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This inventilon relates to racket frames for rackets for
use, for example, i1n badminton, tennis aand squash, and to methods
of manufacturing such racket frames. This applicatlon 1s a
divisional of Serial No. 962,205 filed June 7th, 1966.

In this specification the term "frame" means the looped
portion of a racket within which the stringing is carried out, as
distinet from the shaft of the racket which connects the frame to
the handle. Holes are provided in the frame for the strings of
the racket.

It has been proposed to make rackets having steel frames
and also rackets having steel shafts, but the use of steel frames
has met with some difficultlies, especlally due to the sharp edges
of the steel cutting the strings, eilther during the stringlng or
in use of the racket. In the case of tennis rackets thils diffi-
culty has been alleviated by such methods as the use of auxlllary
eyelets in the holes provlded in the frame for the stringing, or
the use of wire wound around the frame. However, such methods
add conslderably to the complexity and cost of manufacture of the
racket, and 1n the case of badminton rackets, whilech must be very
light, such methods are not sultable due to the assoclated increase
in welight of the frame.

It is an object of this invention to produce a metal
frame for a racket which can be made light enough to be accept-
able as a top eclass badminton racket, and also to produce, by a
simllar technlque but In appropriately different sizes and weilghts,
Improved forms of other types of racket frames, such as tennls and
squash racket frames.

According to the lnvention there 1s provided a racket
frame formed from a metal tube having apertures in said tube for
stringing, all or substantially all of saild apertures having
integral flangés projecting towards the interilor of the tube,
characterised in that the wall thickness of the metal tube 1s not

more than .0l4 inch, and sald metal tube is otherwise sultable.
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By an "integral flange" is meant that metal of the tube
surrounding a hole in said tube is used to form the flange, the
inner edge of said surrounding metal having been turned through
substantially 90° from its original position in the tube; at least
in the longitudinal direction of said tube, so that said flange
forms a smooth surface for the stringing;

In one embodiment of the invention the tube has recesses
on its outside between integral flanged apertures.

By way of example, to make a frame for a top class bad-
minton racket the metal tube may have a wall thickness of between
.012 of an inch and .014 of an inch (.305 mm/.355 mm). The ma-

terial of said tube is a steel having in its malleable state a

' 0.2% proof stress not exceeding 30 tons per square inch, and a

maximum stress not exceeding 55 tons per square inch} but which
can be hardened to a condition in which it has a'O?Z%’proof stress
and a maximum stress of not less than 70 tons per sqﬁare inch and,
preferably; the maximum stress should not be less than 80 tons per
square inch; Moreover, in its malleable state the steel has an
elongation on 2 inches (50;8mm) of not less than 25%; while in its
hardened state it has an elongation on 2 inches (50;8'mm) of not
more than 152. The forming operations which will later be described
for such a material being used will be completed when the material
is in its malleable state and the frame is completed by hardening
the material after the forming operations; Métals having the above
characteristics and otherwise suitable; e;g; they must not be too
brittle, may be used.’

Alternatively; the metal tube may have a wall thickness
of between .012 of an inch'(;305 mm) and ;014 of an inch (.355 mm)

and be made of a material which has a 0.2% proof stress and maxi-

" mum stress of not less than 70 tons per sguare inch, and the

maximum stress preferably being not less than 80 tons per square
inch, and having an elongation on 2 inches (50.8 mm) of not more

than 15% excepting locally where a . local elongation of
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25% may be obtained. If such a material is used the forming
operations may be completed after hardening.

In one embodiment of the inventilon, which 1s especlally
suitable for the manufacture of badminton racket frames in which
a light welght is required, the metal tube has inserted thereln
a strip of plastics material, such as nylon, having preformed
sultably positioned and silzed holes therein, prior to the flanglng
of the apertures in the metal frame. The holes in the plastics
strip are larger than those required in the metal frame to
aceommodate the racket stringing, and are posltiloned to be con-
centriec with said required apertures. During flanging of the
apertures in the metal frame the plastics strip agts as a female
die in a punching operation. The plastics strip may be removed
by heating to melt the plasties materlal, for example, dnrihg a
hardening process for the metal tube. Alternatively, the flanged
apertures may be formed in the metal frame without the insertion
of such a strip of plastics material.

