10 with its associated
spindle 11 is rotatable about its axis for annular in-
dexing purposes but is fixed in an axial direction.
The indexing plate 13 is provided with a plurality
of annularly-spaced indexing holes 14 which co-
operate with a retractable plunger 15 mounted on
an extension 16 of the fixed bed 12. By insertion of
the plunger 15 into one of the holes 14, the hous-
ing 10 can be releasably fixed relative to the bed
12. The spindle 11 drives a cutter head 17 which is
carried at that end of the spindle remote from the
indexing plate 13.

Mounted on the fixed bed 12 on guides carried
thereby is a horizontally movable tube carrier 18.
The carrier 18 can be moved on horizontal guides
(not shown) relative to the cutter head 17 so that a
tube 19 carried by the carrier 18 can be moved in
relation thereto so that the cutter head 17 passes
internally of the tube 19 throughout its total length.

As shown in Figure 2, the cutter head 17 com-
prises a pair of parallel circular rotatable cutters 20,
21 carried on a common shaft 22 and driven by
spindle 11 through suitable worm gearing 21, 23
carried by shaft 22. The peripheral cutting edge 24
of each cutter 20, 21 has an external face 25 which
is normal to the axis of the shaft 22 on which the
cutters 20, 21 are mounted. An adjoining face 26 of
each cutting edge 24 is angled relative to the first
face 25 at an angle dictated by the profile of the
splines to be cut. The angle of the cutter 20 is op-
posite to that of the cutter 21. The cutter head 17 is
hydraulically movable towards or away from the
tube 19 being machined in the direction of arrow X
in order to control the depth of penetration (i.e. the
cutting depth) of the cutters 20, 21 into the internal
surface of the tube 19 being machined. Also the
forward end of the housing 10 is provided with ra-
dially adjustable hydraulically operable stabilising
pads 27 {Figures 1 and 3} which, during use, are
urged against the internal surface of the tube 19 in
order to rigidify the cutter head 17 during a ma-
chining operation.

In operation of the apparatus, the depth of cut of
the cutters 20, 21 is adjusted to give the required
depth of cut. The tube 19 which is to be machined
internally is then mounted on the carrier 18 where
it is held in position by a pair of spaced clamps 28
which surround the tube 19 and clamp it thereto.
The carrier 18 is then moved relative to the cutter
head 17 so that the cutter head is applied to the
internal surface of the tube 19. The carrier 18 is
then traversed in the horizontal direction so that
the cutters 20, 21 machine the internal surface of
the tube along its full length. In this operation, due
to the profile of the cutting surfaces of each cutter,
each cutter 20, 21 machines one half of a groove
between adjacent internal splines. On completion
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of a longitudinal traverse, the carrier 18 is then
withdrawn to its starting position, the cutter head
17 is indexed to the next annular position by
means of the index holes 14 in the indexing plate
13 on the tubular housing 10 and the co-operating
plunger 15 in the extension 16 of the fixed bed 12.
A further traverse of the carrier 18 relative to the
cutter head 17 is then effected. Similar operations
are then repeated until the two cutters 20, 21 have
operated through 360° at predetermined indexed
angular intervals on the complete circumference of
the interior of the tube. It will be understood that
the relative position of the two cutters 20, 21 is
critical. As previously indicated, a cutter machines
one half of a spline on each pass. Because the cut-
ting edges of the two cutters are angled oppositely
to each other, each cutter 20 or 21 will machine the
other half of a spline of which the first half has
been machined by the other cutter so that on com-
pletion of a complete revolution of the cutter head
17, complete splines will have been machined at
the intervals dictated by the indexing mechanism.

In an alternative form of cutter head as shown in
Figure 3, which is particularly suitable for the ma-
chining on involute splines, the cutter head 17 in-
corporates a cutter 29 having a cutting profile
which machines the whole of a groove in a single
pass. In this case, the single cutter 29 is mounted
on a shaft 30 driven by spindle 31 through worm
gearing 32 carried by the shaft 30. In this case, the
cutter head is positioned so that the actual effec-
tive cutting surfaces of the cutter operate substan-
tially on a plane lying along a radius of the tube 19
being machined. Apart from the provision of a sin-
gle cutter 29, the embodiment shown in Figure 3
operates in an analogous manner to the embodi-
ment shown in Figure 2.

In an alternative arrangement, it may be conve-
nient to move the cutter head axially relative to the
tube carrier which is stationary. In this case the
tube can be indexed angularly relative to an angu-
larly fixed cutter head.

CLAIMS

1. Apparatus for machining splines on the inter-
nal surface of a tubular member comprising cutter
means for forming the splines on said internal sur-
face; a carrier for said tubular member for ena-
bling the tubular member to be moved in an axial
direction relative to said cutter means; and means
for angularly indexing the cutter means relative to
the tubular member whereby splines at angularly
predetermined intervals can be provided around
the internal circumference of the tubular member.

2. Apparatus as claimed in claim 1, in which the
cutter means comprises at least one rotary cutter
carried adjacent one end of an elongated housing
adapted to project into the bore of the tubular
member being machined, said housing having ad-
jacent its other end the indexing mechanism for ef-
fecting angular indexing of said housing from one
fixed angular position to another.

3. Apparatus as claimed in claim 1 or 2, in
which stabilising means is provided adjacent the
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cutter means, said stabilising means being adapted
to be moved radially into engagement with the in-
ner surface of the tubular member being machined
in order to rigidify the cutter means during a cut-
ting operation,

4. Apparatus as claimed in any of claims 1 to 3,
in which the cutter means is carried on a mounting
provided on a fixed bed and said cutter means has
a radial flange integral therewith, and said mount-
ing and said flange are each provided with a series
of angularly spaced holes capable of being brought
into register to enable a solid element to be releas-
ably inserted in order to locate the cutter means in
a predetermined angular position relative to the
mounting.

5. Apparatus as claimed in  any preceding
claim, in which the cutter means comprises a pair
of annular rotary cutters, each of said cutters hav-
ing a cutting profile such that one cutter forms one
half of the profile of a spline and the other cutter
forms the other half of the spline profile on further
indexing of the cutter means.

6. Apparatus as claimed in any of claims 1 to 4,
in which the cutter means comprises a single an-
nular rotary cutter which forms each spline profile
in a single pass.

7. Apparatus as claimed in any preceding claim
in which the carrier for the tubular member has a
traverse which enables a tubular member carried
thereby to be machined along the full length
thereof.

8. A method of machining splines on the inter-
nal surface of a tubular member comprising fixedly
locating spline-forming cutter means, fixedly
mounting a tubular member on a carrier for move-
ment past said cutter means to machine said inter-
nal surface, and indexing the cutter means
angularly at predetermined intervals after each
pass of the carrier so as to produce splines around
the internal circumference of the tubular member.

9. Apparatus for machining splines on the inter-
nal surface of a tubular member substantially as
hereinbefore described with reference to the ac-
companying drawings.

10. A method of machining splines on the inter-
nal surface of a tubular member, substantially as
hereinbefore described with reference to the ac-
companying drawings.
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