
US 20010052660A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2001/0052660 A1 

Hudgins et al. (43) Pub. Date: Dec. 20, 2001 

(54) METHOD FOR REDUCING DILATION Publication Classi?cation 
BALLOON CONE STIFFNESS 

(51) Int. Cl.7 . .... .. B29C 49/14; B29C 49/22 

(76) Inventors: R. Garry] Hudgins, Lino Lakes, MN (52) US. Cl. .......................................... .. 264/515; 264/532 
(US); Robert C. Farnan, Flagstaff, AZ 

(Us) (57) ABSTRACT 
Correspondence Address: 
VIDAS ARRETT & STEI KRAUS PA. 
6109 BiUE CIRCLE DRI‘EIE ’ A method for stretch bloW molding dilatation balloons for 
SUITE 2000 angioplasty catheters having a signi?cantly reduced cone 
MINNETONKA MN 55343_9185 (Us) thickness Without sacri?ce in burst strength is achieved by 

’ utilizing a mold Whose cavity includes arcuate Walls de?n 

(21) APPL No. 09/907,989 ing the balloon’s end cones and a predetermined minimal 
distance from the side edges of the mold to the points Where 

(22) Filed; Ju]_ 18, 2001 the arcuate Walls intersect With a smaller diameter balloon 
stem portion. Utilizing this mold and providing for three 

Related US, Application Data longitudinal stretching sequences, one prior to, one during 
and one following radial expansion of the heated plastic 

(63) Continuation of application No. 09/112,532, ?led on parison, results in an improved balloon exhibiting reduced 
Jul. 9, 1998. cone stiffness. 

32 



US 2001/0052660 A1 Patent Application Publication Dec. 20, 2001 Sheet 1 0f 3 

\ wt s 

8 mm a \ 8 “N 

_ /. Lg. - .___ \j - I l i 4:7 . . .F .___ _ 

\ 1E. .___ |//l:._| I I I . :l_r\\ , 2L _ _ 

¢N\ ‘iv t __ / 1% 

\ P \ 8 mm . 1i?“ 

2 2 ~_ 

9 



Patent Application Publication Dec. 20, 2001 Sheet 2 0f 3 US 2001/0052660 A1 

:0 NM 
F76 Z 

F/Gf 3 



Patent Application Publication Dec. 20, 2001 Sheet 3 0f 3 US 2001/0052660 A1 

CLOSE MOLD 

I 
CLOSE CLAMPS 

I 
PRETENSION 

I 
H EATING MO LD 

I 
BEGIN MOLDING 

I 
PRESTRETCH (FIRST STRETCH) OCCURS 
PRIOR TO END OF BEGIN MOLD STEP 

I 
STRETCHING TUBE (SECOND STRETCH) 

I 
INFLATING BALLOON 

I 
THIRD STRETCH OCCURS AFTER 

INFLATING BALLOON 

I 
HEATING TO XTAL TEMP 

I 
CRYSTALIZING 

I 
COOLING MOLD 

I 
MOLD OPEN 

I 
RELEASE CL AMPS 

H64 



US 2001/0052660 A1 

METHOD FOR REDUCING DILATION BALLOON 
CONE STIFFNESS 

BACKGROUND OF THE INVENTION 

[0001] 
[0002] The present invention relates to dilatation balloon 
catheters of the type employed in percutaneous transluminal 
angioplasty procedures, and more particularly to a method 
of molding such balloons to reduce their cone stiffness and 
thereby improve the maneuverability in smaller and more 
tortious passages of the vascular system. 

[0003] 
[0004] Dilatation balloon catheters are Well knoWn for 
their utility in treating the build-up of plaque and other 
occlusions in blood vessels. Typically, a catheter is used to 
carry a dilatation balloon to a treatment site, Where ?uid 
under pressure is supplied to the balloon, to expand the 
balloon against a stenotic lesion. 

