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0. Abstract (Coatinued)

"/‘!Allumptlonl sid problems in contemporary bailoon design are discussed,
and design and analysis procedures based on the loads and seomctry at the time
of launch are developeu. Uynamic launch shiock is proposed as a criterion for
shell thickness, and a modol of polyethylene f{lm modulus is developed to
accoynt {or etrain rate and stress and strailn relaxation at a launch temperature
of 237C,

Computer codes hav2 been written for the processcs of balloon selection
and balloon design to meet miGcaion requirements, They are (ntended to be a
basis for more efficient, interactive mission planning.

Flna;ly improvements to the balloon design process are proposed and
discussed.

e 4

d
SECURITY CLASHFICATION OF Tu'® PAGE(WRhen Date Entered)

A ot M e




Aacession For
NTIS GRARI
DTIC TAB
Unannounced 0O
Justification o o .

.Bv

| Distribution/

Avai).abilitf! Cogol
Avail and/or

Dist Special

»

Preface

Succeasful balloon noperacions start with the definition of essential and
realistic balloon flight requirements. Project acientists and program directors
do not have to be conversant with the details of ballooring from either the
design or operational perspectives, but they do have both a legitimate need and
an obligation to understand the impact of their mission requirements on the
selection, design, and performance of the balloons for their programs. In
addition, they should be aware of the standards, processes, und historical
perapectives that enter into the choice ol the balloon to which they will
eventually entrust their payload.

Because of the structural design of the balloon, the characteristica of its
materials, and the nature of its use environment, performance and design are
best examined statistically. Accordingly, and because the greater the variety
of designs and experiences that are available to the designer, the better will
be his understanding of and contidence in the decisions that he must make, a
gsignificunt design and performance data base is included.

It is hoped that this report wiil serve as an initial ground upon which
nsers and designer can meet in productive interaction, If such becomes the
case, it will in no small part have been made possible by Mr. Jean R. Nelson,
Vice Preaident of Engineering, Winzen International, Incorporated, who made
available much of the balloon design data and most of the performance data base
for the larger balloons. Finally, Mrs, Catherine L, Rice deserves considerable
credit for her technical suggestion and assistance in the effective organization

of the material,
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Polyethylene Free Balloon Design
From the Perspectives of User and Designer

1. INTRODUCTION

Structurally the balloon (see Figure 1) is not a complicated device; for the
most part it consists of panels (gores) and ribbons (load tapes) welded (heat
sealed) together and clamped together at the apex and nadir ends of its vertical
axis, The shapes, as constructed, are neariy axially symmetiic, and each shape
resembles a classical spinning top.

Performancewise, however, the balloon is an extremely complex thermody -
namic machine. This is true not only with respect to its vertical motions, but
also with respect to the distribution and dissipation of forces within its load
bearing ctructural membranes and tape reinforcements; this is the case because
the membranes are almost universally a high quality polyethylene, a strongly
non-linear viscoelastic polymeric material,

It is not imp ‘- ~tant for the user to understand these latter aspects on an
esoteric Jevel, FEowever, with respect to the desired degree of conservatism
and level of confidence, both the user a1 designer should be aware of the inajor
assumptions and limitations underlying the design and the statistics of tested
designs viewed uvniformly from the same perspectives.

(Recelved for publication 9 Novemb:r 1982)

3
e s T

ek G e e i

M»M—mmmmmm.“ 4_._._.._,.‘. i

o ent Smmmin ot et ek il




B T

o e s e

e e o

Figu-e 1. Conventional Modern Plastic Balloon. Com-
ponents consist ol: 1) inflation or fill tube, 2) apex
fitting, 3) strobe light, 4) electric valve, 5) destruct
button at apex of rip panel "V" tapes (two of these are
usual and they are activated by a line that passes from
the paylond.parachute up through the balloon and is s=-
cured to them), 6) gore panel (usually about 100 in,
wide at balloon's maximum dlameter{ 7 lead tapes,

8) pressure rclief duct, and £) base end litting with load
ring for payload suspension, Very thin film balloons
and heavy load halloons frequently have multiple wall
construction in tte crown region. These multiple layers
are called caps. The hatched area shows u typical cap

panel

Ballcon designs are not originated on anything like a daily basis, bat in
forecasting, system planning, operations, and post-operational analyses, ques-
tions relative to balloon capabllity arise on an almost daily basis. Answers to
these questions involve (some to & greater extent than others) a knowledge and
underatanding of the criterla and processes used in establiching the operational
limits for existing or potential designs.

Considerable attention to the user's mission requiremernts is necessa: y, both
to impress upon the user the need to asseas the impact of his declelons conceruing
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payioad design on the ultimate balloon deeign decision, and to serve as a bridge
in discusaions between user and designer,

The llterature lacks an integrated compendious treatment of design proce-
dures, criteria, and actual performance data suited (or independent use by both

the user and designer. The research results presentcd herein are intended a8 a
first step in satisfying the need for a common reference to produce productive )
interaction between the two during the often critical phase of balloon paylead
conceptual design.

The analyses and criteria developed herein are not the ultimate answers.
They are based on admittedly incomplete understanding of the materials and
somewhat oversimplificd methods of load distribution within the balioon load
bearing structure, However, they are comparable with other present efforts,
are more revealing than most, and are consistent with previously postulated
causes of ascent failure and recent inflight measurements,

2. BALLOON MISSION REQUIREMENTS

2.1 General

Although use of the term "'requirement’ is customary, it can convey an
undeserved priority. In practice, requirements range from 1) essential, through
2) if possible, to 3) desirable if practical, Alse, in practice it has been found }
that some user requirements gravitate to the bottom of the described scale as j
critical timetables and operational windows exert their psychological pressures. ;
In this regard, pre-definition of mission success in terms of realistic require-
ments can and should be 1nade in the low pressure mission-planning phase, rather i
than in the most often highly stressful balloon flight operations environment. :
Cost and the probability of mission success should, accordingly, be improved,
NASA, in their heavyload balloon prograin critique, took due note of the advan-

tages of such a strategy.

User reguiremen's can be met in three ways: 1) use of a balloon from an
existing inventory: 2) purchase of a balloon using existing specifications for a
nroven design; and 3) purchase of a balloon using a new set of specifications
developed specifically to meet the misalon requirements, Ideally, the latter
option might appear to be optimum. However, the demonstrated reliability of
existing designs, time, cost, priority, and other mission constraints are also

L g s it e

.1. Cuddihy, W.F., et. al, (1979) A review c{ heavy lift balloon failures, Pro-
ceedings, Tenth AFGL Scientific Balloon Symposium, Catherine L, Rice, i
Ed., zfr‘t:r:-'rn-vmm N - '

, 99,
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factors that frequently affect the choice of an option. All other factors notw ith-
standing, adequacy with respect to meeting the essential mission requirements
is the overriding factor,

The adequacy of a specific balloon for a proposed mission is determined by
its potential ability to carry the mission payload in the prescribed space-time
profile, without adversely affecting the functions of the user's payload, This
latter aspect of adequacy i8 not reflected in the balloon design unless it affects
launch-related design features or necessitates added payload capacity for mechan-
ical or thermal isolation of the payload. Other aspects of adequacy are express=
able as requirements and can be translated by the balloon designer into balloon
size, shape, structural materials and reinforcements, and, to a greater or
lesser degree, construction features related to the launch method.

In zn idealized case, the mission payload could be treated us Yecargo'' and
the balloon system could be treated as a 'carrier' consisting of the balloon
proper, Figure 1, and its essential payload subsystems, Figure 2. In practice,
however, such isolation rarely exists. Interfacing ranges fro.n simply providing
(ir: the carrier payload subsystems) command-activated circnit closures to full
electro-mechanical integration of the mission and currier payloads, exemplified
in Figure 3. In general, regardless of the degree of isolation, the necessary
rigging, mission payload, and carrier payload subsystems can be co-configured
and the combined weight estimated independently of the balloon. Thus, there is
no loss in generality in assuming a fully integrated payload. It is important to
note that the payload recovery subsystem, normally a pavachute, is, at this
polnt, cxcluded from the carrier payload subsystem because the recovery para-
chute subsystem must be sized tc accommodate the total suspended payioad,
including ballast. See Appendix B.

Most important but frequently overlooked in early planning, is the relative
unigueness of the mission payload and/or the lack of balloon experience within
mission management. These factors create a tendency for mission planners to
underestimate the final payload weight. The balloon system designer ia thus well
advised to include & factor to accommodate such growth and its effect on total
payload weight, When appropriate, design experience should be used, but for
general purponses a growth aliowance factor of 10 percent is ured.

2.2 Flight Profile Considerations

The space-time mission prolile of a zero-pressure free balloon system,
beyond sttainment of the initial ceiling altitude. is normally achieved by
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! PpY Y
RECOVERY PAYLOAD
CRUSH PANS) g mw CONTROL
\? FACKAGING AND RIGGING

Figure 2. Essential Free Balloon Subsystems, Diagranimed to
1 Show Interactions. The back-up safety system has its own power
source, whereas the main power source services all of the other

] subsystems

deballasting and valving*: deballasting to slow or stop descent and to re-~start
ascent, and valving of lifting gas .0 slow or stop ascent and to accelerate or start
deacent., Figure 4 shows a typical profile and the control functions exercised to
achieve it, It is ciear that both profile and duration are dependent on the number
of deballasting exercises, n, and the demand, dl' of each exercise. The latter
is expressed as a Iraction of the gross system weight and is generally accepted

- 28 the dominant factor in the determinetion of both vertical velocity and total

#*Alternative cryogenic gas replenishment systems are atill in an experimen-
tal stage.
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Figure 3, An Electro-Mechani-
cally Integrated Payload. Shock-
abaorbing suspension frame ia !
b i designed to provide raountings J
o ) { - for the integrated experiment and
' carrier functions. The gondela, i
, about 7 ft in diameter is shown

suspended from the boom of the
launch vehicle, a 60-ton crane

—

sunset ballast weight, Mission profile is thus translated intc added system

' :
3 weight (ballast) according to the following:

!

" ) n

! 1 . -1 *

‘ ! We s |[~1+TT (1 -a)"" | (Wp + W),
i=1

(1)

WB is the ballust weight
W; {s the irreducible payload weight

Dyl i i e

t
{

."7! W, 18 the balloon weight
(

|
;""t d, is the i fractional ballast drop .
‘,’\ e
Assignment of a value to each dl is dependent, for the most part, on expericce
. and statiatical evidence, colored by the degree of conservatism of the misswon ?
] planner.
..“ ! 14
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Figure 4, Typical Multilevel Flight Profilz For a Zero-Pres-
sure Free Balloon System. Symbols: V denotes valving through
apex valve; R dencotes the conclusion of the period of venting ol
excess lifting gas through the overpressure relief ducts; D de-
notes deballasting. For stmplicity the very slow protracted
descent following solar noon (but prior to sunset on the balloon)

{s not shown

Equation (1) expresses only the interdependence of the principal system
weights, the balloon weight, the ballast weight, and the combined instrumentation
and parachute weights, It does not address compatability between the parachute
welght, implicit in W;l, , and the required parachute size and strength.

If a mission requires a large amount of ballast, the parachute size required
to support the initial flight payload in an emergency flight termination might
exceed by far the parachute size required by the deballasted system. In such
cases, dead weight ballast to ensure parachute stability and to minimize drift
may be desirabie, This need also arises from the availability of only discrete
parachute sizes,

Flgure 4 omits an essential reference in the space-time mission profile
example; this ic the reference to the initial space-time launch coordinates:
geographical location, time of year, and time of day. These factors, except for
time of day, tnfluence both the size of the balloon and the statistical ballast needs
with respect to flight duration, Time of day has a deflinite effect on ascent per-
formance and could, thereby, place gdded ballast demands on the system. In
addition, all of these factors influence the balloon structural design.

15
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2.3 Establishing Mission Requiroments

Users are familiar with the problems and limitations relative to the deslign
of their own payluad subsystems, but often lack a healthy appreciation of related
balloon gsystem problems. Aside from the sometimes complex elettromechanical
and elentromagnetic interface problems, the most prevalent problem associated
with present high altitude systems is runaway final payload weight with its con-
sequent increased balloon size requirement, This is sometimes quite serious -
balloons with volumes in the tens of millions of cubic feet are most often fabri-
cated from thin polyethylene film and appear to have a greater number of failure
modes than do smalier balloons made from thicker films, .

The inter-relationship of mission requirements and bslloon system design,
and an interactive procedure to establish realistic and acceptable mission require-
ments are described schematically in Figure 5, The successful and efficient
functioning of this planning procedure depends in great measure 1 the user's
ability both to establish a firm priority list of missaion reguirements and to define
mission success in terms of these requirer:ents (steps 2 and 3). Input from a
balloon instrumentation engineer in step 4, use of interactive automated decision
aias to accomplish step 5, and a team (user, instrumentation engineer, balloon
design specialist, and balloon operations specialist) to effect step 6 are necessary
and sufficient to implement such a .. - edure. Realism, as introduced in svep 6,
implies considerations of both time ard other essential resources.

The planning document, Appendix A, typifies the [irst step in the procedure
that moves from a conceptualized mission, through the negotiated establishment
of mission requirements to design selection, whether new or existing. In summae
ry form the information needed to arrive at a final decision includes, but is not
limited to:

a) user pay 1d weight

b) flight proide (altitudes, durations, vertical motion rates, and horizontal
trajectories)

c) location, time of year, and time of day of proposed flight

d) launch and recovery shock restrictions

¢) payload configuration

I} isolation of user's payload from influence of balloon temperature field
and from balloon induced motlons (including orientation of user's payload)

g) shielding [rom electromagnetic interference

h) electro-mechanical intsrfaces

i) command and data channels .

j} spectal handling and support {such as required for delicate and hazardous

paloada)
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E. ' PROGRAM
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MISSION
REQUIREMENTS
a. ESSENTIAL
b. IF POSSIBLE
¢. DESIRED

A DEFINE MISSION
SUCCESS
A [ oEFINE ESSENTIAL

FREE BALLOOW
SUBSYSTEMS

‘ : A DEFINE BALLOON
SYSTEM (1)

2

B P N

PP

et h, a1

T e e et

A ‘ PROCEED ‘ ‘

Figure 5. Mission Requirements Planning Procedure.
(1) Balloon, ballast, and parachute can be defined by
routines in Section 3 and/or 6. (2) There are no hard
and last rules for this decision, "YES" is equivalent
to a high degree of confidence and ""NO" to a low de-
gree of confidence, Stress levels performance of
systems with comparable features (film thickness,

- payload, grossload, balloon size, etc.) and general
complexity of launch-recovery operation should be
among the considerations

17

e L 1 b i A e ol Al ek oo ookt o

R R

AN T s . o ; IS DR

o “‘ - .—' ) M BN v"..,?.,“'.‘i:,’&:._; A .
. S, .

—_— "———y

o g 4 A e



+
I
}
’ ’ k) general deacription of payload [unctions
4
: 1} miscellaneous (frequencies, opticul or radar tracking, etc.).
¥

! Lo 8. ADEQUACY OF EXISTING DESIGNS

[ —

‘ t There are many poasible {terative sequences of corputaticns and checks by
! N { which one might determine the adequacy or inadequacy of any particular balloon
' R with respect to any particular set of mission requirements, One such sezquence
§ is depicted in Fi ure 6, the Mow diggram for the computer program "ADPQUATE"
M : : (Appendix C), This program, developed under this atudy, when used with the
3

[

e ey e

table of tested and proven balloon deaigns, Arpendix H, produces a sub-list of
balloons adequate for a specified miasion, and further indicates which of the
sub-listed balloone yields the minimum system weight and therefore the optimum

solution based on efficlency,
The quantitative input for the program listed in Appendix C is generated
i i interactively on the basis of a series of questions sppearing sequentially on the
[ computer display. The [irat question offers a choice between metric and Englisn

s i e < =

A et st

A s it

: units for the input; internal computations and output are in English units. Suc-
. ceeding questions and their respective sample input values appear in Table 1,
) The entry, 0.050, following "BALLAST FRACTION" is the value i{nput to satisfy
P the single sample requirement of the "BALLAST DROPS FOR CONTROL" entry.

