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WELDING METHOD AND APPARATUS

The present invention relates to a welding method
and apparatus, and more particularly to a method and
apparatus for automated welding of tubes for use in
brachytherapy.

In the treatment of various cancers, and 1in
particular prostate cancer, a process called
brachytherapy has proved effective. In brachytherapy,
small capsules containing radioactive material are

implanted in or near to the tumour.

One known form of capsule or canister, commonly
used to treat prostate cancer and referred to as a

ngeed", is shown in Figure 7. The capsule 100 comprises

a silver rod 102, coated with a radiocactive 1sotope of
iodine such as I-125, inside a hollow titanium tube 104.
The ends of the tube are welded closed. Resin balls
coated with radiocactive 1odine can be used 1nstead of
the silver rod 102. The completed capsule has a width
of approximately 1.0 mm and a length of approximately
4.5 mm. The capsules or seeds can be i1mplanted into a
patient individually; alternatively, the capsules can be
inserted into medical stitching material or suture,
which is then inserted into the prostate and left there.

The number of capsules implanted into each patient
obviously varies in accordance with the regime of
treatment required, but is commonly in the region of 50
to 100. The capsules are normally made by hand, with
the welding process used to close the ends of the tube
being carried out manually. It will be appreciated that
making such a large number of capsules for each patient
by hand takes considerable time and expense.

According to a first aspect of the invention, there
is provided an automated method of welding closed one
end of each of a multiplicity of open-ended tubes
suitable for use 1n the manufacture of brachytherapy

capsules, which comprises repeating the steps of loading
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each tube into a holder, bringing the tube in the holder
to a welding station, welding closed one end of the
tube, and releasing the welded tube from the holder.

With such a method, a large number of tubes can be
brocessed relatively quickly.

Preferably, the step of loading each tube into a3
holder comprises the Steps of orientating the tubes into
a particular orientation in a teeder, and feeding each
tube from the feeder to a holder. Once orientated in
the feeder, the tubes can be fed to the holder in s
desired orientation. Manual picking up and orientation
of the tubes is avoided.

As the tubes are for use in making brachytherapy
seeds, they will be of a suitable s5ize for brachytherapy
lmplantation, for example, a few millimetres long by
about one millimetre wide. The tubes are typically a

little longer than the product brachytherapy seed, since

such that the melted material forms the end closure.
Preferably, no additional material is required.

be effected after the active substance for brachytherapy
has been inserted.

In general, the tubes to be welded will be formed
Dy being cut from a long length of tubing, and having
been so cut they will be randomly orientated. According

Lo the method of the invention, the tubes are orientated
in the feeder, so that each tube 1is ready to be fed to 3

holder. A preferred method comprises agitating the
tubes in order to orientate them in the feeder.

Various ways may be used to control feeding of each
tube to a holder. For example each tube may be

individually picked up by a robot arm and placed in the
holder. Preferably, the method comprises arranging the

tubes end to end one above another in the feeder, urging
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a restraining member against a side of the lowermost -

but-one tube to prevent it from downward movement, and
releasing the lowermost tube from the feeder

individually to the holder. The restraining member thus
engages the lowermost-but-one tube and in so doing all

the tubes above are held in position, allowing the
lowermost tube to be individually released. After
release, a blocking member is preferably moved into a
blocking position below the tubes and the restraining
member 1s retracted to'allow the tubes to drop down, the
then lowermost tube being stopped by the blocking

member. The restraining member can then be advanced

S—

against the now lowermost-but-one tube and the feeding
Cycle 1s then repeated.

In a preferred method, the holder receives a tube,
conveys the tube to the welding station, and releases
the tube, said holder moving in a closed loop.

The provision of a holder which moves in a closed
loop facilitates the automation of the welding process.
The tube to be welded is supplied to the holder in a
particular orientation. The tube is then carried to the
welding station where it is welded. The welded tube is
released, preferably at an ejection station to which it
1s carried from the welding station. Since the holder
moves 1n a closed loop, it comes back to its original

position, and the procedure can then be repeated.

It 1s possible to use one holder, although the rate
of production of such an apparatus is low, as it can
only operate on a single tube at a time. Accordingly,
it is preferred that a plurality of said holders are
provided. This allows greater productivity.