[0005] The dilatation balloon is af?xed to an elongated 
?exible tubular catheter proximate its distal end region. 
When the balloon is expanded, its Working length, i.e., its 
medial section, exhibits a diameter substantially larger than 
that of the catheter body on Which it is mounted. The 
proximal and distal shafts or stems of the balloon have 
diameters substantially equal to the diameter of the catheter 
body. Proximal and distal tapered sections, referred to herein 
as “cones”, join the medial section to the proximal and distal 
shafts, respectively. Each cone diverges in the direction 
toWard the medial section. Fusion bonds betWeen the proxi 
mal and distal balloon shafts and the catheter form a 
?uid-tight seal to facilitate dilation of the balloon When a 
?uid under pressure is introduced into it, via an in?ation port 
formed through the Wall of the catheter and in ?uid com 
munication With the in?ation lumen of the catheter. 

I. Field of the Invention 

II. Discussion of the Prior Art 

[0006] Along With body tissue compatibility, primary 
attributes considered in the design and fabrication of dilation 
balloons are their strength and pliability. A higher hoop 
strength or burst pressure reduces the risk of accidental 
rupture of the balloon during dilation. Pliability refers to 
formability into different shapes, rather than elasticity. In 
particular, When delivered by the catheter, the dilatation 
balloon is evacuated, ?attened and generally Wrapped cir 
cumferentially about the catheter in its distal region. Thin, 
pliable dilatation balloon Walls facilitate a tighter Wrap that 
minimiZes the combined diameter of the catheter and the 
balloon during delivery. Furthermore, pliable balloon Walls 
enhance the catheter “trackability” in the distal region, i.e., 
the ability of the catheter to bend in conforming to the 
curvature in vascular passages through Which it must be 
routed in reaching a particular treatment site. 

[0007] One method of forming strong, pliable dilatation 
balloons of polyethylene terrathalate (PET) is disclosed in 
US. Pat. No. RE. 33,561 (Levy). A tubular parison of PET 
is heated at least to its second order transition temperature, 
then draWn to at least triple its original length to axially 
orient the tubing. The axially expanded tubing is then 
radially expanded Within a heated mold to a diameter about 
triple the original diameter of the tubing. The form of the 
mold de?nes the aforementioned medial section, shafts and 
cones, and the resulting balloon has a burst pressure greater 
than 200 psi. 
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[0008] Such balloons generally have a gradient in Wall 
thickness along the cones. In particular, larger dilatation 
balloons, e.g., 3.0-4.0 mm diameter (expanded) tend to have 
a Wall thickness in the Working length in the range of from 
0.010 to 0.020 mm. Near the transition of the cones With the 
Working length or medial section, the cones have approxi 
mately the same Wall thickness. HoWever, the Wall thickness 
diverges in the direction aWay from the Working length, until 
the Wall thickness near the proximal and distal shafts is in 
the range of 0.025 to 0.040 mm near the associated shaft or 
stem. 

[0009] The increased Wall thickness near the stems does 
not contribute to balloon hoop strength, Which is determined 
by the Wall thickness along the balloon medial region. 
Thicker Walls near the stems are found to reduce maneu 

verability of the balloon and catheter through a tortious path. 
Moreover, the dilatation balloon cannot be as tightly 
Wrapped about the catheter shaft, meaning its delivery 
pro?le is larger and limiting the capacity of the catheter and 
balloon for treating occlusions in smaller blood vessels. 

[0010] US. Pat. No. 4,963,133 (Noddin) discloses an 
alternative approach to forming a PET dilation balloon, in 
Which a length of PET tubing comprising the parison is 
heated locally at opposite ends and subjected to axial 
draWing to form tWo “necked-down” portions, Which even 
tually become the opposite ends of the completed balloon. 
The necked-doWn tubing is then simultaneously axially 
draWn and radially expanded With a gas. The degree to 
Which the tubing ends had been necked-doWn is said to 
provide control over the ultimate Wall thickness along the 
Walls de?ning the cones. HoWever, it is believed that the use 
of the Noddin method results in balloons exhibiting a 
comparatively loW burst pressure. 

[0011] Copending application Ser. No. 08/582,371, ?led 
Jan. 11, 1996, describes a method for reducing cone stiffness 
by using a laser to ablate and remove polymeric material 
from the cone areas after the balloon is bloWn. It is prefer 
able that the desired result be obtained during the balloon 
molding operations obviating the need for additional post 
molding operations. 

