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FINAL REPORT

AERODYNAMICALLY SHAPED TETHERED BALLOON

45,000 FT3

1.0 INTRODUCTION

The goal of this contract since its beginning was to develop,

and to substantiate by test, improved balloon materials.

This report delineates all activities accomplished on Contract

F19628-73-C-0155. It covers the design study effort and the

sequentially developed 45,000 cubic foot aerostat assembly

as shown in figure 1. It details the corollary materials

research and structural development efforts. Then too, this

report presents and explains the design criteria and the

engineering decision rationale employed throughout the entire

program.

The report has not been specifically structured to present

only the positive aspects of the development, but rather to

delineate all avenues of approach realistically.

ILC Program Management personnel feel that this program was a

challenging extension of aerostat technology. The materials

development and testing efforts have confirmed that this

advancement in technology was feasible. This confidence is

heightened by the fact that on the basis of this report, AFGL

personnel can now bring to bear the weight and impact of their

technical direction.

• " I .. I .. .. . . . . , , r - .. .. ...1
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2.0 TECHNICAL REQUIREMENTS AND OBJECTIVES

2.1 General

The overall contract requirement was to develop a new

superior balloon material and, after material development,

to design and manufacture a 45,000 ft3 aerodynamically

shaped tethered balloon. Additionally, the materials and

basic balloon design were to be useable on a scaled-up

100,000 ft3 balloon. The program was divided into, and

approached, in four separate but interrelating phases as

follows:

a. Design material and produce test specimens.

b. Develop a testing procedure for approved material.

c. Design balloon.

d. Fabricate balloon.

2.2 Requiremen ts

2.2.1 Basic Function

The use of flexible fabric in pressurized structures requires

that the fabric perform two basic functions:

a. Support the structural loads.

b. Contain the pressurizing media.

2.2.2 Basic Fabric Requirements

The selection of a fabric for an inflatable balloon structure

is based primarily upon the necessary skin strength required to

sustain internal and external loads, however, other important

requirevients include:

3



a. High strength to low weight.

b. Lnvironmental resistance.

c. Weatherability.

d. Ease of balloon fabrication.

e. Long term life.

2.2.3. Fabric Cateqories

In order to build an aerodynamically shaped tethered

balloon with superior performance, more than one type of

fabric is reguired. These fabrics fall into three major

categories; hul fabric, ballonet fabric, and empennage

fabric. Lach of these fabrics performs a different function

and consequently should meet a different specification.

Attributes of superior hull, empennage and ballonet fabric

are described in tables 1 and 2.

TA[3LL I

Attribut.'es - ullul and Empennage Fabric

impermeability to heliumn
impermeability to air
hydrolytic stability
abrasion resistance
tear strength
dimensional stability
UV resi! tance
ozone resistance

chemical resistance
thermal reflectivity

4



TABLE 2

Attribu-tes - -_ Bal lonet Fabric

impermeability to helium and air
hydrolytic stability

2.2.4 Balloon Design Criteria

The operational specifications established early in the

program resulted in the following design criteria:

a. Lifting gas volume of 45,000 cubic feet.

b. Ballonet volume to accommodate fliaht from sea

level to 10,000 feet mean sea level (MSL).

c. Balloon to be aerodynamically shaped and trimmed

to fly at an altitude of 10,000 feet MSL.

d. Capable of carryinq a 200-pound payload to

10,000 feet MSL when launched from an ele-

vation of 5,000 feet.

e. Balloon must support a tether cable weilhing

100 pounds per thousand feet..
f. Lifting gas to be hellLiuLm.

1. Balloon materials shall be adequate for use

with a 100,000 cubic foot balloon with an

operational altitude of 10,000 feet MSL.

h. Balloon must withstand wind velocity of 60

knots at sea level.

i. Balloon must withstand an internal pressure

of 3.5 inches of 1120 (no safety factor).

j. Tension in flying line load patches shall

not exceed 10 pounds per inch.

k. Minimum factor of safety of 3 on hal lon

material loading.

3,



2.3 Oesian Objectives

ILC has studied the static and dynamic strength require-

ments for fabrics to be used in hull, ballonet, and empennage

of a 100,000 cubic foot balloon for wind velocities of 60

knots at sea level. This study has indicated there is little

increase in longitudinal or circumferential strength require-

ment over and above internal static pressure due to dynamic

loads. However, there could be a substantial increase in bias

loads due to dynamic loads. Based on this study, table 3A

represents the original design objectives for hull, ballonet

and empennage materials.

TABLE 3A

Original Design Objectives

Hull Ballonet, and Empennaqe
100,000 Cubic Foot

Characteristic Value

Hull Ballonet Ebnpennae
Weight (Oz/Yd 2 ) 7.5 max. 4.0 max. 6.0 max.

Breaking Strength
(lbs/in)

Machine 100 min. 60 min. 60 min.
Transverse 100 min. 60 min. 60 min.
Bias 100 mn.

6



TABLE 3A (Continued)

Characteristic I Value J

Hull Bal lonet Empennage

Adhesion (lbs/in) 10 min. 10 min. 10 min.

Permeability (Liters/hd24
hours)Helium 1.0 max. .5 max.

Air 1.0 hlax.

Tear Strenqth (Ibs)
Tongue Method

Machine 20 rin. 10 min. 15 min.

Transverse 20 min. 10 min. 15 min.

Low Temperature Flex No cracks No cracks No cracks
0 -40OF , -40OF @ -40°F

Width 52" rin. 52" min. 52" min,

During the course of the material design and test phases, it

became apparent that some of the above desian objectives could

be met or surpassed, while others could not. Subsequently, the

original design objectives were re-evaluated on a more know-

ledgeable, realistic basis. Table 3B represents the design

objectives after the re-evaluation.

TABLE 3 B

Re-evaluated Design Objectives

Hull, Ballonet, and Empennage

100,000 cubic foot

Characteristic Value I

Hull Ballonet Empennage

Weight (Oz.iyd2 ) 80- 4.0 6.0

Breaking Strength (Ibs./in.)
Machine 100 60 140

Tranverse 1(/0 60 140
Bias 100

Adhesion (lbs./in.) 7.0 7.0 7.0

kI



IA13LE 3B C'.

