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Abstract

This document is comprised of a series of papers presented at the Fourth
AFCRL Scientific Balloon Symposium in September 1966. The range of subject
matter was purposely selected to cover both the major branches of balloon tech-
nology and a limited number of topics having a common disciplinary background.
It was intended to provide, thereby, the exchange of information on capabilities
and requirements essential to the orderly advancement of this technology.
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I. Recent Developments in High-Altitude
Meteorological Balloons

Eric Nelson
Kaysom Corporation of Americe
Paterson, New Jersey

Two years ago I was accorded the privilege of speaking to you here about two
new types of special-purpose balloons which had recently been developed. It is
gratifying to be asked to talk to you again for two reasons. First, because I must
conclude that the previous address was of interest to at least a few of you. Second,
because it is good to know that the humble, rather shabby looking, dusty meteoro-
logical balloon still finds its place among its glamorous polyolefin sisters and its
noisy boisterous brothers, the rockets.

During this two-year interval we have been concentrating on providing balloons
capable of reaching ever higher altitudes with greater reliability. It is my purpose
to acquaint you with the vehicles which are now available for high-altitude soundings
and resear~h, At the same time, I want to describe a technique which resulted
from the development of the ML.-566 fast-rise balloon that simplifies the launching
of large balloons and further improves their reliability and performance.

The largest balloons which are suppli2d in high volume quantities are the
MIL.-537 balloons, which are purchased by the Armed Forces, and its counterpart
purchased by the U.S. Weather Bureau and identified as the 1200-g balloon. The
ML.-537 is required to reach an altitude of 110,000 ft by day and by night at an

(Received for publication 18 January 1967)
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ascensional rate of at least 1,000 ft/min. The altitude requirement for the Weather
Bureau is slightly lower, being 31,500 m or 103,500 ft. Considerable data is, of
course, available for this type of balloon, and in order to demonstrate the relia-
bility of this vehicle we are using the test data obtained by the U.S. Weather Bureau
during the course of the last production contract. These balloons were manufactured
by the Kaysam Corporation of America and the flight data presented as Table 1

were obtained with balloons selected at random from production lots by Weather
Bureau inspectors and flown by Weather Bureau personnel.

Table 1. Flight Performance of 1200-g Balloons

Percentage of Flights Reaching
105,000 ft | 110,000 ft | 115,000 ft | 120,000 ft
Total of 140 flights 89 81 56 30
October 1965 Day 86 57 50 21
Night 83 93 71 43
November Day 72 57 29 0
Night 100 100 80 40
January Day 100 100 75 50
Night 40 40 20 0
February Day 67 50 17 0
Night 67 50 17 0
March Day 100 100 63 25
Night 73 64 18 9
April Day 100 94 67 19
Night 89 89 67 45
July Day 93 93 62 54
Night 92 92 67 42

In all cases a nozzle lift of 2,800 g was employed and the flights were conducted
over a period of about eight months, including midwinter. Rather than list the
individual flights, we have grouped them in altitude ranges, showing the number of
flights which exceed a given altitude as a percentage of the total number of flights
conducted.




The reliability of this balloon is clearly demonstrated by these results; almost
90 percent of the flights reach the minimum altitude required by the specification
and 30 percent flew to altitudes of more than 120,000 ft. It is interesting to observe
that although the balloons perform almost equally well by day and by night, there is
a noticeable improvement in the altitudes reached during the summer months, We
will make further reference to this phenomenon.

The next largest balloon which carries an Armed Forces nomenclature is the
ML-564, This balloon has a day and nighttime altitude requirement of 120,000 ft
and a weight specification of 1,800 + 100 g. This balloon is purchased in relatively

small quantities and the data available are, therefore, much more limited than that ]
for the ML-537 balloon. However, it is possible to present sufficient data to illus- 1
trate this balloon's capabilities and the results of a series of carefully monitored i

flights is shown in Table 2,

h

Table 2, Flight Performance of 120G and 120GH Balloons
120 GH Ballons !

7= m——)

Altitudes Reached

Type

Day Flights Night Flights

120GH 140,597 136,808
126, 896 131,620
135,076 143, 205
129,902 131,903
129,665 131,502

120G 125,933 42, 146
140,092 135, 860
132,917 127,953
133,789 65, 282
135,984 123,432
131,542 124,292
137,005 127,618 1
134,938 123,050 1
124,016 133,927 |
131,220 118,438
139,879 133,730 {
127,195 130, 850
133,234 134,003 1
140, 308
127,159

These flights were conducted under the supervision of Air Force Cambridge
Research Laboratories and we would poi: t out that the data presented are for this
entire group of balloons and not a collection of carefully screened flights. Only if a flight
were terminated because of the inability of the tracking equipment to follow the
balloon were the resuits omitted from this tabulation,
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It is again clear from the data that a vehicle which is very reliable tc the
120,000-ft level is now available with equal performance and capabilities at night
and during the day. It should be noted that the first five balloons in each group
were substantially heavier than the remaining balloons and that these balloons
appear to be somewhat more consistent in performance, Although they were no
larger than the other balloons, it appears that the somewhat greater wall thickness
does result in a more reliable balloor. By increasing the length somewhat further,
however, a balloon capable of reaching an altitude of at least 130,000 ft can be ob-
tained. Less data are available for this balloon, but Table 3 gives an indication of
the performance obtainable from this type of balloon which weighs about 2, 500 g
and has a length of approximately 160 in.

The same compound was used for the manufacture of all the balloons described
so far. As in many other fields, however, making a balloon which will reach still
greater altitudes is not simply a question of increasing the size. Numerous other
factors, including the ability of the heavier balloon to carry its own greater weight
and the duration of the flight itself, necessitate building certain characteristics
into the balloon compound. In order to reach altitudes of 140,000 ft and higher, a
specially designed compound for use at such altitudes was developed in the labora-
tories of the Kaysam Corporation of America. Calculations showed that a balloon
made from this compound, weighing in the order of 4,000 g, and having a flaccid
length of about 240 in., should be capable of reaching an altitude of at least
150,000 ft. At the time of the original manufacture of these balloons the altitude
reached for an expanding meteorological balloon was 146,000 ft, which had been
attained by a balloon weighing about 6,000 g. Other balloons of this weight had
also exceeded altitudes of 140,000 ft, but their performance was generally very

erratic.

Table 3. Flight Performance of
130G Balloons

Day Flights Night Flights |
146, 283 136,778
123, 812 134, 360
130, 659 139, 180
135,636 113,707
147, 844 139, 340
137,470 136, 253
139, 314 138, 500
147,000 114, 300
127,953 135, 500
114,000 124, 500
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The size of these balloons is a basic cause of their erratic performance, A \ 7
balloon having a flaccid length of 240 in. has a surface area of over 500 sq ft. In , ¥
order to reach an altitude of 150,000 ft the balloon has to be capable of expanding - -_:‘ 4
uniformly until its surface area has increased to almost 8,000 sq ft. One small 1
defect, such as a minute pinhole or small thin spot which prevents that particular
area from expanding the required amount, can lead to premature rupture and more 4
or less considerable reduction in bursting altitude. Hence, not only the manufac- l 4
turing process itself must be conducted with meticulous care, but the inspection of '
the finished balloon must be carried out to the same exacting standards.