The welding of the end of each tube obviously
requires high temperatures in order to melt the metal of
the tube. It is possible for these high temperatures to
cause damage to whatever is holding the tube during the

welding operation, particularly if repeated welding
operations are carried out. Some form of cooling can be

provided to reduce the risk of damage. However, in a
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preferred method, the holders move through said welding
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station sequentially, each of the plurality of holders
cooling between successive welding operations whilile the
other holders move through the welding station. This

ensures that after each of the holders holds a tube

while it is being welded, it cools down before 1t next
holds a tube being welded. This reduces the risk of
heat damage to the holders.

Many possible methods of moving the or each holder
through the welding station can be employed. For
example, each could be individually driven along a
track. However, in a preferred method, the or each
holder is mounted at the periphery of a rotatable
member. Receiving, welding and releasing stations may
conveniently be provided at successive poilnts along the
rotational path of the holder. Where a plurality of
holders are provided they can all be mounted by the
rotatable member, with the advantage of simplicity, as

it is then only necessary to provide a single drive

means.

The holder may for example be a cavity into which

the tube can be dropped by the feeder and which

restricts movement of the tube adequately during

welding. Preferably, however, the holder adopts an open
condition when receiving and releasing a tube and a
closed condition to grip the tube firmly at least during
welding of the tube. This arrangement assists the
receiving and releasing steps, whilst properly holding
the tube during welding.

The holder may be in the closed condition at all
times except when receiving and releasing a tube.

However, the method preferably comprises causing the

holder to move from the open condition to the closed
condition when the holder is at the welding station.
Thus, means can be provided at the welding station for
causing the closing action, rather than such means being
provided as part of the holder itself. This can
advantageously simplify the design of the holder, which
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is particularly advantageous where the holder is
conveyed from one processing station to ancther, e.g. by
a rotatable member.

Viewed from another aspect the invention provides
an automated method of welding closed one end of each of
a multiplicity of open-ended tubes suitable for use as

brachytherapy capsules, comprising repeating the steps

of feeding each individual tube to a holder in an open

condition, conveying the holder in the open condition to

a welding station, causing the holder to close and grip

the tube firmly by means of a hclder actuator provided
at the welding station, and welding one end of the tube
closed. The holder actuator 1s advantageously not
conveyed with the holder but instead 1s provided at a

fixed location at the welding station.

The holder may have a floor portion for preventing
downward movement of the tube during conveyance.
However, this is not necessary and the method preferably
comprises sliding the tube on a slide plate during
conveyance of the holder. It has been found, contrary
to expectations, that the lower ends of the tubes are
not damaged as a result of sliding along the slide
piate.

Thus, as long as the tubes are of uniform lengths,
the top end of the tube will always be the same height
above the slide plate. Provided the welder 1s also
fixed in position, the distance between the upper end of
the tube and the welding unit will remain constant.

This can ensure that the tube 1s in the correct position
for welding. Thus 1t 1s strongly preferred that the
multiplicity of tubes for use in the preferred
embodiment of the present invention are of uniform
length.

It is possible for the welded tubes (also referred
to as "cans") to be removed from the holders by being
picked out, either by hand or by providing a further
piece of apparatus to carry out this step. However, it

1s preferred that the slide plate be provided with a
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Cut-out region,

allowing cans to fall Past the slide
plate.

The cans are then removed from the ho

lders by
the force of gravity.

A preferred method therefore
comprises conveying the

position where the slide plate is provided with a cut -

out region, allowing the can to fall through the cut -out

region.

The holder can take 3 number of forms,

as long as
the tube is held correctly.

For example, the tube could
be held in an inflatable collar,

deflated and can be inflated when
hold the tube tightly. However

which 1is normally
1t 1is necessary to

, 1t is preferred that

said holder is in the form Of a pair of jaws which are

biassed to an open position and can be gelec

tively
closed. This allows the tube to be

inserted into the
holder when they are in their open position,

where the
spacing between the jaws is relatively wide,

facilitatesgs 1insertion of the tube .

around the tube. For example, a
Cylinder could have its ends attached to the halves of
the jaw, and would then be able to

open or close the
jaws e.g. at the welding station.

