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G _AND DIE CUT PROCES
EIELD OF THE INVENTION

5 The present invention relates to processes for forming
medical devices and in particular for forming beveled tips
on tubular catheter products.

F E_INV ON
10 _
It has long been known to taper the tip of a catheter, in
particular, a peripherally inserted intravenous catheter
in order to ease the insertion process. It has further
been found and most products today have a dual bevel
15 formed at the catheter tip. The first bevel is a taper of
3° and the second bevel is a taper of approximately 27°.
These tips may be formed for example by laser cutting as
shown in U.S. Patent No. 5,425,903 or by molding as shown
in U.S. Patent No. 4,661,300 to Daugherty.
20
The Daugherty patent shows a molding process in which a
single step operation is used to form and clip the
catheter. That is, the catheter is placed on a mandrel
extending with the catheter material extending beyond the
25 mandrel and this assembly is then inserted into a heated
mold to form the outer surface of the catheter. The
mandrel is advanced to a point where it engages the mold
surface to clip the flash from the catheter in a single

step.
30
" The single step process, however, has significant
disadvantages in that it provides for short tool life in
that both the mold and the mandrel are used also as
cutting devices and therefore must engage and wear upon
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each other. This means that during usage the outer
surface formed on the catheter varies as the contact
between the mandrel and the die wears upon the inner
surface of the die. Furthermore, tooling must be replaced
in order to maintain a sharp interface edge between the
mandrel and mold to provide appropriate cutting action.

SUMMARY OF THE INVENTION

The invention relates to a process for bevéling the tip of
an intravenous catheter. The process includes the steps
of placing ‘a tubular catheter on a mandrel which will
carry the catheter during at 1least a portion of the
processing. The mandrel extends beyond the end of the
tubular catheter material in at least one embodiment. A
mold is provided and is heated to a sufficient temperature
to soften the tubular catheter material. The mold is
provided with a tapered inner mold surface.

The catheter is inserted into the mdld by inserting the
mandrel-carrying catheter therein. The mandrel may pass
entirely through the mold and extend out an opposite end
thereof.

Insertion of the cathetér-carrying mandrel into the mold
allows the catheter material to melt and flow by contact
of the material with the inner surface of the mold. This
forms a predetermined outer surface to the catheter and a
portion of flash extending from the tip of the catheter.
The mandrel is then removed from the mold and a second
mandrel or cutter is inserted into the catheter while

"~ still in the mold. This mandrel or cutter has a larger

diameter then the first mandrel and by advancing the
second mandrel until it contacts a portion of the mold,
the tip of the catheter is trimmed of its flash.
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In an alternate embodlment of the present invention, the
tubular catheter is placed over a mandrel and a heated
mold is provided as described above. The catheter and
mandrel are inserted into the mold and the catheter
material is allowed to melt and flow along the inner
surface of the mold. The catheter material extends beyond
the desired catheter tip forming a portion of flash. The
catheter with flash is removed from the mold and
thereafter inserted into a die. The flash is severed from
the tip of the catheter material by inserting the mandrel
into the die until the mandrel contacts an inner surface
of the die.

In this process, the mandrel used in the die-cutting
operation may be different from that used in the molding
operation, thus limiting the wear on the mandel use in the
molding operation. Alternatively, the same mandrel may be
used in both the molding and die-cutting operation. 1t is
also contemplated that in the molding step, the mandrel
may pass completely through the mold and out an opening at
a second end of the mold while still permitting flash to
extend beyond the end of the desired catheter tip.