This balloon is for use in the daytime only and a limited number of flights were
conducted by U.S. Army Electronics Research and Development Laboratories at
Fort Monmouth, New Jersey. Five of six balloons were successfully tracked to burst
and the altitudes ranged from 127, 000 ft to 147, 800 ft. Two of these five balloons
reached altitudes in excess of 140, 000 ft; the remafnlng three reached altitudes of
127, 000, 135,000 and 139, 000 ft. However, a much larger series of tlights has 1
just been completed in West Germany with this type of balloon.

The flights covered a period of about eight months and the results obtained are
shown in Tables 4 and 5. The flights are given in chronolcgical order with the date
of the flight as well as the bursting altitude. Table 4 shows the performance of
balloons from September, 1965, through April, 1966. The performance during the
month of September was generally extremely good, and the balloon appears to be
almost as reliable as the 1200-g balloon flown by the U.S. Weather Bureau, the
performance of which was shown originally in Table 1, '

During the winter months, however, there was a sharp detgrioraﬁon in per-
formance and as a result the number of flights was sharply curtailed, being
restricted to a few evaluation flights, This situation persisted until April when L ]
there was a marked improvement in performance. Table 5 shows the results ob-
tained during the months of May and June. It is {inmediately obvious that at this
time of the year, and presumably from April through September, this balloon pro-
vides an extremely useful and reliable vehicle for high-altitude meteorological
observations and research. Actually, during the month of June 67 percent of the
balloons reached altitudes of over 150,000 ft, which surpasses the original perform-
ance in September of last year when 64 percent reached altitudes of more than
140,000 ft but only 27 percent reached the 150,000 ft level. ' 1 |

It has been noted that many of the problems associated with the manufacture of ‘
this balloon are due to its physical size. In a similar manner the size of the balloon
also produces difficulties in inflation and launching. Furthermore, the duration of
the flight can be a problem in itself. With a rate of ascent in the order of 1,000
ft/min, a flight to 150,000 ft takes 2-1/2 hr. This is uncomfortably close to the
life of the battery in a standard radiosonde and there is a danger that the flight may




Table 4. Flight Performance of 140D Balloons
Flown in West Germany from September 1265

to April 1966

Date Flown Altitude | Date Flown Altitude
9/1/65 152,000 1/20/66 26,000
9/3/65 155, 500 2/21/66 46,000
9/6/65 148, 500 3/29/66 23,000
9/8/65 152, 000 4/1/66 26,000
9/11/65 148, 500 4/5/66 144,000
9/13/66 111, 500 4/7/66 125,000
9/15/65 148, 500 4/19/66 111,000
9/16/65 121,500 4/22/66 147,000
9/17/65 135,000 4/25/66 157,000
9/20/65 148, 500 4/26/66 95,000
9/22/65 42,000 4/26/66 131,000
11/5/65 137, 500 4/217/66 141,000
12/22/65 135,000 4/28/66 75,500
12/28/65 142,000 4/28/66 137,500
1/6/66 30,000 4/30/66 154,000
1/7/66 132,000
1/17/66 23,000

Table 5. Flight Performance of 140D Balloons
Flown in West Germany from May to June 1966

Date Flown Altitude | Date Flown Aititude
5/1/66 43,000 5/30/66 147,000
5/2/66 134,000 5/31/66 164,000
5/3/66 151,000 6/1/66 138,000
5/4/66 151,000 6/3/66 151,000
5/7/66 29, 500 6/6/66 161,000
5/11/66 66,000 6/7/66 158,000
5/12/66 128,000 6/8/66 33,000
5/13/66 141,000 6/9/66 168,000
5/14/66 138, 000 6/10/66 72,000
5/16 /66 128,000 6/12/66 151,000
5]17/66 147,000 6/13/66 158,000 ‘1
5/18/66 62,000 6/14/66 158,000
5/24 /66 56,000 6/15/66 161,000
5/25/66 147,000 6/21/66 79,000
5/28/66 111,500 1

terminate because of battery failure rather than balloon burst. Furthermore, if
high winds are encountered aloft then the angle may become low enough to result
in the signal being lost through ground interference. I

It was felt that the carrier balloon technique which resulted from the develop-
ment of the ML-566 balloon could be adapted to the high-altitude balloon with




advantage. The ML.-566 balloon is designed to reach an altitude of 100,000 ft at
vver 1,700 ft/min. This balloon consists of a high-altitude balloon enclosed inside
a two-piece streamlined balloon, as illustrated in Figure 1. The inner balloon,
which is approximately twice the length of the outer balloon, is initially folded as
indicated. In the case of the ML.-566 the folds in the inner balloon have virtually
disappeared when the assembly has been inflated and is ready for launch (see
I'igure 2). As the assembly rises the streamlined outer halloon provides for rapid
ascent during the early stages of the flight, and this balloon is designed to burst

at about 50,000 ft,

Figure 3 illustrates the appearance of the assembly after the outer balloon has
ruptured and fallen away. The inner ballon, which during the early part of the
flight flies in a horizontal position, as it were, now turns through 90° and assumes
the normal position for a meteorological balloon with the neck at the lowest point.

Figure 1, Carrier Figure 2, Carrier Figure 3. Carrier Balloon
Balloon Assembly Balloon Assembly Assembly — Second Stage
at Release

Although the assembly was originally developed to provide faster rates of
ascent, there are other advantages when i. i used in conjunction with very high-
altitude balloons. As already mentioned, the Kaysam 140D balloon has a flaccid
length of about 20 ft. If inflated in the normal manner to a free lift of 2,000 g,
which is recommended for this balloon, the balloon has a vertical height of a little
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more than 20 ft. This is too great for most inflation shelters which usually have
doors not more than 12 ft high. Therefore it becomes necessary to tie off the
balloon near its equator during inflation and to take the balloon out of the shelter
in this condition. The tie is then removed and the gas allowed to rise into the
upper part of the balloon which is then released. The possibilities of damaging
the balloon film by this procedure are substantial, particularly if winds exceed
10 knots.