; . The sample search of the tabulated designa for the balloon design that would
best {uifill the requirements set forth in Table 1 yielded the entries in Table 2,
AFGL models SV-016A and SV~-020 have margin cornments indicating that,
although they meet the needs, they have not been flown with the required payloads.
The asterisk opposite the entry for model LTV-006 indicates, as shown, that use !
of thts model yields the minimum aystem weight. l
“' The minimum system weight criterion is one of many that could be applied. {
For example, cost tables could be provided and accessed to make a decision on
the most economical system., Even better perhaps, the stress level at launch
could be computed for each adequate 8ystem configuration and selection could be
based on minimum stress (on the premise that minimum stress equates with

7

e i S et

ma:imum reliability).
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ADEQUATE DESIGHS
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Figure 6. I'low Diagram for Interactive Determination of
Adequate Existing Balloon Designs, Table of existing de-
signs includes rated and tested payloads. This routine {s
the basis of "TADEQUATE", the program included as
Appendix
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Table 1, Liating of Interactive h,ut for "ADEQUATL"

Input Parameter Value
Altitude (It) 100000
Puyload (1b) 800
Descent Ballast Fraction a1
Ballast Fraction for Drive-up 0.07
Payload Growth Fraction 0,2
Sunaet Ballast Drops 2
Fractional Sunset lallast 0,08
Ballast Dropsa for Controi 1
Chute Impact Speed (It/sec) 20
Standard Atm, (19686)
Ballast Fraction

0.050

4. PAYLOADS AND THEIR SIGNIFICANCE WITH RESPECT TO PERFORMANCE
AND DESIGN OF NATURAL SHAPE BALLOONS

4.1 The Natural Shape

Some background information on the ''natural shape' balloon concept is
necessary to un understanding of balicou shape and paylosd interartion, Mini-
mally, this information consists of a definition of natural shape and an enumera-
tion of certain shape-dep=ndent characteristica,

The natural shape (Figure 1 for example) is a relatively uncormplicated and
logicul concept. It is based on simple membrane theory and upon the following
assumptions: 1) the shapes are rotationally symmetric about the vertical axis;
2) the envelope {8 thin, homogeneous, inexiensible, and {ncapable of supporting
bending or compression; 3) the density difference between the atmosphere and
the inflatant s conatant over the height of the balloon; 4} the circumferential
stress for any horizontal crosa section is zero; and 5) there is no shear force.
For a given payload weight, floating altitude, lifting gas, and unit envelope weight
a unique zero-pressure shape exists and is characterized by a dimensionless

number I, defined as:
3 1/3
PO LA R
2 .
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where

w  is the unit weight of the shell film (Ib/1t?);
Wp o is the payload (1b) at the Jesign ooint, and

is the apecific lift of the inflatant (lb/l‘ta), a function of the temperature i
and pressure at the design point altitude, i

by

! For each natural shape U there exists a family of dimensionless constants fi,
among which are:

' f,. the ratio of bailoon weight to design-point payload weight;

fz, the ratio of balloon maximum volume to the cube of tl.e gorelength; i
r3, the ratio of the ballcon surface area to the square of the gorelength;

i r4, the ratio of the balloon's maximum horizontal diameter to the gorelength;
and

[5, the ratio of the height of the [ully inflated shape to the gorelength,

A most significaat agsumption about the natural shape balloon is that for

| payloads in excess of the design-point payload, the shape becomes less oblate -
the limiting case being an approximation of the shape for which sigma i8 zero

{ (in which case either the balloon film is weightless or the payload {s infinitely

——— =

heavy with respect to the balloon), With reduced oblateness every point on the
original surface shifts so that its radial distance from the vertical axis of
symmetry is reduced; the shell thus exhibits vertical wrinkles and the volume is

[{]
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oon performance geems to verify this important

agsumption. :

4.2 Payload Designatioss

AP T AR o

There are several "'payload’ designations with which we a ‘= concerned as a

PR

result of their significance in the design and selection of a bal. .a for any specific «
mission. In the usual orde: # of ascending weight, they are:
a) the design-point payload designated WP. o}
! b) the design payload;
c) the {rreducible payload;

P d) the mission payload designated WP K
e) the maximum payload designated WP X

L - *Misslon payloads less than the design-point payload have been flcwn success-

the required design and selection procedures for these specialized cases are not

; R I fully for the purposes of increased efficiency and constancy ol shape and volume;
; included, but there is additional commentary in the following text.
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The dosign-point payload {s not only a factor in the determination of L, {t s
the payload welight above which the balloon becomes leas efficient by virtue of ]
its change in shape and attendant reduction in volume, Further, it {s that payload
below which the fully inflated volume {8 constant and there is a re-orientation of

rr—

the shell stresses - an increase in circumferential streas. This condition waa
unacceptable (n tne early days when it was difficult tc obtain high strength gore
seams, but {t {8 no longer a problem,

) The design payload, not to be confused with the design-point payload, con-
sists of the user‘s experimental payload, tne command and telemetry system to

‘ control the flight, and the rigging or gondola.

The irreducible payload consists of the design payload and the payload
recovery parachute system; it is the total suspended payload after all flight

i e e g e ey

control ballast has been dropped.

The mission payload includes the irreducible payload and tiie flight control
ballast required to accomplish the mission objectives,

The maximum payload is that payload for which the tape and film loadings
meet but do not exceed the design stress limits. This load is the principal factor
1 affecting the ruquired film thichness and load tape strength.

f In general the range WP. ote Wp' x ir small enough to ensure efficlency
\ with respect to reduced volume at high payloads and yet large enough to make

{ the designs applicabl> to a reasonable range of requirements,

4.3 Payload — Altitude Relationshipe

b ‘ Altitude per se does not appear in the imodels or functions that relate pnyload '
titude: rather it is b, the specific 1ift of the inflatant (lb/l‘ts) that is a func-

o —
$2
3
(29
to
y—

tion of amhient pressure and tempercature, ;
The weights in pounds of the maximum paylead, mission payload, and design-

point payload are subject to the relationship

Wpx2%p m2Vp o
and in the extreme case, when WP,X = WP, M WP, o the balloon volume is
constant and the altitude {ndicator b is numerically equal to the ratio of the system

weight in pounds and balloon maximum volume in cubic feet.
For the natural shape balloon with a payload WP in the range Wp o< WP <
WP X the payload-altitude reclationship is best expressed by the function

] W -W
P___POI. o 126058 (2)

B-So - .

where S {8 the balloon gorelength in feet.
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The origin of this simple function {8 unknown, but ite accuracy by actual
comperison 18 as good as other standard methods fos relating payload and altitudc
Further {t {8 nearly an ultimate formula for demon-

; for natural shape balloons,
b strating the design options with respect to allowable payload and altitucde combira-

tions for natural shape balloons.

For an existing natural shape design, the gorelength is tixed, as are the
balloon weight and balloon maximum volume, Thus the ratio fl (balloon weight
to design-point payload weight) [ixes both the design-point payload and tke specific
1ift at the loating altitude for that payload., Therefore, for a fixed design, the
. : variables in E4. (2) are reduced to only WP and b, and we are provided with a

simple expression of altitude (corresponding to b) in terms of the suspended
payload. The correspondence of altitude and b is, of course, governed by the
‘; use-atmosphere,
‘[ Now where Wb {s the balloon wefight {n pounds, and the other terms are as
previcusly defined in this section, we can express Wb in the following ways:

| Wyl Wp oo 8
i . . . - !

Wy, by Iy 8- Wy o (4)
2 (5)

’ Since Eqs. (3) and (4) combine to yield

£+ [b.s?
J VA

P
| “ e e

—
n
~

i ) and since I* i{s a monotonic function, L {8 uniquely determined by specifying ?
F : Wp. , W and bM in Eq. (2) and then estimating the gorelength S. Equations
{3) and (5) can then be solved to yleld the [ilm weight w and consequently the film

‘ thlclemeas.T These relationships, in conjunction with Ey. (1), ensure that the

{ mission payload and altitude requirements are consistent with natural shape

§ ' balloon performance theory, Iteratively solving Eqs. (1) through (4) together .
i : with Eq. (6) and Eq. (5) (modified to include other balloon component weights) !
produces a cesign that gu-rant.es a set of weights consistent with the prescribed !
mission altitude, Details of this procedure along with models of the ratios I, are 1

covered in Section 6 and in Appendix G.

TWelghts of components other than gores are excluded here for reasons of
clarity of presentation. These components include, for the most part, tapes,

caps, seams, and ducts.
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5. GENERAL BALLCON DESIGN CONSIDERATIONS

Balloon selectinn and balloon design both depend on identical loading criteria;
both likewise depend on compromises. Balloon selection compromises ave most
frequently forced, practical compromises of mission objcctives based on available
balloons and, most importantly, on proven or demonstrated capabilities. Design
compromises, on the other hand, involve decisions on materials and structural
variations to accommodate often conflicting requirements. (For example, balloon
envelope durability for remote launch conditions presents a problem if the balloon
payload-altitude requirement mandates, on the basis of weight, a very thin film
for the shell,) The nature of the synthetic structural materials, the statistical
nature of the atmosphere and the random deployment of the load bearing structure
during ascent force declieions based on engineering principles, intuition, extra-
polation, and willingness to risk,

Iond fittings, inflation tubes, destruct systems, reefing sleeves, and ducts
no longer present critical design or installation problems., However, over-
design of duct~valving area presents a potentially significant reduction in payload
capacity and reliability for very high altitude balloons to carry small payloads
(Appendix F), The components that present the significant desigu problems are
the caps, gorvs, and load tapes, each of which will be discussed in some detail,

5.1 Tie Load Cap

The problem of cap design is in reality the problem of determining the
thickness of the crown of the balloon, This thickness is the sum of the shell
(gore) film thickness and the hlm thickness of the cap(s). The cap length is
generally accepted as:

L, = C(c/b) /3, )

where
is the cap length (It);
is a constant;

is tne gross lift (lbs); and

T Q 0 r

is the specific 1ift of the Inflatant at S.T. P. (Ib/ft3) .
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Although C is a constant, there {a no agreement on its value, but the accepted
s range is small, 3 < C < 3.18, The larger value is probably the result of an
; investigation of fallures of large balloons. This investigation was conducted by
the Office of Naval Research in 1971, Leunch fllms were reviewed and it was
recommended to ', .. lengthen the present cap material to insure that most of the
dynamic forces realized during the initial launch phases are contained within the !
capped area of the balloon ,,."* ~
When there {s no cap, the crown thickness is, of course, the shell (gore)
thickness, but with most new designs either the load is sufficiently heavy or the \
altitude sufficiently high to justify the uae of a cap with its attendant costs and

added risks, **
Criteria for determining crown film thickness have not evolved cornmensu-

rately along with the improvements in balloon capabilities, manufacturing
techniques, materials, and designs. 3 For the most part, crown thickness has

' been based on the function

rm o e+ »

1
- 3/2

‘ G = 1260(omt) . , (8)
' 4 where
. f G is the gross lift of the system (lb/n‘.s):
, . ' o, 18 the meridional Hlm stress (Ib/in, 2); and }
i . t Is the crown thickness (in.) . ]
b {
5 This Function was developed {0 appioximate the meridional stress at the maximum
! diameter of a helium-filled, tapeless, uncapped balloon at an altitude of 1000 ft ;

(Schwoebel4). The allowable value of o, for contemporary designs (discussed

in Section 5.3) appears to be based on experience and on the degree of conserv-

atism of the designer,

‘ *The quotation is from th. 18 August 1971 Memorandum on the conclusions
1 ) of the meeting of 9 August 2974, The Meinurandum was entitled "' Problems Con-
i ' cerning Large Volume Balloons", and was signed by F. B, lsakson, Director,
| Physics Program.
f **Added structural complexity and added manufacturing handling provide
| (respectively) added modes of fallure and added opportunities for damage and
|
|

T TR TR P

therefore added risks.
2. Dwyer, J.F. (1974) Free balloon capabilities: A critical perspective,

| oy Proceedings (Supplement), Eighth AFCRL Scientific Balloon Symposivm,
FCAE N WSeptemEer tog October 4, Andrew S. Cearten, Jr., Ed., pp. 1238, i
161,
o 3. Dwyer, J.F. (1973) Zero pressure balloon shapes, past, present, and

future, Scientific Ballooning (COSPAR), W, Riedler, Ed., Pergamon
Press, pp. 9, 19. i

!
i
! -l : 4. Schwoebel, R.L. (1956) Strato-lab Development, Final Technical Report,
| ! Contract No. NONR 1589{06).
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Schwoebel considered the stress to be at its maximum for the conditions for
which the approximation function was derived, Oln:amoto5 likewise suggested
that the [ilm stresses at this point in the palloon flight were maximurn. Certainly
the differential pressure acting on the material in the crown is the greatest at the
completion of inflation, and the modulus and yield strength of the .ilm are mini-
mum at launch temperatures, These being so, one might speculate why all
failures do not occur at launch,

Some failures do occur at launch and som= fallures do occur at high aititudes,
but historically most failures occur at tropopause (minimurm temperature) alti-
tudes. Photographic evidence of such tropopause-failures indicates that the
crown is the region of failure. Photographic evidence and meteorological data
indicate that wind shears and turbulence acting on ihe rising balloon cause
dynamic loading of the undeployed film at tropopause altitudes. Weissman'.n6
offered laboratory tests and a theory that appears to explain the role of such
dynamics in tropopause-failures, but he concluded that the deformation history
of the film also probably played a significant role.

Anderson7, Dwyera, Kerrg' 10, 11, Alexanderlz, Webbls, and Rand14 have
also addressed aspects of the relationships among film stress history. material
properties, balloon designs, and balloon failures. The most significant conclu-
sions appear to be:

1) "... environmental temperatures at or below the cold brittle transition
temperature of pulyethylene are not sufficient to produce balloon burst,' but
"ambient launch ieinperature appears to be s critical factor both statistically
and from an engineering viewpoint." (DWyerB). (See Figure 7

2) Polyethylene film performance ""appears to have 2 strong dependence on
stress history." (Webb13).

3) ".,.. path dependency has been demonstrated to influence the behavior of
polyethylene films .. ." (Randl4).

4) It "appears that the observed correlation of the ductile-brittle transition
to a preload strain state is only valid for one loading history, creep. It would
seem that there is a material state associated with this transition that cen be

reached through different loading histories at different sirain states."
(Alexanderlz). (See Figures 8 through 11),

5) "In a balioon system the influence of rates, histories, temperatui-e and
the like can be even more important than indicated by laboratory tests, The
balloon skin must work as a system to uniformly distribute loads., When a few
gores (or even segm.ents within one gore) see a history at variance with the rest,

Because of the large number of references cited above, they will no: ne listed
here See Heferences, page 57.
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Unusual and uncxpected stresses will

then uniformity of behavior is destroyed.
13). {Emphasis aided), i

t _ result and ordinarily adequate designs can lail.," (Webb
a . The thickness determination problem thus appears incapable of direct
{

solution; to know as a function of time the stresses in each small area of the
shell (deployed and undeployed), even if possible, does not aopear to be practical,
Conceivably, however, such knowledge may be unnecessary, fur [ailures are ‘5
predominantly in two categories: those that occur during the dynmic erection f
i
|

T T T T A S e e, e

1
b !

‘ of the bubble and those that occur in the vicinity of the tropopause. If we accept
that the tropopause failures result from the dynamic interaction of the balloon

and its environment and that the mechanical reaponses of the bs'loon film result J
then we can use a pre-launch stress-strain state as the zero point in film crown i

This is the initial point in

|
4 !
!
‘! in some statistically consictent manner from its initial deformation at launch,
? stress Listory and as the crown stress design point.
flight history for dynamic launch fallures, also the stress design point chosen

" by Okamoto and, for practical purposes, the stress design point chosen by
{ : ; Schwoebel, This is the stress design point we shall use. i

The observed relationships (Figures 8 through 11) of failure mode and
failure strees to preload temperature, stress, and axial extension ratio are
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; Figure 8, Effects of Preloadig On Failure Mode and Failure
Stress For 2, 0 mil Stratofilm at 92°F Preload Temperature

not meant to imply any quantitative criterion. Rather, they are intended to show

conclusively that stress history, albeit uniaxial in these cases, séniﬁcantly

affects the mechanical responses of polyethylene film (Stratofilm and X-124

arve typical examplies), Qualiiative effects of biaxial prestreas at elevated tem-

; o
peratures were also studied by Alexander!? and dramatic changes in biaxial

ultimate strain were observed at the -70°F test temperatures,

EAELTT L N0

5.2 Shell Thicknes

A criterion for the thickness of the shell (gore) material for capped balloons
has not been found in the literature, The weight penalty, principally for higher
altitude applications, has thus caused some designers to reduce this thickness
beyond what may be reasonable, but balloons fabricated from very thin envelope
material (as low as 0,35 mil) can and have been launched successfully. In
general, however, where weight is not a problem film thicknesses of one mil or
greater are used by Air Force Geophysics Laboratory to reduce the probability
of damage due to required handling during layout and leunch,

A criterion for shell thickness might be found in either of two flight phases:
bubble erection in a dynamic launch or veuting of free lift when entering float.
* The latter has not often been a problem and present duct sizes and quantities

R PO




TO00
)
& 6000} o
o a 0
“U" 0O 0Og¢p
& 5000 | Q
[72]
e o}
a 4000 umE o
pe |
@ °
g 3000 +
h
= .
@ 2000 [FiLM THICKNESS | FAILURE s ¢
T ILSMIL 20MiL | TYPE ®
g [0} @] ODUCTILE
o 1000} ® a BRITTLE
c ]
(8 )

0 LJT L i ' i N 1 )
o] 600 700 800 900 00O 1100

AXIAL PRELOAD STRESS-PSI

Figure 9. Effects of Preloading on Stratoﬁlm® Failure Mode
and Stress. Preloading was at 110°F for 120 min

appear to be more than adequate (see Appendix E). Argumients for and against
the dynamic launch have traditionally teen qualitative, but the potential require-
ment to fly a very expensive, moderately heavy (1000 1b) payload at 150, 000G &i
triggered the search for a quantitative approach, the result of which related shell
thickness to dynamic launch failures, *

In a dynamic launch, the inflated upper portion of the balloon is held by a
roller arm at a point roughly 100 [t below the balloon's apex. Since the in-line
recovery parachute system is generally on the order of 160 It long, the distance
between the roller arm and the payload hold-down point is about equal to the
gorelength of the balloon, which is proportional to the cube root of the balloon
volume. This is roughly « . : the distance that the inflated bubble must move
upward before it is erect ov<- :ne payload, which is held by a payload release
vehicle,

One perspective of the dynamic launch yielded results that were both quanti-
tative and apparently significant with respect to discrimination between tendencies

*It should also be noted that launch dynamics have long been proposed as
contributing to eventual bursts at and above the tropopause, but such a relation-
ship will not be addressed herein,
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toward success and failure. This perspective considered 1) the increased lailure
rate for large balloons (greater than 20 X 106 n3) reported by Cuddihyl; 2) the
magnitude of the erecting force acting on the launch bubbie; 3} the thickness of

the f{ilm; 4) balloon construction; and 5) an assumption that thinner films are more
subject to flaws and damage and thus reasonably of a probable lesser quality.