BRIEF DESCRIPTION OF THE DRAWINGS
The invention will now be described with reference to the

attached drawings wherein:

Fig. 1 depicts the molding process of a first embodiment

" of the invention;

"Fig. 2 depiéts the cutting step of the process of Fig. 1;

Fig. 3 shows the insertion of a catheter carrying mandrel
into a mold in a second embodiment of the invention;

—
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Fig. 4 shows a molding process in the second embodiment of
the invention depicted in Fig. 3;

Fig. 5 shows withdrawal of the catheter and mandrel from
the mold depicted in Fig. 3;

Fig. 6 shows insertion of the molded catheter and mandrel
into a die at a second station in the process of Fig. 3;

Fig. 7 shows the cutting of the flash from the end of the
formed catheter in the process of Fig. 3;

Fig. 8 shows withdrawal of the catheter and mandrel from
the die in the process of Fig. 3; and,

Fig. 9 shows withdrawal of the mandrel from the catheter
after formation of the catheter tip.

normally extruded polymer tubes. The most prevalent
materials used in catheters today are
polytetrafluoroethylene and polyurethane.

The process will be described generically, however, the
particular process parameters may easily be determined by
one of ordinary skill in the art. For example, the
temperature of the mold is selected in order to provide
for an appropriate molding characteristic without crushing
of the catheter material (due to under heating) or

" excessive running of the catheter material (due to over

heating).

This Sheet Has Been Replaced

ARV




10

15

20

25

30

JJIM=-219

- 5 -

A first embodiment of the process of the present
application is depicted in Figs. 1 and 2. In this process
a  tubular catheter 1, for example a
poiytetrafluoroethylene (PTFE) catheter, is placed over a
carrying mandrel 2 of a given diameter (for example 20 ga.
0.045"0D). The mandrel 2 is made of stainless steel and
may be moved in any known manner such as by pneumatic
actuators, stopper motors or the 1like. A mold 3 is
provided having a tapered inner surface which compliments
the final shape desired on the outer surface of the
catheter. The mold is formed or machined from steel and
has an opening passing completely through the interior.
The opening has two tapers a first taper 5 of 3° extending
along the distal portion of the tube and a second taper 6
of 27° at the tip.

In the process the mold 3 is heated to approximately 680°F
and the catheter 1 and mandrel 2 are inserted into the
mold 3. The contact between the catheter material and the
mold 3 heats the catheter material to approximately its
melting point and permits it to begin flowing within the
mold 3 and partially out the opening 7 at a second end of
the mold. The mandrel 2 is of a diameter which permits
passage completely through the mold without contacting the
mold surface. An area of flash 8 is formed at the end of
the catheter which will later be severed from the catheter
tip.

' The first mandrel is withdrawn from the mold 3 leaving the

catheter material within the mold. A second mandrel 9 or

~ punch is then inserted into the catheter 1. The second

mandrel 9 has a diameter larger than the first mandrel 2
and may be for example .037" for an 18 ga. IVC in
diameter. This mandrel 9 is sized such that it will not
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pass through the opening at the second end of the mold but
rather will engage the inner surface of the mold 3 to
punch and cut the flash 8 from the tip of the catheter.
The second mandrel 9 is then inserted through the catheter
5 1 until such point where it does engage the inner mold
surface, thus cutting the flash material from the end of
the catheter. After this process the mandrel and catheter
are withdrawn from the mold and the mold 3 is reheated for
a second operation. The catheter then continues along
10 with its processing to be formed into a final catheter
product. |

A second embodiment of the invention is depicted in Figs.
3 through 9. This embodiment may best be described as a
15 two station -process.

In the second embodiment a catheter 1 is placed upon a

mandrel 12 for insertion into a mold 13 in a manner

similar to that provided for the first embodiment. The

20 catheter 1 is positioned on the mandrel 12 with a portion

of the catheter material extending beyond the mandrel.

This mandrel 12 and catheter 1 assembly is then inserted

into the heated mold 13. This mold 13 is similar to the

mold described in connection with the first embodiment and

25 is also heated to a temperature of 680°F. As seen in Fig.