[0012] Therefore, it is an object of the present invention to 
provide a method for stretch bloW molding dilatation bal 
loon having a high burst pressure and hoop strength, but 
With reduced material mass in the balloon cones, thus 
reducing cone stiffness and improving the trackability, 
crossing pro?le, stenosis recross and balloon retrieval, via a 
guiding catheter. 

SUMMARY OF THE INVENTION 

[0013] To achieve these and other objects of the invention, 
there is provided a method of making dilatation balloons 
With reduced cone stiffness. The method comprises the steps 
of ?rst providing a mold having a cavity including a cylin 
drical center segment de?ning a Working length of a dila 
tation balloon body Where the center segment is of a 
predetermined diameter. The mold cavity also includes tWo 
opposed end segments, each having an arcuate cone shape 
tapering from the predetermined diameter of the center 
segment to a smaller desired balloon shaft diameter. The side 
edges of the mold are dimensioned to be Within about 0.05 
in. of the termination point of the arcuate cone at the smaller 
desired balloon shaft diameter. 
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[0014] Next, a tubular polymeric parison of a predeter 
mined diameter and Wall thickness is placed With a mold and 
the parison has the opposed ends thereof extending beyond 
the side edges of the mold, the opposed ends being clamped 
in a tensioning ?xture. The mold is heated to bring the 
temperature of the parison near or above the glass transition 
temperature of the polymeric material comprising the pari 
son. The tensioning ?xture is then longitudinally displaced 
relative to the mold to initially longitudinally stretch the 
parison by a predetermined amount to introduce a degree of 
longitudinal orientation and to neck doWn the tubular pari 
son to a lesser diameter. 

[0015] FolloWing this initial longitudinal stretch, a second 
longitudinal stretching operation is initiated and as the 
tensioning ?xture is being moved to achieve a second 
stretch, a gas is injected into the tubular parison to radially 
expand the parison to a limit de?ned by the mold cavity. At 
this point, the Wall thickness in the Working length of the 
balloon and in its cones is a function of the degree of 
longitudinal and radial stretching as Well as the gas pressure 
applied to effect the radial expansion. 

[0016] FolloWing in?ation of the balloon Within the mold, 
a third longitudinal stretch is performed by further displac 
ing the tensioning ?xtures relative to the mold. It is the third 
stretch Within the above-described mold that is found to 
remove material from the cone area as the tubing is draWn 
doWn to a desired siZe for a catheter shaft. Removal of 
material from the cone area renders them more pliable than 
balloons prepared in the same Way but not subjected to 
longitudinal stretching folloWing the radial expansion of the 
balloon Within the mold. The third stretch also creates an 
increased number of nucleation sites for crystalliZation to 
occur. 

[0017] After the third stretch operation is terminated, the 
temperature of the mold is increased such that the biaxially 
oriented balloon reaches its crystalliZing temperature for 
effectively locking the molecular structure in place. 

[0018] FolloWing crystalliZation, the mold is cooled beloW 
the glass transition temperature of the polymer so that the 
crystalliZation structure of the balloon is not lost. Once the 
mold has sufficiently cooled, it can be opened and the 
balloon removed. 

DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 is a top elevational schematic vieW of the 
equipment used in carrying out the method of the present 
invention; 
[0020] FIG. 2 is an enlarged vieW of one of the jaWs of the 
mold shoWing the desired pro?le of the mold cavity used in 
preparing dilatation balloons having reduced cone stiffness; 

[0021] FIG. 3 is a draWing helpful in understanding the 
manner in Which the mold cavity shape is arrived at; and 

[0022] FIG. 4 is a How chart of the steps employed in 
preparing dilatation balloons exhibiting reduced cone stiff 
ness. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0023] Referring to FIG. 1, there is illustrated schemati 
cally the apparatus for stretch bloW molding dilatation 
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balloons for later assembly on to catheter body stock in the 
fabrication of dilatation balloon catheters. The mold itself is 
indicated generally by numeral 10 and comprises ?rst and 
second mold halves 12 and 14 Which When abutting one 
another at a parting line 16 de?ne an internal mold cavity 18. 
The mold halves or jaWs can be open or spread apart to alloW 
placement of a tubular parison therein. The opposed ends of 
the parison 22 and 24 are clamped in a tensioning ?xture 
including clamping jaWs 26 Which are mounted on rails 28 
and 30 for longitudinal movement therealong. 

