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S ONE-STEP FLASHING BEVEL PROCESS

Field of the Invention °
The invention relates to a process for forming medical
devices, and in particular, a process for forming tapered

10 ' tips on catheters.
Background of the Invention
N\ It has long been known to taper the tip of a catheter, in
particular, a perlpherally mserted intravenous catheter
15 in order to ease the insertion process. It has further

been found, and many products today have, a dual bevel

formed at the catheter tip to ease such insertion. and

greatly improves the insertion process. The first bevel:

is a taper of épproximately 3° and the second bevel is a
20 taper of approxiﬁtately 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.

-/ 25 |
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
with the catheter material extendixig beyond the mandrel

30 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
clir; the flash from the catheter in a single step.
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«Background of the Invention It has | ong 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 nmany
products today have, a dual bevel fornmed at the catheter tip to ease such
insertion. and greatly inproves the insertion process. The first bevel is
a taper of approximately 3 and the second bevel is a taper of approxi mately
27[err]. These tips may be forned, for exanple, by laser cutting as shown

in US. Patent No. 5,425, 903 or by nol dingzas shown in U S. Patent No. .
4,661, 300 to Daugherty. : )

5 The single step process, however, has significant
| disadvantages as it provides for short tool life, as both

the mold and the mandrel are used as cutting devices and

therefore must engage and wear upon each other. ‘This

means that during usage, the outer surface formed on the

10 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 edge

o on the mandrel to provide appropriate cutting action.

15

Summary of the Invention

In the present invention, a process is used for forming a

beveled tip on a catheter. This process essentially uses

20 an 'intentidnally flashed mold, that is, a mold wherein the
mold is intentionally overfilled and therefore caused to

flash followed by a separation of the molded part from the

mold causing the flash to tear away from the molded part.

In order to enhance and predetermine the location of the

W, 2s separation of the flash from the molded part, a
constriction is called for in the molding process - that

creates a weakened portion of the connection between the

flash and the molded f:art. ' Upan separation, the part

tends to separate from the flash at this point leaving a
30 suitable beveled tip.

In the process, a catheter blank is mounted on a mandrel.
A mold is provided that has a predetermined tapered inner
surface which corresponds to the tapered tip desired on
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‘The Daugherty patent shows a nolding process in which a single step _
op€ration is used to formand clip the catheter. That is, the catheter is
pl aced on a mandrel with the catheter nmaterial extending beyond the mandrel
‘and this assenbly is then inserted into a heated nold to formthe outer
surface of the catheter. The mandrel is advanced to a point where it
engages the nold surface to clip the flash fromthe catheter in a single
st ep. :

-3-

5 the catheter. At the distal zone of this tapered inner
surface, there is provided a section having a constriction
around an opening that communicates between the volume of
the mold having the inner surface and an outer volume of
the mold referred to as a collection zone. The mold is

10 heated, either by means of a heating block or other means,
and the catheter blank and mandrel are moved into the mold
either by moving the mold relative to the blank and

W mandrel, or moving the mandrel relative to the mold. In
this way the catheter blank is heated by the mold and

15 begins to flow as the catheter material is inserted into
the mold. The flow of material flows beyond the
constriction and forﬁs flash on the collection side of the
constriction, that is, the side opposite from the tapered
inner surface.

20
After the flash has been intentionally formed as described
ahove, the flash and mold are permitted to cool

ufficiently to permit the flash to harden at 1least

slightly. The flash needs to harden only a sufficient

W, 25 amount to prevent its repassage beyond the constriction
upon removal of the molded part. Thereafter the mold and

mandrellare separated causing the flash to tear away from

the “molded part at the point of the described

constriction. The inner taper may be, for example, a 3°

30 taper or a 27° taper. In certain situations it may even
be desirable for the tip to have a more blunt end.

During the process the mold is heated to a temperature of
from about 500°F to about 700°F.
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- 2- The single step process, however, has significant

di Sadvantages as it provides for short tool life, as both the nold and the
mandrel are used as cutting devices and therefore nust engage and wear upon
‘each other. . This neans that during usage, the outer surface formed on the

cathéter varies as the contact between the mandrel and the die wears upon
the inner surface of the die. Furthernmore, tooling nust be replaced in
order to maintain a sharp edge on the nmandrel to provi de appropriate
cutting action. Summary of the Inventiorg-

The constriction described may take the form of a
- continuous circumferential edge such as a ridge formed on
the inside of the mold. That is, an apex formed by the
tapered inner surface of the mold and a tapered surface
10 provided in the collection zone of the mold which
intersect to form a ring. Alternatively, the constriction
may be a cylindrical surface within the mold generally of
W, very short length in order to control the location of the
separation between the flash and the molded product. It
15 can easily be seen that in the cylindrical constriction
embodiment of the invgntion that the flash may separate at
any point along the cylindrical surface.

In the process, the surface provided to the catheter may

20 have a dual bevel. That is, a bevel of approximately 3°
along a portion of its length terminating in a bevel of
between 20° and 35° and most preferably 27°.