The force acting to erect the balloon (neglecting the parachute weight) is very
simply the gross lift minus the balloon weight. That is, it is the sum of the free
lift force and the payload. The product of the erecting force and the balloon gcre-
length thus approximates the energy absorbed by the balloon in the erection
process. Because of normal manufacturing differences in the widths of envelope
gores and adjacent cap gores, the dynamic loading can be assumed to be taken
up by the envelope material. If one further argues from experience that film
"quality" is proportional to t, the film thickness, then the "effective film thick-
ness' is t2, the product of the quality and the actual thickness., Thus FD‘ an
index of dynamic loading or shock, is an index that is directly proportional to
erecting force and balloon size and inversely proportional to effective film thick-

ness; it can be expressed as:

31

T e R A W

et e

P




H | e L e e+ e

f

e e e e o TR —r—

o T,

i
N 00 X
] 7 b 8 O
a 6000
Py : I 0 ¥ O - bt
i (7] O @
o o a ]
: & 5000 H o 0 L %® o ,
] m \] "
z; L] ]
% 4000 + = - 1
' @ ol
=2 3000} o 4
. - ®
g 2000 | FILM THICKNESS MILS | FAILURE
é 0.75 1.5 TYPE
3 0 O DUCTIL j
3 1000 2 ° BRITTLE i
S |
c _— 1 - - A 3 ) ol o |
, ; 1.0 N 1.2 1.3 .4 K] .6 L7 1.8 ;
! PRELOAD AXIAL EXTENSION RATIO !
) Figure i1, HKffects of Preloading on Stratofllm® Failure Mode and
{ Sirenz
; F - ( 14 v q ; 2 j
- p * Wg =Wy S/ ) ]
. }
? where :
!
) FD is the dynamic loading index (ft ]b/inz); !
]
; Wg is the gross inflation (1b);
i
: W, is the balloon weight (lb);
X t {s the film th ness (in,); and

S is the balloon gorelength (ft) ,

The results of this model for the launches of 93 balloons (volumes greater
than 25 X 10" rt3) appeat in Figure 12, The sharp change in success rate
suggests a maximum acreptable value of FD of about 10, Gore film thickness

e T s s s ke et

\ ,.-‘:‘ in miis can then be determtned by:
Ll —
4 ) . -
. i ] - RE-X ’
= B t > (“g WD) 5-10° , (10)
H |
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Figure 12, Statistical Basis of Shell Thickness
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The use of the model as it appears in Eq. (10) seems reasonable, but {t does
not explain the possible influence of launch temperature or launch wind gpeed,
Both of these should contribute to launch failures: temperature, because both
modulus and yield strength decrease with increasing temperature, and wind
speed, because it directly affects the dynamic loading of the film,
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5.3 Film Strength Considerations

Not stress alone, but stress in relation to temperature, time to failure,

k | 1 strength, and strain rate must be reflected in the criterion for crown [ilm thick-
ness, This suggests that creep strength and yield strength might be reasonably
2 consistent film capability referencea. Alexander provides temperature related
ey {information on yield strength, 12 biaxial safe streaax15 (Figure 13) and uniaxial

C - 15, 'Alexander, H., and Murthy, G.K. N, (1968) A Failure Stress Criterion For
I A Polyethylene Balloon Film, Sclentific Report No, 4, Contract
! 528-31-C-0241, AFCRL-TR-69-0103, AD 692516.
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Figure 13. Safe Stress Chart for 2.0 mil Stratofilm®

creep str‘ength15 for Stratofllm® .

For a representative film thickness (0,75 mil), analysis of yleld atrength

19 .
data in the t* mperature range ~40 < °F < 120 Alexander ““ (his figure 4d)

provides the relationship:

ay = 2262-19, 185 F+0.025496 F2+0.00016979F

where
oy is yield strength (lb/lnz) and

F is temperature (°F) .

3

(11)

The actual rate of loading or straining during the inflation process is quite
slow and inconstarit and inflation temperatures are usually in the upper part of
the range 20 to 80°F. Althougl. the rate of 100 percent per minute used in the
yield strength tests is slow, {t i8 considerably faster than that produced in the
inflation prucess, and thus at the usually relatively warm launch temperatures
the film yield strength will be lower than the computed yield strength. In the
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absence of more refined data snd becauvse our analyses are intended primarily
for quantitative @_mgarabmg, values of roughly 95 percent of the yield astrengths
at 20°F and B0C°F were used to generate the temperature dependent "'Stress

- Limit" function (Figure 14):

ogL © EXP|1,7187-0,010986 F! (12) i
or
) Ogp, © EXP{7.367-0,01978 C}, (13)
y \\'her(.‘
ogr, ia the stress 1imit (lb,’inz);
) F  is the tempcrature (°F); and
C  is the temperature ey,
3000
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Figure 14, Proposed Stress Limit for Stratofilm™ Balloons at an
Approximately Static iLoading Rate. This log-linear plot shows:

a) safe strress from Figure 13, b) discrete stress values, repre- :
sented by the symbol, @, Eq. 11, c¢) nominal Stratoﬁlm@ vield '
strengths, 1733 -psi machine direction and 1526-pst tranaverse {
direction, d) current design stress indicator range used with !
Schwoebel's approximation function, 1400 to 160Q psi, Eq. 8, and
€) proposed Stress Limit function for Stratofilm®¥ balloons, Eqs.
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$.4 Load Tapes

Little engineering design effort has been undertaken with reapect to the
meridional load tapes used on polyethylene balloons. Perhapa this is becauae
the tapes have always been considered strong in comparison to the balloon film,
and confirmed tape faflures, other than those associated with early semi-cylinder
balloons during the inflation process, are unknown,.* This disregard is somewhat
inconsistent because the introduction of satisfactory tape attachment methods in
the early to mid 19508 was hailed as a significant atep toward improved balloon
capabllities,

Ultimate tape strength as a function of temperature {8 not found in the
literature and, for the most part, the types of fibers and methods of construction

are not comparable, Further, both ultimate strength and uiltimate elongation

vary with test specimen length and most certainly with elongation rate; atatic
loading (as during inflation) is known to be the most severe use test, 16

Load tapes have been made [rom a variety of fibers and with a variety of
construction practices, Materials used successfully include nylon, polyester,
rayon, and glass, Kevlar i8 used on a very limited basis for experimental
At room temperature, a 100-1b (rated strength) tape made from each

designs.
of these materials would have a modulus as follows:
Nylon 500 Ibs
Polyester 1000 ibs
Rayon 1600 1lbs
Kevlar 2000 lbs
Glass 3100 lbs ,

These figures are nominal and, to an undetermined degree, dependent upon both
the consiruction of the tape and material sub-type (Dacron and Fortrel are Loth
polyester fibers but significantly different in mechanical response).

More important than the tape modulus itselfl is the natural "crimp" in the
load tape fibers and the amount of tape elongation (and attendant meridional film
strain) required to uncrimp ihe fibers before the theoretical modulus becomese

%A series of balloons 4, 850, 000 ftxin volume made from 0.75 mil polyeth-
ylene and having 300-1b, test Fortisangload tapes did fail whereas the same
balloon type with 100-1b, test Fortisan™ load \upes had been successful. The
balloon film in the former cases cannot, however, be ruled out as a cause of
failure, but reorientation »f stresses due to the tape modulus change (from 100

1b, to 300 lb.) is the suspected cause.

i e ks e

} ..
P 16, Parsons, W.B. (1955) Performance of Balloon Reinforcement Tapes JUnder
, Static and amic Loading, Scientific Report No. 2, Contract
- 73944, AD 698758,
!
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effective, 1§ ¥igure 15 shows the effectg of removing most of the crimp from one
of two test specimens of Fortlaan® (rayon) load tapes and further shows that the
effects of variations In crimp along given fibers, fiber bundles, and load tapes

appear to average owt rather uniformly.

f-2.5%~|

22%

75

LOAD (1bs)
_—
P~
\\

STRAIN(%)

Figure 15, The Effect of Fiber Crimp
on Load Tape Performance, Tlke curves
ACD and BCD are the logd-strain re-
sponses of two distinct samples of rayon

(Forﬂsan@ ) load tape. A and E are the
respective zero~strain points for the
curves that have been shifted horizontally
to overlay one another. Note the ex-
treme crimp effect in the early portion of
curve ACD

Elimination cf the effects of crimp can be accomplished in two ways, miuicr
the fiber bundles can be encased under a uniforn. tension during tape construction,
or the tapes can be attached to the gore seam hems while under a higher uniform
tenslon. In either case, the value of the tension must be high enough to be in the
uniformly common part of the load strain curve (see polnt C in Figure 15 for
example), Only in this way can the tapes be forced to share the meridional loada

at very low elongations.
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Historically, this aspect of load tape construction has been ignored in
practice by some designers and manufacturers; most likely this is because therc
} , bas been no analysis in which this consideration could be ue s«d quantitstively to
P reveal its effects., This {8 no longer the case; the snalyais proposed herein (see
! Appendix D) addresses the effect in Eq. (D3) by means of the term € defined as

mechanical tape slack.

} The maximum tape load occurs »t the apex when the balloon enters float. It :
i . has been traditional to use this as t .e tape design point, However, this merely )
esiabliches a roted strength based on a load multiplication factor, This "rule'
addresses neither an acceptable limit for tape modulus (which would control

l ’ tape-film interaction) nor the temperature dependency of tape properties,

i Nominal ultimate tape strength hiag been used as a tape ''specification'", but
! this does not ensure comparability between sources. Subtle evolutionary changes
E in tape construction surely continue to influence the mean statistical responses
of nominally identical load tapes from a single source, When balloon failures
are rare, these inconsistencies are overlooked, but when guantitative analyses j

: of the structural stresses are atterapted either for failure analysis or for more

| efficient design extrapolations, problems can arise.

! Until reliable quantitative data on load tape behavior are obtained, design ;

rules such as load multipliers (normally four to five times the apex region load :

H at float altitude) will continue to be used, Similarly, tape modulus as a funciion
of temperature as proximated in Eq. (D9) of Appendix D will have to suffice,

!

6. AFGL DESIGN PRGCESS ;

T aiigm—

e o P -

The design process shown schematically in Figure 16 is the essence of the {
computer code developed under this study (Appendix G). Some of the design ;
features and design criteria are contained as assumptions in the code and others :
are interactively input. What follows here is a general discussion of input; '

gpecific input instructions are¢ discussed in Appendix G, The complete list of

inputs include:
a. natural shape minimum payload (1b)
v, sporational design payload (Ib)

r -

f. terminal parachute speed (ft/sec)
g. shell thickness (mils)

h. cap thickness {mils)
i.
3.

¢. maximum payicuad {'h)
d. operational design altitude (ft)
e. fractional ballast requirements

load tape factor
iraximum gore wid*h (in,) .
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! START

INPUTS :
AW= ABS (WS -W9)

. . ASSUME BALLOON
WEIGHT | W9 21000
NO
:;
_1
!
!
P S i
| o ARE BALLAST COMPUTE STRESSES j
& ——— OR PARAGHUTE S— '
! REQUIRED?
]
: ARE
STRESSES
COMPUTE BALLAST TOO GREAT
: WEIGHT & SIZE < ? i
AND WEIGHT OF
. - PARACHUTE i
, i
i - INPUT: 3
: *SHELL THICKNESS
: .CAP THICKNESS
} COMPUTE SIZE «TAPE EACTOR
,~ AND SHAPE OF -MAX. GORE WIDTH
BALLOON .
o ‘ :
- COMPUTE : ]
, - DUCT SIZE !
| . TAPE STRENGTH OUTPUT :
- CAP LENGTH
l A . INFLATION
! : TUBE LENGTH
& 3 . SLEEVE LENGTH |
; !
‘ | COMPUTE TOTAL ‘
- BALLOON WEIGHT,W9

Figure 16. Interactive Balloon Design Procedure
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) Inputs a through f are reclated to the mission and descriptive of the capabili-

{' ties and performance requirements, Film thickneas inputs (g and h) are estimates
i ki based on experience and are interactively adjusted during the {terative design

]

process, The load tape factor and maximum gorewidth (inputs { and j) are nor-
mally constant; the maximum gorewidtiy, usually about 101 in,, is based on
economic use of the standard 54-~in, layflat width of the extruded polyethylene
tube; and the load tape factor, about 5, is a value presently without u firm

P

: engineering rationale,
t The last foar inputs (g through j) significantly affect the computed stress

o level. Increases in the [irst two reduce stress but have the most adverse impact
? on balloon weight. Decreases in the maximum gorewidth also reduce stress, but
| increase bhalloon cost - labor is roughly proportional to the product of the number
: of gores and the gorelength (the total length of gore heat seuls).

L ; Minimum adverse impact is achieved by increasing the load tape factor (i)
This was inferred in the earlier references

to achieve reduced stress levels.

' l to the effect of tape fiber crimp. 4
The minimum payload value governs the balloor. shape and thus the values

X of the nondimensionalized shape characteristics l'l tarough fs (see Section 4, 1)
{ and Rm' the ratio of the meridionsl radius of curvature (at 0. 17 gorelength units
from the apex) to the laurch bubble gorelength, and the related characteristics;

. 6 the half cone angle at the nadir (degrzes);
Lo b T/W the ratio of the apex loacing to the payload; and 3
T/G the ratio of the apex loading to the grossload . )

|

: : The design payload and altitud: combined govern the balloon volume and thus ;

’ = the gorelength, whereas the maximum payload affects the selection of tape ,
strength, film thickness, caplength, cap thickness, and total duct venting area. '

If the design payload weight is the weight of the functional payload only, then the

design code requires input of both ballast needs [or ascent, descent, and sunset

control (expressed as decimal fractions), and allowable parachute impact speed,
These inputs are covered in

T A e e L Lo

which governs the parachute size and thus weight.

detail in Appendix G.
Balloon ducts allow the free lift gas to be vented and thereby prevent over-

f

i

|

j

! preasurization and bursting when the balloon reachea its natural floating altitude. 1
i

ke e

The length of the duct is selected 30 that thc balloon will not take in air when
ascendfng or floating at an altitude below its natural flcating altitude. This is i
o] effected by ensuring that the duct entry in the balloon wall {8 always in the posi-
tive pressure region, except during the {nitial ascent when the ducts are still
l fully collapsed. Balloon duct length 18 selected 8o that the zero differential
f pressure level is at the upper end of the duct when the balloon s about 16, 000 ft
l
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below the natural fioating altitude; that is, when the balloon is about half full.

The requircment tor a reefi g sleeve exists only when t 2 vorume exceeds
four miliion rt3 (an arbitrary volume bssed on exper._ace). The sleeve extends
from the basc to within 6 It of the cap. Fndlitting sizes and thus weights are
related to payload weight and number of gores, and are based on existing designs.

Selections of an adequute stress level and shock index as criteria for accept-
ance of a resulting design are basically at the ~iscretion of the designer, but
with due nonsideration to actual flight histories and regard for the margins of
sufety that appear appropriate for the relevant missicn, | or future designs, =
streso level of about 600 psi and a shock index of 10 seem to be reasonable based

on experience at this time,

7. CONCILYUSIONS AND RECOMMENDATIONS

The= aingle-cell polyethylene balloon is not structurally complex; aside from
the endfittings, which are really in the nature of sophisticated fasteners, * there
are only a few critical parts that aifect the strength ¢f the vehicle (load tapes,
~aps. and gores) or affect the loading of the structure (duc*s), These critical
parts have been researched with the following conclusions and recominendations.

7.1 Ducts

We have considered the function of the duct and the various ways in which
its size hes been determined {Appendix F), we have shown that the film strength
anc atmospheric scale height should be considered as functions of altitude and
not as constants, and that the present duct sizes based on these considerations
are consiastent with the early University of Minnesota recommendaticn that the
actual duct diameters should be twice th2 theoretical, Further, we have shown
that the results ¢f the venting back pressure model of the University of Mingnesota,
when the atmospheric scale height is considered to be altitude dependent, are
consistent with those produced by the differential equatiors governing the ascent
venting process; tnese pressures sre small percentages of the differential
pressure at the maximum horizontal diameter,

It is ccncluded that Juct rizes today are more than adequate, The need to
have ducts that have diameters twice what is theoretically required has been

*The plate, hoop, ard ring apex fitting developed by Winzen, International,
In2., has prohably becn the single most important design immprovement since the
mid~19£08 when the heat sealed tape was introduced; *t, more than anything else,
hss made it possible ‘o realize the load ootential of capped~ and uncapped-taped,
fu..y -tailored polyethylene balloons,
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questioned, and in this regard actna) venting back-pressure measurements should
be made to confirm this, Reducing the number of ducts by using the largest
practical sizes and making the ducts from the thinnest film practical would reduce
both weight and construction costs - this should be done.

A venting-stress model should be developed to accommodate newer under-
standing of the high stress regions of the fully inflated balloon and should be based
on improved film characterization at loading rates consistent with peak pressu-
rization rates during the expulsion of the free lift gas,

.2 Youl Tapes

Lead tapes appear to have adequate ultimate strengths, dynamic loading
responses (accommodating dynamic launch), and moduli. However, the difference
between the modulus in theory and in practice (and between manufacturers) lim:.s
both deeign accuracy and confidence in the results of structural analyses of the
balloon pre-launch load distributions. This is a problem that can be addressed
confidently, easily, and without significant added cost to the balloon user., All
thrt is required is stricter specifications for manufacturing and testing.

At present, the total tape strength requirement has been found to be based
on a fa~tor of four (NSBF) or five (AFGL) times the total meridional load in the
balloon crown at ‘loa. altitude, This seems to be a "rule of thumb" in both cases,
rather than an engineering formula.

7.3 Gores

Gore thickness siandards for a fully-tailored polyethylene balloon with load
tapes, but without a cap are the same standards used for the crown of a capped
balloon. Analysis of ground abort statistics suggested a criterion for the filin
thickness (in mils) of the gores of capped balloons, namely Eq. 10:

t> 4(Wg - W) S/loT.