By enclosing the high-altitude balloon inside a carrier balloon, however, the
danger of damage to the inner balloon is eliminated. Furthermore, since the
carrier balloon is much smaller than the inner balloon, the problem of its excessive
length is also overcome and inflation and launching can be carried out in conventional
shelters or from an automatic launching device,

In addition to the increased ease of handling and launching which the carrier
technique provides, the outer balloon provides protection against atmospheric
attack during the early part of the flight, This is admittedly a somewhat tenuous
advantage in that there is little evidence that balloon flights do terminate as the
result of atmospheric attack., However, it had been observed in the past that there
appeared to be an upper limit of about 145,000 ft beyond which a meteorological
sounding balloon was incapable of flying. One thought is that this limit was set
by the duration of the flight or time of exposure of the balloon to the atmosphere.
Should this be the case, then the protection afforded by the outer balloon during the
early stages of the flight would permit the inner balloon to reach higher altitudes
by re: acing the length of time during which it was subject to atmospheric attack.

The fact that the carrier technique also increases the ascensional rate, thereby
still further reducing the total flight time, also minimizes the possibility of failure
by atmospheric deterioration of the balloon film. The reduction in overall flight
time also decreases the possibilities of the flight being lost due to battery failure,
and because the more rapid rate of rise provides higher angles from the ground
tracking equipment the chances of a flight becing lost due to interference from the
ground are also substantially reduced.

The use of a carrier balloon system has, therefore, humerous practical ad-
vantages and flights are now being conducted with this type of assembly. At the
present time the number of such flights is quite limited, and it is by no means
clear that this technique is enabling the balloons to reach higher altitudes. Table 6
shows the performance obtained with these balloons so far. Although the highest
altitude obtained in the United States by a meteorological balloon of the expanding
type was with this type of assembly, there have been higher altitudes reported
from West Germany with single balloons. However, the advantages in
ease of handling and more rapid rate of ascent still render the carrier balloon
system worthy of consideration, particularly where the inflation and launching




Table 6. Flight Performance of High-Altitude
Carrier Balloon Assemblies

Altitude Rate of Ascent
151,634 1309
145,000 F/A 1368
140,662 1240
133,244 F/A 1196
136,194 F/A 1345
143,842 1262
156, 390 1511
139,215 F/A 1290

area is restricted. They could, for instance, be used successfully on ships where
such conditions prevail. Furthermore, the reliability of the balloon appears to
have been greatly improved; the lowest altitude recorded is 133,244 ft and not
because of a balloon burst,

In conclusion, we may say that meteorological balloons of the expandable type
are now available which are capable of reaching altitudes ¢’ as higi: as 120,000
and 130,000 ft with a high degree of reliability, By enclosing these types of balloons
in carriers, the rate of ascent can be raised from as little as 1,000 ft/min to at
least 1, 300 ft/min with virtually no loss in altitude. In addition, there is also a
balloon capable of reaching altitudes of over 140,000 ft and frequently over 150,000 ft
with good consistency. Use of this balloon is limited at present to the hours of
daylight. Research aimed at providing a similar vehicle for use at night is being
conducted.
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ll. Balloon Development for the Planetary Entry
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Parachute Program

Jomes C. Payne

Bedford, Massachusetts

Air Force Combridge Research Laboretories l

Abstract

The Planetary Entry Parachute Program (PEPP) described by Mr. John McFall
of NASA Langley Research Center necessitated the development of a high-altitude |
balloon capable of carrying the NASA payload to an Earth atmosphere comparable
to that expected to exist about the planet Mars. The management of the balloon
phase of the program was assigned to AFCRL and is the subject of this paper.

The initial balloon-design consideration for the program involved a 1500-1b
payload that would float above 125,000 ft, with 130,000 ft the desired altitude.

This could have been accomplished by using GT-11 material with a balloon volume
of about 30 million cu ft, or by using GT-99-1 for a balloon of about 15 million cu ft.
As the discussions continued the payload underwent the normal growth to a

final weight of 1650 1b for the NASA aeroshell, an additional allowance of 600 1b

for the balloon control-and-safety equipment, plus 1200 Ib of ballast to permit
maneuvering the balloon over the White Sands Missile Range. We were then looking
at a balloon that could carry 3500 1b at liftoff and achieve a floating altitude near
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130,000 ft with a load of 2250 1b. Now, using GT-99-1, the balloon would be about
26 million cu ft in volume, but it would no longer have sufficient strength. A GT-11
balloon would be of the order of 65 million cu ft, and so would present launching
problems as well as very high cost. It was obvious that this design was greatly
over-reaching the state-of-the-art and that so ne other film would have to be devel-
oped that would reduce the balloon size without compromising the mission.

We had learned in another of our programs thal the weight of reinforced film
can be readily reduced by coating the threads with adhesive, rather than embedding
the fibers in a layer of adhesive over the surface of the Mylar. It was recognized
that there might be some benefit in having the layer of adhesive, but it did make up
about 1/3 of the weight of a film like GT-99 (or, more generally, a weight equiva-
lent to the basic film weight) and was not tolerable in this case.

The concept of coating the threads with adhesive was given maximum attention.
The PEPP balloon has roughly 32 million ft of thread in the longitudinal direction
alone. To coat the threads, dryy them, and then respool them appeared to be im-
possible using the two available thread-coating machines because the best produc-
tion rate was about 1000 ft/hr per coating machine. Schjeldahl Company then
recommended a coating process which had been considered under an earlier AFCRL
program: to coat each thread as it leaves the Flying Thread Loom and just prior
to entering the laminator. This approach was tried and found to work well except
that the longitudinal threads occasionally became slightly displaced and did not
present a nice symmetrical pattern as in the GT-11 scrim. This concerned us at
first but it appears to have no effect on the strength of the film.

Now that we were able to add reinforcing fibers to the Myiar without paying a
great weight penalty for the adhesive, the next problem was to select the thread
pattern. We worked with Schjeldahl on a paper study of 30 to 40 different patterns
giving particular attention to theoretical weight, strength-to-gross load, strength-
to-weight, and a safety factor. The main objective of this exercise was to select
a balloon material that would produce the most reliable balloon. The safety factor
(which was the most difficult to define) was computed by dividing the machine-
direction (MD) strength (assuming 10-in. gore end sections) by the gross load.
Cone angle was ignored for this initial comparison.

Table 1 shows a comparison of reinforced-scrim balloon designs that have been
flown in the past. It is interesting to note that the Stratoscope II main balloon has
the lowest value for the transverse-direction (TD) strength versus gross load.
Among the nonwoven reinforced materials, the lowest TD strength/gross load ratio
appears in the GT-50 balloon which was a 1.6 million cu ft balloon with 5600 b of
gross lift, This balloon also had the lowest strength-to-weight ratio.

Using the same comparative relationships, the following criteria were used for
selecting the patterns for the PEPP balloon:

A d it abals alfas = A e
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1. The Mylar film thickness was frozen at 1/3 mil, and the reinforcing fibers
at 220-denier high-tenacity (HT), or 440-denier HT, or a combination of both; the
suspended load at float altitude, at 2200 1b, and the balloon end sections at 10 in.

Table 2 shows the results of the PEPP material study. All of the patterns
considered would have exceeded the strength ratios of the Stratoscope Il main
balloon. (Machine-direction strength data are based on the center 10-in. band.)