[0024] As those skilled in the art appreciate, the mold 10 
incorporates heating elements (not shoWn) and appropriately 
positioned temperature sensors for monitoring the mold 
temperature and sending temperature information back to a 
microprocessor-based controller for maintaining precise 
closed-loop control of the temperature of the mold and of the 
parison contained in it. LikeWise, a suitable linear encoder 
(not shoWn) is operatively coupled to the translatable clamp 
ing ?xtures 26 to provide positional information to the 
microprocessor-based controller Whereby the degree of lon 
gitudinal stretch imparted to the parison 20 can be precisely 
controlled. 

[0025] The equipment for stretch bloW molding shoWn in 
FIG. 1 also includes a means for introducing a gas 32, under 
pressure, into the lumen of the tubular parison 20 and for 
monitoring and controlling that pressure again, using closed 
loop control. 

[0026] Except for the mold cavity 18 formed in the mold 
halves 12 and 14, the equipment used in carrying out the 
method of the present invention is altogether conventional. 
The mold cavity employed is unique, as is the operation 
Whereby the cone segments of the balloons to be formed in 
it are made to contain less material than in conventional 
designs. 
[0027] FIG. 2 is a vieW looking at the interior of one of the 
jaWs 12 or 14 and shoWing the preferred pro?le of the mold 
cavity 18. 

[0028] The portion of the balloon betWeen the dashed 
construction lines A-A de?ne the Working length of a 
dilatation balloon formed therein and this portion of the 
balloon is generally cylindrical. The portion of the mold 
betWeen construction lines A and B form the cones and, as 
can be seen from FIG. 2, the cones do not have a linear taper. 
They are slightly arcuate in the Zone betWeen the construc 
tion lines A and B. The portion of the mold betWeen the 
construction lines B and C Will ultimately comprise the shaft 
portion of the balloon formed in the mold cavity 18. 

[0029] The folloWing table sets out typical mold dimen 
sions in stretch bloW-molding a dilatation balloon having a 
Working length of 20 mm and an expanded diameter of 4.0 
mm. These dimensions are illustrative only because the 
various dimensions change depending upon the siZe of the 
balloon to be formed. 

TABLE I 

Dimension Magnitude (Inches) 

A-A .763 
B-B 1.532 
C-C 1.557 
B-C .025 



US 2001/0052660 A1 

TABLE I-continued 

Dimension Magnitude (Inches) 

A-B .372 
R1 .832 
R2 1.010 

[0030] With reference to FIG. 3, for any size balloon 
diameter, the radiused balloon ends of the mold are designed 
using the following graphical construction technique: 

[0031] 1. The horizontal centerline 32 for the mold is ?rst 
established. 

[0032] 2. Construction lines 34 above and beloW the 
horizontal center line 32 are established to de?ne the desired 
balloon diameter. 

[0033] 3. Construction lines 36 above and beloW the 
center line establish the desired balloon shaft diameters for 
both the proximal and distal ends. 

[0034] 4. The vertical center line 38 for the mold is set. 

[0035] 5. Lines 40 and 40‘ de?ne the desired Working 
length of the balloon body on either side of the vertical 
center line 38. 

[0036] 6. Construction lines 42 are created at the points of 
intersections of lines 36 and 40 such that lines 42 form a 
desired angle With respect to line 36. An angle of 12° is 
typical. Each of lines 42 should cross the horizontal center 
line 32 of the mold. Construction lines 42 determine the 
length of the end of the balloon. 

[0037] 7. Construction line 44 is created at the intersection 
of lines 36 and 42. Construction line 44 indicates the 
boundary for the end of the balloon and the transition to the 
balloon shaft. 