It was noted that a final refined mcdel should probably account for launch temper-

ature and, if pogsible, launch wind speed. *

*Development of the '"soft collar" dynamic launch method has, it appears,
significantly improved the statistics for the large capped balloons, but, in the
absence of this NSBF system, use of the model as a guide appears to offer a
significant advantage,
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7.4 Crown and Analytical Method

Criterion for the crown thickness is the essential part of this study. The
NSBF model, or more properly the Schwoebel model, and the Okamoto analysis
were reviewed and results compared with those of the author's model, which is
based on modifications and additiona to the analytic approach of Alexancler” and
the film model of Webb. The comparisons involved 81 distinct balloon designs,
ranging in volume from about 1 to 70 million fta. All three approaches had in
common the selection of the launch as the proper point for comparative stress
analysis or application of design criteria. Only the proposed approach accounts
for the film-tape interaction, for the orthotropic nature of the film, and for film
modulus based both on temperature and accounting for relaxation of stresses and
strains in the balloon crown,

Table 3 provides a comparison of the results of three approaches to design
and analysis: the author's model (columne 3, 4, and 8 through 12); the NSBF
model (columns 5 and 6); and the model suggested by Ckamoto (cclumn 7). For
the most part, there are two payload entrics for each ballcon, the first in the
pair being the suggested maximum and the second being the maximum flown
successfully, The letter code following the entries in column 2 is the key to
the source of the load rating. The tape indices, columns 3 and 6, are the ratios
of total tape strength to total meridional load at the apex at float altitude (AFGL
and NSBF computations differ slightly). For each payload the second entry in
each pair for columns 4, 7, 8, and 9 are percentages., Thus column 4 shows the
tape load at lzunch in pounds and as a percentage of the rated tape strength,
Column 7 shows the computed Okamoto circumferential stress in ps! and as a
percentage of the author's computed circumferential stress, The circuinferential
and meridional stresses computed by the author's model are exzpi essed in psi and
as a percentage of the safe stress, 1004 psi. The second entry in each pelr in
columns 10 and 11 is the respective radius of curvature in feet,

In column 6 we have the NSBI' stress index multiplied by 1000, The first
entry in each pair is the effective value based on the column 2 payload. The
second entry is the suggested index (multiplied by 1000) based on the actual film
thickness, the load, and the size of the balloon. If the second value in each pair
iz less than the [irst it means that the suggested index is conservative,

One of the most remarkable results of the comparison of anslyses is the
consistency of the AFGL and Okamoto circumferential stress values; the Okamoto
values are almost uniformly 3 to 5 percent greater than the AFGL values, except

17. Alexander, H., and Agrawal, P, (1974) Gore Panel Stress Analysis of High
Altitude Balloons, Scientific Report No. 2, Contrac 72-C- .
- -74-0597, AD A009627.
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for a few cases where the differ :nce {8 in the order of 10 percent, This uniform-
ity is particularly i{nteresting when one considers that the Okamoto model consid-
ersg only differential pressure p, film thickness t, meridional radius of curvature
R

e s

and circumferential adius of curvature R2 according to the relationship:*

ll

' = 25_2. 1_5&.
99 t 2R .

The ranges of meridional and circumferential stress values (psi) for gsuccess-

. - ful flights are very interesting when compared with the ranges of design (rated)
values, These are shown in Table 4, In the absence of values for balloons that
subgequently failed in flight, one could conclude that present designs are too

stress is only about 1000 psi is probably inadvisable.

i
1
congervative, However, a limit greater than 700 psi, when a reasonable s:fe i
i
)

Table 4, Stress Range Summary of Data Base Designs

i
X
: ! -
L . Balloon Load Meridional Stress Circumferential Stress
1 Type Category Min Max Min Max :
* {
o Rated 485 754 435 762 i
Lo - No Cap !
b } Tested 435 724 445 733
i ? Rated 436 669 443 653
! Capped
Tested 317 615 386 624

With respect to the NSBF stress index, there were three balloons in the study
(all without caps) for which the index was greater than 1, 6 in actual successful
flights. The corresponding NSBF load tape factor (usually equal to 4) and the
computed AFGL meridional stress values are shown in Table 5, The stress
trends are opposite, but consistent with the noted tape factors. In fact, for a
NSBF tape factor of about 5 and a NSBF stress index ol about 1,4, the AFGL
stresses appear to be consistently about 5§10 psi. This strongly indicates that any
AFGL crown stress criterion could be trrnslated into a comparabtle set of NSBF

o L

1 -
”;;_Z'f indices, and vice versa. However, this would apply at only one launch temperature,
g . *Because Ry is part of the solution, this model ~znnot be used predictively,

but it should provide a valuable check at other launch temperatures.
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Table 5. Large NSBF Stress Indices

§
- NSBF ATGL ]
- Stress Tape Meridional
P ; Index Facior Stress
{ .
; ' 1,722 3.32 724
: ‘ 2.069 3.73 691
p 2,376 7.24 572

Using analysis at the initial point in balloon flight histories as an operational
predictor of subsequent success and failure, and as a decision mode) in an itera~
tive design process is still a rcasonable goal. The results of this study confirm
it as historicslly viable, but design and operational use criteria require that
acceptable stress levels be established not for one temperature (23°C in our case)
but over the complete range of launch temperatures.

Useful film strength does decrease and meridional and circumferential film
strains do increase with increasing temperature. Such deformations, locked in
! . to some uncertain degree by the decreasing temperature accompanying the ascent
: { to the trcpopause, have been proposed as significant contributors to the so-called
b "tropopause burst'" phenomeunon. Indeed, in-flight strain measurements reported
: ; by Randm, suggest that such strains are "frozen in'" up to the tropopause.

i ‘ Webb's material characterization has been applied in the AFGL analysis 1

:‘ model with limited success. Tt is not known whether further extrapolation to
cover the complete range of launch temperatures will be successful. However,
' ‘ it is expected that recent work by Wilbeck19 will be useful and, if fully developed,
might meet the toral Stratofilm'™ characterization requirements of the AFGL
‘ analysis model and thereby enable the realization of a simple and effective per~ ;
| 1 formance prediction model, ;
The method of stress analysis of the fully inflated balloon developed by
Randzo and revised to take advantage of Wilbeck's material model offers the

‘ 18. Rand, J,L. (1982) Balloon film strain measurements, Workshop on
Instrumentation and Technology for Scientific Ballooning, "COSPAR
! ; Plenary Meeting, Cttawa, Canada, 16 May - ¢ June Igds.

T T NP

. . 15. Wilbeck, J.S., and Rand, J. L. (1981) Balloon Material Characterization,
i .'.C AIAA Tth Aerodynamic Decelerator and Balloon Technology Conference.

T 20. Rand, J.L. (1978) Design and Analysis of Single Cell Balloons, Scientific
, - Report No, 1, Con_trac_g_mt 6‘?5-‘7%!‘6‘- -UM,‘%FGE-‘TF"?F— -0258, 4
i . AD A072828, i
{ .
i
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i
: q
= t
k) i
o : most promising approach to making the fully inflated shape more efficient. If it
! i’ is further modified for use with the partially inflated bubble at launch, it should
l: provide a description of the launch stresses and sti1ains much more accurately
f than any method propased to date.
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Appendix A

Balloon Program Plamwning Document

PROGRAM IDENTIFICATION AND COORDINATION

PROGRAM NAME

PROJECT NUMBER TASK NUMBER
RESPONSIBLE AGENCY PRIME CONTRACTOR

NAME _|

ADDRESS

TELEPHONE

COORDINATOR

FLIGHT REQUIREMENTS (List in crder of priority. Identify as essential,
{f possible, and desirable,)
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3, PROGRAM PAYLOAD

b MIN 1b ;

ESTIMATED WEIGHT RANGE, MAX

f COMPONENTS AND CONFIGURATIONS:

ITEM HT.XWT.xLT {in.) WEIGHT (1b)

{ 4. FLIGHT PROFILE DESCRIPTION (Describe in terms of altitudes, durations,
and ascent and descent rates, when applicable. See Figure Al.)

5. MISSION LOCATION AND TIMETABLE
DESIRED GEOGRAPHICAL LOCATION OF LAUNCH SITE

’
Vd

ESTIMATED LAUNCH DATE (Year, Month, Day)

T R it . £ s 2

5 LATEST LAUNCH DATE (Year, Month, Day) 5

f DESIRED FLOAT ARRIVAL TIME —_hours (local)t __________ hours ;

SPECIAL LAUNCH, FLIGHT AND RECOVERY CONSIDERATIONS {launch and
recovery shock, electromagnetic interference, reel-down of payload, command

[
! channels, data channels, payload pointing, horizontal trajectory, payload
! hazards, etc,)

60
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7. DESCRIPTION OF PASSIVE AND COMMANDED PAYLOAD FUNCTIONS

- ?
L
. 8. ADDITIONAL COMMENTS AND QUESTIONS
o
i @ . 6 hours
% hours
X ; w
-
( 3
! [$]
[72]
f e A
. z ]
N ul |
3 S = :
b el 7
: H ® 120K’ £ 2K’ ot Sunrise - Ihr+0
: < 85 k' t 2«'
© TERMINATION
;
| i 1 TIME, NO SCALE
; Figure Al. Sample Flight Profile Plan With Acceptable Ranges
! of Times, Altitudes, and Rates
i
o
3 1
' ,:?'C'if
» 1
3 i
- 'i
o
& 61
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Appendix B
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t
i
t
;
3
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i
{

i

! i In many balloon systems the reccvery parachute subsystem contributes a

! ¢ significant fraction of the payload weight, particularly for short-duration high-

) E altitude flights, Weightwise, the principal components of the recovery subsystem
5 are the canopy and the instrumentation cable, The latter services the balloon

apex valve and the termination devices that separate the balloon and payload at ?

the end of the flight. The combined weights can be adequately approximated in ;

terms of the parachute diameter Dc by a second degree polynomial. Based op ':‘

conventional instrumentation, cable weight, and parachutes 40, 60, and 100 ft

in diameter, the parachute subsystem weight WC becomes:

AL

"
¢
i
€
¢
L
4

T e LD -

W_ = 0.02257 Dc2 - 0.7847 D_ + 52.778 . (B1) |

If the maximum load suspended from the parachute is represented by Lc,
then the relationship between total descent weight, sea level terminal descent

velocity VC, and parachute diamete:' can be derived for standard flat circular
Bl

‘ parachutes using Hesy' tables™ ~ as:
i . |
| = i |
: (37.8/V ) JL +W_ . (B2) |
\ i
i * Bl. Hess, J. (1963) Determination of Parachute Descent T&mea and Impact i
| Locations for High Altitude Balloon Payloads, -885. |
a 1
! 63 !
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Eliminating W , between the latter two equations yields:

; . 560.6 - V(75411 + 1428.8L )V - 46078.8 L - 211773 .
D, - ) < —_, (B3) !

P c )
- 32.25 - v2

, which provides quite realistic values for diameters down to about 24 ft. Since the
i Y balloun selection procedure ia baged on a number of estimates, the need to com-

: promise due to the avatlability of only discrete parachute sizes should not ad-
. f versely alffec? -,V », 2 )iection,

Since the nr-geindt» size must be large enough to accommodate the maxtmum
payload, the 2c¢:z~t ime with all ballast expended may cause undesirable or
even unr.ceptable di'ift. This can be overcome by using deadweight ballast if
_ ctherwise not precluded. Balloon selection programs should also (and the AFGL
i program does) compute the minimum descent rate as a caution to the systems
designer, i

e
R
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é: Appendix C
F Program “ADEQUATE" |

| s Cl. DESCRIPTION i

{ This program takes balloon mission requirements and Irom them cumputes :
' their compatability with balloons having tested capabilities. It determines the !
. weight of ballast required and the size and weight of the required parachute. It
by ' creates a table of existing designa capable of performing the specified mission
snd indicates the most efficient solution (reference Table 2),

pENT N

3 : C2. METHOD
;

The method is described schematically in Figure 6 using the data base
format described in Figure C1,

C3. SPECIAL CONSIDERATIONS ]

The following assumption underlies the solution process: 1962 U.S. Standard
" Atmosphere,
e
4
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{

K ( 11 DIGIT NUMERICAL CODE OUTPUT DESCRIP TMON
' 1 1 p's BALLOON TYPE (1)*
YIY|Y NUMBER, 000 THRU 999
2 MODIFICATION (2)
1 . 2 2 X[X[x[x[|x[x|x]|x|X VOLUME (FT3)
3 3 X{x|x|x|x RATED PAYLOAD (LB)
] | Y RATER (3)
S . , 4 4 [x|x|xtx|x TESTED PAYLOAD (LB)
, Y FLIGHT NO. REF (4)
zlz|z
5 5 z|ziz|lzez|2z GORELENGTH (FT)
6 YeY|Y|Y SIGMA
7 (X SIGMA SOURCE REF (5)
] 8 zZlz|zez|z DUCT AREA (FT?)
9 Y|Y|YeY DUCT LENGTH (FT)
; 10 {X|x NO. OF DUCTS
- |
! ! 7 11 zlziz|z TAPE STRENGTH (LB)
¢ 12 Y[Y!Y NO. OF GORES
! ; 13 XeX|x SHELL THICKNESS (MIL)
: ’ 8 | 14 Y|{YyjyYy|ylyl|y DESIGN POINT ALTITUDE (FT)
; 15 [ x| x|x|x[x DESIGN POINT PAYLOAD (LB)
SN 9 | 16 zZ|lzlzoz MAX. CAP LENGTH (FT)
; 17 YeY,Y CROWN THICKNESS (MIL) :
18 X NUMBER OF CAZS T
10 { 10 zizlolz]z BALLOON WEIGHT (LB) '
20 Yy APEX FITTING WEIGHT (LB)
21 XX BASE FITTING WEIGHT (LB)
Figure Cl. Coded Balloon Database. The input array ts U(J, K) and the output
array i8 A(I). The value stored in U(J, K) is the Xth coded integer for the Jt ;

balloon in the file, The value output for A(I) when I is greater than 1 and not equal
to 7 is a real number with the indicated number of digits and the decimal point cn '
the far right of the number unless oc*herwise noted. (*See Section C6 of this i
appendix)
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C4. SYSTEM

This program is wi itten in BASIC programming language and i8 configured
to run on run HP9830A (: 308 word, Read-Write Memory) with an HP9871A impact

printer,

C5. OPERATION

The program is stored on cassette number 4, [ile number 3. The scanned
data base i8 stored on files 4 through 19 of the same cassette,

a. Press: LQAD, type: 3, press: EXECUTE

b. Press: RUN EXECUTE

c. The display reads: YYMMDD? Type in the date, for example, 821225
(Christmas 1982), press: EXECUTE

d. The display reads: METRIC INPUT? Type in answer, for example, YES,
If input is anything but yes, inputs requested are in feet and pounds (force), not
kilometers and kilograms (force). Press: EXECUTE (See Figure C2).

e, The display reads: ALTITUDE Type in the altitude in proper units, for
example, 100000, press: EXECUTE

f, The displa,; reads: PAYLQOAD Type in the payload in the proper units
(not tncluding ballast or parachute weights), for example, 1000, press: EXECUTE

g. The display reads: DESCENT BALLAST FRACTION Type in the descent
ballast requirement expressed as a decimal fraction, for example, 0,05, press:
EXECUTE

h. The display reads: BALLAST FRACTION FOR DRIVE-UP Type in the
ballast required as a decumal fraction, for exampie, 0,05, press: EXECUTE

i. The display reads: PAYLOAD GROWTH FRACTION Type in the allow-
able payload weight increase as a decimal [raction of the payload, for example,

0.06, press: EXECUTE This value allows for experimenter's underestimate of
the project payload weight (ballast and parachute excluded)

j. The display reads: SUNSET BALLAST DRQPS Type in the number of
sunsets that must be counteracted by using ballast, for example, 2, press:
EXECUTE

k. The display reads: FRACTIONAL SUNSET BALLAST Type in the
average sunset effect ballast as a decimal fraction, for example, 0,075, press:
EXECUTE This indicates that for each night, 7 1/2 percent of the gross system
weight will be dropped as ballast to keep the system from descending to the

ground.
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1. The display reads: BALLAST DROPS FOR CONTROQL Type in the
number of non~-sunset ballast drops (reference Figure 4), for example, 3, press:
EXECUTE

m. The display reads: CHUTE IMPACT SPEED Type in the allowable
parachute terminal velocity in ft/sec, for example, 20, press: EXECUTE

n. The display reads: BALLAST FRACTION Type in the decima! fraction
for the first drop (reference 1 above), for example, 0.06, press: EXECUTE
This display repeats for the nunber of times input tn 1 above,

"ADEQUATE "~ (C¥ 4.,03) 820808

ALTITUDE (Kilometers) S50
PAYLOAD (Kilograms) 200
DESCENT BALLAST FRACTION 0.05
BALLAST FRACIION FOR DRIVE-UP 0.1
PAYLOAD GROWTH FRACTION 0.006
SUNSEL BALLAST DROPS 0
BALLAST DROPS FOR CONTROL 0
CHUTE IMPACT SPEED (Km/Sec) 18

STANDARD ATM, (1966)

‘ADEQUATE  (CF 4.03) 820809

ALTITUDE (Feet) 100000
PAY LOAD (Pounds) 1000
DESCEn{s BALLAST FRACTIUN 0.05
BALLAST FRACTION FOR DRIVE-UP 0.06
PAY LOAD GROWTH FRACTION 0.1
SUNSEY BALLAST LROPS 2
FRACLIONAL SUNSET BALLAST 0.075
BALLAST DROPS FOR CONTROL 3
CHUTE IMPACYT SPEED (Ft/Sec) 20

STANDARU ATM, (1966)

BALLAST FRACTION
0.06v
0.ubv
0.065

Figure C2. Examples of Metric and English Input
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C6. DATA BASZ FORMAT

The data base is divided into groups of ten balloons each, with ten aeparate
! packages of coded information on design and performance, The construction of o
. a coded package is typically like XXXYYYZZZZ, If this number werc decoded
' ag U{J, 7), it would produce the following:
ghell thickness X.XX mil
number of gores = YYY,
tape strength = Z2Z2Z2Z. 1b .

It

. There are five sets of alpha codes as [ollows:

' (1) Balloon Model Codes

E 1 _Sv- capped balloons
f 2 LTV- taped - uncapped balloons
i - 3 TTV- tapeless semi-cylinder balloons !
; f ,S 4 _Cv- cylinder balloons ;
E 2 ': 5 _SP- special or experimental design balloons
: t ; 6 WWW - Winzen International, Inc., dgsign balloons
L \; 7 RRR- Raven Industries, Inc. design balloons ;
) N !
N {2) Modification Codc !
g 1-26 A through Z
;
§ {(3) B:zlloon Payload Rater :
§ 1 A Air Force f
!. 2 N Navy i
3 P Palestine
4 w Winzen International, Inc, J
5 R Raven Industrle:-s, Inc,

6 blank Unknown
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(4) Flight Number Reference

1
2
3

6
7

H- Hollor © AFB

Cc- Chie:. LA

S- Special Series

AD- Balloon Development Series (early AFGL)
wWwW- Winzen Internauonal,' Inc,

NF- NSBF

blank Nume-rical designation only

The value of ZZZZ2Z is input as an integer for certain flight series and as
a real number for certain others: for example, AD-87 (input as integer),
H-81-023 (input as real number, 81,023), The decoding and encoding take care
of the retrieval and storage changes required to interchange decimal points and

dashes.