However, as described
ably provided at the
This simplifies the

above, a holder actuator is prefer

welding station to close the Jjaws .
construction of the jaws, and,

where a plurality of sets
of jJaws are provided,

1nvolves the provision of just one
holder actuator, rather than one for

In a preferred method, the holder is in the form of
a block slidably mounted in a recess
support,

each set of jaws.

in a holder

said block being biassed outwardly by resilient
means, e.g. compression Springs,
block and said holder support .

advantage that the hold.

retained between said

This arrangement has the

2Y can be closed tightly by
pushing the block against the resilient bias,

can be done by means such as a3 solenoid

and this
OY an air
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Preferably, the block is retained on the holder
Support by bolts passing through the block andg engaging
in the holder Support, the block being biasgsed outwardly
5 Dy the resilient means, and the bolts retaining the

block on the holder SUpport against the resilient bias

10 is biassed away from the recess, and so the distance
between the block and the recess 1s a maximum. This is
the position where the tube will preferably be loosely
held in the holder. The bolts can be tightened or
loosened to change this spacing, for example to

15 accommodate thicker or thinner Cubes, which may be

needed to make different types of capsule.
The spacing between the block and the recess is

important, as it must be large enough to allow the tube
to easily enter the holder, but sufficiently small to
20 ensure that the tube is held as required. In

particular, the tube must be held in such a way as to
ensure that when the holder is closed tightly around 1t,
1t is in the correct position for welding. The spacing
can be set by inserting a gauge member of known

25 thickness into the gap and tightening the bolts until
the jaws just contact the gauge member
awkward procedure and does not guarantee that the bolts
will not be over tightened. Accordingly, it is
preferred that a set screw is provided in said recess,

30 sald set screw defining a point beyond which said bolts

may not be tightened. This ensures Chat the spacing of
the block and the recess is set correctly.

Provision of the set screw to ensure correct
spacing of the block and the recess 1s also considered
35 Lo be of inventive merit, and so according to a further
ASPECt O the invention there is provided an automated
method of welding closed one end 0of each of a

multiplicity of open-ended tubes suitable for use as
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brachytherapy capsules, comprising repeating the steps of
recelving a tube 1n a holder mounted on a holder support,
conveying the tube past a welding station where one end of

the tube is welded closed in a welding operation, and

releasing the welded tube, said holder being 1in the form ot

a block slidably mounted in a recess on the holder support
and retained on said holder support by bolts passing through
sald block and engaging in said holder support, said block
being biassed outwardly by resilient means acting between
said block and said holder support, said bolts retaining
sald block on the holder support against the resilient bias

p—

and thus serving to define an open condition of the block,

sald open condition of said block being variable by means of
tightening or loosening said bolts, and wherein a set screw
is provided 1n said recess to define a point beyond which

sald bolts may not be tightened.

Since the holder will hold the tube while 1t 1is

being welded, it i1s necessary for the holder to be formed

from a material which has sufficient heat-resistance. Tt 18

preferred that the or each holder 1s formed from Elkonite.
This material, an alloy of tungsten and copper, has good

heat-resistance, but i1s easier to work than tungsten itself.

It 1s also preferred that the holder support, e.qg.

rotatable member, 1s formed from Elkonite.

The i1nvention also extends to apparatus for

carrying out the methods for welding closed one end of each
of a multiplicity of tubes for use as brachytherapy capsules

as described above.

According to one aspect of the present invention,

there i1s provided an automated method of welding closed one
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end of each of a multiplicity of open-ended tubes suitable

for use as brachytherapy capsules, which comprises repeating
the steps of: loading a plurality of tubes 1nto a feed line

positioned 1n overlylng reglstry with a tube holder, said

feed line located at a loading position; loading one of said

plurality of tubes into said holder positioned adjacent an

outside edge of a rotatable platform; transporting said
holder between said loading position and a welding position

at a welding station, wherein said loading and welding

pogitions are distinctly located; welding closed one end of

_

the one of said plurality of tubes; and releasing the welded

tube from the holder.

According to another aspect of the present
invention, there i1s provided an automated method of welding
closed one end of each of a multiplicity of open-ended tubes
sultable for use as brachytherapy capsules, comprising

p—
P—

repeating the steps of feeding each individual tube to a

holder i1n an open condition, conveying the holder in the
open condition to a welding station, causing the holder to
close and grip the tube firmly by means of a holder actuator

provided at the welding station, and welding one end of the

tube closed.