In another embodiment of the invention, which 1s more
suitable for the manufacture of rackets whilch are reguired to be
of a ecertaln welght, and not as light as possiblé, for example,
tennis and squash rackets, an inner metal member ls provilided
within the metal tube of the racket frame. The lnner metal
member may be tubular or solld, or part tubular and part solild,
and it may extend throughout substantially the whole of the metal
tube or only a part of it. The inner metal member is provided
with holes therein which are larger than those required in the
outer metal tube and are positioned to be concentric with sald
required apertures. Durlng a forming operatlion in which the
flanged apertures in the outer metal. tube are formed, the inner
metal member serves as a female die, the arrangement belng such
that the flanges of the apertures in the outer metal tube extend

within the larger holes in the inner metal member. The inner

metal member 1s not subsequently removed but forms a part of the
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finished racket and can be arranged to impart a desired weight and
weight distribution to the racket. The inner metal member is made
of a material which 1s malleable to enable 1t to be formed into the
shape of the relevant part of the frame of the racket, aund prefer-
ably the material of said inner metal member 1is hardenable coinci-
dentally with the material of themetal tube, after the frame and the
flanged apertures have been forned. Alternatively, the material of
the inner metal member may be such that substantially no hardening
or deterioration occurs during the hardening of the metal tube, or
both tubes may be made of a materilal which requires no hardening
subsequent to the forming operations.

In order that the invention may be clearly understood and
readlly carried into effect it will now be more fully described with
reference to the accompaﬁying drawlngs in.which: -

| Figure 1 shows a racket in accordance with one embodiment
of the inventilion, the stringing having been omltted,

Filgure 2 shows on a reduced scale a racket according to an-
other embodiment of the invention, the stringing again having been
omltted,

Flgure 3 shows, on an enlarged scale, a side elevation of a
portion of the frame of the racket of Plgure 1 or 2,

Figure 4 shows, on the same-;:i;?geé scale, a longitudinal
sectlon through a part of the tube from which the frame is made, on
the line IV-IV of Figure 3, but before the tube 1ls Tormed 1into a
frame, and '

Flgure 5 shows, on the same enlarged scale, a cross sectilon
through the frame of the racket of Flgure 1 or 2, on the line V-V of
Figure 3,

Figure 6 shows a racket in accordance with yet another embodl-
ment of the lnvention,

Figure 7 and 8 are cross sections through the frame of the
racket of Figure 6 on the lines VII-VII and VIII-VIII respectively,

and on an enlarged scale,

-4 .
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Figure 9 shows a racket in accordance with a still further
embodiment of the invention, and

Figures 10 and 11 are cross sectlons through the frame of the
racket of Figure 9 on the llnes X-X and XI-XI respectively.

Referring'initially to Figures 1 to 5 of the drawlngs, the
invention will be described, by way of example, as applied to
embodiments of a badminton racket. The badminton racket shown in
Figure 1 comprises a frame 1 formed from a metal tube in a manner
which will be described in greater detail hereinafter 1n connection
wilth Figuresl3 to 5. The racket of Figure 1 also comprises a metal
shaft 2 which connects the frame 1 to a handle 3, which may be made
from moulded plastics material or may be of any other sultable form.
Alternatively, as shown in PFigure 1, the shéft 2 may be constituted
by an extension of one end of sald tube forming the frame 1, the
other end of sald tube belng welded to sald one end. The stringlng
for the racket is not shown.

In an alternative construction, illustrated 1in Figure 2, 1n
whieh references 1', 2' and 3' are used for the frame, shaft and
handle of the racket, both ends of a metal tube forming the frame
1' are extended to form the shaft 2' so that the shaft 2' 1s a
doubled tubed shaft., The two tubes of the shaft 2' may be secured
together along thelr léngths, such as by welding and the handle 3'
may be moulded or otherwlse formed over the ends of the two tubes.

_ The construction of the frames of the rackets in Figures 1
and 2 18 the same and this will now be descrilbed in greater detall
with reference to Figures 3, 4 and 5. The metal tube of which the
frame 1 (or 1') is made 1s provided with a plurality of holes 4
therethrdugh positioned to accommodate the required strings of the
racket. These holes; and their surrounding metal, are referred to
as apertures., The holes 4 are bounded by flanges 5 which can be
seen most clearly in Figures 4 and 5 and whilech projeect towards the
interior of the tube and are integral with the tube, The flanges
project towards the interior of the tube and provide a smooth surface

for the strilngs both on the inslde and outsilde of the racket frame.
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This greatly increases the life of the strings. 1In the particular
embodiments i1llustrated, the outer periphery of the frame 1, as in-
dicated by the arrow in Figure 1, 1s provided with a recess or groove
6, visible in Filgures 3, 4 and 5, to accommodate the strings between
the apertures 4.