(5) Sigma Source Reference

1
2
3

e
ewntn TR
S P

U/M SIGMA
Smalley
Not Tabulated
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1000

1010
1020
1030
1040

1050
1000
1070
1080
1090
1100
1110
1120
1130
11ty
1150
1160
1176

1180
1190
1200
1219
1220
1230

124v
125v
1260
1270
1280
12990
13u0
1310
1320
1330

1340
1350
1309
1370
1380
1330
1400
1410
1420
1430
l44u
1450

REM "ALDLQUATE® (CF 4.03 82auG09)

REM INTERNAL CUMPUIATIUNS AND QUL PUT IN &NGLISH UNITS.
REM 1960 510U ArmM. L3 USEL.

DIM A$(180]),C$(35),L%135),E8(35],G8
viM Al21),811u,2]),4(9],Vil0,10},81(

{251
le,8]

AS="ALY1{UVE PAYLUAL GRUWIH FRACTIONAL BUNSET *

AS (43]="BALLASI LRUPS FOK CONTRULCHUTE IMPACT SPEEL *
A$(87)="LESCENT BALLAST FRACILON FUR DRIVE-UP"

REM INPUT STRING ADDRESSES

VATA 1,9,10,17,87,110,95,123,10,32,35,55,25,49,43,67,64,86,C,0,0
REM DECODE Il

OATA 1,1,6,i,9,0.0,v,2,1,9,9,0,4,0,0,3,1,6,5,0,0,0,0

UAT'\ 4,.1 ,11,5 ,0,0 '010'5'3'6"",1'1'1 '8'3'5'3"' 3p2,2

DATA 11,3,4,4,3,3,3,1,14,2,6,6,5,5,0,0,16,3,4,3,3,1,1,1

VATA 19,3,5,5,2,2,2,2

REM 1366 ATM.

LAMTA 9,1013.25,0,288.15,11,216,65,20,216.65,32,22R.65,47,270,65
DATA 52,270.65,61,252.65,79,18V.,65,0,0

MAT READ A

MAT READ 2

MAT READ &

FORMAT B

FORMAL 2

WRITE (15,122v)27,84;

vise “YYMiuub";
INPUL DB

PRINT ¥ "ADEGUALE
PRINY
Cl=63567v0

C2=0, 3u48u37
C3=34.l03195
C4=0,0217484
ChH=u,.80l81lUS
STANDARY

.

(CE #.03) "8

Ly=" (Feet) "
p$=" (rounaus) "
GS="(rt/sec) »

B=y=]

ulisSpr "MLLRIC tnPUL "

INPUTLT C3

1y CS#"Yeb" THEN 1480
pvs=*{niloneters)
c$="(Kilograms) "
G$="(Km/Sec) "

B=3ldu.o

=2 2040
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100U Ros "ADEQUATE® {CF 4.03 82AUG09)

1460 vruR 1=)L 1O 17 8Tbk 2
1470 LF 1l#l3 tdBEn 1510
1480 1° aAl6)#0 THEN 1520
1490 X{7})=v

120U w0 lobvy

4 1510 CS=AS(A[L) ,A[L+1})}
1920 wise C§;

1530 farul XL(L+1)/2]
1540 LF 1.3 AND 1#17 THEN 1650
1580 PRI L C$;

1550 1F I>1 IdbEd 1590
1570 PRINT L33

. 1580 COTO 1630

' 1560 If 1>2 fHew 1620
1600 PKRINT L$;

1610 GUTO 1639

162 PRINT o83

1630 PRINT X[(L+4) /2]
1640 GUTO 1660

165y PHRINT C$,X{(I+1}/2)
lf ) nEXT 1 3

Pt

TP TS, T TV -
3 AT

|
1 1670 PRINT "STARUARD ATM.(1966)'
. 168" A=x{li=s*X(l] L
| ) 1690 X12]=L*x{2] 3
' ,{ 1700 A{9)=B*x1Y]

o TEE T TR TR R T T T PR T sy

171 rl=1/(1-%x13})/(1-X(4])
1720 £F Xls)=V TunN 1830
1730 PRINY

1740 ¢Rinwy

4

1750 rIXeb 3
1700 PRINI *BALLAST FRACIIONT
1770 FOR 1=l 1Tu X8}
1780 vlSpP "FRACTLON";
1790 inNPuUl H7
1800 PRINT H7
? 1810 F1l=F Y/ (. -H7)
1820 oEXL &
‘ 1830 £1=—1+rl/((l-x[7])‘x[61)

o R e e aliag . c SR A A
S S T =3 Mo PR
&

184u DISP “"ERROR";

1850 INPUT C$

' 1860 WRI'T: (1l5,3210)12

f 1870 [F C$ ¥ prsS" 1HEN L1330

s T
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1008

1880
189¢
1900
1919
192¢
1930
1940

1950
1980
1970
198y
199
2000
2010
2020
2030
2040
2050
2060
U0
2089
2090
2100
211u
2120
2l3v
214v
2150
4160
2170

2180
2199
<4200
2210
2220
4239
2240
24250
2200
227V
2280
2290
ATV
2314
2324
2330
2340
2359
2360
2370

RaM “ADEUWUATE" (CF 4.03 82AUG0Y)

A$=" SV-LUV-TTV- Cv- SP-WWW-RRR-0123456789"
AS[39)=" ABCUEFGHLUKLMNUPQRSTUVWXYS®

GUSUB 2450

Bov3

K9=Q

Hl=1le+ub

P8=40

FUR O=¢ 10 19

LOAD  LATA Y,V

rUR H=]1 10 1u

GUSUB 278V

ir A{5)=0 THEN 23080

1 K92y thkn 2050

PRINT “MODEL NU  VULUME MAXIMUM BALLOON SALLAST CHUTE CHUTE DRIFT®
PRINT * PAYLUAD wWEIGHT WEIGHT WEIGHY SI4E SPEED"
PRINY

K9y=)

wis (1+X{5])*x|2)

FOR J=1 1V 5

BE=r 1% (wl+ru+A{lY))

092U .090278=-0.00LB*X (9] *X (9]}
DIINT(U.(L.5094-5QR(2.4632-4%0L Y* (BE+WL+52,778)))/uY)
vd=D 9/

PB=0.09027F‘°”'P8-1‘5354‘P6+f2?778

HEXL J

STaSUK(4* (PB+A|Z ) *A12))/(U9* . %0, '1028))
WilzWl+pg+.22

I wldinraf{d) vhen 2060

A=A [14)

GusUB 2450

B=A{lo])+0,126U5%(a[5])" 3)*(v6~a)

IF Wl <= AfLlS] THEnN 2210

Bsuo*A{Z]-A{lY])

¥ Wl>B tHen 2360

GUSULB 2640

WRITE (L12,2240)C8 ,AL2),0lA (3} ,a(i9]),88,r8,0Y,57}
FURMAT Fl0.U,2X,K7.0,2X4,F7.0,2%X,F7.0,2X,F0.0,2X,F5.0,2X,F5,0
I d7<(wl+A[1lY]) Tuba <350

1F ANCA[I)>INTAL4)] THbw 2290

PRINYE "*"

GULIV 230U

PRING "% ABUVLE TUSTEU LuAL*

H7=A[19]+Wl

KY=K9+ 1

LE K9<51 tHEN 236V

wRIYE (15,1210)12

K9=y

PRINY

NEAL H

NEXE O
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AVIVIV)

« 369
2394
<40V
2410
<420
243v
2440

245u
2460
2470
2440
2490
2500
2510
2520
2530
2544
2450
256U
2570
258V
2590
2600
2610
2020
263V

264V
265U
2560
267V
268y
2690
2700
2710
2724
273v
<74V
2750
LYY
2770

KEM "AULEQUATE" (Cr 4.03 82AUG09)

PRENT
IF Hl=1le+U06 tuenN 243y
CURMAT 5.0

wR1TE (15,2400)"LAST * YILLOS LOWESLT GRUOSS, "H7;

PRINYT " PUUNDS."
VISP "enD"
END

KE4 MUDEL ALM,

M=k |1,1]

psgE(l,2)

X=C2*A

A=U,y0l%C 1*X/(Cl+X)

FUR =2 TU M+]l

J=1 .

sl=0 .

I E{1+)1,2]%E11,2) THeN 2550
E1=0.J0001

Re (l4bli+l,2)-E1L,2]))/(e(1+1,)])-E(1,L1})

IF X<p [I+1,1) THEN 2590

P=pd ((BlL,2)/(EL+E[141,2])) " (C3/R))

WEXT |
T=t{u,2]+R*" (X-&(J,1))
P=p* ((E1J,2],T) " (CI/R))
L=CArp/

8=C5%

RELUKN

KEM Docuvl 1
v=iNTA(L])
CS=AS{avpn-2 atp)
A=A(l) -8

rJR D=l 10 4

1r V<4 THEN 2720
B==29-1dL (A*100)
GUTU 274V

AsA* 10 ’
B=INTA
CS(4+D)=AS [8+29,0+29)
A=d-n

NeXl L

RETUKN
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1000 REM "ADEUUATE" (CF 4.03 B82AUGUY9)
t ‘ 2780 REM LECWLE 11 i
Do 2790 FOR Y=1 10 10
i f 2800 2eu|H,Y|
: 8 2810 FOK M=)l 10 olY,2}
! i 2820 Km=4 (Y ,2%0+1]}
L ;? 283y u=o* (107X)
1 ; 2040 p=inTu
; g 26850 JmalY,1)+i-1
! ' 2660 AmulY,2%m+2|
; L. 2870 Alyj=(u-d)* (lu“"K)
s v ?}; 288V WNEAL M
{ 1 - 2890 NEAL XY r
; 290U KRELVURWN
!
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Appendix D

Equations Governing the Balencs of Forces

- t AlexanderDl assumed linearity between engineering stress and simple strain,
! :
i acknowledged the orthotropic nature of current polyethylene balloon {ilm and j
g arrived at the following two-dimensional constitutive relation: {
g % “m ]
; e =S .M (D1) z
i g ¢ E. En
; ; ﬁ
g
m c
€ 3 - T = v (Dz)
m ‘m h‘c

wherce € is strain, o is stress (1b ft-z) and E is the film modulus (b [t-z). The
subscripts ¢ and m refer to the circumferential and meridional directions
(mutually orthogonal) » the balloon gores and the corresponding circumferential
and machine directions of the extruded tubular polyethylene film used to construct
the balloon gores. The film is assumed Inconmpressible under load and Poisson's
ratio is assumed to be constant (v = 0,679) over the range of balloon use temper-

atures,

D1. Alexander, H,, and Agrawal, P. (1974) Gore Panel Stress Analysis of High
ltitude Balloons, Scientific Report No. 2. Contract FIGB!E-%-C-UIU&,

FCRL-TR-74-0597, AD A009627.
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Force equilibrium in the meridional direction is satisfied by the relationship:

| Fin Mg, M,
, ; O [m + —%h ] - [-w_h-:l €n (D3)
!
where
o Q  is the number of balloon gores
: w  is the gorewidth at the analysis location (Figure D1) (ft)
h is the balloon wall thickness at the analysis location (ft)
: €, is the mechanical slack built into the load tapes (dim)
' Fm is the total meridional load as determined from payload, balloon weight
and geometrical considerations (1b)
Mt. is the elastic modulus of the load tapes (lb) .
t .
l
i
i
’ Figure D1. Balloon Crown Deployment Dur-

ing Inflation and at Launch

Alexander further assumed that the film would deform circumferentially

under pressure, that the shape of deformation would be a circular arc, and that

| it would lie in the plane normal to the meridional stress {(Figure D1). These
f assumptions are continued in the author's analysis, but unlike Alexander's

; analysis, the contribution of film weight is considered negligible and omitted.
1
i

Force equilibrium normal to the surface is thus given by:

78
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: where
! -
5 P s the pressure differential across the Hlm (Ib ft2)
Rm is the meridional radius of curvature of the balloon surface, assumed
b equal for both film and load tapes (ft)* :
R, s the radius of curvature of the deformed gorewidth (ft) . ]

In the fully deployed crown of the balloon, the geometry of the deformation
(Figure D1) ylelds two additional relationships:

! sing = (1 + cm) w/[2Rc] {D5)
¢ = (1 + cc) sing /(1 + cm) . (D6)

The two additional relationslips needed to complete the set of § independent
equations result from 2 material model suggested by Websz and modified as

R

shown in Appendix E. These are:

E 144 E (D7)

] : o 6Q(cc)

th

{ E_ = 144 Eso(em) (D8)

The five remaining variables in these equations, Mt' Fm' P, w, and Rm are
i ‘ evc.uated on the basis of geometrical, thermal, and envirecnmental considerations,
Modeis for these will vary according to the relative altitude of the balloon

JLENPVT S

' analysis, which for this study is taken as the launch site elevation,
; ! Both AlexanderDl and Ranst provide similar models for polyester load
tape modulus as a function of centigrade temperature, At 15°C their results

cpe ey

agree to within 1.5 percent. Where L is the nominal load tape strength, Rand's

muadel is:

M, = [11.334 - °C/15] L . (D9)

*For additional comments on this assumption see Rand. D3
P2, Webb, L,D, (1978) Mechanical Behavior of Balloon Fiims, Scientific Report
No. 2, Contract F19628-76-C-0082, AFGL-TR-79-0026, AD A098937,

N ~3. Rand, J.L. (1878) Design and Analysis of Single Cell Balloons, Scientific
{ Report No. 1, Contract F 8-76-C-0082, AFGL-TR-T8-0258,
. AD A072828.
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Smxal]'.eyD4 provides natu:'a' shape balloon tables which, for all practical
values of £, yield corresponding values of (T/ P)E and (W/ P).. I theae ratios, . ]
T is the total load at the balloon apex (lb), W is the balloon weight (Ib), and P is 1
payload (Ib). Where G is the gross load (lb), the relationship (G/P)E = 1+(W/P)E
allows us to write T = G(T/P) /(G/P)g.

Smallest shows, that for a balloon shape with L = 0,2, the ratio of apex |

L}
- - -
Ao O A SUPTRETSTRSORIINY

ll : loading at launch to apex loading at float for current altitudes of interest is
) approximately 0.716, Actually, the ratio ias a function of both altitude (as inferred
o from b/b d) and shape (C). Development of a functional relationship is possible
and may become desirable, but Smalley's results (Figure D2) indicate that 0,716
{s a reasonable first approximation and that the minimum of the probable range
of values is grester than 0. 639. Further, the quotient (T/P)E/(G/P)E can be
represented by a Sth-degree polynominal that is designated FI(E), such that the

total meridional load at launch becomes:

Fm = 0,7i6 GF,(}:) . (D10)

The differential pressure at the top of a balloon was shown by DwyerD6 to be

; ‘ proportional to the product WPl/sbz/3 where Wp, is the payload (ib) and b is the ;
3 ; specific lift (1b ™3, SmalleyD4 presented u graphic relationship (Figure D3) i
J between the non-dimensionalized pressure and variations in L as well as relative
altitude. The following model approximates differential pressure for b/bd > 20 !
and was derived from Smalley's graphical presentation by numerical methods:

P=ie-e T wp/3p2/3 (D11)

€

An approximation to the solution of the problem of knowing the shape and
efiective gorelength Se of a balloon at launch (the static fully erect balloon) waa

suggested by analysis of Smalley's tables of balloon dimensions for altitudes y
below design altitude (b/bd > 1), For b/bd > 20, more than 70, 000 ft below float,
these data r ~flect ingignificant dependence on L (for normally used shapes) in so

far as the relative gas bubble length is concerned. This is sufficient for nearly )

D4. Smalley, J.H. (1983) Determination of the Shape of A Free Balloon,
Scientific Report No. 2, Contract AF 19628-2783, AFCRL-64-734,
AD 610125,

D5. Smalley, J.H, (1966) Balloon Shapes and Stresses Below the Design Altitude,
; - NCAR-TN-25.

¥ D6. Dwyer, J.F. (1973) Balloon Apex Pressure Differential, AFCRL-73-0632, H
i . AD 774399,
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FULLY TAILORED —-

100 £=02 -
CYLINDER ————
1=0.422 TOP OF BALLOON

—— +

| Q.716
0.639
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| v Figure D2. Relative Meridional Stress at the Top and
: Bottom of a Balloon That is Below its Design Altitude

all presen* balloon flights. The gas bubble length, or effective gorelength, is
defined as the tota! gorelength S)« minus the undeployed length (Figure D4). For
large fully-iailored balloons, the type with which we are concerned, the weight

of the undeployed [ilm is cffectively the same as added payload in so far as ballcon

FgrY

shape is concerned. Numerical aralysis of Smalley's data yielded the following

approximation:

" R i

(D12)

Se =5 [0.8975 - 0.2325 loglo(b/bd)]

e L R

Maoation pictures of balloon ascent bursts (looking upward from the payload
and downward inside the balloon from the apex fitting) indicate that failures occur
high in the crown of the balloon. Upsorp’zin his analyses referred to this critical

f
region as '"the taut cap". Studies on the causes of such ascent bursts by Dwyer D8 i

P o P e

i - d D7. Upson, R.H. (1939) Stresses in a partially inflated free balloon, J. Aero.
R Sci. 6(4):153-156. E—
. D8. Dwyer, J.F., (1965) Some Polyethylene Belloon Statistics, Proceedings
o AFCRL Scientific ﬁmyakgﬁop, AFCRL-66-309, AD 634765. i
B
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Figure D3. Pressure Trend at Top of Fully-Tailored,
Natural Shape Balloon at Altitudes Below Natural Float
Altitude

and Ken‘D9 indicate that this mo.t highly stressed region at launch is potentially
the key to svccess or failure during passage through the minimum temperature
region of the tropopause.

