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This invention relates to a method for increasing the 
strength and controllability of parachutes made from 
stretched or blown ?lm. This application is a continua 
tion-in-part of my copending application, Serial No. 
246,308 ?led Sept. 12, 1951 for a method of making 
parachutes from stretched or blown ?lm. 
There are many difficulties involved in employing ?lm 

in parachute manufacture: 
(1) In order to obtain the very high mechanical 

strength characteristics of nylon, it has been necessary 
to draw ?bers of this material. Cast ?lm has only a 
small fraction of the tensile strength of the textile ?ber. 

(2) A parachute, to be controlled, must be porous. 
Ordinary continuous ?lm, because of its non-porous na 
ture, does not slow the passage of the air, but rather 
traps it. 

' (3) In all types of parachutes the attaching of the 
shrouds to the canpoy has been a major problem. The 
strain of the load must be transmitted to the canopy. 

’ An object of this invention is therefore a method of 
making a substantially non-?brous parachute having a 
very high mechanical strength. 

Another object of this invention is a method of mak 
ing a substantially non-?brous parachute having the 
required porosity. 

Another object of this invention is an improved method 
of attaching the shrouds to the canopy. 

Further objects will become apparent from the draw 
ings and the following detailed description in which it is 
my intention to set forth the applicability of the inven 
tion without thereby limiting its scope to less than that 
of all equivalents which will ‘be apparent to those skilled 
in the art. 

- FIGURE 1 is a cross-sectional view showing a synthetic 
polymeric resinous material being expanded inside a 
forming die. 
FIGURE 2 shows the material expanded until it pro 

jects out the opening in the die. 
‘ FIGURE 3 is a cross-sectional view showing a sheet of 

the said material held circumferentially and expanded by 
vapor pressure. 
FIGURE 4 is a cross-sectional view with the sheet be 

ing expanded between a male and a female die. 
FIGURE 5 is a cross-sectional view enlarged to show 

the material in layers. 
In accordance with one embodiment of the invention 

I blow a synthetic polymeric resinous material into a 
soap bubble-like shape within a large hollow globe hav 
ing the shape of a spheroid, that is, in the non-mathe 
matical sense, a shape which at least resembles a sphere. 
By this procedure I obtain the material in ?lm form and 
still obtain the elongation and orientation which is neces 
sary for extreme strength. 

Prior to the blowing of the bubble a pressure-sensitive 
tape is applied to the inside of the globe with a water 
soluble adhesive. The integration of the tape and the 
synthetic polymeric resinous material will serve two pur 
poses. The tape will limit the propogation of tears in 
the ?lm in such a manner that the requisite strength 
characteristics are obtained. The tape further furnishes a 
strong integral part of the canopy to which the shrouds 
can be attached. 

Referring now to FIGURE 1, the melted plastic com 
position 1 is fed into a blowing cup 2 through a heated 
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tube 3. The temperature in tube 3 and cup 2 is main 
tained by means of heating coil 4. When the desired 
amount of plastic has been delivered to the cup, air is in 
jected from below through the pipe 5. This air causes 
the plastic to be blown out into a bubble form. as a 
large bubble 6. This bubble expands until it touches 
the inside walls of the two hemispheres 7 and 8, which 
are laid up so as to form a shell surrounding around 
the bubble. Instead of being hemispheres, the mold 
parts may instead be any sections of a spheroid. 

Inside these hemispheres there is previously laid out 
a reinforcing pattern made of high strength adhesive 
tape 9. 

This adhesive tape is preferably reinforced with glass 
?bers or with a high strength textile ?ber, such as, for 
example, Fortisan or nylon. This adhesive tape may 
hold for example 500 pounds per half inch width. It 
carries on its outside surface a contact-sensitive water 
sensitive adhesive and on its inside surface, facing the 
hollow part of the hemisphere, a pressure-sensitive, sub 
stantially contact insensitive water resistant adhesive. As 
the bubble expands toward the point of contacting the 
inside of the outer shell, the air previously within the 
globe formed by hemispheres 7 and 8 escape through a 
multitude of perforations or small holes 10, so that ?nal 
ly the expanding bubble ?ts snugly under pressure inside 
the shell. 

Air pressure is then increased so that ?nally the pres 
sure-sensitive adhesive on the tape 9 is activated and the 
tape structure thus made to adhere ?rmly to the expand 
ing bubble 6. The pressure may then be still further in 
creased until the bubble material is forced out through 
the small holes 10, forming small bubbles 11 outside the 
shell, as shown in FIGURE 2. Small bubbles 11 are 
then either broken by over-expansion with this pressure 
or are fused or melted outside the shell so that small 
holes are formed in the large bubble. 
The globe thus held under pressure ‘is then cut through. 

at the parting line of the mold parts by means of a 
heated cutting tool, such as, for example, a knife or a 
heated wire which is pulled along the slot 12. 7 

Steam is then admitted to release the water-sensitive 
contact-sensitive adhesive which held the tape to the 
inner side of the hemisphere. The plastic thus collapses 
and is folded up, removed, and is ready for use after 
the necessary harness has been attached to its tape re-. 
inforced edges. 