According to still another aspect of the present

invention, there 1s provided an automated method of welding

closed one end of each of a multiplicity of open-ended tubes

suitable for use as brachytherapy capsules, comprising

repeating the steps of receiving a tube in a holder mounted
on a holder support, conveying the tube past a welding
station where one end of the tube is welded closed in a
welding operation, and releasing the welded tube, said

fr—

holder being in the form of a block slidably mounted in a

recess on the holder support and retained on said holder

support by bolts passing through said block and engaging in
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said holder support, said block being biased outwardly by
resilient means acting between said block and said holder
support, said bolts retaining said block on the holder
support agalinst the resilient bias and thus serving to
define an open condition of the block, said open condition

—

of said block being variable by means of tightening or

loosening said bolts, and whereilin a set screw 1s provided 1n
sald recess to define a point beyond which said bolts may

not be tightened.

A preferred embodiment of the invention will now

be provided by way of example only and with reference to the

accompanying drawlings, 1n which:

Figure 1 1s an overall perspective view of the

preferred embodiment of the automated tube welder;

Figure 2 18 an enlarged perspective view of the

feed line and the escapement assembly;

Figure 3 1s a perspective view of the escapement
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assembly;

Figure 4 1s a perspective view of the turret;

Figure 5 1s an enlarged exploded perspective view
of the turret;

Figure 6 18 a perspective view of the table plate
and slide plate; and

Figure 7 1s a cross-sectional view of a
brachytherapy capsule or seed.

Figure 1 shows a general perspective view of the

preferred embodiment of the automated tube welder 10.

The titanium tubes which are used to form the capsules
have a width of around 1.0 mm and a length of around 6.5
mm. The tubes arrive 1n a bowl 22 of a vibrating hopper
20. The vibration of the hcopper serves to orlentate the
tubes, and they pass i1nto a gravity feed line 30. The
tubes pass through to the lower end of the gravity feed

line, where they are stopped by an escapement assembly
40. The escapement assembly 40 allows only one tube
through at a time, and retains the remaining tubes 1n a
vertical stack in the feed line. The tube released by
the escapement assembly falls into a jaw 52 of a
generally circular turret assembly 50. The turret 50
has four circumferentially equispaced jaws 52, each of
which can hold one tube, and the turret 50 1s rotated to
move the tube sequentially through a number of operating

gtations. The first station is the one where the tube

is received by the jaws. The turret 1s then rotated by

90° twice, to bring the tube to a welding station 80

incorporating a welding unit 84. A sensor 82 1s located
at or near the welding station, and as the turret
rotates the sensor detects the presence or absence of a
tube sticking up from the turret. The welding unit is
only operated if the presence oi the tube has been
detected by the sensor assembly; 1f a tube 1s detected,
then the upper end of the tube 1s welded closed by the
welding unit. Once the welding process 1s started, 1t
follows a preset welding program, which ends with a

signal being sent back indicating that the welding
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process 1s complete. If the welding program is started
and the weld sequence 1s hot completed, the process will
terminate with a weld error signal. If, on the other
hand, no tﬁbe 1s detected, then the welding unit ié not
activated. The turret 50 1s then rotated by a further
30° to bring the welded tube or can to an ejection
station 90, where i1t 1s ejected. The operation of the

automated tube welder 10 i1s controlled by a control

unit, which in the preferred embodiment is an Allen

Bradley PLC 5/11 programmable logic controller, using RS

Logix™ software from Allen Bradley.

The various parts of the tube welder will now be
described 1n greater detail.

The bowl 22 of the vibrating hopper 20 receives the
tubes, and delivers them lengthwise down an exit chute
24. The width of the chute 24 i1s such that only one
tube can pass down the chute at a time. This is

achieved by having the diameter of the chute slightly

greater than the diameter of the tubes (which is

approximately 1 mm) but substantially less than the
length of the tubes (which 1s around 6.5 mm), so that an

in-line arrangement of the tubes results. Hoppers of
this type are available from Service Engineering Inc.,

and the hopper will not be described further.

The upper end of the gravity feed line 30 is

attached to the lower end of the exit chute 24, and the
tubes leave the exit chute 24 and enter the feed line 30

under gravity. The width of the feed line 30 is similar
to that of the chute 24, so that only one tube can pass
down the feed line at any one time. The tubes thus form
a vertical column in the feed line, stacked end to end.

In addition, the inner surfaces of the chute and
the feed line are formed to be as smooth as possible.
This reduces the friction between the tubes and the
chute and feed line, and so reduces the chance of the
tubes jamming during feeding.

At the lower end of the feed line 30 is the

escapement assembly 40, which ensures that the tubes
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leave the feed line one by one. The €SCapement assembly
includes a plate 42, which normally blocks the passage
Of tubes from the feed line 30, such that the lowermost
tube rests on the plate 42. The escapement assembly
also includes a resilient member 44, which normally
urges the tube just above the lowermost tube against the
side of the feed line 30, with sufficient force to

prevent this tube from moving downwards when the Cube

below it moves, but not so much force that the tube will
be damaged.