Observations of launches of fully-tailored balloons and experience with
hangar inflation tests indicated that the crown of the balloon at launch was fully
deployed lor a distance of about 0,17 Se' measured from the apex. Alexander,
as shown in Figure D5, found launch stress in some cases to peak in this very
region. Consequently, the point (0. 17 Se measured from the apex) is chosen as
the launch stress analysis point. Since the number of gores is large and the
crown area is flat {for practical purposes), the gore width at this point can be

expressed as:

w = 27(0.1708_1/Q . (D13)

D9. Kerr, A.D., and Alexander, H. (1967) On a Cause of Failure of High
Altitude Plastic Balloons, Scientific Report No. 2, Contract

¥19528-67-C-0241, ATCRL-67-0611, AD 667192,
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From the natural-shape balloon tables, the meridional radius of curvature,
R has been computed at a gore position about 0, 17 Se ft from the. apex for the
useful range of the L shape factor. A model relating Rm to L for a Mull balloon
has been numerically developed, Adjustment for the launch shape is not thought
to he necessary. However, the necessity can easily be verified by determining
the sensitivity of the computed stresses to variations of C in the following
developed model (see line 1270, Appendir G for values of coefficients):

i=6
. i
Rm = CmSeSUM(alE’

(D14)

i=o
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Figure D5. Gore Panel Stress Analysis of a Model
SV-001 Balloon With a 488-1b Payload at Launch,
According to AlexanderDl, The 21, 25-ft location
corresponds to the value 0.174 Se
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Appendix E

A Practical Stratofilm® Model

Pt D S A . e ooaka 20 A

, { The dependency of polyethylene balloon film properties on temperature, rate
, of loading and history (temperature, stiess, and strain) suggests the need for a
; comprehensive model such 39 proposed and studied by Webb, El Restated, his
Eq. 71 is:
- o - [(Kap)®/(1-n)/D )} €277 (E1)
v % ! where ;

—,

u is strosa (ib/in, 2)

is strain rate (in. /in, /min)

is the time temperature shift factor

is the exponent in the power law relaxation function (Webb's Eq. 61)
D, is the coefficient in the power law relaxation function (Webb's Fq. 61)

TR T e
T v e i O, TS A " G W M
= I
-3

3 is the strain (in, /in,)

it i B bl bt & Lt

Taking the natural log of both sides of Eq. (El) ylelds three equaticns:

‘ - ’ Ino = x_+x.Ine (E2)
el L [o] 4
F M I
; %
3 ' f Lo El, Webb, L.D. (1978) Mechanical Behavior of Balloon Films, Scientific Resort_
- it No. 2, Contract No. F19528-76-C-0082, I.-TR-70-0026, AD A0C893T. 1
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= In [(Ka;)"/(1-n)/D,] (E3)

b Xy = 1-n (E4)

Granhs of o versus € for 0, 7 mil Stratorilm® at 23°C for the values of K = |
2.¢, 0,2, 0,62, and 0,002 in. /in, /min were obtained under the Texas A&M
contract of Reference El. The graphs were for bott machine and tranverse
direction (MD and TD) film tests. Averaging (by sight) each MD and TD pawr ‘
1 ) ‘ of curves, 19 equally spaced strain values (0. 005 through 0. 095) were then i
processed (using Eq. (E2)) by regression analysis for each K-value,

The trends in the values of X, and Xy, for the given values of K, were not 5]
} immediately obvious. However, the intention of using the results for a fixed :
! 3 ‘ temperature (23°C) and »t low strain rate would diminish rather than magnify the
b

errors of any reasonably inferred trends. Thus we have.

E { ‘ x, = I (1222 65+ 0217, (ES) |
j
: { x, = 1-1In(1,34 k00869, {E6) j
P !
: |
§ - Therefore, we can express the secant moduius, E(K, €) at 23°C us: ]
5 i
i
£ é n222 K0. 0217 i
P E(K, €) = . (u)
( 3 ( In(1.34 KO- 00869, , !
i i
t
/ ?
i

Selection of a proper strain rate and reasonable relaxation effeciuc must still
e made, The stress lavels and respective strain {evels in the crown area con-
tinuously change (even 2fter inflation is completed) vp to the time when the bubble
is released to tue vertical {dynamic launch). Since we have selected this poins !
as the design point, and since the time to reach this paeudu-static state is gener-
£lly sbout 60 n {n, the strain rate K selected is the strain of the pseude-static
state divided iy the time, 6C min, QObviously the rate will thua di*fer for the
meridional and transvetse directions, and K becomes an output -vhile 0 min

becomes an input.
Meridional creep in the crown area is avcompanied by increased circum-

ferential strain., Also, relaxation of the circumferential stress results in
increased circumferential strain in the bowed out section of the gore panels. The

apparent secant moduli resulting from thuese interactions are elfectively reduced.
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Comparing the model generated moduli for a variety of times and rates
indicated a trend toward a limiting value, thus implying that the use of variable

strain rates and constant time to achieve a pseudo-static state effectively accounts

for any creep and relaxation. 3
The resultant model* becomes on substitution of €/60 for K:
) Bgole) = 6608 ~(27T+n /115 (E8)
‘ The stress strain relatiocnship resulting from this model becomes: i

(88-Ine)/115 (19)

JG'J(C) = G608 ¢

Fquatiuns (8) and (9) were used to produce the results shown in Table El.
The models ceveloped in this aanner could have been, if required, more
accurate and comprehensive, First, data could have been analyzed separately

——r < o S

' ‘ for the MD and TD directions and then, given a., as a function of temperature,
g T

; equations 3, 4, 5, and 6 could have been used to define D, as:
| z
- { (Ka )l-xl ;
. . D, - _— (E10) i
:, 1 XXy 1
‘ |
| ) 1
1
|
A i
; i
|
o ,%
} 3
: 1
. 1
L |
B v ’ J

'n Te ;

SO “For use in Appendix D, Eﬁo‘.z) must be multiplied by 144 inz/ﬂz.
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Table E1. Numerical representation
‘ ! of Eqs. (8) and (8), LGT(MOD) is the
y log base 10 of the modulus

[EE A i - . B e e D
W . R R B e T
R .

; STRALN SIRESS MHJUWULUS LG (MOD)
in/in vsl ¥sl
0.002 4l 20318 4.308
0.004 74 18532 4.268
{ ‘ 0.006 105 17494 4.243
: 0.008 134 16763 4.224
; } 0,010 1v2 16201 4.210
v.012 189 15746 4.197
. 0.014 215 15364 4.187
: 0.016 241 15036 4.177
; 0,018 265 14749 4.169
! 0.020 290 14493 4.161
| 0.022 314 14204 4.154
b V.04 337 14055 4.148
i 0.020 36U 12864 4,142
: 0.028 383 13689 4.136
' U.030 400 13520 4.131
0,032 428 13375 4.126
P : 0.u34 450 23233 4.122
(o ' 0.036 472 13161 4.117
) 0.038 493 12976 4.113
{ ‘ : 0.240 514 12857 4.109
: 0.042 53% 12745 4.105
‘ 0.udd 5.6 12639 4.102
: J.046 577 12538 4.u98
' 0.045 597 12441 4.095
R J.uUsd vl? 12349 4.092
- . 0.052 633 12261 4.089
L U.u5%4 658 12176 4.u8b6
; § v.050 677 14093 4.u83
. U.,Us8 047 120617 4,030
% j U.uouy Ite 11941 4,077
§ a 0.002 736 11869 4,074
4 ’ uU.Uoéd 155 117934 «.072
; J. Uoo 774 11731 4.u69
b ¢.00d 793 lloos 4.007
: 9,070 412 11602 4.065
$.072 331 11540 4.062
J.ul4 50 11439 4.060
: u.07e 868 11422 4,058
C b 9.907d ERY) 11 366 4.656
o V.08V 405 11311 4.054
b v.u82 923 11258 4.051
v u.0d4 Jal lilcevo 4.u49
4 o 0.u¥o 359 11156 4,047
¥ o U.odd 977 11107 4.046
¥ S U.090 995 11059 4.054
: J.09¢ 1013 1101 4.u42
'.‘ % J.uyd 1031 ludob 4.4V
wo b J.0%0 1048 10921 4,058
: J.uvd 1U66 U876 4.u37
b 9.100 10b4 10345 4.0135
St —
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Appendix F

Duct Design Considerstions

—————— e rra—

‘ ] Researchers at the University of Minnesota (U M) developed the standard
f { pressure relief duct to vent the excess lifting gas needed for ascent, It replaced
the open base appendix which, although it also prevented balloon burst due to
excess overpressure as the balloon system entered float, had the distinct disad-
vantage of ingesting air, This ingestion of air, caused by the negative pressure
at the base of the partially inflated (ascending or descending) balloon, increased |
the venting back pressure and presenied thern.odynamic problems.

The back pressure created as a result of the venting process wac related to
the bursting pressure of a sphere with a diameter equivalent to the construrted
diameter of the balloon. F1 For a given ascent rate, allowable film stress,
inflatant, and constant atmospheric scale height, the relatiouship reduced to:

A = (‘DZJ-—?— , (F1)

where z‘

|

A is the total elfective duct area (rtz) ;
D is the balloon diameter (ft) i
G is the weight of the displaced air (Ib)

Fl. University of Minnesota (1954) Progress Report on High Altitude Balloons,
Vol IX, Contract No., NONR- .

91

T ) . 1 . R PR
T - . B S AT N Vi ELTGRLEEN
= - o ™ e -

7
Ly L
s snmi o A A8 ke Brhoasis o deints 8038 ¢ ; 3 mid
AN e e = B SOEIE ST CNT SRR FRSNIDOT P NAFOR. ORI PRP U PII SITY B 5-Y YU -y = o0




LR P,

[3

nT . ) A e e I AR

t is the film thickness (mil)

¢ {8 a constant .

This model may have provided needed safety margins in the days when
polyethylene balloon Beams were weak and frequently unreliable, but today the
film and seam strengths are high, and reasonably indistinguishable, Further,
the applicability of a spherically equivalent stress situation at the maximum
horizontal diameter is precluded by the meridional stiffness ol the seams. Even
without load tape fibers the seam, backup tape, and tape casing significantly
{nfluence the stress and the stress distribution in both chamber test modal‘.lF2
and in computer aided balloon stress analyses.* Obviously then the U M model
cannot accurately represent the stresses (due to venting) in today's large, tape-
reinforced tailored polyethylene balloons.

Ignoring the U M stress model and concentrating on the overpreasure {tself,

we find that the U M relationship yields:

(F2)

A P is the venting overpressure (lb/ftz)

v is the balloon volume (rt3)

v is th.: ascent rzte (ft/sec)

p is the specific weight of the inflatant (lb/rt3)

g is the gravitational constant (32.1741) (ft/secz)
h is the atmospheric scale height (ft)

is the total effective duct area

For very small venting overpressure and equal air and gas temperature, the
specific lift of the gas, b, is proportional to the specific weight of the gas and
Eq. (F2) becomes:

viy %

AP = 0.12608 ——3—5 . (F3)
:Zgh0 A

*Rand, J.L., private conversation,
F2. Alexander, H,, and Weissmann, D. (1972) A Compendium of the Mechanical

Properties of Polyethylene Balloon Films, entlfic Report No, 2,
Contract FIQG!E-%Q-&-GUEQ, AYCRL-T2-0068, AD 746678,

0
LX)

e e

T
T T
Radie

S

e 4
pu)&fm“--__;m..u'-‘u%mﬂﬂé ke e it o bbb Bt oot e 3.l 0. ...-n...,i_ -




Dilferential pressure at the maximum horizontal diameter of a fully inflated
natural shape balloon is the product of the specific 1ift and the distance between
b the height of the plane of this maximum diameter and the base of the balloon,
This latter distance is pruportional to the cube root of the balloon vwolume. The
proportionality f{actor, k}:, is dependent upon the value 2f L applicable to the {n~
Nigkt deformed volume, This yields the relationship:

AP =akbvi/? (F4)
' ’ where a 18 the ratio of valving back pressure to the pressure at the maximum
diameter.

Without yet considering the stress, we can relate the effective valving area
to the fractional back pressure by eliminating A P between Eqs, (F3) and (F¢) to
yield:

{ A dynamic model was developed to evaluate the results of Eq. (F5), The UM
appendix flow model was used in conjunction with the hydrostatic equation ta ]

develop the dynamic model, Further, it was assumed that the ascent rate would i
be constant, the air and gas temperature differential would be constant, and the

Y . - ~ A
. ~——t— e PNy

! i
i i atmospheric temperature and pressure would be in accordance with the 1962 U, S, i
f ; Standard Atmospaere modei, These seemed reasonable on the basis of prellmi-
i nary work that indicat~d that the pressure would peak within about 15 sec after ;
i the start of valving, The following equations constitute the dynamic models k
oo oyt A ; ; . j
P2 = (P2 12)12 v \f (ZgRu !\12)(1’2 I'Q(F‘2 - Pl)) (F6A) 4}
p - / i , |
] " P, (‘\ll RP, T v (F6B)
;
: ry - vl (F6C) :
3 i
. Ty = vl (F6D)
..-"
S
s
1 where
'; i P  is pressure (lb/rt?‘)
'y
) % 93
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|
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T is temperature (OR)
b L  is atmospheric temperature lapse rate (OR/ )
A s effective duct ar<a (l’t"’)
' V  is balloon volume (rt3)
’ v, ia the ascent rate, corstant (It/sec) g
g ie the gravitational constant, 32,1741 (ft/sec”)
R, ia the universsl gas constant, 1545,31 (rt lbr/OR/(lb-mol))

‘ M {8 molecualar weight .
The symbol . denotes a time derivative,
Suksacripts 1 and 2 refer to air and gas respectively. 1

Equetion ¥6 (A-D) was solved [or duct area {0 = fixed a value over the follow -
ing ranges and intervals: i

aititude - 70, 000 (10, GOC, 1=, QO 1t
| system weight - 2,000 (1,,000) 8, 000 1b
ascent rate - 10 (5) 20 ft/sec

{ ' The resulting valving areas vere ~ompared with .reas computed from Eq.
. (F’5). Her- it is important to note that the atmospheric scale height ho at an

altitude Z is ihe distance upward from that altitude to the point where the atmos-

{ pheriz preasure {8 reduced by one half of {ts value at altituue <., and that 2'\0 is

‘ not constont in the standard atmosphere model 8ee Table F1), This variation

! > was included in Eq. (F5) computations and the ratios were constant to within §

i percent. - !
: Table F1, Ratio R of Currently Used 5
‘ Duct Design Coclficiznt to Effective ]
Coefficient Derived Using Eq. F7. Z ;
oo is balloon aititude in feet; b, i8 atrius- |
; pheric scale height: @ {8 atmospheric |
{ ‘ terap, rature in SC I
‘ |
r P h, 6 1w .
f o ovo0 | 14230 | -52.209 | 3.99 |
] : 9000u | 14430 | -49.18% | 3.99
] | lUulUu | 14620 | -46.165 |} 3.98
1:00Ud | 14720 | -4u.71a | 3.30
‘ ! 120u00 | 14600 | =32.273 ) 3.70
. i39uu0 | 15000 | -23.840 ] 3.62
E Bl 140000 | 15320 { -45.415 | 3.5%
4 v 15u0ul | 1o6JuY) -5.996 1 3.46
R 1hoouo | 16720 | =-2.500 | 3.47 :
é - L7euou | 17780 | -z.ou0 | 3009 1
\ ! " !
i )
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Thus while the U M stress modcl is probably congervative, the back pressure

‘ model appears consistent with the more complex dynamic model when the variable
[ atmospheric scale height is introduced. One apparent question is what are the 5
i consequences of admitting changes in the other Input variables. This analysis 3
fallows, i
i ! The current duct deasign model follows directly from Eq. (F1) (Eq. 12 on
f page l[-36 of reference F1). The value of the Eq. (F1) constant now in use is 1
; ' T = 2,76E - 05, It appecars to represent the following assumption:
, F = i, the [ractional bursting pressure
]
! ' : M = 28.9, ingested air is being valved ;
3‘ ho = 2,0E + 04, the atmosphere scale height (ft)
| t v, * 0.7, the ascent rate (kilo-ft/min) i
Pl T = 1600, film strength (lb/inz) . i
b
- The equivalent of Eq. (F1) then hocomes:
. ‘v 4
: ~ 0 M 211G
| A =515 [T—-‘o ‘fﬁ- ]u 1’: (FD)
. ' g where
D is the balloon naximum diamet - (ft)
G s the gross inflatioy (1b) ’:
t is the fihn thickness (mil) :
]
Balloons today, with the standard duct design, seldom ingest a significant :
volume of air; this suggests that the value of M should be 4 (helium) rather than ‘
28. 8 (air). Further at the higher altitudes in the troposphere, the ascent rate
into lMoat is generally on the order of 500 ft /min. _Without changing F, we are 4
. left to determine the contribution of the term 1/ Tho . i
i Roth the film strength T and the scale height ho are functions of altitude, h0 {
‘§ directly and U because it is a function of temperature that varies with altitude, 1
1 Substituting the values of 1, 0.5, and 4 for ¥, Ve and M respectively, and
a0
f; approximating tensile sti-ength by the madel ™ 7 .
i i
i |
! T 179375 - 30.93758 (¥8) ‘
1
[ ’ where 8 is the atmospheric temperature in degrees centigrade, we can compare
', the equivalent value of 0 with the current value, 2,76 - 05, Table F1 gives the
results, It shows that with the conservative stress analysis based on the assump-
] .
5 tion of sphericity, the present duct areas are about 3, 75 times the minimum
: :
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! effective area. This corresponds to an effective duct diametei that is about one

half of the constructed duct diameter (a rescommendation found in the U M work).
The U M recommendations are applicable to duct dlameters of a few feet and may
be too conservative when using diameters of 14 ft.