Characteristic -Value

I ~ iH-ull Ballonet Enpennadge

(Lters /mL/24 hours)

Air '1.0

Tear Sty-rngth (lbs.)

( Tongue M~et hod)

Mach ine 20' 12 min.
Transverse 20 5 12 min.

Low Temperature Flex No cracks No cracks No cracks
0d -40OF 0, -40OF 0 -40OF

WGidth (inches) 52 52 5?

3.0 MATERIAL DESIGN AND SELECTION ANAYLSIS

3.1I GeneraI

Des iqn and stelection of balloon materials, required, first, a

thorough arial1ysis, of yarns, fabric construction, anid coating anid

films at their base level. Secondly, based on those analyses, and

bal loon desion requirements,, preliminary selections of candidate

yarntfs, tair ics, film% and coatings, were made for possible use as

ballonet, empennaqe or hnllw aterial. The followinq paragiraphs

detailing the waterial design arid selection process, are presented

in thatV order.

3.2~ Yarn Cois iderat ions,

Pioneering finvestigators found that polyester yarns indicated

the 1105t proii5f of any natuol or synthetic orga(n ic fiber for

constrn: Lon of aert'att envelop~e fabrics. The primary factors
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3..'. Scit ItC (,,rdVity of I ibers

fable I lists the specific gravities of polyester and

di-dI (I tiber', . Specif ic (Iravity is defined as the ratio of

,i .. u't~m,",unit voluie weiqht to that of water at 40 C.

IAlkI I 4
', i'. lti (,'dvlty ol l'olye tevr

rindl ArdljiIid I ib)erl

Mat er Il I Specitic _Gravity

oat-i 11 pi I it", ter I . 38
.iaI d ii ( 1 .40

I. i i f-I' rl', l.r I I t l fi , o ll,)( I Iy

When dtir il. I t o i tin,1 i Iv toeIe, the total strength of a

til l 1r i t'riden t upon till th it.', i nt r n; i c ability to rema in

,tat t Ind i I u'i t , dil-il', .i i 'v. The absolute value of a fiber's

rtt ij ioy I r, iltlt'.' t i ]iti it i',. related to its cross

t I m~ I[ itl, i ,v it., I nr ,ir denr, ity, that is, wei( ht per unit

S(Ith. A' is tle tvt Ioil,, wIth aIl enq ineerin.q materials, fiber

I i i I it ,,t.i. ,t le 1 i',ted on a pound', per square inch

S , is 1' lo .r'e (m )fi ly, however, the textile trade uses

Iit' t ' .. ' ,'i~,I t i V I de',t. r ibe st.renqth on a (iranis per denier

ipl) L(. hI,. . Ieiause it is easier to determine a fiber's

,it wF'i' ht pe' ltemrith thai its cross sectional area,

,and t -t,,,t v ti i weii lhi is ,ii important textile physical and

O' tO1tn, ,I tlqht t l1 '1(v denier is based upon weiqht per unit

lenith it i-s tvtiutts thait tfna(ity is iii uenced by the

,p t it ii ,itvity of the Iiber, while strenlqth per unit area is

riot I at ,le, ) flter tenat.ittes are listed in psi and grams

i~t'l d 1l ile ",.



TABLE 5

Fiber Tenacities

Material Grams per Denier Pounds per Square Inch..(qpd) ... . ._(ksi)_ .. .

Polyester, Type 55 4.3 73,000
Polyester, Type 52 8.0 138,000
Araviid, Kevlar 29 22.0 400,000

3.2.3 Orientation and Crystallinity

Figure 3 shows diagrams of fibers (a) with a low degree

of cry, tallinity and orientation; (b) with a high degree of

crystd'llnity and a low degree of orientation; and (c) with a

high degree of crystallinity and orientation. Crystaln t,'

(a) (b) (C)

Sc-ierctic re r seritation d an amorpous pclymer (a)
a oystadine oclymer (b), and an orimntud a-ynta'Iine
POOnW (C).

I IGURE 3

FIBER ORIENTATION AND CRYSTALLINITY

and orientation are accomplished by the combined effects of

heat and mechanical stretching of the extruded filament.

Temperature will critically influence the rate of crystal

growth and their size, while stretchinq or "drawing"

controls orientation.

When fibers hecoim highly oriented through beinq stretched

under suitable conditinns, they usually require certain

properties, these are:



- high tenacity

- low elongation

The better the orientation, the higher the tenacity. This is

the natural outcome of the stretching process in which the

denier is very greatly reduced, whereas the breaking load is

substantially unaffected. Table 6 well illustrates the effect

of orientation on the tenacity of fibers.

TABLE 6

Effect of Orientation of Fibers

Tenacity Elongation
Fiber Or i en t-at-ion _j pd)_ ()

Kevlar ?9 [xtreme 22.0 3
Dacron, Type 68 High 9.2 13 - 14
Dacron, Type 55 Moderate 4.3 30

3.2.4 Yrn Properties of Kevlar 29

Ke vlir 129 ha,, a noti-linear curve in the same strenqth/

modulus ranne as qlass fibers but shows sionificant
advanta(les over (iass in yarn strength uniformity, low density

and resistan(e to surface damage and creep rupture under hiah

stress. The stress-strain curve of Kevlar 29 can be further

altered by subsequent textile processing operations, such as the

addition of twist in the yarn, to lower the tix)dulus so that a

functional end use ,ot r(jods item can )e prooucet'.

12



Unlike other organic yarns, Kevlar 29 deiimonstrates an increase

in tenacity rather than a decrease when twist is applied. Table

7 illustrates this unique characteristic.