4 the mandrel 12 is inserted to a point where it does not

contact the inner mold surface but the catheter material

is permitted to heat and conform to the inner mold surface

"with a portion of flash 14 extending beyond the desired

30 end of the catheter. The molded catheter and mandrel 12

"are then withdrawn from the mold and cooled. It may be

preferable to permit the mold to cool ‘or withdraw the

catheter material when partially cooled and permit it to
finally cool outside of the mold.
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As shown in Fig. 6 the molded catheter is then inserted
into a die 15 at a second station. This may be for
example a second station on a turn table wherein the same
mandrel 12 carrying the catheter 1 is moved from the mold
position to a position aligned with the die 15. The
mandrel and molded catheter are then inserted into the die
15 to such a point that the mandrel engages the die
surface to cut the flash from the end of the catheter.

After the flash has been cut from the catheter the final
formed catheter and mandrel are removed from the die and

the catheter is removed from the mandrel. 1In this way the

important molding surface of the first station does not
contact the mandrel and therefore is not subject to the
wear created in prior art processes where the mandrel and
mold engaged one another.

Furthermore the die may be made out of material selected
for its hardness and without regard for heat conductivity.
In this way the mold can be optimized for its heat
mass/donductivity and the die can be optimized for its
hardness and ability to withstand the wear caused by
contact with the mandrel.

The invention has been described in connection with
certain preferred embodiments. The embodiments may be
modified and changed without departing from the scope of
the invention which is claimed with reference to the
claims attached hereto. For example, a tubular sharpened
blade may be substituted for the mandrel in the cutting

" _opertion, or the die may have a blade substitution

therefor.
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CLAIMS

1. A process for beveling the tip of a intravenous
catheter comprising the steps of:

a) placing a tubular catheter over a mandrel with said
mandrel extending beyond an end of the catheter to be
tipped;

10 b) heating a mold having a tapered inner mold surface;

c) inserting the catheter carrying mandrel into the mold
to engage the catheter material with said inner surface;

15 d) allowing the catheter material to melt and flow on
said inner surface to form a predetermined outer surface
to said catheter with flash extending beyond the desired
catheter tip;

20 e) removing the mandrel from the mold;

£) inserting a second mandrel of a larger diameter into
the catheter and mold; '

25 g) advancing said second mandrel until a portion of said
second mandrel engages said mold to cut the tip of said
catheter.

T 2. The process according to Claim 1 wherein the first
30 mandrel has a diameter from .0330% to .0340" and the
‘gecond mandrel has a diameter from .0365" to .0375" for 18

—————

ga. IVC. -
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3. The process according to Claim 1 wherein the tubular
catheter is formed of polytetrafluoroethylene and the mold
is heated to a range from about 650°F to about 750°F.

4. The process according to Claim 1 wherein said mold
has an open second end and said first mandrel is sized to
pass completely through the mold and out of the second end
upon insertion within the mold. '

S. The process for beveling the tip of an I.V. catheter
comprising:

a) placing a tubular catheter over a mandrel;
b) heatiné a mold having a tapered inner mold surface;

c) inserting the catheter and mandrel into the mold to
engage the catheter with the inner mold surface;.

qd) allowing the catheter material to melt on said inner
surface to form a predetermined outer surface on said
catheter with flash extending beyond the desired catheter
tip;

e) removing the catheter and mandrel from the mold;

£) inserting the catheter into a die and severihg the
flash by contacting a mandrel within an inner surface of

" the die.

6. The process of according to Claim 5 wherein the

mandrel used to contact the inner surface of the die is a
mandrel different from the mandrel on which the tubular
catheter is placed for heating and molding.
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7. The process according to Claim 5 wherein the mandrel
which contacts an inner surface of the die is the same
mandrel inserted into the mold to engage the catheter with
the inner mold surface to order to mold the catheter.

8. The process according to Claim 5 wherein said
inserting step includes passing said mandrel completely
through said mold and out a second opening of said mold.

9. The process according to Claim 5 wherein said tubular
catheter is formed of polytetrafluorocethylene.

10. The process according to Claim 5 wherein said mold is
heated to a temperature from about 650°F to about 750°F.
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