It will be appreciated that the walls of the tubes

are very thin, so as to minimize anly attenuation of the
radiation from the radioisotope such as radioactive
1odine, and it is prerferred that the walls have a
thickness of around 0.05 mm. Excessive force can damage
the tubeg, by crushing the walls towards each other, and
this is obviously undesirable. FOr this reason, the

resilient member is preferably in the form of a Spring
which is easily compressed.

The plate 42 and the resilient mempber 44 are moved
by alr cylinders, controlled by the control unit.

In operation, the escapement assembly 40 will

stack of tubes will thus be supported on the plate. The
resilient member 44 then presses the lowermost-but-one
tube against the side of the feed line 30, to prevent it
from moving. The plate 42 is then moved to allow the
lowermost tube to fall. It is possible for the plate to
be formed with an opening which is brought into and out
Of registration with the opening at the bottom of the
feed line, but it is preferred for the entire plate to

be moved out of the way, to ensure that the lowermost
tube is reliably dropped.

When the plate 42 is moved to allow the lowermost
tube to drop from the feed line, it will be appreciated
that the weight of all of the other tubes in the stack
1s supported by the tube which 1s pressed against the
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wall of the feed line 30 Dy the resilient member 44
However, since each tube has 3 very low mass (of the
order of 10 mg), the total mass which must be supported
1n this way is relatively small.
5 The plate 42 is then returned to 1ts original

position, and the resilient member 44 1s withdrawn.
This allows the entire stack of tubes to drop down, so
that they are again Supported on the plate 42. Each
time this cycle is repeated, one tube is allowed to drop

10 from the bottom of the.feed line 30. The operation of

unit. In addition, an interlock 1n the escapement 40
prevents both the plate 42 and the resilient member 44
allowing the tubes to Pass at the same time .

15 Directly below the plate 42 of the escapement
assembly 40, there is a funnel member 32. The funnel
has a passage therethrough to allow a tube to pass down

1t. The purpose of the funnel 1g to ensure that the
tube which is allowed out of the feed line 30 by the

20 escapement assembly 40 is directed accurately, rather
than simply allowed to fall. This is important, as if
the tube were to simply be dropped from a height above
CLhe jaws 52 of the turret assembly 50, it could tumble
Out of 1ts vertical orientation and as a result may not

25 be properly received by the jaws 52.

In addition, a sensor unit 4¢ detects the presence
Oof each tube as it passes through the escapement
assembly 40. If the sensor fails to detect any tubes
passing through the €scapement assembly for a certain

30 period of time during the operation of the apparatus,
then an error message is generated by the control unit,
and the user is informed of the location of the problem.
The most likely causes for the €rror message being

generated are that the tubes have Jammed somewhere in
35 the feed line 30 or that there are no tubes remaining in

the hopper 20. 1In either case, 1t 1is necessary for the
operator of the apparatus to intervene.

As mentioned above, each tube that drops from the
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0. The turret itself is formed from a flat generally
Circular plate 54, rotatably mounted and driven by an

indexing motor in such a way that it rotates in steps of

and thus forming the turret trom tungsten presents g
number of difficulties. In addition, Elkonite has the
desirable property of heating up slowly but Cooling

over which the turret 50 rotates is removed, to allow
the shaft of the indexing motor to pass through the
table plate 70 and be attached to the turret 50 1n order
Lo drive it. 1In addition, the part of the table plate
over which the turret 50 rotates 1s formed as a recess
which accommodates a slide plate 72. The slide plate is

formed of a material which has good wear resistance and

good sliding qualities, and in the preferred embodiment

1s formed of aluminium bronze. The slide plate and the

portion of the table plate 70 which it overlies are
continuous around most Of their circumferential extent,
but have a cut-out region 74 in one portion. The
purpose of this cut-out region will be described later.
Bach set of jaws 52 comprises a block 56 which 1S
ACcommodated in a recess 58 in the plate 54. As best
shown in Figures 4 and >, two sets of jaws 52 are
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54, and the other two Sets are mounted at the ends of

the diameter normal to the first diameter. Each block
56 1s mounted on guide pins 60 so as to be slidable in
the recess 58 towards and away Irom the centre of the
plate along the diameter. The block 56 is held in place
Dy two bolts 62 which extend through the block parallel
Lo the diameter of the plate, and engage in holes formed
1n the plate. SPrings 64 surround the bolts 62 and are
pPositioned between the tecess 58 and the block 56 to

bias the block outwardly until the block comes into
contact with the heads of the bolts.