[0038] 8. Arcs 46 are next constructed. Arc 46 is a three 
point arc, and it should pass through the intersection of lines 
34 and 40, and lines 42 and 44. The end point of the arcs 46 
should be chosen so that they are tangent to line 34 at the 
intersection of lines 34 and 40. 

[0039] 9. Construction lines 42 can noW be erased and the 
portion of the arcs 46 to the left (outside) of construction line 
44 can also be erased. 

[0040] 10. Displace construction line 44 to the left by 
0.025 in. to 0.25 in. establish the left end of the mold Which 
is depicted in FIG. 13 by construction line 48. 

[0041] 11. The lines 36 to the right (inside) of construction 
line 44 and to the left (outside) of construction line 48 are 
trimmed to form the short land of the mold. 

[0042] 12. Construction line 44 can noW be erased and 
lines 34 trimmed to the left (outside) of line 40 of the left 
half of the mold. 

[0043] 13. The foregoing construction steps are then 
repeated for the right side of the mold to form the other 
balloon end. 

[0044] As Will be explained in further detail hereinbeloW, 
by providing the arcuate cone segments and the short 
cylindrical shaft segments (dimension B-C in Table I), it is 
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possible to remove polymeric material from the cone por 
tions of the mold by providing a third stretch to the parison 
folloWing in?ation of the parison to achieve radial orienta 
tion. 

[0045] Using the mold created using the techniques out 
lined above in the apparatus of FIG. 1, dilatation balloons 
exhibiting a reduced cone thickness as compared to prior art 
stretch bloW molding operations can be achieved. Referring 
to FIG. 4, there is illustrated a ?oW chart of the steps used 
to prepare such improved dilatation balloons. In carrying out 
the method, a precut length of a suitable tubular parison is 
placed in the mold so as to span the mold cavity in the 
longitudinal direction. The opposed ends of the parison are 
clamped by the tensioning member 26. The mold is partially 
closed about the tubular parison 20 and a gas at a relatively 
loW pressure is introduced into the lumen of the parison and 
a slight tension is applied to eliminate sagging of the parison 
When subsequently heated. 

[0046] FolloWing this initial setup and pretensioning, the 
mold 10 is heated up to a desired temperature Which depends 
upon the thermoplastic material involved. Generally speak 
ing, the mold is heated to a temperature Which is above the 
glass transition temperature. For PET, the mold may typi 
cally be heated to 175°. Once this temperature is reached, the 
molding operation can be begin. 

[0047] The parison is subjected to a ?rst stretching opera 
tion to initiate longitudinal orientation in the plastic. The 
degree of stretch varies With the tube size (Wall thickness) 
and the tube material. This ?rst stretch Which for a PET 
parison may be in the range of 1A1 in. to 1-1/z in. at each end 
thereof, not only results in some longitudinal orientation, but 
it also necks doWn the original tubing comprising the 
parison to a smaller diameter. 

[0048] After the prestretch (?rst stretch), the mold is 
completely closed and a second longitudinal stretch is 
initiated. During the time that the second stretch is occur 
ring, the balloon is fully in?ated by injected an inert, dry gas, 
e.g., nitrogen, under relatively high pressure into the lumen 
of the parison to thereby radially expand the parison to ?ll 
the mold. The gas pressure depends on tubing thickness and 
the desired Wall thickness of the resulting balloon but Will 
typically be in the range of from 50 psi to about 400 psi. The 
Wall thickness of the resulting balloon is a function of both 
the longitudinal stretch and the radial stretch employed. 
There is also an interaction between the pressure and the 
degree of longitudinal stretch on the thickness of the result 
ing balloon Wall. Generally speaking, the higher the pres 
sure, the less the Wall is thinned by the longitudinal stretch 
mg. 

[0049] With continued reference to the ?oW chart of FIG. 
4, folloWing in?ation of the balloon and While the balloon is 
still subjected to the pressure of the in?ation gas, the parison 
is longitudinally stretched a third time. Because of the 
arcuate shape of the mold in the zone thereof de?ning the 
end cones and because of the short dimension B-C (FIG. 2 
and Table I), the third longitudinal stretch is effective to 
remove material from the cone area of the balloon and to 
simultaneously draW the tubing doWn to a desired size 
thereby providing a thinner shaft portion for later attachment 
to the catheter body. 