How conservative the present U M model is we do not know, but a sound
engineering basis for duct design must ultimate.y depend on a sound analysis of
the stresses and strains in the balloon shell and the tapes at ceiling altitude.
Needleds to say, adequatc tape and biaxial film characterization are implicit in
any such model,

Whether or not eignificant saviny in weight can be made, the usc¢ of many

' small ducts as oppcsed to significantly fewer large ducts means potential degra-
dation of very thin film balloons due to excessive production handling during the
hand installation of the ducts, The use of 150 ft2 ducts in place of 40 and 50 l‘tz
ducts on the very large balloons now using 8 to 10 ducts can reduce the number

8 of ducts in some cases by four or more; for example, model SV~022 has vight

40 ft2 ducts. Four ducts of 110 ftz each would provide one duct in excess of the

required area at a saving of four ducts; the balloon shell was 0. 45 mil thick.
Tables F2 and F3 con rare some existing balloon duct designs with the

results of Eq. (F1) (for C ! T6E - 05) and Eq. (F7) increased by a factor of

{ 3.175. _ :
i
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Table F2. Duct Area Comparisons,

welght of the balloon.

"WEIGHT" is the
Under "TOTAL DUCT AREA",
I represents the as built area, Il represents the solu-
tion using Eq. F1, and III represents the solution using

Eq. F7

TOTAL DUCT AREA

MULL L U vublyirit WEIGHT I, II II

1e3 lbs  tt2  tt2  tt
SV=04J1a 5033809 1340 120 107 38
Sv~=002 26611706 1070 120 60 6l
Sv-004 30272377 1530 5950 372 362
sv=-005 10578059 1339 16v 169 158
sv-006 26600000 2695 400 452 427
SV=-0u7 6677900 2470 180 189 172
Sv=-0u8 3740000 24490 300 208 191
avV=04J9 10574059 2150 200 140 166
3v-010 37736556 1910 600 475 463
Sy Ull 45380010 2840 600 563 54k
5v-9012 217170000 1700 300 285 273
Sv-0l4 195500000 18490 o0 294 274
V=015 21680000 2145 4C0 375 354
Sv=ulbA 11620090 1240 200 215 203
SV-0178 5142712 1600 120 120 111
Sv-018 36358354 569 80 32 75
Sv-019 5136400 1470 120 117 108
Sv=0u20 11617429 1240 200 221 207
ov=021 47815660 1772 600 538 579
BV-022 23694910 1460 kP 373 358
LI'v-001 13486530 1425 200 171 162
Liv=-902 43490064 740 100 67 62
LTV=-003C 2945571 11lv 75 51 47
LiIv=-0415 642729 356 44 10 9
LYv=-006 50333809 1120 120 21 &3
LIv=007 2012003 800 60U 35 33
LEV-u48 273600 239 18 h 6
Li'v-00Y 516000 340 20 16 9
LIvV=-0104 859000 4490 40 15 13
Liv-ulla 1840000 525 v 31 29
LTV=012 4390000 925 71 65 61
Liv-0l3A 29001 35 995 0l 52 A
Lrv-914 2003675 1030 50 4y 39
LTV-018 355900 260 20 9 8
Liv=-019 623000 Jou 30 13 12
LIv-02u 145026 133 10 3 3
Liv=i21 26494895 200 20 [ 5
Llv=-022 449183 200 20 9 8
Liv-023 1575005 440 40 28 26
Liv-024 1110000 545 50 2 18
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Table F3, Duct Area Comparisons. "WEIGHT" is the
weight of the balloon. Under "TOTAL DUCT AREA",
I represents the as bullt area, II represents the solu-~
tion uaing Eq. F1, and III represents the solution ueing

Eq., ©7
TOTAL DUCT AREA
MuLEL U VULUNEL WEIGHT I 11 11X ‘
fe3 lbs £t2  ft2 2 .

LTV-02€ 2369069 800 50 47 43
SP-001 3016600 318 60 57 53
SP-003 711460 780 40 25 21
SV-500 26085893 2588 500 469 441 ]
Sv-501 27988324 3416 600 532 494
SV-502 29008952 2470 625 529 502
SV-503 33325200 3041 625 575 547
SV-564 25690000 2113 500 456 432
SV-305 25980000 2607 500 476 448
SV-506 28048674 4507 600 580 533
SV-507 25840000 1939 500 491 383
3V-508 26463000 2853 600 535 501

) SV-503 30390000 4650 600 590 542

: 5v-510 31210000 2733 €00 598 566

. : Sv-511 31154200 2376 600 520 495

{
i

S5v-512 30820000 2541 500 4381 458
! 5v-513 33120000 2425 600 582 52
’ ’ SV-514 31150000 2800 500 529 503
Sv-515 33500000 4300 600 580 534 ,

oot Sv-516 31650000 2116 600 475 454 ;
o SV-517 34090000 37132 600 575 540 :
o ~ SV-518 34311500 4306 750 668 620 :
Sv-519 37780000 2070 700 600 576 !
5v-520 36100000 2235 600 506 488 ;
Gv-521 39590000 5064 800 76V 704 . :
5V--5213 45840000 3089 800 789 751
SV-~524 47012000 4064 1000 966 914
5V-525 70700000 2974 1200 1128 1093
5V-527 30500000 2498 500 476 453
§v-523 36700000 2478 500 568 544
5v-529 50310000 2956 800 732 703
- SV-530 52600000 3223 900 839 802
= ; $V-531 26400000 2706 500 448 422
‘ ‘ SV-532 35850000 2083 400 465 450

: SV-533 36350000 2600 500 577 552
i $V-535 46090000 2937 700 (1.1 658
i §v-536 30160000 1355 400 359 347
Sv-522 42500000 500V 750 744 700
8V-526 331000060 3660 600 514 483
5V-534 33858500 2000 500 490 ‘Z}J
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Appendix G %

Program ""DESIGN-11"

Gl. DESCRIPTION

This program takes balloon mission requirements and develops therefrom a
balloon system including ihe halloon design, the vequired ballast weight, and the

size and weight of the requived parachute,  Values of pre-launch static stresses

'Mﬂldﬂ”'\ﬂ”,ﬂa‘ R L T A7 ) G AT N 4

AR >

and the "shock index" (see dynamic loading index, Section 5,2) are output for

[

comparison with current design allowables, and the option to redesign and change

film thicknesses, load tape factor, and maximum gorewidth is offered. 1If the

loadings are acceptable. the design and stress analvsis data and a table of payload

and altitude arve output,

G2, METHOD

The program assumes a balloon weight, computes the shupe from the relation-
ship between the shape (£) and the balloon weight -payload weight ratio, recomputes

the balloon weight from the input and the computed shape, compares the two i

balloon weights and reiterates the process if the weights are not within tolerance.
In the reiteration, the computed balloon weight is substituted for the assumed
weight, The shape characteristics are computed using, for the most part, sixth
. degree polynomials derived from Smalley's tables, ‘
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The analyses of stresses ave based on variations of Alexander's approach
(Appendix D) and refinements of Webb's materials characterization (Appendix E).

G3. SPECIAL CONSIDERATIONS

The following assumptions underly the solution process:
a. 1962 U.S, Standard Atmosphere

b. 500 ft/min ascent rate when venting through ducts

¢. 23°C launch temperature

d. 1004 Ib/in® safe stress level

e. 60-min stress-strain relexation time ) b
f. 12 percent free lift :
g. 0.0659 Ib/ft> specific lift of helium at launch ;
h. 0.005 1b/ft>/mil balloon film weight factor

G4. SYSTEM

This program is written in BASIC programming language and is configured
to run on an HP9830A (3PU8 word, Read-Write Memory) with an HP9871A impact

printer.

GS. OPERATION

The program is stored in two parts on cassette number 4, files 21 and 22,
File 21 contains the input and design and analysis sections and file 22 the output i
statements, The twc files are connected by a "link" command that is automatically :

S ok K e 4 A il s e s i Mo Akl 1o ot K bkt e ) o

activated by the program. 1

a. Press: LOAD, type: 21, press: EXECUTE

b. Press: RUN EXECUTE

c. The display reads: ALT? Type in the design floating altitude in feet, for
example, 100000, press: EXECUTE

d. The display reads: MIN, DSGN, MAX? Type in the minimum payload, the
design payload and the maximum paylead, each in pounds, for example, 1000,
2000, 5000, press: EXECUTE . Note that the design payload can be assurmed to
include the weights of ballast and parachute, in which case the entry must be an

O T O SV W VR

integer. If it is required that the design payload be instrumentation only and that
ballast and a parachute be computed, then the design payload should be entered
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a8 the integer part of a mixed number, such that, where P9 is the code for the
design payload, P9 # INT(PY9), The function INT (X) computes the integer part
of the number X. If the design payload was entered as an integer, then the
machine will skip (e¢) and respond according to () following.

e. The display reads: % BLST, CHUTE VEL? Type in the total hallast as
a fraction of the system weight (see Section 2, 3) and the allowable terminal
velocity of the recovery parachute in ft/sec, for example, 0,25, 20, press-

EXECUTE
f. The display reads: SHELL, CAP? Type in the shell film thickness and

the cap film thickness each {n mils, for example, 1.5, 0, press: EXECUTE,
If the cap thickness entry is 0, then the design will proceed to yield an uncapped
balloon.

g. The display (after a brief computation time) reads: LO(5), QO{101)?
Type in the ratio of total load tape strength to tape load at the apex at float alti-
tude for the maximum payload (normally five for the first estimate) and the

allowable maximum gorewidth in inches (normally 101), for example, 5, 101,
press; EXECUTIZ . After a signilicant computaticn time, the printer will
output the following names and their corresponding values: SIGMA, SHOCK
INDEX, STRAIN (meridional and circumfercential), STRESS (meridional and
circuraferential in 1b/ix12), % TAPE STRIINGTH (for pre-launch loading), LO,
QO, T6 (shell thickness in mils), and T7 (cap thickness in mils).

h. The display reads: SHELIL (OK:0) & CAP? Type in the new thickneases
in mils {or the shell and the cap, for example, 1.2, 0, press;: EXECUTE . Any
enbry for shell thickness, other than 0, causes the program to reiterate and
requires new inputs beginning at (g). Thus, the film thickneases can be changed
or they can remain the sarae (re=entered under this step) and the stresses reduced

by increasing the value of 1.0 or reducing the value of QQO, (or both) under the
reiterated step g, If the entry for the shell thickness is 0 and the entry for the
cap thickness is any arbitvary number, file 22 is automatically linked and the
design and loading analysis data output. In addition, a performance table of

payload and altitude and the design point [for use with Eq. (2)] is output,
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10w

101y
o2y
103V

o4y
1050
100y
1070
1080
1030
1100
1110
11290
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270

1240
1299
1300
1310
1320
1330
1340
1350
1360
1370
1380
139
law
1410
1420
1430
1440
1450
l460
1470
1480
1490
1590

REA "uudIGN-LI(A)" (C¥ 4.21 82JUL29)

Kool TEIws230, STRALN TIME=6U MIN
WY FLUALY BN'TRY SPEELV=S00FPM, FREE LIFT=12%
vid afd),ely,2],u(4,7])

Red (Acap/A) =FCn (SIGMA, R)

DAFA -0.195390893,-0.952939499,0.819023889,0.531211894,-1.633868387
DATA 1,118915175,-0.248342045,0.19664587,4.644428949,-3.24841125
DATA -3.472493627,7.232507341,-4.259334618,0.785900199,3.383232482
DATA -5.630204025,4.076038773,5.564315562,-10.05391706,5.494091207
VATA -U.859152769,-2,393958901,2.952718136,-1.645782348,-2.706391858
VATA 4.499000036,-2.23485346,0.325235255

REM 5Tu. ATM,

VATA 9,1vl3.25,0,288,15,11,216.65,20,216.65,32,228.65,47,270.65
VATA 5£,270.65,61,252.65,79,180.65

REM SIGMASFCN(W/P)

DATA 0,0.375469014941,-0.061 :44739632,0.0179374540922

DATA -1.83972293864E-03,2.25926217923E-04,-1.46417871814£~05,6

REM (V/S"3)=FCN(SIGMA)

DATA 0.12605508,0.061374109851,-8.63907397454E-03,-0.09°740353
VATA 2.U80087807233,-6.0680228217E-03,-0.0101107457963,6

RiEM (A/S572)=PCH(SIGMA)

DATA 1.235984785,0.,3889874254,-0.048794261,-0.374649865

DATA 0.1451693335,0,196113802,-0.1170171769,6

REM (T/5)=FCN(SIGMA)

DATA 1.560420909,-0.798290024,-0.036815992,0.640557679,-0.318218051
DATA 0.012582683,0,5

REM (R1/S9)=rFCn(SIGMA)

DATA 0.28202,0.13557,0.7319,-3.34086,6.20111,-5.42733,1.81098,6

MAT Roab U

MAT ReAV B

FORMAT B8

FORMATL 28

WRI1e (15,1310)27,84;
RAD

13=0,0659

ulsy

50=1004

nN1l=0,679

Tu=Yy .8

Wo=u,005

wW9=1000

UispFduvis(

VISP “ALT.";

INPUT HU

DISP “HIN, uSGN, MAX "3
LNPUT +U,P9,P

P3sp

PS5=pU

IF P9 >= PO THEN 1510
P9=y

Gorv 1530
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LOUU ReM “"DESIGN=-LL(A)" (CF 4.21 82JUL29)

1510 I P9sluley Tdeod 1560

: 1520 D3=INTP9

1530 vlaP "¢ sLST, CdUrkE VEL "3
1540 INPUI HH,VV

; 1550 D7=0.U90278-V.0U28%Vu"2

[ 1560 LISP "SuHeLL, CAP ";

{ . 1570 1NPULY T6,T7 ]
b 1580 18=16+17

§ 1590 sB8=FnNAHY

1600 CB8=1793.75-30.9375%*12

. 1610 K3=K4=KY=RT=0
1620 Ké=1230

n 1630 K2=ro2 (H0-5) ~FNA(HU+5)
‘ 1640 F=d0-15000 1
| 1650 Kl=r'nAF-2%83 '
{ . 1660 K7=FnuL{-<1) '
' 1670 IF K6<1l0 Thiw 1090

i 1630 If K7=2 THeN 1650
1690 48=d0-t

1700 wWl=swWS=U
1710 P3=yinePy
1720 ISP "LO(5),u(lol)*;
. 1730 loPUD LO,Q0

d 1740 wWo=nwY :
1750 (F PY>0 AwD PY=inTPY THEw 1820 ;
176U WS5=FH% (W8+r5)/ (1-+8) i
. 1770 IF VO=y THbN 1810
Co ~ 1780 R7=(1l.5694-SQR(2.4632-4*D7*(52.778+PU+WS)))/D7/2
: 1790 wWl=0.090278*R7"2-1.5694*R7+52.778 ;
| 1800 WS=F8* (WB+P5+Wl)/(1-F8)
1810 PB=PS+Wl+wW5S
1820 RESTURE 1150
1830 Y9=d8/ (PU+A])
1840 21=PNE(LOG{1+Y9))
LS50 VisPNESL
“ o) RESTURE 1150

i) 4 2P QE (LIG (1+w8/P8))
ldu) V2sEnEs2 :
1890 1F P>0 Il 1910 i
1900 P3=pd
1910 RESTURE 1150
1920 43=FNE (LOG (L+w8/P3))
1930 v3i=FnEZ] :
1940 S8=(((Wo+PU+WL)/V1+(PB-PO-W1)/0.12605)/88) “(1/3) ;
1950 R=3*(l,12%v3i*ud/s) " (1/3)
1960 R8=0.007+(V1-0.095*SQR(V1/0.13))"(1/3)
1979 RESTURE 1210 ;
198V S=FuEZl
1990 WIsnO*T7*PNC(R)*S*S8"2
2000 Wo=WO* ' Po*S*S8"2

T T e TR

W ey -
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100U REM "UVESIGN-IIL (A)" (CF 4.21 82JUL29)

T

; 2010 U=l+inT {24*PL*S8*R8/W0)
' 2020 Le2S*INT(L+LUPNEL3I* (WB+¥3)/0/25)
k { 2030 wW2=ial{0.5+(V.00279879+0,.000009837*L)*Q*sa8)
I
i

. 2040 A5=97.36* ((RB*58) "2)*SQR( (P+W8)/C8/T78) /28
| 2050 PT1=A8/Y9

: 2060 Us{ (WB+P7)/V1+(P-P7)/0.12605)/58"3

1 2070 vB8=(wWd+p)/U

2080 MO=150

2090 QL=2+INT(AS/MO)

2100 IF gl-1 <= 6 TdBEnN 2130

2110 MU=2,25*My

4120 GUIU 2090 E
| 2130 M0=A5

- R e T Pt 3 o e

. ‘ 2140 A5=10*INT(1+A5/10/(Ql-1)) 3
2150 X8=0,425*38 :
; | 216U W4=l.1l¥Q1* T6*WU*XB*SQR(4* PLYAS)
: 3 2170 W3=0.U475*S8
cd 218U U9Ym (Q*S8*W0/L2) ¥ (T6+RETT)

| 2190 L8=ud=y ]

| 220V 1F S58<315 rdben 223V "

1 2210 LBsl+lar(S8* (Ll-Rr)-5) F
f 2220 UB=B*WO*LS |
y l 2230 WO=30+UB+UIHA2+WI+Wa+WE+NT

i

1 e

2240 1¥ ASS(W9-W8)>0.01*W8 THEN 1740
2250 WB=wY ;

2270 ©=Td/1i0u0 ;
2240 G=1.12% (W8+P3) ;
C 2299 RESTVRE 115V ‘
~ 2300 wernE (LOG (1+WB/ (G-WB)) )
: 2310 v=PFNEL
‘ 2320 59=5d*(0.897455-0,232485%LGT( (S8"3" “B*V/G))
' ‘ 2330 RESTURE 1270 ;
: ! ; 2340 RLI=39*FNEL :
L ‘ 2350 P=(EXRL-BXP (-2 1))* ((G-W8) " (1/3))* (8" (2/3)) i
' ! 230U We2*Pi*0.17*S9/Y
' 2370 RESTURs 1240

S ¢{ 226U W9=2*PINS53*RE/Y

' 2380 Y=FNEL
] 2390 U2sSB* (G-W3)/To/T6
2400 FUS0.TLo*YAz

‘ 2410 KY=Kd=K3i=0

' 2420 K2=9.0000U0001

‘ 2430 Al=L"10/T/W
2440 A28AL*UU+V/ Y/ L/
2450 Ad=pPR] |
246U EUmA2/AL

O S T O SP
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1000 REM "DESIGN-LI(A)" (CF 4.21 832JuL2Y)