It has been found that the process is particularly useful

5 25 on fluoropolymers catheters, that is, catheters made of
products such as those sold under the trademark TEFLON™,

and TEFZEL. and polyurethane catheters, this is. catheters

made of products sold under the trademark OCRILON. In

such a situation the mold is heated to a temperature of .

30 approximately 700°F. Additionally, a blast of cooling air
may be provided in order to cool the flash and mold during

the process. This air may blow on the mold and the

- cooling of the mold cools the flash, or may"blow directly

on the flash in order to assist in the cooling of the
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«In the present invention, a process is used for formng a beveled tip on a
cat:heter. This process essentially uses an intentionally flashed nold, that
is, a nold wherein the nold is intentionally overfilled and therefore
rcaused to flash followed by a separation of the nolded part fromthe nold
causing the flash to tear away fromthe nolded part. In order to enhance
and predeterm ne the location of the separation of the flash from the
nol ded part, a constriction is called for in the nolding process that
creates a weakened portion of the connectiag.between the flash and the

nol ded part. Upon separation, the part tends to separate fromthe flash
at this point |eaving a suitable beveled tip. In the process, a catheter

bl ank igs mount edeyi B &dr to solidify it more quickly. Finally the
process may also call for a blast of gas or air blowing
upward through the mold from the mandrel entry side in

order to blow the flash off the top collection zone of the
mold.
10

Brief Description of the Drawings
\_ ' The invention will ndw be described with reference to the
attached drawings wherein:
15
Fig. 1 is a depiction of the molding process of the

present invention after the catheter to be formed has been
inserted into the mold;

20 Fig. 2 is a depiction of the molding process after the
mold and catheter tip have been separated; and

Fig. 3 is a depiction of the formed catheter | tip of the
process of the present invention.

o/ 25

In forming a catheter, it is known to have a tubular
30 preform either attached to or separate from a hub provided
during the manufacturing process. The description of
extruding the tube and attaching it to such a hub or lure
fitting is well-known in the art. At the point in the
process at which the beveling of the tip occurs, a mold 1
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A nold is provided that has a predeterm ned tapered i nner surface which
corr'esponds to the tapered tip desired on -3- the catheter.

At the distal

10

15

20

- 30
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zone of this tapered inner

is provided with a cooperating mandrel 2. The mandrel 2
has a distal end 3 and the mold 1 and mandrel 2 are

moveable with respect to one another along the axis of the
mandrel 2.

The mold 1 defines an inner molding zone or mold cavity
which is defined in part by first taper inner surface 4
and in part by second taper inner surface 5.

First taper inner surface 4 tapers at approximately a
preferred angle of 3° to the axis of the mold. The second
taper inner surface 5 tapers at an angle of approximately
27° to the mold. The mandrel and mold are sized such that
the second taper surface 5 terminates at a small gap from
the outer surface of the mandrel, thus forming a

constriction 6. The importance of this constriction 6
shall become clear below.

‘Beyond® the constriction 6, the mold 1 provides a

collection surface 7 forming a zone that will receive
material. Adjacent to the collection surface 7, the mold
forms a heat mass 8 by having a conical outer shape
proviehng additional material in order to retain heat for
the mlding process.

In operation, a catheter 9 is received on the mandrel 2
normally with the distal end 3 extending beyond the distal
end of the catheter material.

—_—
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.surface, there is provided a section having a constriction around an
openi ng that comruni cates between the volune of the nold having the inner
surface and an outer volune of the nold referred to as a collection zone.
The nold is heated, either by neans of a heating block or other neans, and
t he cat heter blank and mandrel are noved into the nold either by noving the
nold relative to the blank and mandrel, or noving the nmandrel relative to

the mold. In this way the catheter blank is heated by the nold and begins
to flow as the catheter material is insertged into the nold. The flow

of material flows beyond- the constriction and forns flash on the
collection side of the constriction, that is, the side opposite fromthe

{obereg nen S S AT blRebhaghh 130 BeE0-A! Wbhldicd or b
example, a temperature of approximately 650°F or at least
having a range of from 600°F to 700°F is preferred when a
catheter material of <fluoropolymers is used. It will
easily be seen by one of ordinary skill in the art that
10 other materials such as polyurethane may also be used in
the process with adjustments to the mold temperature and
certain dimensions of the mold.