The end of the block 56 which faces the recegs 58

are spaced from each other, ang the space between the
end of the block and the eng Of the recess defines the
region into which the tube falls. 1In order to adjust

the size of the region into which the tube falls, the

bolts 62 can be tightened against the Springs 64 (to
reduce the size of the region) or loosened, so that the

Springs 64 push the block outwardly (to increase the
size of the region) .

inaccurate procedure. To €rnisure that the jaw spacing is

Set correctly, a set screw 66 1s provided in the recess
58 to ensure that the bolts 62 cannot be tightened

beyond a set position. However, the Springs 64 and

guilde pins 60 are arranged so that the block 56 can

st1ll slide into the recess 58 beyond this point, to
reduce the width of the jaws.

The ends of the block 56 and the recess 58 are both
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located 180°
, and then to an ejection

station 90 90° further on.

It will be noted that there is no station

positioned at 90° from the escapement assembly .
1f the process requires,

carry out an

for welding. For example,

an air blast could be used to
blow any debris away from t

he end of the tube
The welding station 80 comprises a se

nsor 82, a
welding unit 84,

absence of a tube in the Jaws 52 of the turret 50.

An
optical detection System is used,

and a signal from the
SENnsor 52 1s passed to the control unit.

If the sensor
detects a tube,

then the welding unit 84 welds the upper
end of the tube closed. If no tube i1s detected, then

the welder is not operated. Of course, the sensor 82

could be positioned at the previous (empty) station 1f
desired.

The clamping air Cylinder 86 serves to Close the

Jaws 52 of the Curret 50.

are positioned at the welding station 80 .
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piston moves in this manner, 1t applies a force to the
block 56, pushing it into the recess 58. This clamps
the tube between the groove 68 in the block 56 and the

groove 68 1in the recess 58, and thus ensures that the

5 tube 1s accurately positioned for welding. It also
€nsures that there is good contact between the tube and
the jaws, which is necessary for successful welding.
The operation of the clamping air cylinder 86 ig
controlled by the control unit .

10 It will be appreciated that since the faces of the
block and recess come together after the block has
travelled a very short distance into the recess, the
block has limited travel. as a result, it is extremely
unlikely that the tube will be crushed or otherwise

15 damaged by the jaws while it is being held for welding.
A quarter of a revolution further on is the
ejection station 90. This station 1S positioned
adjacent the parts of the table plate 70 and slide plate
72 which have the cut-out region 74. As the turret 50
20 rotates, the welded tube or can is brought to a position
above the cut-out region 74. Normally, since the can is

only held loosely in the Jaws 52, it will fall from the
jaws 52 under the influence of gravity, and will pass

through the cut-out region 74 and down a delivery chute

25 32 into a collection bin (not shown) .

On occasion, the can does not fall from the jaws 52
under gravity when it is positioned above the cut-out
region 74. For this reason, an ejection unit is
provided, comprising a vertical air cylinder 94, with

30 the piston of the air cylinder biassed 1nto its
uppermost position by means of a spring. An ejector
bDlock 96 is attached to the lower end of the piston.
When air is supplied to the cylinder 94, the piston is

pushed downwardly, and the lower surface Of the ejector
35 block 96 contacts the upper end of the can. This

suffices to push the can downwardly out of the jaws 52

into the delivery chute 92, and ensures that the cans
are reliably ejected. Supply of air to the cylinder 94
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finger or similar between moving parts) . Further, the
safety cage allows excess argon to build up near the
welder to improve welding. 1In addition, the safety cage
protects the welding area from exXternal air currents,
and reduces the amount of airborne contaminants near the
welder.

The safety cage is provided with doors, to allow

aCCess to the welder when necessary (for example, when

charging the hopper 20 with tubes) . The doors have
switches, which pass a signal to the control unit

automatic operation of the welder, the doors must be
closed.

The operation of the automated tube welder will now
be described.