In Table 2, the lowest volume balloon that exceeds the GT-11 strength-to-

weight ratio is shown as 6333 in the CNET column. The gore pattern consisted of
i 6 threads/ in. in the center 10 in. of the gore (machine direction), and 3 threads/in.
to the outer edges; then 3 threads/in. in the transverse direction. The theoretical
balloon volume would be about 21. 5 million cu ft.

2. The highest TD -strength-to-gross-load ratio appears in design 6334
which also has the highest TD -strength-to-weight relationship.

3. It requires an additional million cu ft balloon volume to lift the added
transverse direction fibers when the transverse density is changed from 3/in. to
4/in.

4. It also requires an additional one million cu ft to increase the number of
fibers in the center 10-in. band from € /in. to 8 /in,

5. In the final analysis, the best choice among the all 220-denjer-reinforced
patterns was the 8664 design because it offered good strength characteristics and
had a smooth transition in terms of strength from the center 10 in. to the remain-
! der of the gore. In other words, going from 8 threads/in. to 3 threads/in.

jo appeared to be too big a step!

{ 6. The pattern 4334 (440 denier, high tenacity fibers in the machine direction)
was then chosen over the 8664 (220 denier) pattern because it meant fewer fibers
to handle and also was considered’to offer better tear resistance.

7. The GT-99-1 pattern (6112) is shown only for comparative purposes.

The specifications of the final balloon system are shown in Table 3,

Knowing that we would prolably find it necessary to inflate and launch with
surface winds something less than ideal, we chose to allow the transfer of gas from
the top balloon to the main balloon to begin at 10,000 ft MSL. This would be about
6000 ft above the proposed launch site, This choice allowed us to work with a rela-
tively small balloon and maintain a tight bubble during the launch phase. Justin
Smalley, formerly of lLitton Industries, was engaged by Schjeldahl Co. to assist
in the design of the balloons. (Mr. Smalley had previously made a computer study
of tandem-system designs for AFCRL.) One of our greatest concerns was the

' effect of the weight of the launch balloon on the main balloon at ceiling. The launch
balloon would have little or no lift and would very likely 'lay over" on the main
balloon, It also appeared that the EV-13 valve in the top of the launch balloon would
probably be ineffective at the higher altitudes. However, this proved to be untrue
because we were able to valve the first test balloon while it was at floating altitude.
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At one time we considered separating the launch balloon from the system after
sufficient gas had been transferred. However, this involves a separable fitting be-
tween the two balloons and the development of a large valve for the top of the main
balloon. We had done this successfully on a smaller balloon system but considered
that there was not sufficient time to develop a reliable valve, and it added compli-
cations to the system. Our decision was to retain the top balloon.

Mr. James F. Dwyer of AFCRL examined the final balloon design in great
detail and recommended that three gores be added to the launch balloon and five
gores to the main balloon. It was his concern that unusually high circumferential
stresses would be built up in both balloons under certain flight conditions.

Normally when our laboratory undertakes a program of this magnitude a number
of test flights would be made without the experimenter's equipment in order to
ensure that our balloon design and launching concept will reliably do the job. How-
ever, when we are using balloons costing well over $100,000, some alternate means
of evaluating the balloon must be found. For this program, we had an extra launch
balloon built; then, to simulate the main balloon, a bag of GT-12 was made with
heavy chain suspended from the top end fitting to give it weight much like the real
balloon, This model permitted us to evaluate the launch method without the expen-
diture of u real main balloon,

To evaluate the chosen balloon material, we had a 3.2-million cu ft balloon
manufactured and, combining it with a full scale launch balloon, we actually flew it
in May from Holloman AFB. This flight went off very well, and because the lower
winds were westerly and the higher winds easterly, we were able to observe the
flight visually from launch to termination.

Since most of us are vitally concerned about getting balloons out of the air
when the mission is completed, we were able to prove that with this tandem system
the balloon would invert after the load was removed and descend immediately.
Since the 26-million cu ft balloon would have an even higher center of gravity, we
felt certain that this balloon would remove itself from the air without our adding
a destruct system.

The first 26~-million cu ft balloon was flown from Holloman AFB on the 18th
of July, 1966. The surface winds were ideal and launching proceeded without any
real difficulties. (I have a short movie of this launching.) Using 15 percent free
lift, the balloon ascended at an average rate of 1345 ft/min to the tropopause; from
the tropopause to the first float altitude, with 1200 1Ib of ballast aboard, the average
ascent rate was 775 ft/min. The overall rate was 920 ft/min. The first floating
altitude was about 122,000 ft measured by the on-board barocoder, and 124,900 ft,
corrected radar altitude. The balloon was allowed to float at this -altitude for about
one-half hour, then all the ballast was poured. The final altitude achieved by the
balloon was 128, 400 ft (corrected) on the barocoder and 127,700 ft, corrected radar
altitude.
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The first "hot" flight was flown on 30 August 1966 from Walker, AFB. In
order to determine that the flight trajectory would pass over the target — the White

Sands Missile Range — we began launching 87-ft diameter polyethylene balloons

|

} that carried AMT-12 radiosondes, long-duration battery packs and a timer, These
I balloons were designed to float at 130,000 ft. By adding about 3 Ib of ballast it was
‘ ‘ possible to achieve a floating altitude nearer that expected of the big balloon.
Figure 1 shows the trajectories taken by these balloons. Track number 1 was for
a balloon launched at 1104 hr MST on 28 August. It floated at 129,000 ft and took

‘ a northerly path, The second balloon, launched approximately 24 hr before the

26 million cu ft balloon floated at 124,000 ft and followed a more southerly path.

Balloon number 3 was launched at 2150 hr MST on the evening before and, floating

at 126,000 ft, tracked more to the north, All three were within the assigned target
area (north of the 30-mile area to the top of the 90-mile area). These pathfinder
] balloons had an average ascent rate near 900 ft/min with 15 percent free lift.

PEPP BALLOON FLIGHTS

Figure 1. PEPP Balloon Flights

The path of the 26 million cu ft balloon is also shown in Figure 1. The 50-mile

.

area is the most heavily instrumented area on the range and was the primary tar-
get. When we released the NASA aeroshell the balloon was positioned at 3 miles
northwest of the center of the 50-mile area. The cooperation we received from
the weatherman could not have been better!
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. Creep Characteristics of Polyethylene Film* .

Harold Alexander

Deportment of Aeronautics and Astronautics
New York University

Abstract

In order to find the constitutive relations for polyethylene balloon film, an ex-
perimental investigation was conducted in which samples of polyethylene film were
loaded both uniaxially and biaxially. The results of this investigation are presented
as creep curves for strain versus time at constant true stress. The characteris-
tics of these graphs are then discussed.