TABLE 7

Effect of Twist on Kevlar 29 Yarns

Twist Per Inch Tenacity Elongation at
Denier (TPI) .. Break ('

200 0 (min) 17, (avg) 21 3 .
200 5 (lw;in) 21, (avg) 24 4.
200 9 (min) 19, (avg) 23 7',

Kevlar 29 yarns can be handled in all textile processes without

difficulty. Knot strength is 37'-. and loop strength 50' of

straight tensile strength. Retention of strength after con-

icr-ntiondl weaving i,, (M of virqin yarn strength. The individual

ti aments ()t the ydifi rve a o ound cruss-,ection and have .i
,11iaeter of .47 mil . When pul let tij(ht ovey al edge, th .

do not break sharply but bend while retaining high tensile

strength.

Kevlar 29 fibers also have high thermal stability. When

tested at 320°F in air, Kevlar 29 exhibits essentially zero

shrinkage. When tested at 4000 1 unprotected yarns evidence

only 18 loss of physicals.

The unprotected fibers are also hiqhly resistant to

stronq acids and bases, orqanic solvents, fuels, lubricants

Ifrd hydru lic fluids. The ule-vi(t, t liqhl h (- "i taflcP of

itprotected ievlar 29 yarr, i, imnilotr to nfly,. l

13



3.2.5 Properties Of Polyester Yarns

The tenacity and elongation at break of Dacron can be varied

over a considerable range, according to the degree of drawing

that is applied to the undrawn yarn. High tenacity and normal

tenacity yarns are made from the same polymer, but they are

drawn to different extents after spinning; the higher the draw

or stretch the higher the tenacity and the lower the elongation

of the resultinq yarn, thus high-tenacity yarn is drawn to a

greater extent (possibly 60") than normal-tenacity yarn.

The stress-strain curve of Dacron polyester can be further

altered by subsequent textile processing operations. For a

higher modulus of elasticity and tensile the yarn may be hot-

stretched and pre-shrunk. This drawing procedure allows the

yarn product to obtain thermal stability. During yarn prepara-

tion of a singles polyester yarn, for example, after twisting,

the yarn is hot-stretched and pre-shrunk at a temperature of

about 3000 F. This sets and balances the twist in the yarn

structure, makes it heat stable, and in addition produces

greater strength per width and lower rupture elongation - ideal

yarn characteristics of aerostat materials. By proper manipula-

tion of temperature, tension, strain (elongation), and relaxa-

tion desired strength, elongation, and thermal shrinkage prop-

erties can be incorporated into hot-stretched, pre-shrunk yarns.

During subsequent engineering studies of hot-stretched, pre-shrunk

Dacron polyester yarns it became apparent that the potential demand

for this type of yarn was far greater than the supply. In view of

the short supply of hot-stretching equipment and the potential

demand for this improved yarn structure an alternative approach

was investiqated, that is, cold drawing.

14



Generally speaking, fine filament yarns, like polyester,

are always hot-stretched, but the yarn can be stretched or

drawn cold, but less easily and less uniformly than when hot.

The cold stretching operation is simple and is illustrated in

Fig. 4.

The Dacron yarn is pulled off the

bobbin A, which is the primary
D_ spinning packaige (twisted); it

A 1A passes round guides B and C,

iN C between a pair of nip rollers D,

0. which determines its initial speed,

and goes over a deflector E and

.P E then two or three times around

Iroller F which has a linear speed

2f F about five times that of roller D;

then it passes throuQh a guide G,

* and onto a take-up bobbin H. The

cold draw, or degree of stretch,
h S1

is equal to the ratio of the linear

speeds of rollers F and D.

Fiqure 4 - Cold Stretchinq Yarn

15



After the take-up packa(le is completed it is heat-stabilized to

insure dimensional stability, reduce stresses, removes the torque

caused by twisting and sets the yarn. Table 3 illustrates the

impact of either hot or cold-stretching of high tenacity polyester

yarn.

TABLE 8

Effect of Hot and Cold-Stretching
of Polyester Yarns

Or jginal Final

Tensile IElonga- Tensile Elonga-
Material Denier (gdp) tion (,) Operation Denier _(dp) tion

Dacron, Hot- 42 6.5 13%
Type 52 55 8 14 1 Stretching

Dacron, Cold- 45 7.0 12%
Type 52 55 8 14 Stretching

Heat-setting of Dacron yarns can be carried out in steam

under pressure, but this method is undesirable because it causes

some hydrolysis of the ester groups in the polymer chain, and

the fiber is party depolymerised, with a resultant loss in tenacity.

Dry heat-setting is the best process, and the dimensional stabil-

ity which is thereby conferred on Dacron is one of its greatest

assets.

3.2.6 Investiqatiom Of Plied Yarn Construction

The study of ply construction of yarns was limited to factors

reldting to control of textile physical properties such as elonga-

tion and weaveability. Tie plied yarn structure lowers the yarns

16



modulus; thus increasing elongation. For aramid yarns, where

elongation is minimum, plying is ideal for it increases elonga-

tion. However, for polyester yarns, where elongation is high

to start, plying only further increases yarn elongation, an

undesirable condition.

Two yarns of 200 denier Kevlar 29 plied results in a yarn

structure with a diameter too great for this aerostat applica-

tion, although it might be ideal for a larger aerostat applica-

tion. The splitting of Kevlar 29 yarns and plying component

parts, although possible, is not practical because of very high

cost and lenIthy delivery. Therefore, this development program

was limited to single ply yarns.

17



.. 7 Ilavest i,;ation J4 Tifl st In Yarn Construction

Twist is necessary in order to give integrity , compactness,

soon and alisien resistance to filament yarns. However, too

much twis t res.ul ts in a 1lower strengIth to we-i 'Jht ratio, lower

tear- strenecth, and potentially qreater coating difficulties.

On the other hand, riot enough twist will result in broken filIa-

ments, thus, poor qual1i ty fabric.

Yarn s tud i es conducted du rinri this p roa am inrd ica te that

minimum twist in polyester yarnis is ideal, but the yarn must be

either hot or (old-stretched to ensure a higIh degree of modulus.