[0050] De?ning the stretch ratio as the ratio of the length 
after the stretch divided by the length prior to the stretch, for 
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a PET polymer the ?rst stretch ratio may be in the range of 
from 1.005 to 2.0, that for the second stretch in the range of 
from 1.05 to 3.0 and for the third stretch in the range of from 
1.1 to 4.0. 

[0051] Following the third stretch operation, the tempera 
ture of the mold is increased to the crystalliZing temperature 
of the polymer employed to effectively “freeze” the molecu 
lar structure resulting from the longitudinal and radial ori 
entation in place. The crystalliZing step takes place With the 
balloon pressuriZed to the same in?ation pressure earlier 
applied during the balloon in?ation step. This helps to 
ensure that the balloon Walls in the Working area Will remain 
at the same thickness after the third longitudinal stretch and 
subsequent crystalliZing. 
[0052] The mold can noW be cooled doWn back beloW the 
glass transition temperature for the polymer and, folloWing 
that, the mold can be opened and the clamps released. The 
portion of the parison outside of the mold is then trimmed off 
and the balloon is ready to be mounted on a catheter body. 

[0053] Comparative tests Were run on balloons prepared in 
accordance With the method of FIG. 4 When using a mold 
having a pro?le like that of FIG. 2 With balloons fabricated 
using a prior art “tWo stretch” molding process having all of 
the steps of FIG. 4 eXcept the third stretch folloWing balloon 
in?ation and in a mold that had linear (rather than arcuate) 
cone pro?les. These speci?c parameters that Were compared 
Were derived by advancing a plurality of dilatation catheters 
having balloons manufactured in accordance With the 
method of the present invention and balloons manufactured 
in accordance With the described prior art through a test 
?Xture. The test ?Xture had a tortuous path and located at 
differing spots Within the tortuous path Were a PalmeZ 
SchatZ stent and a Wallstent® Endoprosthesis. The purpose 
of this test Was to evaluate the forces required to push the 
catheter through the ?Xture and the ability of the catheter to 
pass through each of the stents Without getting caught by the 
stent’s structure. The average force that Was required to pass 
the conventional catheter through the test ?Xture Was 695.9 
grams. This is to be compared With 390.5 grams required to 
be applied to the catheters having balloons made in accor 
dance With the present invention to traverse the same test 
?Xture. This represents approximately a 44 percent reduc 
tion in tracking force. 

[0054] A further test Was conducted to assess the force 
required to re-cross a stenosis folloWing balloon in?ation. 
Balloons made in accordance With the method of the present 
invention in the mold cavity made as described herein 
shoWed an approXimate decrease of 18 percent in the 
stenosis recross force When compared to balloons molded in 
the conventional “tWo stretch” process. 

[0055] Testing further revealed that the balloons molded 
With the “three stretch” process of the present invention 
required the loWest force to WithdraW the balloon catheter 
through a guiding catheter. The force to WithdraW the 
balloons prepared in the three stretch process Was about 28% 
less than the force necessary to WithdraW balloons made 
using the prior art tWo stretch process. 

[0056] Balloons made in accordance With the three stretch 
process of the present invention Were able to be guided 
through the stent blocks. The conventional balloons made 
using the tWo stretch process Were not capable of being 
pushed through the stents, even With considerable effort. 
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[0057] The improved performance of dilatation balloons 
made in accordance With the present invention is believed to 
be due to the extraction of material from the cone areas of 
the balloon taking place during the third stretch. The process 
of the present invention produces a high degree of molecular 
orientation, yielding balloons With high strength and simul 
taneously a reduced balloon Wall thickness, balloon cone 
thickness and balloon shaft diameter. This eliminates the 
need for subsequent balloon processing folloWing the bal 
loon bloWing operation. 