After the mold 1 has been heated to approximately the
15 desired temperature, the mandrel 2 with the catheter 9
' provided thereon is received within the mold 1. As the
catheter material comes into proximity or contact with the
first taper surface 4, the catheter material begins to
_ soften, and to some degfee, flow. As” the catheter is
20 inserted further into the mold, catheter material flows
through the constriction 6 and - collects in the zone
partially defined | by the collection surface 7. During
this process the mold 1 is naturally cooling or may be
assisted in its cooling by a blast of air not shown in the

\_ 25 figures. '

Once the catheter material has flowed past the
constriction 6, it is clear that the required filling of
the mold portion defined by first taper inner surface 4

30 and second taper inner surface 5 has occurred. Once the
catheter material has sufficiently cooled, the mold and
mandrel are separated as indicated in Fig. 2. The

constriction 6 provides a weak point in the molded
material and the separation of the mold from the mandrel
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-sufficiently to permt the flash to harden at least slightly. The flash
needs to harden only a sufficient anmount to prevent its repassage beyond
the constriction upon renoval of the nolded part. Thereafter the nold and
mandrel are separated causing the flash to tear away fromthe nol ded part
at the point of the described constriction. The inner taper may be,

- for example, a 3 taper or a 27 taper. |In certain situations it may even be
desirable for the tip to have a nore blunt end. During the process the
nold is heated to a tenperature of from abeyt 500[err]F to about 700[err]F.

5 causes a separation of the flash 11 from the catheter tip
10. As the constricted portion 6 is the weakest portion
of the formed catheter, the removal of the mold will
preferentially cause a separation of the catheter material
from the flash at this point.

10
As is clear from the discussion above, the constriction 6
is provided with very close tolerance. Hbﬁever, there is
" little or no contact provided between the mandrel 3 and
the mold in the area of constriction 6. In this way, the
15 tools (mandrel 2 and mold 1) do not wear significantly as

there is little or no contact during the process. After
the forming process, the mandrel 2 is removed from the
catheter and a catheter tip as shown in Fig. 3 is provided
wherein the cathetef material 9 has been beveled to have a

20 catheter tip 10 with a 27° taper and a outer surface 12
having a 3° taper.

As a representative product, a 20 gauge catheter may be
formed out of a tube having an outer diameter of
W 25 0.0435 inches. The mandrel 2 has a diameter of
0.0282 inches and is inserted into the catheter. The mold
forms a constriction zone 6 having a gap of approxxnately
0.0005 inches dimension.

30 It can easily be seen from the foregoing description that

' the collection surface 7 may merely be the top of the mold
itself as long as the material after it passes thrqugh-the
constriction zone 6 spreads and sufficiently solidifies to -
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= 4- The constriction described may take the formof a continuous
circunferential edge such as a ridge fornmed on the inside of the nold.

That is, an apex formed by the tapered inner surface of the nold and a

t apered surface provided in the collection zone of the nold which intersect
to forma ring. Alternatively, the constriction

_9—
5 prevent its repassage through the constriction zone upon

separation of the mandrel and mold.

Other modifications of the invention may be made without
departing from the spirit and scope of the present

10 invention. For example, other catheter materials may be
used and other mold materials.

JIM-387
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.may be a cylindrical surface within the nold generally of very short |ength
in.order to control the |ocation of the separation between the flash and
the nol ded product. |t can easily be seen that in the cylindrical i

.constriction enbodi ment of the invention that the flash——nay's‘éﬁ’é??a't’e”at any
point along the cylindrical surface. .lIn the process, th “ml ded
to the catheter may have a dual bevel. That is, a beveL “ﬁlaﬁﬂw y
3[err] along a portion of its length termnating in a t vieedi
20[err] and 35[err] and nost preferably 27.,,. It has been found that the
process’ is particularly useful on fluoropolyners catheters, that is,

cat heters nade of products such as those sold under the trademark

TEFLONgerr], angeT&ExfRk, and pol yurethane catheters, this is, catheters

1) A process for forming a beveléd tip on a catheter
comprising

10 a) mounting a catheter blank on a mandrel;

b) p}:oviding a mold having a predetermined tapered '
o inner surface, and a zone having a constriction between
‘ said inner surface and a collection zone;
15 | |
c) heating said mold;

_ d) moving said catheter blank and mandrel relative
said mold to cause saidl -catheter blank to be heated and -

20 flow through said constriction and form flash on a side of
said constriction opposite said tapered inner surface;

e) permitting said flash to cool sufficiently to
prevent a substantial portion of said flash from passing
25 back through said constriction; and

f)  separating said mold and mandrel to cause said
catheter blank to tear at said constriction to separate
said flash from the remainder of said catheter blank.

30
2) The process according to Claim 1 wherein said tapered
inner surface tapers at about 27°.
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made of products sold under the trademark OCRILON. In such a situation th
nol d- is heated to a tenperature of approximately 700[err] F. Addi'tionally,
bl ast -of cooling air may be provided in order to coet—the—ftash—and Toid
during the process. This air may blow on the nold a t he
nold cools the flash, or may blow directly on the fl aHiIl“FmIJI ﬁiﬂ"ﬂﬂ“mm st
in the cooling of the

10

15

20

30

JIM-387

3) The process according to Claim 1 wherein there is an
additional different tapered inner surface between said
predetermined inner surface and said constriction.

4) The process according to Claim 1 wherein said mold is
heated to a temperature of from 500°F to 700°F.

5) The process according to Claim 2 wherein said
constriction is formed in part by a circumferential edge.