Contrairy to polyester, aramid yarns increase their strength to

mceigh t ratio when twisted, thus furthering to improve yarn

propert ies . Table 9 illustrates the effect of twist on poly-

esterLO arid raiid yarns.

TABLL 9

ffot o f twi st oil
A ra!) i d yalrn s

Mait er ial Twist per inch T~nac ity Elongation
(T P I ), (g-pd) .--

&"vlaIr , (( !,rnier o (inm) '17, (avq) 21 3
r'(LV) I '-9, NO0 D'enier (m) 21'I, (avg) 24 4
,,'vlar 119, ZOO Denier 9 (rJin) 19, (avg) 23 7



3.3 Fbric Construction Considerations

After considerable study on the numerous possible combinations

of materials to build balloon fabrics, ILC Dover placed major

emphases on two major fabric constructions;

- Two-Ply Biased Fabric

- Triaxially Reinforced Film

3.3.1 Two-Ply jiased Fabric

This construction was a two-ply fabric composed of a

dimensionally stable scrim laminated to a lightweight ripstop

constructed fabric. The advantage of utilizing dimensionally

stable scrims in place of a very lightweight fabric is that no

biasing operation is necessary. This advantage realizes a

savings in cost and laminating time and requires fabrication

of only a one-direction fabric.

A thorough investigation of the non-woven scrim market

yielded two possible candidate materials for this application:

Tyvek - Spunhonded olefin

Reemay - Spunbonded polyester

However, subsequent testing indicated tht fabrics fabricated

from Tyvek were unacceptable. This is d.e to the incompati-

bility in temperature resistance of the Butyl and spunbonded

olefin durinq the curing operation.

lhe sLyutctur a ripstop fabric was desiqned to incorporate

both high tenacity Dacron and Kevlar 29 yarns, whereby the

Kevlar 29 yarn is used as the ripstop in both the warp and

fill directions while the Dacron yarns are used for ground.
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Because of the hiqh cost of the Kevlar 29 yarn, ILC Dover ran a study to

minimize the Kevlar ?9 usaqe.

3.3.1 I Ril)stop Fabric !),siIqn Criteria

The followino objectives were established to insure that the developed

ripsfop construction would possess excellent fabrication versatility.

DESIGN OBJECTIVES

CHARACTER ISTIC REQUIREMENT

Weiqht 2.0 oz/yd2

Breakinq Strerivnh 140 lbs/in x 140 lbs/in

Count. 100 x 100

Tear Strencith 12 x 12

Material Dacron, Type 52, 70 Denier
Kevlar 29, 200 Denier

lhe folwiHq eqU,', ws used to determine what percentaqe of the construction

should bf, evlar .') d wh,)t percentaae should be DacL, ooi, Type 52. The objective

hflrrl vm, 0 to l 'I ' the i),;p of Kpvlar ?9.

" (lbs/in) (Ex Dx X + yEy Dy Y ...

where: 9- Ultimate Fabric Stress (lbs/in)

( -Ultimate Elongation (in/in)

L Tenacity (gpd)

D Demer

X, Y Number of Years per Inch

140 (.033)(75)(70)X + (_.033)(530)(OOO)Y

454 454
140- .3815X + 9.1520Y
100 X + Y
X 100 - Y

140 (.3816)(100-Y) + 9.1580Y
140 38.16 = .3816Y + 9.1580Y

Y = 101.34
8. 7

Y 11.5

X 88.4

'P t

.. I .



As a result of this study, a ripstop fabric was engineered whereby 8; percent

of the construction was 70 denier, Type 52 Dacron and 12 percent of the

construction was 200 denier, Keviar 29. This construction increases t1

breaking strength of an all Dacron fabric by 50 percent while tripling the

tear strength without any increase in weiaht. Table 10 compares an all

Dacron fabric with the first iteration Dacron/Kevlar ripstop fabric.

TABLE 10

ALL DACRON FABRIC vs. I)ACRON/KEVLAR

RIPSTOP FABRIC

ALL DACRON DACRON/KEVLAR
CHARACTERISTI C FABRIC FABRIC

Weight, oz/yd 2  2.1 2.3

Breakinq Strength, 90 x 90 156 x 145
lb/in.

Tear Strength, lb. 4 x 4 28 x 26

Count 100 x 100 100 x 100

The experimental Dacror/Kevldr ripstop fabric, employed as the structural

membrane, was coupled respectively with a lightweight biased fabric and

a lightweight spunbonded fabric. Figure 5 shows the cross sections of the

two experiemental two-ply constructed fabrics. The two experimental constructions

and a control were tested, and primary representative properties are given in

Table 1].
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TABLE I 1

EXPERIMENTAL TWO-PLY HULL FABRICS

UASE I INE
DESI('N ILC P/N BIAS SPUNBONDE

CHARACTERISTIC (AOAL A10500? RIPSTOP RIPSTOP

Weight, oz/yd2  8.0 8.3 8.3 s.0

Tensile, lb/in
Machine 100 106 85 84
Transverse 100 105 103 91
Bias 100 95 105 85

Tear, Tongue
Machine 20 10.6 '7.8 17.3
Transverse 20 8.5 25.2 11.9

Leaka e
L/M /24 Hr. - 1 ' 1 " 1 - 1

Shear Resistance (lbs) 60 85 95 63

3.3.1.2 Er iDennaqe Envelope Material

In addition to developing the ripstop fabric as the structural imembrane for the

two-ply fabric construction, engineering was initiated to similarly design a

ripstop fabric for use as the envelope material in the empennage. The initial

empennage design required both coated and uncoated fabric; the uncoated fabric

to be used as the restraint for the empennaqe bladder assembly and the coated

fabric for the protective skin. Therefore, the design objectives for the

empennage ripstop fabric were as follows:

DESIGN OBJECTIVES
EMPENNAGE RIPSTOP FABRIC

REQUIREMENTS
CHARACTERISTIC UNCOATED COATED

Weight, oz/yd 2  1.5 3.5

Breaking Strength, lb/in 60 x 60 60 x 60

Tear Strenqth, lbs. 15 x 15 15 x 15
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I iiure 6 show, t he t,( e( ti on of Owh f'Xpoi)lientlt ei1l)e,1fla(le ri' 1 p opl

ibr ic , arid pr-imary represiitat i e prupert. ies aire iivenit n Table 12.