1. INTRODUCTION

High-altitude polyethylene balloons are today a common tool of scientists
wishing to place a payload far into the upper reaches of the atmosphere. Their
development and growth to present day prominence has occurred over a relatively
short period of about fifteen years. In fact, polyethylene film was not available
commercially until after the conclusion of World War II (Kresser, 1957).

*This paper is the result of research performed under Contract No. AF19(628)-
[ 4990 with the Air Force Cambridge Research Laboratories, Bedford, Mass. It

constitutes part of a dissertation to be submitted in partial fulfillment of the require-
ments for the Degree of Doctor of Philosophy at New York University.
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However, the demands put upon this relatively fragile "engineering material"
are becoming greater with increased balloon size and payload, as is evidenced by
the recent rash of costly balloon failures (Dwyer, 1965; Bilhorn, 1965). This
report presents the results of an investigation into the basic properties of poly-
ethylene film which should clarify the causes of some balloon failures as well as
yield a deeper insight into the mechanical behavior of balloon films in general,

In the past there have been many experimental investigations into the uniaxial
(Hahn, Macht, and Fletcher, 1945; Kolsky, 1949; Cary, Schulz, and Dienes, 1950;
Anderson and Morfitt, 1958) and biaxia! (Hopkins, Baker, and Howard, 1950;
Anderson, Gear, and Morf{itt, 1956; Hopkins and Wentz, 1960; McFedries, Brown,
and McGarry, 1962) time-independent properties of polyethylene, as well as the
uniaxial time-dependent properties of crystalline polymers, of which polyethylene
is an example (Anderson, Gear, and Morfitt, 1956; Gohn and Cummings, 1960;
Catsiff, Offenbach, and Tobolsky, 1956; Landzberg, 1966). However, results of
biaxial time-dependent experiments, which do not seem to be available in the liter-
ature, are needed for the formulation of the problems in question. Also, the uni-
axial time-dependent experiments listed above are not suitable for the contemplated
analysis. It was therefore decided to undertake a complete experimental program
that will yield the uniaxial and biaxial time-dependent properties of polyethylene
film, and at the same time be used to study general failure patterns.,

For a better understanding of the mechanical response to stresses it was found
necessary to study the physical properties of the material (its microscopic as well
as macroscopic structure), The first section of this paper is a presentation on the
relevant structural characteristics of polyethylene film, This is followed by a
description of the experimental program. In the last section the resulting creep
characteristics are discussed with the aim of finding a model for the material

response,

2. STRUCTURAL CHARACTERISTICS

Polyethylene is a polymer composed of long chains of methylene groups num-
bering 600 to 4000 per molecule. It is prepared directly from ethylene gas through
a high-temperature, high-pressure polymerization process in the presence of a
trace of oxygen. It is a thermoplastic (that is, it can be melted and hardened
without change in molecular structure), and when formed into film has a "leathery"
consistency at room temperatures (Kresser, 1957; Cary, Schulz, and Dienes, 1950),
In the unstressed state most of the molecules in a sample of polyethyleae can
be considered to be in partially curled configurations, neither tightly curled up
nor rigidly extended to maximum length. There is a diffusion process occurring

T T

-l




21

at all times that is a motion of chain segments. The result of many such elementary
processes is that the polymer molecule changes its shape (micro-Brownian move- I
ment). There is, however, no net discernible motion as these processes are !
entirely random (Alfrey, 1948, Chap. B). Upon the application of moderate stresses,
this process becomes stress-biased in that the net motion of the molecules will now
result in an orientation in the direction of stress. When the loading is removed,
the diffusion process is again random. Eventually the molecules return to their |
random state of orientation. A permanent change of molecular configuration re- s
quires higher stress levels, causing a breaking up of complete chain entanglements. ,
Polyethylene is a partially amorphous, partially crystalline material at room
temperatures. It has been found through X-ray diffraction studies (Bunn and Alcock,
1945; Treloar, 1958, Chap. [-9) that, in the unstressed state, single molecules
can be partially in the amorphous state and partially in the crystalline state since

: the molecules are often larger than the crystals. This makes for a rather compli- ]
cated composite. Upon straining, a first-order phase transition (increased crys-
| tallization) occurs. The crystallized areas formed during this process are mostly
elongated, cylindrical, or flat bundles of parallelized chain molecules, This
| phenomenon is a result of increased molecular attraction caused by the orientation

of the molecules.
A lowering of the temperature will also cause increased crystallization similar

to that caused by straining. The crystals are randomly oriented and are formed as
a result of decreased molecular motions. However, regardless of its origins the
crystalline phase of polyethylene is characterized by a lower density (greater
volume) and a greatly increased rigidity. The crystallization process is time

dependent, its rate being proportional to the strain magnitude.
Decreasing the temperature to a point below about -80°C will result in what is |

| referred to in the literature as a second-order phase transition. This transition |
is characterized by a sudden change of the intensive properties such as heat capacity
and thermal expansion. The individual segments of the chain molecules no longer i
1 carry out rotational and vibrational movement as a whole, causing the material to |
become extremely brittle. It is much more fragile than the crystallized material
due to the absence of "softer" amorphous regions (see Treloar, 1958, Chap. I-8).
The information presented above on the microscopic structure of polyethylene
is used in the following to describe the reaction of tension sample. There
are essentially four types of deformation that will occur. These are:
(1) An instantaneous shift of chain segments from their local potential energy
minima (initial elastic response).
i (2) A diffusion of the chain segments by the mechanism of micro-Brownian
' : movement in the stress direction (retarded elastic response).
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(3) A breaking down of the chain entanglements under stress (irreversible '
creep).

(4) An increased crystallization caused by increased molecular attractions
due to (2).

The phenomenological results of these processes vary with the temperature.

Below about -80°C the material is in a brittle state. All segmental motions are
very slow 80 that (2) and (3), and therefore (4), may be disregarded and only the
instantaneous shift (1) need be considered. This results in a purely elastic reaction
to stress with a high modulus of elasticity. However, the material is extremely
fragile, as it lacks the mechanisms for absorbing sudden shocks.

Above about 100°C the material is viscous. The breakdown of entanglements (3)
compares in rate with the diffusional movements (2) so that the chains progress as
a whole in the stress direction, preventing crystallization (4). The deformation
due to the instantaneous shift (1) is negligible compared to that of (2) and (3).
Therefore, in this state, the reaction to stress is a flowing of the material like a
highly viscous fluid (Meares, 1965).