What is claimed is: 
1. A method of making dilatation balloons With reduced 

cone stiffness, comprising the steps of: 

(a) providing a mold having a cavity therein including a 
center section of a predetermined diameter de?ning a 
Working length for a balloon to be formed therein and 
opposed end cone segments, each de?ned by an arcuate 
Wall tangent to a Wall de?ning the generally cylindrical 
center section and terminating in a cylindrical end 
segment corresponding to a desired shaft siZe for the 
balloon to be formed therein, the mold having opposed 
side edges spaced less than 0.25 inch from a point of 
intersection of the arcuate Wall and the cylindrical end 
segment; 

(b) placing a tubular parison of a predetermined poly 
meric composition across the mold cavity, the tubular 
parison having opposed ends eXtending outWardly from 
the opposed side edges of the mold; 

(c) clamping the opposed ends of the tubular parison in 
longitudinally displaceable tensioning ?xtures; 

(d) heating the mold to a temperature above the glass 
transition temperature of the polymeric composition of 
the parison; 

(e) longitudinally displacing the tensioning ?Xture rela 
tive to the mold a ?rst time to effect a ?rst predeter 
mined stretch ratio; 

(f) subsequently longitudinally displacing the tensioning 
?Xture relative to the mold a second time to effect a 
second predetermined stretch ratio While simulta 
neously injecting a gas, under pressure, into the tubular 
parison to radially eXpand the parison against the Walls 
de?ning the mold cavity; 

(g) further longitudinally displacing the tensioning ?Xture 
relative to the mold a third time to effect removing a 
third stretch ratio and polymeric material from the end 
segments of the mold; 

(h) heating the mold to the crystalliZing temperature of the 
polymeric composition; 

(i) cooling the mold to a temperature beloW the glass 
transition temperature of the polymeric composition; 
and 

removing the resulting balloon from the mold. 
2. The method as in claim 1 and further including a step 

of pretensioning the tubular parison prior to step 
3. The method as in claim 1 Wherein the polymeric 

composition comprises PET. 
4. The method as in claim 3 Wherein the ?rst predeter 

mined stretch ratio is in a range of from 1.005 to 2.0. 
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5. The method as in claim 3 wherein the second prede 
termined stretch ratio is in a range of from 1.05 to 3.0. 

6. The method as in claim 3 Wherein the third stretch ratio 
is in a range of from 1.1 to 4.0. 

7. The method as in claim 1 Wherein the tubular parison 
is a co-eXtrusion of Nylon 12 over PET. 

8. The method as in claim 1 Wherein the gas injected is at 
a pressure in a range of from 50 psi to 400 psi. 

9. A method of fabricating a dilatation balloon in a stretch 
bloW molding operation comprising the steps of: 

(a) providing a mold having a cavity formed therein 
de?ning a desired shape con?guration of a dilatation 
balloon to be formed therein, the balloon including a 
cylindrical central section and opposed generally 
spherical end sections tapering to a reduced diameter 
balloon shaft segment; 

(b) placing a tubular parison of a polymeric composition 
having a predetermined diameter and Wall thickness 
across the mold With opposed ends of the parison 
extending outWard beyond the side edges of the mold; 

(c) clamping the opposed ends of the parison in a ten 
sioning ?xture; 

(d) heating the mold to a temperature above the glass 
transition temperature of the polymeric composition; 
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(e) simultaneously in?ating and longitudinally displacing 
the tensioning ?Xture relative to the mold to thereby 
stretch the parison to form a balloon Within the mold 
cavity; 

(f) subjecting the balloon of step (d) to a further longitu 
dinal stretch Within the heated mold to draW polymeric 
material from the generally conical end sections With 
out appreciable thinning of the central section thereof; 

(g) heating the mold to a crystalliZing temperature of the 
polymeric composition; 

(h) cooling the mold back doWn beloW the glass transition 
temperature of the polymeric composition; and 

(i) removing the balloon from the mold. 
10. The method as in claim 9 Wherein the mold cavity 

includes arcuate boundaries de?ning the opposed conical 
end sections. 

11. The method as in claim 10 Wherein the arcuate 
boundaries are tangent at one end to a segment de?ning the 
central section of the balloon and intersect the segment 
de?ning the balloon shaft at another end. 