.9OI(2 Fl lurthsSinolp Ply Coate(;
1.9 z/y,. ilm o~yretha~Dacron/Keviar Ripstop

1.6 oz/yd'Dacrn(n/Kevldr 29
P ps top)

Fiourv 6 - xperimental Empennage Ripstop Construction
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TABLE 12
EXPERIMENTAL EMPENNAGE FABRICS

BASELINE

DESIGN BASELINE DACRON/ COATED DACRON/
GOAL ILC P/N KEVLAR ILC P/N KEVLAR

UNCOATED AI05009 RIPSTOP A105001 RIPSTOP COATED

Weight, oz/yd2  1.5 2.0 1.6 4.0 3.5

Tensile, lb/in
Machine 60 90 50-80 90 50-80
Transverse 60 90 50-80 90 50-80

Tear, Tongue,
lbs.
Machine 15 4 17.0 P 14.2
Transverse 15 4 16.8 2 20.4

3.3.1.3 Problems Encountered

The development of the Dacron/Kevlar ripstop fabric was initiated usinq

commercially available yarns. Because of this decision, the fabric ends up

being unacceptable for coating due to the excessive shrinkage in the Dacron

yarns and no shrinkage in the Kevlar 29 yarns. This problem was alleviated

by the use of pre-shrunk heat-set Dacron yarns.

The dissimilar moduli of the Kevlar 29 and Dacron Type 52 yarns prevented the

satisfactory culmination of this design effort. As a result, although one

physical fabric was woven, two definite breakinq strenqths resulted. The first

breaking strength indicated the breakage of the Kevlar 29 yarns. The second

breakage indicated the breaking strength of the Dacron yarns. Analysis indicates

this type of fabric failure defeats the purpose of the fabric design . If the

Kevlar 29 yarns fail, although the Dacron yarns maintain adequate tensile to

sustain static loads, the increased tear strength, due to the Kevlar 29 yarns,

is totally lost. Therefore, this construction is unacceptable.

Thorough analysis of the problem of mixinn dissimilar moduli materials resulted

in an approach to perfect the Dacron/Kevlar ripstop construction. The conceived

idea was to change the orientation and crystallinity of the Dacron yarn, thus

increasina the modulus, while twistinq and plyinq the Kevlar 29 yarn to reduce

the modulus.

Therefore, the next desi rin iteration consisted of lowering lhe, twisl per itn h

in the Dacron yarn, increasing the twist per inch in the Kevlar ?9 yarn, 2-plyinn

the Kevlar ?9 yarn and changing from two strands of Kevlar ?9 for the ripstop

to one strand. The changes resulted in increased elon(lation of the Kevlar and
25



r'suI ted i n a fabri hiv i n a min i mum break i rI s treit h o ei ther yairnV 'I, I ei

of S0 pounds per inch, however, the Kevlar ?9 yarn still broke first. In

addition, the single strand of Kevlar 29 yarn only had 10 pounds of tear

strength and the two-ply Kevlar 29 yarn presented excessive bulk at the cross-

over. This bulk presented considerable coating difficulty.

As a result, another design iteration was considered. Considerations for this

desiqn iteration were:

- cold-stretched, pre-shrunk 140 denier Dacron yarn in lieu of 55

denier pre-shrunk Dacron yarn

- lower twist per inch in the Oacron yarn

- hiqher twist per inch in the Kevlar 29 yarn

The rationale for this design iteration was to provide for a flatter fabric,

thus enhauci no the coatingi capability, while brinqina the yarn moduli closer

tolether. fi(ure 7 shows the cross section of the proposed experimental

empeu)nge ripst.op fabric, and primary properties are qiven in Table 13.

i 3es:.-n goal

-- S.g_ ?>' Ca~ed ac-*:n

Z 1n -M
5 yand- lv-.r

Figure 7 - Experimental Empennage Ripstop Cross-Section
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TABLE 13

EXPFRIMENTAL EMPFNNAGE FABRIC PROPERTIIS

DESIGN
GOAL TEST VAI 11 S

CHARACTERISTIC UNCOATED UNCOATUD COATED

2
Weiqht, oz/yd .0 2.41 .8

Tensile, lbs/in
Machine 60 83 76
Transverse 60 98 70

Tear, Tongue, los.
Machine 15 32 16
Transverse 32 15

3.3.2 Triaxially Reinforced Films

For particularly demandinq requiremnts such iS those for structural balloo n

fabric, the triaxial approach appears to offer a number of advantaqes over

orthogonal weaves:

- Eliminates the requiren ient for Idminatino two fabrics.

- Triaxial fabric is the only sinle plane teytile fabric
strong in the bias direction.

- The nature of the triaxial confjijuration precludes tear
propaqation.

Due to the revolutionary nature of the triaxial confiquration and the limited

capabilities of those machines available, only two variants of triaxial weave

were considered; the basic-weave, and the sixteenth variant.

The nature of triaxial machinery and the mechanisms associated with them,

unlike conventional textile machinery, dictate certain desian parameters,

such as yarn count and yarn diameter.
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... ... T i xial Flyin Thread Scrim

', ,t. hi O ' i4pi e, the t lyiny thredd scrim concept whereby ydrn.l arc laid

up at 60( angles, however, the yarns are not interwoven. Sketch Al illust-

-,ite a triaxially woven fabric which although is not interwoven is inter-

INHERENT LOCKED
YARN INTERSECTION

it I

./ \ YARNS MECHANICALLY 'ilKB O8 N D E D B Y A D H E S I V E / .. / , , -i [ ' ,

AGENT
Nji

In contrast to the inherent stability of triaxial woven fabrics are the

inherent instabilities of triaxially non-woven layups. The non-wovens

deperd upon an idhesive bonding agent to maintain their integrity, and also,

generlly, upon an associated film for, resistance to shearing distortions

while in triaxial fabrics the truss-like, response which provides shearing

resistance is derived from the mechanical interlocks at the yarn inter-

sections; in the non-wovens, only the adhesive that bonds the yarns together

provides the lo(.king. This bonding is especially complicated when all three

yarns cross at one point, as is the configurations used in most such construct-

ions. With three layers of yarns the forces tending to separate or delamin-

ate the non-woven structure are in sharp contrast to the way the corresponding

forces tend to snuI the yarns together in the triaxially woven fabric.