6) The process according to Clam 1 wherein said
constriction is formed by a cyllndrxcal surface of said
mold. -

1) A process of forming a beveled tip on a plastic
catheter comprising: '

a) mounting a catheter blank on a mandrel to form a
subassembly with a distal end of the mandrel extending
beyond a tip of said blank to be formed;

b) heating a mold having a desired beveled inner
surface and a mandrel passage defined therethrough, said
mold further including

i) a constricted portion at least partially
defining said mandrel passage at a point -distal to said
beveled inner surface; and
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.-5- flash in order to solidify it nore quickly.

also call for a blast of gas or air blow ng upward through the nmold—+rom

t he mandr el

entry side in order to blow the flash™® the top collection

. zone of ‘the nol d. Brief Description of the Drawip “mm‘“ “w. |l
now be described with reference to the attached d_r,a\mm“ mL Fi g.
is a depiction of the nolding process of the TN LM S
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ii) a distal opening beyond said constricted
portion;

c) moving said mold and said subassembly relative
one another such that said subassembly is received within
said mold with said distal end of said mandrei passing
through said constricted portion to heat said catheter
blank to cause its material to flow:

d) flowing said material through said constricted
portion to create flash on a side of said constricted
portion opposite said beveled inner surface;

e) permitting said flash to cool sufficiently to
prevent a substantial portion of said flash from returning
through said constricted portion upon removal of said
mandrel from said mold; and '

£) removing said subassembly from said mold to
cause said flash to separate from said catheter at a point
adjacent said constriction. '

8) The process according to Claim 7 wherein said beveled

inner surface tapers at an angle from approximately 20° to
35°.

9) The process according to Claim 8 wherein said angle
is approximately 27°.
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.present invention after the catheter to be fornmed has been inserted into

t he nol d; Fig. 2 is a depiction of the nolding prBE§§§“aftef—%he_nnLd and
catheter tip have been separated; and Fig. 3is a of the forned
catheter tip of the process of the present invention WHB’ ﬂ,}lﬂm f the
Preferred Enbodi nents In formng a catheter, it is

t ubul ar preforn1e|ther attached to or separate froma hub prOV|ded

_13—
5 10) The process according to Claim 7 wherein said
catheter blank is formed at 1least partially of

fluoropolymer.

11) The process according to Claim 10 wherein said mold

10 is heated to an internal surface temperature of from 500°F
to 700°F.
W, 12) The process according to Claim 7 wherein said
constricted portion is formed partially from a
1s : substantially linear circumferential edge.

13) The process according to Claim 7 'wherein said
constricted portion is formed partially from a cylindrical
inner mold surface.

20
14) The process according to Claim 7 further including
the application of cooling fluid to said mold to permit
said flash and said catheter blank to cool. '
"/
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during the manufacturing process. The description of extruding the tube
and.attaching it to such a hub or lure“fitting is well-known in the art.

At the point in the process at which the beveling of the tip occurs, a nold
1 . : .

-14—
5 ONE-STEP FLASHING BEVEL PROCESS
Abstract

A pfocess for beveling the tip of a medical catheter is

10 described. A catheter blank is mounted on a mandrel

normally with the mandrel tip extending beyond the tip of

the catheter to be beveled. The mandrel and catheter

L blank are inserted into a previously heated mold having a

passage therethrough through which the mandrel passes. At

15 a portion of the mold at which the terminus of the

' catheter is to be formed, a constriction is provided

through which material (flash) may pass from the mold

volume to the outside of the mold. The material is

permitted to cool sufficiently such that when the mandrel

20 and catheter are withdrawn from the mold, the flash tears

and separates from the catheter at the point of the
constriction formed between the mold and the mandrel.

JIM-387
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.-6- is provided with a cooperating mandrel 2. The nandrel 2 has a distal
end 3 and the nold 1 and nmandrel 2 are noveable with respect to one anot her

al ong the axis of the mandrel 2. The nmold 1 defines an inner nolding zone
-or _nmold cavity which is defined in part by first taper inner surface 4 and
in part by second taper inner surf ace 5. First taper inner surface 4

tapers at approxinmately a preferred angle of 3[err] to the axis of the:

nol d. The second taper inner surface 5 tapers at an angle of approxi mately
27[err] to the nold. The mandrel and nold are sized such that the second
taper surface 5 termnates at a small gap fromthe outer surface of the

mandrel , thus form ng F’G 1
L J

N/

FIG. 3
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constriction 6. The inmportance of this constriction 6 shall becone cl ear
bel ow. Beyond the constriction 6, the nold 1 provides a collection
surface 7 formng a zone that will receive material. Adjacent to the

col lection surface 7, the nold forns a heat mass 8 by having a coni cal
outer shape providing additional material in order to retain heat for the
nol di ng process. In operation, a catheter 9 is received on the mandrel 2

normally with the distal end 3 extending beyond the distal end of the
catheter material.
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-7- The nold 1 is heated to a desired tenperature. For exanpl e, ‘a
tenperature of approxi mat el Y 650[err] F or at Ieast haV| ng a range of from
600[err]F to 700F is preferred when a cat ‘

I S
is used. It will easily be seen by one o _’r<‘|'. SHEE TS e S0t bat
other materials such as pol yurethane may |} Dpget "/b'to page 7
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ONE-STEP FLASHING BEVEL PROCESS

Field of the Invention

The invention relates to a process for forming medical
devices, and in particular, a process for forming tapered
tips on catheters.