For balloon considerations, the most interesting temperature range is that
between -80°C and +60°C, the range encountered in balloon flights. At these tem-
peratures polyethylene is in a ''leathery’ or '"rubbery' state. In this state, the
diffusion of chain segments (2) is slow compared to the instantaneous shift (1). In
actual experimentation, however, it is difficult to establish which part of the defor-
mation is caused by (1) and which part by (2). '"Instantaneous'' measurements are
impossible and the time rate of (2) becomes very high at high stress and tempera-
ture levels. As the diffusion of free segments continues, crystallization (4) occurs
causing a hardening of the material and a resultant decrease in the time rate of
deformation. The breaking down of chain entanglements (3) occurs very slowly
and has little effect on the deforination at moderate stress and temperature levels.
However, at high stress or temperature this mechanism may account for a large
part of the deformation response. ,J

The above description of the response of polyethylene to an applied stress is
unfortunately limited to one dimension,

It is not known whether or not increased orientation and crystallization will
occur under biaxial loadi’ng and if there will be a resultant retarded elastic response
and hardening. A study of uniaxial and equibiaxial tests performed at different
strain rates reported by Anderson and Morf{itt (1958) seem to indicate that the time-
dependent response will be greatly decreased. However, Hopkins, Baker, and
Howard (1950) have stated that high average molecular weight polyethylene sheets
will "orient under complex stresses'', resulting in large creep deformation in
direct contradiction to the results of Anderson and Morfitt, The degree of orienta-
tion may also affect the brittleness prcperties of the film, possibly providing a clue
as to the causes of many balloon failures (see Nielsen, 1962, p. 252).

e n——— ——-




%7

23

The amount of irreversible time-dependent response is also not known for
biaxial stressing. This will be determined by the present experimental program.

In view of the complications mentioned above, it might seem that the task of
finding a realistic mathematical model for polyethylene is indeed a formidable one.
However, in recent years, many advances have been mace in the fields of visco-
elasticity and creep (Kachanov, 1960; Lockett, 1965; Eringen and Grot, 1965;
Halpin, 1965; Schapery, 1966), deformational anisotropy (Berg, 1958), and the
mechanics of high polymers (Alfrey, 1948; Treloar, 1958; Meares, 1965; Ferry,
1961; Tobolsky, 1960). Even though the internal processes occurring during stressing
of polyethylene are fairly complex, within the range of stress and temperature
encountered in balloon technology it seems possible to represent the mechanical
properties with reasonable accuracy with an appropriate mathemctical model. A
model of this type would have wide application in the analysis of some of the present
problens of balloon design.

3. EXPERIMENTAL PROCEDURE AND RESULTS

The object of this experimental program is to obtain the uniaxial and biaxial,
time-dependent as well as time-independent, properties of polyethylene balloon
film. To satisfy this objective it was found necessary to obtain creep curves of
strain in terms of A, versus time t, at various values of true stress ¢, and biaxial
stress ratio n.* It was found that the most satisfactory procedure for the experi-
mental investigation was to perform the experiments with long cylindrical tubes
loaded by internal pressurization and axial loads for all ratios greater than zero
(biaxial tension) and with thin rectuangular strips for n = 0 (uniaxial tension).

Fcr the purposes of this and future experimental investigations specially
prepared polyethylene cylinders were obtained from Raven Industries. These cyl-
inders were formed by cutting 15-in. -wide strips from 54-in. layflat tubing, laying
2 identical strips on top of each other and heat-sealing both sides. They were
prepared from various sections of the original tubes of various polyethylene films.
The results presented here were obtained with 2 mil, new DFD-5500 film.

Uniaxial experimentation (n = 0) was performed on strips cut from the above-
mentioned samples. These strips were 1/2-in. wide by 6-in. long and were cut in
both the machine and transverse directions. Their thicknesses were measured
with micrometer calipers. Bench marks, 2-in. apart, were drawn on the central
region of each sample. This test area was made sufficiently small to eliminate
end condition effects without loss of experimental accuracy. Each of 5 strips for
each test series was clamped to a rigid upper support with a dead load weight hung

*Note: all symbols defined at the end of this chapter,

.
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from the lower clamp (Figure 1). At various times between zero and a maximum
of 32 hr, the distance between the bench marks was measured with calipers. The
loads ranged from 1/2-1b to 1-5/8 1b causing an engineering or nominal stress
range of approximately 500 psi to 1625 psi. The temperature in the test area was
kept at approximately 75°F by the laboratory air conditioning system.

It has been indicated in the literature that polyethylene deforms as an incom-
pressible material through most of its range of deformation. Carey, Schulz and
Dienes (1950), treating polyethylene as a linearly elastic material, showed that the
value of Poisson's ratio, v, is very close to 1/2, the value obtained if the material
is incompressible. However, polyethylene is by no means linearly elastic and,
therefore, this method of proving incompressibility may not be valid.

Figure 1. Uniaxial Test Stand

Consequently, uniaxial, constant-load creep tests were performed on strips of
polyethylene film during which all dimensions of the strips were measured at each
reading. Referring to Figure 2, it can be seen that the assumption of incompres-
sibility implies that

twh = lowo ho = const (1)

where the ( )o quantities are those before loading. Assuming a state of constant
stress and strain, the true stress o is defined as the force divided by the in-

stantaneous cross-sectional area:

- FE o E
%1 " A T wh (2)
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Figure 2, Undeformed and Deformed Shapes
for the Uniaxial Sample

and, utilizing Eq. (1) to eliminate wh ,

oy = A (3)
1 Z: 1

where Ao is the original unstrained cross-sectional area and
2
Ay = (4)
1 2 n

If the material is indeed incompressible under straining, then by Eq. (3) the exten-
sion ratio is linearly proportional to the true stress with the constant of propor-
tionality being the engineering stress:

oy -Al ) (5)

In Figure 3, Eq. (3) (solid line) is graphed on the same set of axes with the experi-
mental values of o, vs A, , obtained using Eqs. (2) and (4), for five different
constant-load creep tests., These results seem to indicate rather conclusively that
incompressibility is a valid assumption,
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l. It is extremely difficult to perform creep experiments at a constant true stress
| due to the continuously changing cross-sectional area, although for uniaxial testing
there have been some rather ingeneous methods proposed (Tomashevskii and
Slutsker, 1963). In order to obtain the creep curves for n = 0 (uniaxial tension),
constant -load creep tests were performed at various values of the dead load, F.
These tests yielded curves of A, vst for constant F, as shown in Figure 4a. At
' various values of t = ti' i=1m, curves of Al versus o, (Figure 4b) were

obtained using Eq. (3) to compute ¢;. The intersections of the lines o) = const
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Figure 4. Procedure for Obtaining Constant Stress Curves
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with the curves of Figure 4b yielded the creep curves in the desired form, as
showr. in Figure 4c. A computer program was written to perform the necessary
calculations for the above procedure. The data from the tests were inputed into
the program and the results for the machine and transverse directions are pre-
sented in Figures 5 and 6.
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Figure 5. Extension Ratio va Time (Uniaxial Creep,
n=0; Temperature =75°F; Machine Direction)

Figure 6. Extension Ratio vs Time (Uniaxial Creep
n=0; Temperature =75°F; Transverse Direction)
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For the biaxial tests (n > 0), 5~1/2-ft long tubes were cut from the master
roll described above. Bench marks in the longitudinal and circumferential direc-
tions, 4 in. apart were drawn on the center of one side of each sample and the
average thickness of this test region was measured. Five of these tubes were hung
on a specially prepared stand (I"igure 7) by clamping one end of each to the upper
fittings using hose clamps to insure an airtight seal. The lower end of each cylin-
der was sealed with a disk-like lower end fitting equipped with a hook for attach-
ment of the dead load weights.