2470 K6=0.999998*L0/10 ‘
2430 E1=0.000U01%kU i
2490 Fl=A2-Al*El .
2500 E3=144*%6608*E1l" (-(27+LUGEL)/115)
2510 E2=((l1-N1"2)*rl-El*E3)/N1/E3
2520 IF E2>0 THEN 2550
2530 Kl=1

. 2540 GOTU 2630
2550 E4~14476608*%E2" (- (27+LUGE2)/115)
2560 F6=(A4-Fl)/(E4*RL* (B2+ul*F1/E3))
2570 F7=(l+E1)*F6*nN/2

L. 2530 F9=F 7% (L+E2)/ (1+EL)

. ; 2590 F7=ATN(F7/SQR(1-F772))

i 2600 IF K9>0 THEN 2620

: 2610 F2=3GN(F7-F9)

i 2620 Kl=F2* (F9-r'7)
2630 F=el
2640 K7=PNLK1
2650 Elsf

' 2660 IF K7=2 Tded 2490

2670 R2=1/F6

! 2680 Sleprl

2690 S2eE4* (E2+8L*S1/E3)

2700 ULl=g3% (EL+NL*32/54) :
’i 2710 Ul=ABS ((U1-51)/51)

[

2720 Bl=ro* (E1l-pu)

A e e

. 2730 FIXED 5
~ 2740 PRLINT “SIGMA: “ul
2750 PRINT *5dUCK INDEX: "u2/lE+Uu
276U PRINT “STRALN (M & C): "Bl,E2
y 2770 FIXED ¢

2780 PRINT "sSTwESS (M & C):  “"31/144,50/144
2790 PRINT % rAPE STRENGTH: "100%81

2400 FLXED 2

2810 PRINT “Lu="L0"U0="yo"T6="yo"T7="17 ;
! 2820 PRINT i

2030 vloP "suBLL{uksy) & car ;3
284U LInNPUT Cl,C2

485U 1F Cl=y Tiow 290U

28b0 o=l

2070 v7=aC2

2880 Tuslo+y?

2390 GUTV L72u

2900 wWRILE (15,130u)1le

2910 LINK 22,1330,1330

T T

0
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10U0 Rei "bESIGN-II (A) " (CP 4.3l 84JuL29)

2920 uver  Nu(Kl)

<93V dev BINARY Caup

294V K¥=K9+l

2950 1F Apokl <= K2 1rdenw 305V
2900 1P K1l>U THEN 2990

2970 KismKS5w=l

2980 GOTL 3010

y ; 2990 K5=-1 }
| b JUUU wéd=l

; T 3010 KowK6/(KI+K4) ;
1 3020 F=F+K5%Ke {
I 3030 RETURN 2

; 3040 STUP i

305V K3=Kd=)
3060 RETURN 1

3070 vEF FNA(A)

| 3030 REM ATMUSPHERE
! 3090 Cl1=6356766

: 3100 Cz=u.3u48037

" 3110 C3m34.103195

l 3120 C4r0.0217484

R inadbet i aii A

3130 C5e0,8618105

3140 Hlee(l,2)

; | 3150 X=C2*A

- ‘{ 316U X=0, UUL*CL*K/ (CL+A)

3170 FUR 1=2 TV E(1,1] ;
o 3180 J=} i
P 3190 rlm=u
o 3200 LF ELI+1,2)9e(1,2] THEN 3220
! ~ 3210 F1=0.000)
3220 F3={Fl+EL1I+1,2)-£{1,2])/(E[1+1,1)-E{L,1 ]}
‘ 3230 IF A<E{I+1,l] THEN 3260 7
f ; 3240 Hlsdl* ((E[I,2}/(Fl+E{iv1,2)))"(C3/¥3)) '
[ ; 3250 NEAT I :
{ 3200 H2=E|J, 2] +r 3% (X-E{J,1))
3270 dlmdl* ((E[J,2]/42)"(C3/F3))
32080 HA=CA*hLl/a2 :
i 3290 H3I=sC5+%H4 :
! ‘ 3300 Hl=2.08858%*dl ]
! 1 3310 H2=d2-273.16
~ t 3320 RETURN (d3)
i 3330 s510P

et N ke

3340 vEr PNE(X)

3350 Red PUWER SERIES
3360 MAT REAL A

3370 Y=ail)

3380 FUR 1=l TV A(8)
3390 YsY+A[L41])%K°1

N J4U0 NEXT I i
X 3410 RbEtURe ¥ !
L 3420 sTOP
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] 1 1020 RoM “DESIGN-LI(A)" (CF 4.21 82JUL29)

;

) 3430 vkr FWC(K)

1 M 3440 RE4 CAP APEA SUSKWTINE

5 o 3450 U=0
v N 3460 X=1-R
Lo i 3470 FOR Isl 1u ¢
: : 3480 C=0
] : 3490 FOR u=1 20 7 3
' T 3500 C=C+U{l,u)*2s1" {J=1)
; . 3510 NEXT J ¥
: . 3520 UmU+C*X“(I=1)
i i 3530 NEXT I
N bt 3540 uU=l-y
] H 3550 RETURN U k
! | 3500 Env i
! i !
) _
; } 1
t ; i
1 \ ‘
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1330 REM "DESIGN-1I(B)“" (CF 4.22 82JUL30)

! 1340 REM BALLOON VLSIGN, LAUNCH STRESS ANALYSIS AND
1350 KREM PERFORMANCE TABLE FOR BEST. BALLQOON MBIGHT.

; 1360 PRINT "vutput from ‘DESIGN-1I(A) " (CP 4.21)"
v 1379 FIXED O
b 1300 PRINT
ST 1390 PRINT "TARGET MiN. PAYLOAD "PUO+wl ]
l : 1400 PRIvY "MAXIMUM PAYLOAD *p3
N 1410 PRINT "OESIGN PAYLUAD *po
. | ! 1420 PRINT "ALL. FOR DSGN. PAY. "HO
. 1430 PRINT
[ 1440 FIXED 5
! 1450 PRINT “"SIGMA "1
; 1460 FIXED 2 ]
1470 PRINT "SHELL THICKNESS "6
1480 PRINT "CROWN THICKNESS "pe+T7 :
1490 PRINYT "DUCT AREA *a5 i
1500 FIXED ¢ ;
1510 PRINT "NUMBER OF DUCLS gl ) :
é 1520 FIXED O .
‘ 1530 PRINT "“LUCT LUWER LiP " X8 ,
‘ 1540 PRINT :
| 1550 PRINT "VOLUME (MAKX.) "Vlv*sg“©3
| 1560 PRINT "VOLUME (MIN.) “v8
) P 1570 PRINT
\ 1580 PRINT “BALLOON WELGHT "8
! 1590 PRINT "SHELL WEIGHT " W6 f
. ‘ 1600 IF T7=0 THEN 1620 !
! ~ 1610 PRINT "CAP WEIGHT “Ww7 :
s 1630 PRINT “PArE #2ICH "w2
9 ‘ 1630 PRINT “SEAM WEIGHT 09
; 164U PRINT "ODUCT WEIGHT "We :
4 1650 PRINT "MISCELLAMEOUS WEIGHTS "30+UB+W3 :
‘ 1660 FIXEDL 2 ‘
f 1670 PRLuT
1680 PRINT "GURELENGTH "58
o 1690 PRINT “GURE WIVTH "w9 i
; ‘ 1700 PRINT “MAX. DIA. "Z*RB*S5H ;
! ; 1710 PRINT i
o [ 1720 FIXED O 3
| Lo 1730 IF Lu=0 THbw L1750 i
] P 1740 PRINT “SLEEVE LEwGTH "L8
3 f ! 1750 iF T7=0 THew 178y :
‘ L 1760 FixED 2 ;
: | 1770 PRINT “CAP LLWGTH "R*s8 ;
: , 1780 ¢IxeD 0 ;
1790 PRINT "NUMBER OF GURES "9
: . 180U PRINT "1APE STRENGTH "L
. ' .ﬁ‘
E' pow? ‘ 3
| »
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18109
182u
1830
1840
las5u
1860
1870
. 1840
1890
1900
1910

1920

1930

19440

1954

1960
1970

1980
1990
2000
2010
2020
2030
2049
4050
2000
2070
208V
2090
2100
2110
2129
2130
2149
<150
2100

2170
218V
2199
2200
22’0
2220
4230
2240

T e e

REM “"DESIGN-11(B)" (CF ¢.22 82JULI)

¥ R7=0 THEN 1850

PRINT
PRINT
PRINT

"CHUTE DI1A.
*CHUTLE WEIGHT
"CHULE SPEED

1F Fd=0 THEN 1870

PRINY
PRINT
YRINT
PRINT
PRINY
PRINT

PRINT
PRINT
FIXBV
PRINT
FIXED
PRINT
FLXBED
PRANT
FIASD
PRINT
FIXED
PRINT
PRINT
r1XEb
PRINT
FIXED
PRINY
F LU
PRINY
PRIwY
PRINIG
r LUAYL
PRIAWNY
PR It
PRINT

"JALLAST

3STRAI.N (LIM) 2
gSEC. MUOD,
fRADL\JS (rT) 3

gSTRESS (PS1):
f‘ SAFE STRESS:

(PS1):

3

*2*R7
"Wl
Vo

"W

MERID. CIRC."

“EBl,c2

"E3/144 ,E4/144

“Rl,R2

“51/144,52/144
"51/30/1.44,52/50/1.44

*SHUCK InueX (FUvLe/INT2)1"0L2/1E+00

0
"TAPE LOAD (LB):
2

"% MAR TAPE LUAUL:Z

3

*bl*L

"160%*8l

"REL. SRRUOR IN STRESS: “ul

FTnnt/YY9

d2=B7= (PT+W8)/ (V1*S873)

GUSUB
PRINY
PRINT
PRINY
PRINT
WRiTE

2800

"peSlon PULINT®
“PAYLUAD= "7
"ALTITULE= "¥y
“Sy., L1FD= .2
(15,1300)12
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1330 REA "wESIGN~-11{B)" (CF 4.22 82JULIV)

i ‘ 225U FIXeb v

' 1 2260 PRIWT “PAYLOAU ALTITULE"
l CF 2270 PRINT " (lbs) (teat)"”
2280 PRINT P7,KV

l | 2290 PU=L00* (L+INT(P7/100))

: 2300 FOR P=py 10 PJ3 51EP LU0

2310 s2=87+(P-P7)/(58"3)/0.12605
2320 GUSUB 28UV

2330 PRINT P,K0

o 2340 NEXYT P :
2350 WRITE (15,1300)12
2300 STOP

R el T —

e £ Yk - g

e —
.

: 2370 VBEF FNL(KL1)

: 2380 REM 8lnARY CHUP

1 2390 K9=Ky+l
2400 1F ABSKL <= K2 THEwn 250U
2440 1F K1>0 THEN 244V
2420 K3=K5=l
2430 GUTV 2460

: 244y K5=-1
: | 2450 Kdm)
} ’ 2460 Kb=Ko/ (K3+K4)

2470 FeF+K5*K6
248U RETURN 2
{ 2490 sTOP

2500 K3=K4q=y
2510 BETURN 1

» 2520 DEr FNA(A) ;
- 2530 REM STANDARD ATMUSPHERE . 3
254U Cl-63567v0
2550 C2=y, 3048037
2500 C3I=34,163195
2570 C4=0.0217484
258U CSw=y,Bol8l0n
2590 Hl=p|l,2)
L2000 X=w(2%A
i 201U X=U,UU0L*CL*A/(CLl+4)
i 2020 FOR 1=2 1o E{l,Ll})
2630 U=l
2040 rl=y ]
2650 1F Eli+)l,2ieE1l,<) THEN 2070
2660 Flw=y,00ul
2070 Fim(Pl+u|d+l,2]-Bl1,2))/{eidi+L,i])-elL,1])
2680 Lb X< l(+1,1) THew 271U
2690 HLI=H1* ((pll1,21/iFl+(1+1,2]))7(C3/FI))
2700 NEXT I
2700 H2%E(J,2)+t 2% (K- lu,1])
. 4720 Hlwhl® ((E{v,2)/H2) " (C3/r3))
: 2730 HA=CA*H)/HL
: ‘ 2740 H3=C5%H4
oy 2750 H1=2.088%8%ul

4

e i e s e+

e iade bt

T 2700 H2=n2-273.16
' 2770 ReTURN (1i3)
A 2718u siup
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1330 REM "ueSISnN-XI(8)" (Cr 4.24 820UL3U)

3
i 2190 REM ALL=FCH(SP LIFT)
g i 2800 K3wK4=KY=U :
P 2810 Ko=)3dgy
b 2620 FedU+20000
b 2030 K2=FNA(f-1u) -raa(r+10)
‘& 204U Kl=¥NAF-LZ
L 2850 K7=FnbL(-K))
] . 240U LF K6<1l0 THon 2udy
: 2070 I K7=2 THen 2844
: 2880 Ku=¢
2890 RE'TURN
E . . 2900 EmD 1
f %
; .
i
; 1
b :
b
H
N +
o i
R | i
' ¥ 4
\ !
9
t 1
; ]
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Appendix H
Table of Existing Designs Used in Study

In the following listings, the headings are to be interpreted as follows:

Hending
Model

Volume
Rated
Flown
Flt no.
Gorlen
Sigma
Ref
Area
DILEN
LUNO
Tapes
Gores

Wall

Dimension

I\loanigg

T’
LB

LB

FT

MIL

AFGI. Assigned Model No,

Balloon Maximum Volume

Maximum Payload/rater

Meximum Tested Payload (Successful)
teference for "Flown" Assigned in AFGL Records
Gorelength

Natural Shaps Number

Sigma Table Source

Duct Area (each)

Distance from Nadir to Duct Ellipse
Number of Ducts

Rated Tape Stirength

Number of Gores

Gore Filin Thickness

113
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Heading
CP. EN
KRWN
CN
BLNWT
AWT
BWT

In Tables H1 and H2 the payloads and altitudes are the offective design pcints

Dimensinn
FT
MIL
LB
LB
LB

Meaning
Longest Cap Length

Total Crown Thickness
Number of Caps

Total Balloon Weight
Apex Fitting Weight
Base Fitting Weight

associated with Eq. (2), Section 4.
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Table H1. Design Point Conditions for Balloon Data Base 7
'Volyme  Payload  Altitude Volume Payload  Altitude
Model No, (nd) (ib) () Model No, (nhd) Ib) ()
SV-001A 50338089 531 119170 LTV-001 13486500 565 130830
SV-002 2661176 699 106910 LTV-002 4840864 203 131430
SV-004 30272377 303 161610 LTV-003C  204557: 440 111770
SV-005 10578059 520 135730 LTV-005 642720 423 94130 i
SV-006 26600000 1309 130430 LTV-008 5033809 444 123070 !
SV-007 8677900 4470 97390 LTV-007 2012003 420 108810
SV-008 8740000 3841 105430 LTV-008 273600 240 86370 i
SV-009 10578059 853 125050 LTV-009 516000 335 22510 1
SV-010 37736558 435 160930 LTV-010B 858000 389 98970 }
5V-011 45380000 580 15553C LTV-011A 1840000 351 113890
sV-012 21770000 578 147890 LTV-012 4890000 333 127310 ?
SV-014 15600000 917 135270 LTV-013A 2900135 913 107130 j
$V-015 21680000 1505 136780 LTV-014 20036753 3035 88870 ;
SV-016A 11620000 331 141850 LTV-018 355000 575 80210
SV-017B 5142712 1331 110110 LTV-019 628000 643 88310
sV-018 3685788 481 125150 LTV-020 145026 254 77490
SV-019 5136000 1620 108970 L.TV-321 264985 255 86790 . 1
$V-020 11617429 850 135270 1.TV-022 440183 238 98750 ;
sV-021 47815600 265 170910 LTY-023 1575005 231 116250 ~
SV-022 28604910 1000 152670 LTY-024 1110000 754 93530 | i
) {
J
]
i
i
i
1
1
3
4
115 ;




1 o Table H2. Design Point Conditions for Balloon Data Base
B
- i Volyme Payload Altitude Volyme Payload Altitude 1
; I . Model No. (nd) &b) () Model No. ) ab) ()
- o +/1'V-026 2369069 1507 08780 SV-516 31650000 616 152520
l o SP-001 30168600 531 125410 SV-517 34000000 2769 133030
SP-002 12441783 a7 162530 SV-518 34311500 3478 130030
| P SP-003 711460 1632 72650 SV-519 37786000 837 158310
" SV-500 06085893 1964 135070 SV-520 36100000 351 157180
. SV-501 27988324 2633 131140 SV-521 39500000 4568 128470 :
. : SV-502 29008952 1561 141210 SV-523 45840000 1895 146990 ]
5 SV-503 33325200 1424 142060 SV-524 47012000 2851 139890
| SV-504 25600000 1339 142010 SV-525 70700000 1023 163440
' SV-505 25980000 1814 136530 SV-527 30500000 1133 144810 1
! SV-506 28048674 4066 123430 SV-528 36700000 647 153850 :
; SV-507 25840000 319 152210 SV-520 50310000 1148 153900
! SV-508 28463000 2589 133890 SV-530 52600000 1608 150080
, SV-509 30380000 3680 125780 SV-831 26400000 1937 135790 j
i SV-510 31210000 2156 138450 SV-532 35850000 513 156890
' ’ SV-511 31154200 1175 145860 SV-533 36360000 918 149750
: , SV-512 30820000 862 146610 SV-535 46080000 1028 152590
. - SV-513 33120000 1770 143390 SV-536 30160000 571 160210
; SV-514 31150000 1013 144190 sv-522 42500000 3118 133910
’ : SV-515 33500000 4492 126860 SV-526 33100000 2810 133370 ;
; SV-534 33858500 203 158670 ;
L |
- |
| |
] ;
|
|
.l
i
R
P
5 .
! 4
a : i
oo 116
!
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