Background of the Invention

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 many products today have, a dual bevel
formed at the catheter tip to ease such insertion. and
greatly imp'roves the insertion process. The first bevel-
is a taper of approximately 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.

'fhe 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
with the catheter material extending beyond the 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.
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the process with adjustnments to the nold tenperature and certain di nensions
of the nold. After the nold 1 has been heated to approxinmately the -
desired tenperature, the mandrel 2 with the catheter 9 provided thereon is
received within the nold 1. As the catheter material comes into proximty
or contact wwth the first taper surface 4, the catheter material begins to
soften, and to sone degree, flow As the catheter is inserted further
into the nold, catheter material flows through the constriction 6 and
collects in the zone partially definggl by the collection surface 7.

During this process the nold 1 is naturally cooling or may be assisted in
Its cooling by a blast of air not shown in the figures.

The single step ©process, however, has significant
disadvantages as it provides for short tool life, as both
the mold and the mandrel are used as cutting devices 'a_nd
therefore must engage and wear upon 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 edge
on the mandrel to provide appropriate cutting action.

Summary of the Invention

In the present invention, a process is used for forming a
beveled tip on a catheter. This process essentially uses
an intentionally flashed mold, that is, a mold wherein the
mold is intentionally overfilled and therefore caused to
flash followed by a separation of the molded part from the
mold causing the flash to tear away from the molded part.
In order to enhance and predetermine the location of the
separation of the flash from the molded part, a
constriction is called for in. the molding process - that
creates a weakened portion of the connection between the

2

flash and the molded part. Upon separation, the part
tends to separate from the flash at this point leaving a
suitable beveled tip. |

In the process, a catheter blank is mounted on a mandrel.
A mold is provided that has a predetermined tapered inner
surface which corresponds to the tapered tip desired on

s bR
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Once the

catheter material has flowed past the constriction 6,

S

clear that the required filling of the nold portion defined by first taper

i nner sur
cat het er
separ at ed
point ‘in
mandr el

face 4 and second taper inner surface 5 has occurred. Once the
material has sufficiently cooled, the nold and mandrel are

as indicated in Fig. 2. The constriction 6 provides a weak

the nol ded material and the separation of the nold fromthe

S -3-

the catheter. At the distal zone of this tapered inner
surface, there is provided a section having a constriction

"around an opening that communicates between the volume of

the mold having the inner surface and an outer volume of
the mold referred to as a collection zone. The mold is
heated, either by means df a heating bldbk or other means,
and the catheter blank and mandrel are moved into the mold
either by moving the mold relative to the blank and
mandrel, or moving the mandrel relative to the mold. 1In
this way the catheter blank is heated by the mold and
begins to flow as the catheter material is inserted into
the mold. The flow of material flows beyond the
constriction and forms flash on the collection side of the

constriction, that is, the side opposite from the tapered
inner surface.

After the flash has been intentionally formed as described
above, the flash and mold are permitted to cool
sufficiently to permit the flash to harden at least
slightly. The flash needs to harden only a sufficient
amount to prevent its repassage beyond the constriction
upon removal of the molded part. Thereafter the mold and
mand;e; are separated causing the flash to tear away from
the nolded part at the point of the described
constriction. The inner taper may be, for example, a 3°
taper or a 27° taper. In certain situations it may even
be desirable for the tip to have a more blunt end.

During the process the mold is heated to a temperature of
from about 500°F to about 700°F.
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-8- causes a separation of the flash 11 fromthe catheter tip 10. As the
constricted portion 6 is the weakest portion of the forned catheter, the
renoval of the nold will preferentially cause a separation of the catheter
material fromthe flash at this point. As is clear fromthe di'scussion
above, the constriction 6 is provided with very close tol erance. However,
there-is little or no contact provided between the mandrel 3 and the nold
in the area of constriction 6. In this way, the tools (nandrel 2 and nold
1) do not wear significantly as thetg.is little or no contact during the
process. After the form ng process, the mandrel 2 is renoved fromthe

The constriction described may take the form of a
continuous circumferential edge such as a ridge formed on
the inside of the mold. That is, an apex formed by the
tapered inner surface of the mold and a tapered surface
provided in the collection zone of the mold which
intersect to form a ring. Alternatively, the constriction
may be a cylindrical surface within the mold generally of
very short length in order to control the location of the
separation between the flash and the molded product. It
can easily be seen that in the cylindrical constriction
embodiment of the invention that the flash may separate at
any point along the cylindrical surface. '

In the process, the surface provided to the catheter may
have a dual bevel. That is, a bevel of approximately 3°
along a portion of its length terminating in a bevel of
between 20° and 35° and most preferably 27°.