Compreased air was pumped into each sample through the upper fittings. The
pressure in each tube was maintained at a different constant pressure (p +0.001 psi)
using a Model 40-2 Moore Nullmatic regulator. The pressures were monitored on
a bank of straight-tube manometers filled with gauge oil (specific gravity = 0.826)
dyed red for easy readability (Figure 8). The variable dead-load weights were
provided by using pails filled with gravel. The temperature control was the same
as mentioned above for the uniaxial tests.

Figure 7. Biaxial Test Stand Figure 8. Pressure Regulating and
Measuring System

The distances between the bench marks x and £ were measured with vernier
calipers and the diameter of the cylinder D was measured with a specially prepared
caliper-like machine at various times during the 32-hr testing period. The pres-
sures in the samples ranged from 8 to 15 in. of oil, causing nominal stresses
calculated on the basis of the original diameter ranging from 600 psi to 1100 psi.

The experimental procedure for the biaxial experiments is more complicated
than that for the uniaxial investigations due to the existence of a multiaxial stress
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state and the continuously changing radius of the cylinder. It was assumed that the
central portion of the tube deformed as an infinite cylinder retaining a circular
cross section. Due to the rather marked variations in film thickness, however,
homogeneity of circumferential strain was not assumed around the whole tube, but
only in a small region of arc length s and axial length £ .

Force equilibrium in the radial and axial directions (Figure 9) yields the two

equilibrium eqtiations for a cylinder:

pD
01h=N0 ‘-'—2 {6)
% i
D F ‘
h =N, = fF+3p i *

where h is the average film thickness ih the small region under consideration.
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Figure 9. Test Cylinder Figure 10. Cross-Sectional View

of Cylinder

It can be seen (see'Figures 9 and 10) that for this configuration the incompres-

sibility condition of the region under consideration is:

_1heD
‘O hO 9O DO

(8)
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where, by geometry (Figure 10),

-1{x
8 = 2s8in (-l-)—) . (9)

Therefore,

thsml(

52)
)

h = (10)
£ D sin” (
and Eq. (6) can be written
p2D%sin"! (%)
o, = % 5 (11)
. =170
2h°!°Dosm (D )
o
The extension in the 1 direction is defined:
Dsin | X
s _ De _ (D)
M s, "D g " %, (12)
D sin (l-)—)
‘The biaxial stress ratio is defined:
o
2
n = £ . (13)
%

Using the equilibrium equations, Eqs, (6) and (7), the dead load F necessary to
maintain a given value of n is found to be

F = (2n-1%pD? . (14)

Experimentally, it is extremely difficult without the use of rather elaborate
control equipment to maintain a constant true stress and biaxial stress ratio through-
out the period of one creep test. It was therefore d~cided to perform many tests at
constant pressures and to adjust the value of the dead load at each reading in order
to maintain an approximately constant biaxial stress ratio. To obtain the desired
curves of extension in the ! direction versus time at a constant value of n, a
procedure exactly analogous to that used for the uniaxial test results was utilized.

A computer prcgram was also written for this procedure so that in all of the experi-
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ments the experimenter only had to card-punch his data for machine processing inorder
to obtainthe data inthe desiredform. Experimentaldatafor n=1/2(F=0)andn=1 were
inputed into the computer program and the results are presented in Figures 11 and 12
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As was indicated above, the time-dependent part of the material response to
stress is due to three factors. One of these factors is of an irreversible nature.
The other two are characterized by a retarded elastic or reversible response. A
measurement of the test samples a long time after unloading (t = «) indicates what
part of the total deformation is reversible. This information is presented in Table 1,

where Minitial , Alfinal , and Ag were measured immediately after loading was

rec
applied, at the time of unloading, and many days later, respectively.

Table 1

n 1, Alinitial A final }‘lrec

0 (machine) 500 1,047 1,064 1.016
. 0 " 1000 1,125 1,516 1.102
0 " 1250 1,221 1.823 1.267
0 " 1333 1.250 2.282 1.525
0 " 1500 1.550 2.888 1.930
0 (transverse) 500 1.023 1,063 1,008
0 " 666 1.050 1.109 1.023
0 " 750 1.055 1,242 1.031
0 1000 1.094 1.840 1.197
1/2 597 1.008 1,037 1.009
1/2 709 1,026 1,050 1.009
1/2 820 1.042 1,071 1.009
1/2 932 1.049 1,111 1.011
1/2 970 1.050 1.120 1.012
1 597 1.011 1,018 1,003
1 746 1.016 1,031 1.003
1 895 1,021 1,039 1.007
1 1045 1.028 1.051 1.010

4. DISCUSSION OF RESULTS

Upon examination of the curves of principal extension versus time at a constant
true stress and biaxial stress ratio (Figures 5, 6, 11, and 12), it can readily be
seen that all of the curves have the same basic characteristics, There is an initial
time-independent elastic response followed by a time-dependent response with a
relatively high creep rate., A rapid decrease in creep rate is evidenced during the
first few hours of loading, followed by a region with an almost constant but quite
small creep rate.
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The instantaneous elastic response is similar to that of a neo-Hookean elastic
material as described by Treloar (1958) and Rivlin and Saunders (1950). Indeed,
an examination of the curves for t = 0 (Figure 13) seems to indicate a great
resemblance to the stress-strain response suggested by Treloar and by Rivlin,
even though their work was done for vulcanized rubber, a high polymer with
prominent elastic response characteristics
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Figure 13. Comparison of Stress-Strain Characteristics for n=0, 1/2, 1

One part of the creep deformation may be considered as a retarded elastic
response since it is recoverable after the load is removed. The remaining part
is irrecoverable because of the breaking down of chain entanglements. This type
of viscoelastic response is often represented by a model consisting of a linear
spring, a linear dashpot, and a spring-dashpot parallel arrangement, all in series
(Figure 14). Unfortunately, this combined Kelvin-Maxwell model yields a very
poor quantitative representation of the response of this material. One of the funda-
mental assumptions of linear viscoelasticity is the linearity of the stress-strain
relationship for all values of the time, t. An examination of Figure 13 indicates
that this assumption is definitely not valid for polyethylene. The mathematical
expression that would accurately represent this response would have to contain
some type of non-linearity.