Tubes are placed into the bowl 22 of the vibratory
hopper 20, and are delivered down the exit chute 24 1nto
the gravity feed line 30. The tubes form a vertiecal
stack, with the lowermost tube resting on the plate 42
Of the escapement assembly 40. The turret 50 is

positioned such that a set of jaws 52 is aligned beneath

that position. The block 56 of the jaws 52 is biassed
outwardly by the springs 64, and so the Space between
the grooves 68 in the block 5¢ and the recess 58 is
somewhat larger than the Cross-section of the tube.
This facilitates entry of the tube into the Jjaws 52
The resilient member 44 of the escapement assembly
40 then urges the lowermost-but-one tube 1n the stack
against the side of the feed line 30. The plate 42 of
the escapement assembly 40 is then moved to allow the

lowermost tube in the stack to fall through the funnel
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32 1nto the jaws 52. The tube released in this way
falls under gravity into the gap between the grooves 68
in the block 56 and the recess 58, untiil 1ts lower end
comes 1into contact with the slide plate 72 beneath the
turret 50. The length of the tube is slightly greater
than the thickness of the turret, and so the upper end
Of the tube stands proud of the turret.

The plate 42 of the €Scapement assembly 40 is then
returned to its original position, and the resilient
member 44 releases the tube which it was holding, which
then drops down to rest On the plate 42.

The turret is then rotated by 90”. The tube is
carried along with the jJaws 52, and its lower end slides
on the slide plate 72. The welght of the tube jis
sufficiently small for the lower end of the tube to
avolid being damaged as it slides on the slide plate 72.
As there is no station positioned 90" from the
eScapement, no operations are carried Out on the tube at
this stage in the process. In the meantime, while the
Curret 50 is stationary, the €sScapement assembly 40 igs
Oberated again, to drop a tube into the second set of
Jaws .

The turret 50 is again rotated by 90”. The first
tube is brought to the welding station 80, where its
presence 1s detected by the sensor 3<2. The second tube
1s moved to the empty station.

A signal that a tube is bresent 1is passed to the

control unit, which then bprepares the welding unit 84 to
make a weld. At the welding station 80, the air

the first tube firmly in position in the jaws 52, and

while it is held in this way 1ts upper end is welded
closed. Following welding, the pressure in the air
Cylinder 86 is released, and the jaws 52 spring back to

their previous position. Of course, 1f no tube ig
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control unit, and the welder is not activated.

It will be appreciated that during the welding of
the upper end of the tube, it qs lmportant for the
turret 50 to be held Stationary, to
remains beneath the welder .

cllsure that the tuybe

period, the esScapement assembly 40 is

ejection station 90, where it falls int

chute 92, either under its own welght or after being

tapped by the ejector block 96. The second tube 1ig

brought to the welding station 80, where itg Presence is
detected, the Jaws 52 are closed by the
and the end of the Second tube is we

alr cylinder 8¢
Lded closed. The
third tube is carried along by the jaws 52 put nothing

1s done to it. The escapement assembly 40 is
operated while the turret 50 ia static

welding process to drop a tube into th

again
nary during the
€ fourth get of
The turret is again rotated by 9C%. This brings the

the third tube

and the fourth Cube to the
eEmpty station. The escapement assembl

second tube to the ejection station 350,
LO the welding station 80,

40 1s operated
dgain to drop a tube into the original set of Jaws 52,

which are now empty .

, With each tube being
dropped into a set of Jaws 52 and conveyed through the

welding station 80, where one end of the tube is weldeg
Closed, to the ejection station S50,

where it is ejecteqd.
The apparatus thus continuously

and automatically welds
closed one end of each of the titanium tubeg .

The time taken to Complete a weld is
time in the cycle,

welder can operate. At present, completion of 5 weld

takes approximately three Seconds, and rotation of the
turret by 90° takesg roughly two seconds .

delivers a welded tube O the ejection

Each 390Y step

station 90, andg



10

15

20

25

CA 02348877 2001-05-01

WO 00/30803

PCT/GB99/03884

although the welding unit 84

LOn bin. They are

radioactive 1odine .

The capsules then have their ¢
end welded closed.

At present, the inspection,
insertion and welding steps are c.

However

Of the capsules. In additic

n, the automated process
Produces more consistent result

S than the manua] welding
Oof cans.
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CLAIMS:
1. An automated method of welding closed one end of

each of a multiplicity of open-ended tubes suitable for use

as brachytherapy capsules, which comprises repeating the

steps of:

loading a plurality of tubes into a feed line
positioned 1n overlying registry with a tube holder, said

feed line located at a loading position;

loading one of said plurality of tubes into said

holder positioned adjacent an outside edge of a rotatable

plattform;

transporting said holder between said loading
position and a welding position at a welding station,

wherein said loading and welding positions are distinctly

located:

welding closed one end of the one of said

plurality of tubes; and

releasing the welded tube from the holder.