It has been found that the process is particularly useful
on fluoropolymers catheters, that is, catheters made of
products such as those sold under the trademark TEFLON™,
and TEFZEL, and polyurethane catheters, this 13, | catheters
made ot products sold under the trademark OCRILON. In
such a situation the mold is heated to a temperature of'
approximately 700°F. Additionally, a blast of cooling air
may be provided in order to cool the flash and mold during
the process. This air may blow on the mold a_nd the
cooling of the mold cools the flash, or may blow directly
on the flash in order to assist in the cooling of the
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catheter and a catheter tip as shown in Fig. 3 is provided wherein.the :
catheter material 9 has been beveled to have a catheter tip 10 with a

27[err] taper and a outer surface 12 having a 3 taper. As a
representative product, a 20 gauge catheter may be fornmed out of ‘a tube
havi ng an outer dianeter of 0.0435 inches. The mandrel 2 has a

di aneter of 0.0282 inches and is inserted into the catheter. The nold
forns a constriction zone 6 having a gap of approxi mately 0.0005 inches

di mensi on. It can easily be seen fropgthe foregoing description that the
collection surface 7 may nerely be the top of the nold itself as |long as
the material after it passes through the constriction zone 6 spreads and

sufficient! ¥186hi dhfic28etOto solidify it more quickly. Finally the
process may also call for a blast of gas or air blowing
upward through the mold from the mandrel entry side in

order to blow the flash off the top collection zone of the
mold.

Brief Description of the Drawings
The invention will now be described with reference to the
attached drawings wherein:

Fig. 1 is a depiction of the molding process of the
present invention after the catheter to be formed has been
inserted into the mold;

Fig. 2 is a depiction of the molding process after the
mold and catheter tip have been separated; and

Fig. 3 is a depiction of the formed catheter tip of the
process of the present invention.

In forming a catheter, it is known to have a tubular
preform either attached to or separate from a hub provided
during the manufacturing process. The description of
extruding the tube and attaching it to sﬁch a hub or lure
fitting is well-known in the art. At the point in the
process at which the beveling of the tip occurs, a mold 1
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-9- prevent its repassage through the constriction zone ‘upon separatlon of
.the mandrel and nol d.

is provided with a cooperating mandrel 2. The mandrel 2
has a distal end 3 and the mold 1 and mandrel 2 are

moveable with respect to one another along the axis of the
mandrel 2.

The mold 1 defines an inner mblding zone or mold cavity
vwhich is defined in part by first taper inner surface 4
and in part by second tapet inner surface 5.

First taper inner surface 4 tapers at approximately a
preferred angle of 3° to the axis of the mold. The second
taper inner surface 5 tapers at an angle of approximately
27° to the mold. The mandrel and mold are sized such that
the second taper surface 5 terminates a‘i: a small gap from
the outer surface of the mandrel, thus forming a
constriction 6. The importance of this constriction 6
shall become clear below.

Beyond the constriction 6, the mold 1 provides a
collection surface 7 forming a zone that will receive
material. Adjacent to the collection surface 7, the mold
forms a heat mass 8 by having a conical outer shape
providing additional material in order to retain heat for
th_é:".mldmg process.

In operation, a catheter 9 is received on the mandrel 2
normally with the distal end 3 extending beyond the distal
end of the catheter material. -
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O her nodifications of the invention may be nade w thout 'depérti ng 'f.rom't he

spirit and scope of the present invention. For exanpl e, other catheter
materials may be used and other nold materials.
- 10- '
-—7-
The mold 1 is heated to a desired temperature. For

example, a temperature of approximately 650°F or at least
having a range of from 600°F to 700°F is preferred when a
catheter material of fluoropolymers is used. It will
easily be seen by one of ordinary skill in the art that
other materials such as polyurethane may also be used in
the ;Srocess with adjustments to the mold temperature and
certain dimensions of the mold. |

After the mold 1 has been heated to approximately the
desired temperature, the mandrel 2 with the catheter 9
provided thereon is received within the mold 1. As the
catheter material comes into proximity or contact with the
first taper surface_ 4, the catheter material begins to
soften, and to some degree, flow. As the catheter is
inserted further into the mold, catheter material flows
through the constriction 6 and collects in the zone
partially defined by the collection surface 7. During
this process the mold 1 is naturally cooling or may be
assisted in its cooling by a -blast of air not shown in the
figures. ’ | '

Once the catheter material has flowed past ‘the
constrﬁiétion. 6, it is clear that the required filling of
the mold portion defined by first taper inner surface 4
and second taper inner surface 5 has occurred. Once the
catheter material has sufficiently cooled, the mold and
mandrel are separated as indicated in Fig. 2. The
constriction 6 provides a weak point in the molded
material and the separation of the mold from the mandrel
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VE CLAI M 1) A process for formng a bevel ed tip on a catheter
conpri sing a) nounting a catheter blank on a mandrel; b)
providing a nold having a predeterm ned tapered i nner surface, and a zone

having a constriction between said i nner surface and a collection zone;
"c) heating said nold,

causes a separation of the flash 11 from the catheter tip
10. As the constricted portion 6 is the weakest portion
of the formed catheter, the removal of the mold will

preferentially cause a separation of the catheter material
from the flash at this point.