Although in the particular embodiments described the tube
forming the frame 1 or 1' is shown to be predomlnantly of ecilrcular
bore (apart from the groove 6) as an alternatlve the bore may be
eliptical, or otherwise suitably shaped.

In manufacturing the frame of the racket described with refer-
ence to Figure 1 or 2 together with Figures 3 to 5 a metal tube, for
example, of a steel having the characteristles herelnbefore stated
as sultable for working in a malleable state has whilst in 1its malle-
able state the flanged apertures 4 and the grooves 6 formed 1in it by
making small holes and then forming the metal tube to enlarge the
holes and form the inwardly projecting flanges 5 and grooves 6.
Whilst still in its malleable state the tube is formed 1lnto a loop.
It is preferable, but not essential, that the forming should be done
in the above order. The frame 1 or 1' with the flanged apertures 4
formed therein 1s subsequently hardened by a suiltable hardening pro-
cess, for example, by heat treatment. Alternatively, the materlal
selected may have an elongation after hardening adequate to permit
the necessary forming operations and subsequent hardening then be-
comes unnecessary.

In a modified method of manufacturing the racket, a strip of
plastics material, such as nylon, 1s inserted into the metal tube,
sald plasties strip being of such a thickness as to be a close slld-
ing fit with respect to the wall portilons of the metal tube whilch
are to be apertured. The plastics strip has therein holes positioned
to be concentric with the required apertures in the metal tube, but
larger than said redquired apertures. The plastles strilp acts as a
female die during a punching operatlon for forming the flanged aper-

tures 4 in the metal tube, the flanges 5 projJecting withia the
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apertures in the plastlcs strip. The plasties strip may sub-
sequently be removed by heating to melt the plasties strip. By
way of example, sald plastics strip may be removed during a hard-
enling process for the metal tube.

Although the embodiments of Figures 1 to 5 have been parti-
cularly described with respect to the manufacture of badminton
rackets, a similar method and construction may be employed for
other rackets such as tennis and squash rackets wlth a sﬁitable
adaptation of size and welight of the racket frame.

The inventlon willl now be described with reference to the
embodiments of Figures © to 11 as applled to a squash racket frame.

In the embodiment of Figures 6 to 8 a squash racket comprises
a frame 7, a shaft 8 and a handle 9. The handle 9 may be a moulded
plastics one or may be of other sultable form. The shaft 8 may be
in the form of a metal tube whieh may be separate from the frame of
the racket but secured thereto or may be an extension of a metal tube
forming a part of the frame 7 of the racket. The frame Y comprises
a metal tube 10 formed with apertures 11 having inwardly projecting
flanges 12 as previously described wilth reference to the embodiments
of Figures 1 to 5. Moreover, the outer perliphery of the metal tube
10 is provided with a recess or groove 13 similar to the groove 6 of
the previliously described embodiments. In this particular embodiment
of the invention in addition toc the metal tube 10, the frame com-
prises an inner metal member 14 disposed within the metal tube 10 and
having holes thereln concentric wilth the apertures in the metal tube
10 but larger than the last mentloned apertures so that the flanges
12 projeet within the holes 1n the ilnner metal member 14. In the
embodiment of Figures 6 to 8 the inner metal member 14 comprises a
tubular member with a solid insert 1la in a portion of its length.
This portion of the length of the inner metal member is arranged to
be at the remote end of the frame 7 from the shaft 8, and thus im-
parts addltional weight, if required, to sald remote end., The
particular length and density of the solid insert llda may be chosen

in accordance with the desired weilght of the racket.
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In manufacturing the racket of Figures 6 to 8, the
inner metal member 14, formed with holes therethrough as desecrilbed,
is inserted in the metal tube 10, in which 1t is preferably
arranged to be a sliding fit. Preferably both the metal tube 10
and the inner metal member 14, which includes the solld insert lla,
are made of a steel having the characteristics defined herein-
before, although other metals wilth suitable properties may be
employed. The metal tube 10 containing the lnner metal member
14 correctly positioned therein is then formed into a loop to
form the frame of the racket, the inner metal member 14 taking
up the same configuration in the part of the frame in which it
is situated, Small holes are then made in the metal tube 10
in appropriate positions for the racket strings, and apertures
having flanges 15 are then formed employing a punchilng operatilon
during which the inner metal member 14, where this 1ls provided,
acts as a female die. Alternatively, the loop may be formed
after the punching operation to form the flanged apertures. Sub-
sequently, the metal tube 10 of the frame is hardened by any sult-
able process, for example, by heat treatment. Dependlng upon the
material of the inner metal member 14 this may be hardened
coincidentally, or may remaln in 1ts malleable state.