Ihi need for a continuous f ilm to reinforce such non-wovens in shear has been

general ly recognized and provided. The more complicated problems of "coupling"

hetwern extentional and hendini (perhaps better desk ribed as "curling")

distortions or a three layer-non-woven have been mostly unresolved. The dis-

symiii.t r i e,, prml (( ed by yarns runni nq in di fferent directions at different
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levels make more difficult the achievement and maintenance of wrinkle-free

surfaces even in broad areas of simple shape. This coupling effect is

completely avoided with the triaxial woven fabric.

3.3.2.2 Tear Resistance

ILC Dover has evaluated the tearing behavior of triaxial fabric. Experimental

results indicate a substantial gain in tear strength from the triangular

structure when compared to orthogonal fabric. In particular, the tear behav-

ior is very much complicated by the presence of three sets of yarns and the

triaxial fabric shows tear characteristics very different from those of

orthogonal fabrics. While it may be difficult to induce a tear in an ortho-

gonal construction, usually the tear can be propagated at a relatively low

load. However, not only is it extremely difficult to induce a tear in the

triaxial construction, it is also extremely difficult to propagate any tear.

The tearing behavior is extremely important in many fabric applications,

particularly those for aerostats. This property improvement can be further

illustrated by analyzing personal tearing experiences. As is known, the

tearing resistance "on the bias" is gIreater than in the warp or fill direction.

To tear a triaxial fabric, one is always tearing "on the bias", and the overall

improved tear properties result.

Because the basic-weave is the simplest possible triaxial configuration, the

analysis of its tearing behavior forms an ideal starting point, on both

theoretical and experimental grounds, in the investigation of the tearing

characteristics of triaxially woven fabric.

Theoretically, the basic-weave should possess the lowest tear strength of any

triaxial configuration. As the interlacings become more complex, as in the

first, second, and third variants, the tear strength should similarly increase.

This has been empirically shown to betrue by virtue of comparison of the basic-

weave with the sixteenth variant.

For the purposes of evaluating the tear strength of triaxial fabric three

different tear methods were investigated:

- tongue tear
- crapezoid tear

- , 1 i t tea,,r

29



In the tongue tear tes, t a spec i men 6 x F, inches i s cut that the yarns to

be ruptured during the tear lie in the shorter dimension. A cut three inches

in length is made along the longer centerline of the fabric. This cut thus

produces two 3 x 3 inch tongues which are placed in the upper and lower jaws

of the testing machine.

As the yarn courses are subjected to increasing tension the angle between the

eleven o'clock and one o'clock warp yarns increases allowing the yarn courses

to bunch up against each other. As the tear progresses the tongues become

progressively longer. The del becomes very large, and the yarns bunch up to

reinforce each other, so that tearing is extremely difficult. The tearing

action is manifested on the tensile tester recorder as a diagram of progressively

increasing and then sharply decreasing loads. Results of the tongue tear

tests are shown in Table 14.

TABLE 14

Tongue lear Strength of
Kevlar Triaxially Woven Fabric

FABRIC TEAR STRENGTH, LBS.
CONSTRUCT I ON WEIGHT-, o z/yd 2  MACH I NE TRANSVERSE

Basic-Weave L b 90* 50*
16 x 16 x 20

*The tear did not propagate at the tongue slit, but took the path of least

resistance.

For the trapezoid tear test the specimen is 8'., x 5-3/8 inches with a one inch

slit placed midway along the longer direction. The sample is inserted on the

t)ias between the jaws of the testing machine so that the yarns are caused to

fail progressively. This test is entirely of a tension type, and has little

meaning in terms of the practical tearing characteristics of the fabric. In

fact, unless the sample size is extremely large, the warp yarns are never

placed in tension. Therefore, comparative test results are only obtainable

in the machine direction. Results of the trapezoid tear tests are shown in

Table 15.
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TABLE l,)
TRAPEZOID TEAR STRENGTH Of

KEVLAR TRIAXIALLY WOVEN IABRIC

FABRIC TEAR STRENGTH, LBS.
CONSTRUCTION WEIGHT, O1/Y[)? MACH I N[ TRANSVERSE

Basic-Weave 1.5 104 65*
16 x 16 x 20

*The warp yarns were not under tension, therefore, [he resultant tear

strength is not comiparative to a similar orthoqonal construction.

For the slit tear test a specimen 6 x 7 inches is cut such that. the sample

has a 1-1/4 inch wide slit across the center of the sample at riqht anales

to the longest dimension. This test is desiqIned to determine the force necessary

to propaqate a tear in damaged fabric. Unlike conventional orthoqonal woven

fabric, the triaxially woven fabric shows no sign of tear propagation. The

transverse yarns are brought into tension until rupture occurs with no evid-

ence of tear propagation. Although only a few warp ends are placed in tension,

no tear propagation results. Results of the slit tear tests are shown in

Table 16.



TABLE 16

Slit Tear Strength of
Keviar Triaxially Woven Fabric

ABR IC TEAR STRENGTH, LBS.
COdS I RUL I i ON WE 16117 * oz~lyd? MACH INE I R Al 6VUR6

baci C- Wea V2 1% 265* 860*
16 x 16 x Ji0

*Kiilue wx i ttinJ t :tit swIIjllt showed no signs of tear propagation.

tsa resul ofu the ul-depth ',twdy ol the tearing behavior of triaxial fabric,

the tol lowi Ij (uulu-Jiions orte drawn:

a ) The nature Mf the triaxial contiguration precludes tear, propagation.

h) Tongue tear results are a ilagni tude better than conventional ortho-

geona i c irs,

Trapezoid(al1 tear tests have little meaning in terms of practical tearing

chra"I tenY s t i cs .