As is clear from the discussion above, the constriction 6.
is provided with very close tolerance. Ebﬁever, there is
little or no contact provided between the mandrel 3 and
the mold in the area of constriction 6. 1In this way, the
tools (mandrel 2 and mold 1) do not wear significantly as
there is little or no contact during the process. After
the forming process, the mandrel 2 is removed from the
catheter and a catheter tip as shown in Fig. 3 is provided
wherein the catheter material 9 has been beveled to have a

catheter tip 10 with a 27° taper and a outer surface 12
having a 3° taper.

As a representative product, a 20 gauge catheter may be
formed out of a tube having an outer diameter of
0.0435 inches. The mandrel 2 has a diameter of
0.0282 inches and is inserted into the catheter. The mold
forms a constriction zone 6 having a gap of approximately
0.0005 inches dimension.

It can easily be seen from the foregoing description that
the collection surface 7 may merely be the top of the mold
itself'as long as the material after it passes through the
constriction zone 6 spreads and sufficiently solidifies to
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d) noving said catheter blank and mandrel relative said nmold to cause said
catheter blank to be heated and flow through said constriction and form
flash on a side of said constriction opposite said tapered inner surface;

e) permtting said flash to cool sufficiently to prevent a substanti al
portion of said flash from passing back through said constriction; and’

f) separating said nold and nandrel to cause said catheter blank to tear
at said constriction to separate said flash fromthe remai nder of said

cat het er bl ank. 2) The process actording to Claim1 wherein said tapered
i nner surface tapers at about 27[err].

prevent its repassage through the constriction zone upon
separation of the mandrel and mold.

Other modifications of the invention may be made without
departing from the spirit and scope of the present
invention. For example, other catheter materials may be
used and other mold materials.

S
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-11- 3) The process according to Claim1 wherein there is an additional
different tapered inner surface between said predeterm ned inner surface
‘and said constriction.

—

S

T

* c

WE CLAIM:

1) A process for forming a beveled tip on a catheter
comprising

a) mounting a catheter blank on a mandrel;

b) providing a mold having a predetermined tapered
inner surface, and a zone having a constriction between
said inner surface and a collection zone;

c) heating said mold;

d) moving said catheter blank and mandrel relative
said _mold to cause said catheter blank to be heated and
flow through said constriction and form flash on a side of
said constriction opposite said tapered inner surface;

e) permitting said flash to cool sufficiently to
prevent a substantial portion of said flash from passing
back through said constriction; and

£) separating said mold and mandrel to cause said
catheter blank to tear at said constriction to separate
said flash from the remainder of said catheter blank.

2) The process according to Claim 1 wherein said tapered
inner surface tapers at about 27°.
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4) The process according to Caim1l wherein said nold is heated to a
tenperature of from500[err]F to 700[err]F. 5) The process accordl ng
to Claim 2 wherein said constriction is formed—i—ﬁ—

circunferential edge. 6) The process according erel n
said constriction is formed by a cylindrical surfac l Il ll II

process of formng a beveled tip on a plastic cath

3) The process according to Claim 1 wherein there is an
additional different tapered inner surface between said
predetermined inner surface and said constriction.

4) The process according to Claim 1 wherein said mold is
heated to a temperature of from 500°F to 700°F.

5) The process according to Claim 2 wherein said
constriction is formed in part by a circumferential edge.

6) The process according to Claim 1 wherein said

constriction is formed by a cylindrical surface of said
mold. -

7) A process of ‘forming a beveled tip on a plastic
catheter comprising:

a) mounting a catheter blank on a mandrel td form a
subassembly with a distal end of the mandrel extending
beyond a tip of said blank to be formed;

b) heating a mold having a desired beveied inner
surface and a mandrel passage defined therethrouqh, said
mold further including

i} a constricted portion at least partially
defining said mandrel passage at a point distal to said
beveled inner surface; and




a) nmounting a catheter blank on a mandrel
end of the mandrel

di st al

for med;

to forma subassenbly with a
extendi ng beyond a tip of said blank to be

b) heating a mold having a desired bevel ed inner surface
and a mandrel passage defined therethrough, said nold Turtter—inctudi-ng

1) a constricted portion at least partially defini ng ssage
at a point distal to said beveled inner surface; and m, ”m ﬁ"’ﬂﬁm

-12—

ii) a distal opening beyond said constricted
portion;

c) moving said mold and said subassembly relative
one another such that said subassembly is received within
said mold with said distal end of said mandrel passing
through said constricted portion to héat said catheter
blank to cause its material to flow;

d) flowing said material through said constricted
portion to create flash on a side of said constricted
portion opposite said beveled inner surface;

e) permitting said flash to cool sufficiently to
prevent a substantial portion of said flash from returning
through said constricted portion upon removal of said
mandrel from said mold; and

f) removing said subassembly from said mold to
cause said flash to separate from said catheter at a point
adjacent said constriction.