In the embodiment of Figures 9 to 11 like reference
numerals, but with the appendix ', are employed to lndlcate parts
corresponding to those in the embodiment of Figures 6 to 8. The
embodiment of Figures 9 to 11 differs from that of PFlgures 6 to
8 in the length and form of the inner metal member 14, More pre-
cisely the inner metal member 14' 1s a tubular member without a
solid insert, and is of shorter length than the inner metal member
14. This can be seen in PFigure 9 in which the outllne of the
inner metal member 14*' 1s shown dotted. The frame of the racket
shown in Figure 9 can be manufactured in a manner similar to that
already described with reference to the frame of the racket in

Figure 6.
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The shaft 8' of the racket of Pigure 9 1s a double
tubular one as shown, formed by a continuation of the ends of
the metal tube 10'. The handle 9' 1s formed over the ends of
said continuation, and may be a moulded plastics one or of other
sultable form.

Although the invention has been descrilbed with reference
to particular embodiments thereof, these may be modifled in
various ways without departing from the scope of the clailms.

By way of example, the embodiments of Flgures 6 and 9 may be
varied by varying the lengths of the inner metal members 14, 14'.
Moreover, the inner metal member in elther of these embodiments
may be replaced by a solid member, or the solid insert in the
embodiment of Figure 6 may be provided throughout the whole of
the extent of the inner metal member, or any other sultable

part thereof.



10

817815

SUPPLEMENTARY DISCLOSURE

The previous disclosure describes various forms of
frame, and handle. In particular there ls descrlbed a badminton

racket in which the frame 1is of metal tubling attached to shaft

"of moulded plastics material or other suitable material., There

1ls also described a badminton racket in which frame and shaft
are made from a single length.of metal tubing formed so that
both ends of the tube are brought together and extend_parallel
to each other to form the shaft.

Figure 12 illustrates a further form of racket.

In the embodiment illustrated in Flgure 12, the frame

_12 is made from one length of tube and the shaft 22 is made

-+ from a sepaféte,lengfh_of metal tube., The ends of the tube

fL forﬁing the frame 1

20

2 are butted together and one end of the

:shaft 22 1s secured, as by brézing of Welding, to the ends of

the tube forming'thevframe.
 Apart from the alternative form of the frame and shaft,

the raéket is as described previously, both as regards forming -

- the apertures for the stringing and the provision of inserts
 The construction ¢11ustrated in Figure 12 is also suitab]e for

":fother rackets such as tennis and squash rackets.
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The embodiments of'the invention in which an exclusive
property or privilege is claimed are defined as follows:

1. A racket-frame for a badminton racket, the frame
comprising a metal tube haviﬁg a wall thicknéss of not more than
0.014 inch and‘having apertures for stringing, at least sub-
stantially all of said apertures having integral flanges, which
project inwardly towards the interior of‘the tube, said flanges
formed by turning.the metal surrounding the edges of a series
of small holes in the tube through substantially 90° from its
original position in the tube, at least ih the longitudinal
directi¢n of the tube, said flanges providing a smooth bed for
the strings of the racket. |

2. A kacket—frame according to claim‘l; in which the
: N .
metal tube haé a wall thickness of 0.012-0.014 inch.

3. A racket—frame according to claim 1 oxr 2, in which the
metal of the ﬁube is one which has an elongation on 2 inches of
'not4more than_l5%; except locally where it may be up to 25%.

4#' A method of making a racket-frame for a badminton racket
. comprising (a) forming in a length of metal tube having a wall
.thickness not'greater than 0.014 inch and an elongation on 2 inches
of not less than 25% a series of small holes whose positions
cotrespond to the positions of the intended stringing apertures;
:(b)'turning the metal’éurroundipg the edges of said holes4through
substantiaily‘90° from its original position in the tube, at
least in the longitudinal direction of the ‘tube, to provide
flanged st:iﬁging'apertures whose flanges provide a smooth bed
for the.stfipgs of the racket; (c) bending the tube into the
‘shape of a racket-frame; and {(d) hardening the tube to a state
in whiéh it has an elongation on 2 inéhes of not more than 15%.

5. A method according to claim 4, in which step (c¢) is

~carried out before,étep {b).

mo %
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