In this manner are obtained parachutes of hemispheri 
cal shape reinforced by high strength tape and provided 
with escape apertures for air so as to permit the proper 
degree of in?ation and motion of the parachute when 
under in?uence of gravity and load. . 
An alternative method is shown in FIGURE 3. A 

?at sheet of a synthetic polymeric resinous material 6' 
is secured between two halves of a mold 7 and 8'. Then 
heated air or steam is forced into the mold through 5' 
and expands the plastic material into position. 
Another alternative can be used to expand the plastic 

into position. As shown in FIGURE 4 a male die 8" 
electrically heated by means of heating element 15 and 
forced upward by plunger 16 is shown in the early stages 
of forming a parachute canopy by forcing synthetic resin 
sheet 6" upward into contact with strips 9 and the in 
terior mold 7. Porosity may then be provided by in 
troducing air under pressure between the die 8" and 
sheet 6" to form bubbles such as bubbles 11, which may 
be broken or severed as described above. 

While in the above description reference has been 
made particularly to nylon as a material for parachutes, 
parachutes can be made by the same method from, for 
example, polyvinyl chloride, which has a tensile strength 
closely approaching that of nylon when drawn and which 
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has viscosity characteristics rendering it, when properly 
compounded and stabilized, suitable for these purposes. 
Also suitable may be polyurethane resins, acrylate resins, 
and generally any thermoplastic resins in the viscosity and 
molecular size range and having the requisite strength 
which make them adapted for the blowing technique‘s'outl 
lined. 

With references to the ‘adhesive tape materialv discussed, 
while I prefer to have the contact and pressure. sensitive 
adhesive distributed onthe tapes 9 as indicated above, 
it would also be possible to use‘ contact sensitive‘ ad 
hesives on both sides of the tapes 9, in which case the 
tape material would be ?rst applied with a contact sen 
sitive adhesive attaching it to the inside of‘ the hollow 
hemispheres, and contact sensitive adhesive suitable‘ for 
holding the ?lm would then be applied‘to the tape from 
the under side of the hemispheres by a brushing or spray 
ing operation. 
Tape may also be heat sealed to the ?ltn‘after the ?lm 

has been blown into contact'with the hemispheres‘. The 
?lm is held in position by means of suction applied through 
the holes 10 and the tape is heat‘ sealed‘ to the inside of 
the ?lm .“bubble.” 

Furthermore it is obviously possible to‘ apply a suc 
cession of bubbles inside each other before their re 
moval, thus obtaining a laminated structure with its con 
comitant advantages. 

This is illustrated in FIGURE 5 which shows a cross 
section of a film having three plys, 19, 20, and 21. A 
small hole 14 is shown and a section of reinforcing tape 
9, attached with adhesive 22, 
‘FIGURES 1 through 5 have shownthe bubble as being 

blown vertically upward into a spheroid‘ formed by hemi 
spheroids disposed substantially vertically above the’blow 
ing cup. The process may be carried out with'success 
‘in the opposite manner with the bubble being blown down 
ward into hemispheroids which form'a spheroid disposed 
vertically below the blowing cup. 

In connection with previous ?gures and' examples, air 
has‘ been described as the gas to be used in blowing-the 
bubble, when in fact any gas suitable for'use‘ under such 
conditions can be used. Such a gas would‘ ordinarily be 
required to be non-poisonous, non-corrosive, relatively 
inexpensive, chemically stable, non~explosive, and non 
in?ammable, but none of these conditions are absolute 
requirements and types of gases possessing one or more 
of‘ these properties might be desirable. For example, an 
otherwise undesirable gas might be found useful in chem 
ically treating the surface of the ?lm at the same‘time 
that the said ?lm was being blown. Thus, as well as air, 
the gases which might be used include oxygen, nitrogen, 
chlorine, helium, and others. Helium in particular‘ is 
useful because of its low speci?c gravity which may be 
utilized to control the shape of the bubble as'it is'being' 
blown. 

it is thus seen that the invention is capable‘ of wide‘ 
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variation in its details and is not to be restricted to the 
speci?c examples given above which arev given by way of 
example and not of limitation and that it is to be re 
stricted only by the claims in which it is my intention 
to cover all novelty in the invention as broadly as possible 
in view of the prior art. 

Having thus disclosed my invention, I claim: 
1. The process of forming an article of the type de 

scribed comprising providing a sheet of thermoplastic 
polymer adjacent a perforated rigid member conforming 
to the shape of the article desired, then forcing portions 
of said thermoplastic sheet adjacent said perforations 
through said perforations by creating a ?uid pressure dif 
ferential across said sheet and said rigid member to 
thereby provide freely expanded unrestricted bubbles of 
said thermoplastic polymer extending from said perfo 
rated member opposite to said sheet, and then destroying 
said bubbles to thereby provide openings extending en 
tirely through said thermoplastic sheet corresponding to 
the perforations in said rigid member. 

2. Method of claim 1 wherein said bubbles are de 
stroyed by severing. 

3. Method of claim 1 where said bubbles are destroyed 
by overexpansion. 

4. Method of claim 1 wherein said bubbles are de 
stroyed by melting. 

5. A process of forming a perforated thermoplastic 
sheet which comprises positioning a heated thermoplastic 
sheet adjacent a perforated rigid mold member, forcing 
the portions of said thermoplastic sheet, adjacent the 
perforations of said mold member, through said perfora 
tions by creating a ?uid pressure differential across said 
sheet and said rigid mold member to thereby provide 
freely expanded unrestricted bubbles of thermoplastic 
material extending from said perforated rigid mold mem 
ber opposite to said thermoplastic sheet, destroying said 
bubbles to thereby provide openings extending entirely 
through said thermoplastic sheet corresponding to the 
perforations in said rigid mold member, and removing 
the perforated thermoplastic sheet from the rigid mold 
member. 
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