Table 17 illustrates those triaxial woven conStructions considered.

TABLE 1 /

TRIAXIAL CONSTRUCTION

WEAVE COUNT

Sixteenth Variant. 3 x 3x x 3?

Basic-Weave 16 x 16 x 16

Basic-Weave , x 1 x 8

Basic-Weave 4 x 4 x 4

Sketch B illustrates tile difference between two triaxially woven fabrics

having the same weiqht, same tensile, but with different yarn count. As can

be seen by comparinq SketchBl withB2, there is one half the number of yarns,

Yarn intersections, and surface area in the 4 x 4 x 4 fabric construction.

4 X 4 X 4 X8 x 8

81
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No acceptable technique has yet been developed for the structural bondinq

of open weave scrim except for usino abnormally wide, tigjht-woven fabric

sealinq tapes. [rom a balloon standpoint, this would create rippling effects

due to significant section modulus differences between base material areas and

seam-sealing tape areas. Therefore, it is concluded that the optimum choice

for base substrate would be a triaxially woven fabric of the highest count

possible yet achievinq minimum weight and maximum tensile.

3.3.2.3 Triaxial Fabric Design

The followinq objectives were established to ensure that the developed

triaxial fabric construction would possess excellent fabrication versatility.

DESIGN OBJECTIVES

CHARACT[R 1TIC RE QUIREMENT

eiqht, oz/yd" 3.3
Breakinq Strength, lb/in 100 x 100 x 100
Tear Strenfgth, lbs. 20 x 20
Material Dacron, Type 52

Investijation was initiated with the triaxial fabric manufacturer, Doweave,

Inc.. to develop a liqhtweight triaxially woven fabric of the sixteenth

vdriant confiquvation. Included in this development effort were the

followinq weirtht fabrics.

3.6 oz/yd2 Triaxially Woven Fabric

Warp - ?10 Denier, lype 52 Dacron

Fill - Denier, Type 5? Dacron

3.4 oz/y(I Triaxially Woven Fabric

Warp - 280 Denier, Type 52 Dacron
till - 220 Denier, Type 52 Dacron

3.3 oi/yd Iriaxially Woven Fabric

Warp - 20 Denier, Type 5? Dacron
Fill - 200 Denier, Kevlar 29

lest rsni t.s of the above are summarized in Table 18.



TABLE 18

EXPERIMENTAL TRIAXIAL FABRIC

SHEAR RESISTANCE TO
COUNT WEIGHT TENSILE DEFORM THE SAMPLE 1/2"

32 x 32 x 32 3.6 oz/yd 2  215 x 180 186 pounds
32 x 32 x 32 3.4 oz/yd2  215 x 170 188 pounds

32 x 32 x 32 3.3 oz/yd 2  215 x 285 235 pounds

Although the above fabrics are ideal for 100,000 ft3 balloons, it is felt that

a lighter weight triaxially woven fabric could be desiqned without severe loss

of other properties. The resultant fabric beinq lighter in weight should yield

a balloon fabric with excellent strength to weight ratio for a 45,000 ft3 balloon.

A lightweight triaxially woven fabric, of the basic-weave pattern, was engineered

by ILC Dover and Doweave. Included in this development effort were the following

weight fabrics:

1.89 oz/yd 2 Triaxially Woven Fabric

Warp - 280 Denier, Type 52 Dacron

Fill - 280 Denier, Type 5? Dacron

1.5 oz/yd 2 Triaxially Woven Fabric

Warp - 200 Denier, Kevlar 29
Fill - 200 Denier, Kevlar 29

Test results of the above are summarized in Table 19.

TABLE 19

Experimental Triaxial Fabric
Design Iteration Number 2

Weigh Tensile Shear Resistance to
Count oz/yd lbs/in Deform the Sample 1/2"

16 x 16 x 16 1.89 115 x 114 x 90 110 pounds

16 x 16 x 16 1.50 120 x 120 x 120* 180 pounds

* The Kevlar 29 yarns were sized with polyacrylic acid. This proved to

effect the tensile by as much as 50 percent.
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The experimiental triaxial fabric, employed as the structural membrane,

was lamiinated to a~ cast fi lmi polyurethane and then coated on the reverse

side. Fiqure 8 shows the cross section of the experimental triaxially

reinforced filmjs. The two experimental constructions were tested, and

primary representative properties are qiven in Table 20.

L2.11 oz/yd2 Filw Polyurethane-.....-25o/d imPluehn
1.8'9 oz/vd 2 Dacron Polyester 2 .5~ oz/yd2 KFilar 29yue

.90 oz/yd Polyurethane - Sold Polyurethane

Fi que 8. xperimental tri axial envelope laminates

A6



TABLE 20

EXPERIMENTAL TRIAXIAL IIULL FABRICS

Base Line
ILC Part No. Polyester Kevlar
A105002 Triaxial Triaxial

Weight, oz/yd 2  8.3 5.5 4.8

Tensile, lb/in
Machine 106 115 120
Transverse 105 114 120
Bias 95 90 120

Tear, Tongue
Machine 10.6 23.5 35
Transverse 8.5 23.2 35

Leakaoe
L/M 124 hr. ] I < 

Shear Resistance (lbs) ? 82 ) 130 7 240

It was learned from the preliminary run of experimental triaxial hull

laminate constructed of all Kevlar 29 yarns that the anticipated lower

elongation (vs. all Dacron) was attained, however, the higher strength-

weight ratio was not reflected in the cylinder burstinq strenoth. In the

formula T = PR, where T is the breaking strength of the laminated fabric

in lbs/in, P is the bursting pressure in PSI and R is the bursting radius in

inches, it is seen that the breakino strenoth is dependent not only on the

strenqth of the fabric but also on the elonqation that occurs before it

breaks. The use of polyacrylic acid si7ing on the Kevlar 29 yarns reflects

not only a 50 percent reduction in yarn breakinq strenqth, but also a severe

reduction in yarn elongation.