It was noted during the equi-biaxial experiments (Figure 12) that little creep
occurred at stress levels up to approximately 800 psi. This phenomenon was
unexpected since at stress ratios of n<l there was appreciable creep at comparable
stress levels. This seems to indicate that the creep response might be expressed

. by relating two-dimensional type deviators of strains, strain rates and stresses.
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Figure 14. Combined Kelvin-Maxwell Model
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When the equi-biaxial stress was increased to approximately 1000 psi, the
material failed by a localized yielding. The yielded film thickness was found to
have decreased to 1/20 of its original value. Connecting the yielded and unyielded
regions, there was a sharp boundary that was always initiated along a line parallel
: to the machine direction.

The experimental results presented above yield a necessary guide for the
{ determination of the constituitive relations for polyethylene film. W
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Symbols

A‘ Principal extension in i direction

% Principal true stress in i direction

F Dead load force

A Instantaneous cross-sectional area of strip

w Instantaneous width of strip

h Instantaneous thickness of strip or cylinder test region

2 Instantaneous length of strip or cylinder test region

n Biaxial siress ratio, 02/01
! Ni Principal force per unit length of film in the i direction
5 I p Uniform, constant internal pressure in balloon samples ‘
l“ D Instantaneous diameter of cylinder

;] Instantaneous angle subtended by circumferential bench marks on cylinder 3

8 Instantaneous arc length subtended by circumferential bench marks on cylinder

X Instantaneous straight-line distance between circumferential bench marks

on cylinder
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IV . Experimental Study of Balloon Material Failures”

Amold D. Kerr
Deporiment of Aeronautics and Astronautics
New York University

Abstract

Results of neoprene and polyethylene film tests conducted in the past year are
presented with an emphasis on findings related to balloon failures. Planned tests
to study fatigue failures of balloon materials at low temperatures are also described.

1. INTRODUCTION

In the search for possible causes of failure in balloons produced from neoprene
or polyethylene films, it was found necessary to initiate an experimental program
in addition to an analytical study of related phenomena. In this chapter the experi-
mental program is described and some of the findings are presented.

*This publication is the result of research sponsored by the Air Force Cam-
bridge Research Laboratories under Contract No. AF19(628)-4990.
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2. ELASTICS AND VISCOELASTIC RUPTURE OF NEOPRENE BALLOONS

In a lecture presented at the past balloon workshop (Kerr, 1966) the author dis-
cussed the phenomenon of tensile instability of a spherical balloon which undergoes
elastic as well as viscoelastic deformations. The presented analysis was based on
the arsumption that the balloon material is incompressible and that the deviatoric
response obeys Maxwell's law for true stresses and logarithmic strains. In the
meantime, tests were conducted on spherical neoprene balloons. It was found that,
at room temperature, neoprene day balloons deform elastically for a large range
of strains; whereas the night balloone, which contain plasticizers, do creep. Al-
though it was established that the tested balloon materials obey more complicated
constitutive equations than those assumed in Kerr (1966), it was found that the
curves reproduced in Figure 1 do, in essence, represent the real behavior of the
balloon except for very large strains where strain hardening plays a dominant role.
In order to demonstrate the magnitude of the time-dependent deformations in ques-
tion, a spherical plasticized neoprene balloon was subjected to a constant internal
pressure and then photographed at eight progressing time intervals by a camera 1
which was fixed with respect to the balloon center. The result is shown in Figure 2.

Using the test results as a guide, a new theory was developed for large elastic
deformations that predicts the behavior of neoprene day balloons quite accurately. d
The experimental data, the corresponding analytical treatment, as well as a dis-
cussion of related published results, will be presented in a forthcoming paper.

Presently, tests are being conducted on neoprene balloons which contain plas-
ticizers and which exhibit large creep deformations.
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Figure 1. Plots of €,, R*, t* for a Spherical Balloon
(x, n are material parameters)
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a. T = 0+ Minutes c. T =60 Minutes

b, T = 30 Minutes d. T = 90 Minutes

Figure 2. Creep of a Spherical Neoprene Balloon Under Constant Pressure
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e. T = 120 Minutes

f. T = 180 Minutes

g. T = 300 Minutes

h. T = 420 Minutes

Figure 2. (Continued)
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3. TESTS OF POLYETHYLENE BALLOON MATERIALS AT ROOM TEMPERATURE

This study focuses on deformation and failure patterns of polyethylene film sub-
| jected to uniaxial and biaxial states of stress, as well as behavior of seals, die
lines, and creases.

In order to test polyethylene films and seals biaxially, it was found convenient
to use polyethylene cylinders subjected to an internal pressure and an additional
axial force. The experimental setup is shown in Figure 3. In this setup, com- f
pressed air is fed into five pressure regulators, which in turn are connected to ﬁ
five polyethylene cylinders. The pressures in the cylinders are measured by means
of manometer tubes that connect directly to the regulators. The additional axial
loand consists of weights attached to the lower fitting. This arrangement makes it
possible to test several cylinders simultaneously, each with a different internal

-,
bR

e

prensure and axial load.

In order to establish the viscoelastic characteristics of polyethylene films which
should serve as basis for the formulation of constitutive equations, a number of
tests were conducted using the setup described above. These results and related
comments are presented by Alexander (1966),

During these tests it was noticed that in all tested Startex cylinders (ten speci-
mens) which were formed by heat-sealing two long strips, 20-in. wide (see Figure 3),
one of the two seals consistently broke at a relatively low pressure. Uniaxial tests
were then performed on l-in. wide strips cut from these cylinders which contained
the seal normal to the long axis of the strip. The tested samples did not fail at the
seals, thus making the peel strength tests of seals using uniaxially stressed strips
as described in ''Standard Test Methods for Balloon Materials''(Hauser Research
and Engineering Co., 1964, Sec. 2.1.5.1) rather questionable. It is also ques-
tionable if the uniaxial strength test as described by that report in Sec. 2.1.1.1 is
| a valid strength indicator for biaxially stressed polyethylene films because of the
large deformations and the accompanying deformational anisotropy occurring in
the uniaxial test.

In view of the above it is suggested to consider a new test for balloon films
which uses, as specimen, the pressurized cylinder described previously. This
test should integrate a number of tests such as the strength test, the peel test, and
the gas permeabiﬁty test, and additionally should check the behavior of die lines,
creases, and other possible imperfections.
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Figure 3.

Testing Facility for Balloon Films

1. STRENGTH OF BALLOON FILMS AT LOW TEMPERATURES

The available data on balloon failures see for example Dwyer (1966) and
Bilhorn (1966) indicate that a high percentage of balloons fail at altitudes between

35,000 and 60,000 ft,

Considering the temperatures through which the balloon has to pass during as-
cent (a schematic temperature profile is shown in Figure 4), it can be seen that
from the launch altitude on the ground up to an altitude of 36,000 ft the temperature
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Figure 4. Atmospheric
Height-Temperature Profile

drops by more than 100°F. At 36,000 ft the tem-
perature reaches about -65°F.

This temperature distribution in conjunction
with the observed failure altitudes suggests that a
possible cause of balloon fa<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>