8) The process according to Claim 7 wherein said beveled
inner surface tapers at an angle from approximately 20° to
35°.

9) The process according to Claim 8 wherein said angle
is approximately 27°.
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-12- i) a distal opening beyond said constricted portion;

c) noving said nold and sai d subassenbly rel ative one anot her such that
sai d subassenbly is received within said nold with said distal end of said
mendr el passing through said constricted portion to heat said catheter

blank to cause its material to flow, ”!ll“c‘ml‘ll“ll““!“‘!“

-13-

10) The process according to Claim 7 wherein said
catheter blank is formed at least partially of
fluoropolymer.

11) The process according to Claim 10 wherein said mold
is heated to an internal surface temperature of from S00°F
to 700°F. |

12) The process according to Claim 7 wherein said
constricted portion is formed partially from a
substantially linear ci:cumferential edtje.

13) The process according to Claim 7 wherein said
constricted portion is formed partially from a cylindrical
inner mold surface.

14) The process according to Claim 7 further including
the application of cooling fluid to said mold to permit
said flash and said catheter blank to cool. '
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d) flowng said material through said constricted portion to create flash
on a side of said constricted portion opposite said bevel ed i nner surface;
‘e) permtting said flash to cool sufficiently to prevent a substantial

portion of said flash fromreturning through said co on
removal of said mandrel from said nold; and f ¥ THISNRIVE E@HA%EEEN
subassenbly from said nold to cause said flash to separaﬁéiﬁ%5ﬁ1sald
catheter at a point adjacent said constrlctlon . .

' -14-

ONE-STEP FLASHING BEVEL PROCESS
Abstract

A process for beveling the tip of a medical catheter is
described. A catheter blank is mounted on a mandrel
normally with the mandrel tip extending beyond the tip of
the catheter to be beveled. The mandrel and catheter
blank are inserted into a previously heated mold having a
passage therethrough through which the mandrel passes. At
a portion of the mold at which the terminus of the
catheter is to be formed, a constriction is provided
through which material (flash) may pass from the mold
volume to the outside of the mold. The material 1is
permitted to cool sufficiently such that when the mandrel
and éatheter are withdrawn from the mold, the flash tears
and separates from the catheter at the point of the
constriction formed between the mold and the mandrel.

Figures 1, 2 and 3

—
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8) The process according to Caim.7 wherein said bevel ed inner surface
tapers at an angle from approximately 20 to.35[err]. 9) The process
according to Claim8 wherein said angle is approximtely 27[err].

-1-

————

V-
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-13- 10) The ©process according to Caim 7 wherein ' said catheter

bl ank S formed at | east partially ~of fluoropolyner. 11) The
"process according to Claim10 wherein said nold is heated to an internal
surface tenperature of from500[err]F to 700[err]F. 12) The process
according to Cdaim 7 wherein sa2l-constricted:- portion S f or med
partially from a substantially l1near circunferential edge.

FiIG. 2
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por s forned partially fromajcylindrical inner nold surface. 14)
The M ocess according to Claim?7 further including the application of

,% proceSEAR@HcREPQR)T q Bl?_li‘??ﬁm?mv?r?«g’?@??ﬁl said constricted

CIOFEXTOF MHB ARSERACTI d to pernmit said flash and said catheter blank to

cioot

ONE-STEP FLASHING BEVEL PROCESS

A process for beveling the tip (10) of a medical catheter (9) is described. A catheter blank is
mounted on a mandrel (2) normally with the mandrel tip (3) extending beyond the tip (10) of
- the catheter (9) to be beveled. The mandrel (3) and catheter blank are inserted into a
- previously heated mold (1) having a passage therethrough through which the mandrel (2)
passes. At a portion of the mold (1) at which the terminus of the catheter (9) is to be formed, a
constriction (6) is provided through which material (11) (flash) may pass from the mold
volume to the outside of the mold (1). The material (11) is permitted to cool sufficiently such
that when the mandrel (2) and catheter (9) are withdrawn from the mold (1), the flash (11)
tears and separates from the catheter (9) at the pomt of the constriction (6) formed between the

 mold (1) and the mandrel (2.
© " Fig.1 | e
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ONE-STEP FLASHING BEVEL PROCESS

Abstract

A process for beveling the tip of a medical catheter is
described. A catheter blank is mounted on a mandrel
normally with the mandrel tip extending beyond the tip of
the catheter to be beveled. The mandrel and catheter
~blank are inserted into a previousiy heated mold having a
passage therefthrough through which the mandrel passes. At
a portion of the mold at which the terminus of the
catheter is to be formed, a constriction is provided
through which material (flash) may pass from the mold
volume to the outside of the mold. The material 1is
permitted to cool sufficiently such that when the mandrel
and catheter are withdrawn from the mold, the flash tears
and separates from the catheter at the point of the
constriction formed between the mold and the mandrel.

Figure 1
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