2 . A method as claimed in claim 1, wherein the

multiplicity of open-ended tubes are fed i1n a continuous

o

feeder.

stream from a

3. A method as claimed in claim 2, wherein the feeder

suppllies the tubes i1n a particular orientation to a holder.

4 . A method as claimed i1in claim 3, comprising

agiltating the tubes in order to orientate them in the

feeder.

5. A method as claimed in claim 2, comprising

arranging the tubes end to end one above another in the
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feeder, urging a restraining member agalinst a side
lowermost-but-one tube to prevent i1t from downward movement,
and releasing the lowermost tube from the feeder

individually to the holder.

6 . A method as claimed in claim 1, wherein the holder
recelves a tube, conveys the tube to the welding station
where one end of the tube i1is welded, and releases the welded

tube, said holder moving in a closed loop.

7. A method as claimed 1n c¢laim 6, whereln a

plurality of said holders are provided.

8. A method as claimed in claim 7, wherein said

holders move through said welding station sequentially, each

pl—

of said plurality of holders cooling between successive

welding operations while the other holders move through said

welding station.

9. A method as claimed i1in claim 1, wherein said
holder 1s mounted at the periphery of a holder support in

the form of a rotatable member.

10. A method as claimed 1n claim 1, wherein said
holder adopts an open condition when receiving and releasing

a tube and a closed condition to grip the tube firmly at

least during welding of the tube.

11. A method as claimed in c¢laim 10, comprising

causing the holder to move from the open condition to the

closed condition when the holder 1s at the welding station.

12. A method as claimed in claim 10 or 11, wherein

p—

sald holder 1s 1n the form of a pair of jaws which are

biased to an open position and can be selectively closed.



10

15

20

25

CA 02348877 2006-10-18

29925-8
_ 23 -

13. A method ag claimed in c¢laim 10, wherein said
holder 1s in the form of a block slidably mounted 1in a
recess in a holder support, said block being biased
outwardly by resilient means retalned between said block and

said holder support.

14 . A method as claimed 1n claim 13, wherein said
block 1s retained on saild holder support by bolts passing
through said block and engaging in said holder support, the
block being biased outwardly by the resilient means, and the

bolts retaining the block on the holder support against the

resilient bias and thus serving to define the open condition
of the holder, which can be wvaried by tightening or

loosening said bolts.

15. A method as claimed in claim 14, wherein a set
screw is provided 1in sald recess, sald set screw defining a

polnt beyvond which said bolts may not be tightened.

16. An automated method of welding closed one end of

pp— r—

each of a multiplicity of open-ended tubes suiltable for use

as brachytherapy capsules, comprising repeating the steps of

feeding each individual tube to a holder 1n an

open condition,

conveylng the holder 1n the open condition to a

welding station,

causing the holder to close and grip the tube

firmly by means of a holder actuator provided at the welding

station, and

welding one end of the tube closed.
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17. A method as claimed 1n claim 16, comprising
sliding the tube on a slide plate during conveyance of the

holder.

18. A method as claimed in claim 17, comprising
conveying the welded tube to a release position where the
slide plate 1s provided with a cut-out region, and allowing

the tubes to fall through the cut-out region.

e

19. An automated method of welding closed one end of

each of a multiplicity of open-ended tubes suitable for use

A

as brachytherapy capsules, comprising repeating the steps of

receliving a tube 1n a holder mounted on a holder

support,

conveyling the tube past a welding station where
one end of the tube 1is welded closed in a welding operation,

and

releasing the welded tube,

sald holder being 1n the form of a block slidably
mounted 1n a recess on the holder support and retained on
sald holder support by bolts passing through said block and
engaging in said holder support, said block being biased
outwardly by resilient means acting between said block and
sald holder support, said bolts retaining said block on the
holder support against the regsilient bias and thus serving
to define an open condition of the block, said open
condition of said block being variable by means of
tightening or loosening said bolts, and wherein a set screw
1s provided in said recess to define a point beyond which

sald bolts may not be tightened.

20. A method as claimed in claim 1, wherein the holder

18 formed from Elkonite.
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21. A method as claimed in claim 1, wherein a holder

support 1s formed from Elkonite.
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