As a result, another design iteration was considered. Considerations for

this design iteration were:

- elimination of all sizing on yarns

- twist the Kevlar 29 yarns with 9 turns
per inch of 7 twist

Ihe rationale for this desi(in i toratinn wa,, to provide for lower yarn modulus

thus resultin(I in hi qher fabric vlon:Oatior, i tore 9 shows the (.ross section

of the proposed experimental envelon laminate, and preliminary properties are

given in Table 21.
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"- - 2.5 oz/yd2 Film Polyurethane

__'_-____ "_ _- -1.5 oz/yd Kcv!ar 29
.>:-..,.- 1.0 oz/"d' Polyurethan~~1.0 oz/yd' Polyurethane

Fiqjure 9. Proposed Experimental Triaxial Envelope Laminate

TABLE 21

PROPOSED EXPERIMENTAt KEVLAR
IRIAXIALLY REINFORCED FILM

DESIGN GOAL

Weiqht, ozlyd? 5.0

Breakinq Strennth, lb/in
Machi ne 120

Transverse 120
Bi as 120

Tear Strenqth, lb.
Tonque Method 50

Machi tie
Transverse 

50

Trapezoid Method 50

Machine 
50

Transverse 
50

Slit Tear

Machine 
100

Transverse 
100

Lea ka ne
L / m?2 / Day 

1.0 Max.

Shear Resistance, lbs. 
150
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3.3.2.4 Economic Benefits

The inherent strength of triaxially woven fabric will allow lighter weight

fabric substrates to be used in coated and multimply fabrics. In some appli-

cations the lighter substrates will result in raw material savings in excess

of 30 per cent. Since raw material costs represent approximately 60 per

cent of fabric costs, this savings is significant.

An inherent characteristic of the weaving process is the potential to produce

50 per cent more fabric than conventional weavinq for each pass of the shuttle

across the loom. The number of shuttle passes is a main factor limiting

production speeds, and since, in atriaxial machine, only one third of the yarns

must be carried across the loom by the shuttle, rather than half, two triax-

ial machines will do the work of three conventional looms.

Triaxial woven fabrics will be competing with conventional woven, knitted,

and non-woven products produced by the large textile organizations. Improved

fabric performance, potential manufacturing cost reductions, and raw materials

savings are significant reasons why triaxial woven fabric should fare well in

the aerostat marketplace.

ILC Dover is working closely with the traixial fabric manufacturer, Doweave,

Inc., to develop optimum substrate fabrics for aerostat programs. ILC Dover's

efforts in coating development for these materials have been consolidated with

the E. I. DuPont de Nemours Co., Inc. DuPont is presently engaged in an

extensive effort to develop coatings and techniques to fully exploit the

capabilities of triaxial fabric. Foremost in this effort is their integrated

activity with ILC Dover and Doweave to optimize the coatinq system for aerostat

materials.
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3.4 Coating and Film Considerations

The second major function of balloon cloth is to protect and contain the

pressurizinq media. The ultimate choice of polymer for outstandinq resistance

to varyinq environnental conditions is dependent on the material and the

conditions it will encounter in service. In balloon construction, all

surfaces do not encounter the same conditions and therefore, a variety of

polymers can be exploited to the maximum for their permeability, strenoth,

fabrication ease, weiqht, cost and other characteristics.

Several outstanding polymers have previously been used for balloon

construction with varying degrees of success such as Mylar, Neoprene,

Nylon, Urethane, Tedlar, Hlypalon and Butyl. Each are excellent polymers

in their own right, but each will perform differently as conditions chanqe.

For example, temperature variations will chanqe the elastomeric qualities

of all these polymers to different degrees; also formulations of the same

polymers from different vendors can vary to such an extent that the physical

parafmters will change, thus requiring vendor formulation selection.

The above polymers plus others such as Teflon, Saran and EPDM have been

evaluated for their advantaqes and disadvantaqes in film thicknesses

ai)plicable to liqhtweiqht balloon construction. The relative qeneral

properties of elastomer types are given in Table 22.
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l'.,,~ i t'ht~t' I I.~. v~ Ie,', d ' d t It I I I II ' 1( 1 o I iner haVo' ,I ttr H110 (",

.I 1 .nWl he I ow.

POI YNER AI RIBUTES

- Impermeability to helium

- Low temperature flex characteristics

- 11% ri'si sanc(e

InI .ddi( io, 1 it , the Ib(,ve at tributes, the polymer or film must be bondable to

the s ao, t rafto and to i t'] f without. deqradation at low temperature. After a

coriprehem'n, ye trade-ot t c mudy of the numerous possible combinations of materials

to bui ]d ha11 loon f hriC', the fol lowinq films and polymers and combinations

thereof were ovalumted:

Nyl on

My 1 a r

Neoprene

Bu tY 1

ledlar

Polyurethane

. Lnating Between Plies

L utYi1 rubber i,, recommended by ILC Dover, instead of neoprene, for the middle

1,1vor of '11 two ply biased laminated constructions. The comparative properties

Ot but'/i and neoprene are summiarized in Table 22. Its lower specific gravity

aillows a reduction in the coatinci between plies of .4 oz/yd 2 for the same

hi (kn(;s, therebv effectinq a s iqnificant weiqht reduction.

,',iso, the low ursaturation of the buLyl polymer makes it outstanding in

roistan(:e to permeability of (1ases and water-vapor, ozone, oxidation, and sunlioht

,'ii no, when compared to neoprene. liutyl rubber is more flexible at hioh and low

tompvratmres than neoprene rubber, and therefore more crack-resistant in service

,11d in ';toraqe.

[he offect, of hydrolysi, on neoprene is more pronounced in thin films than on

thick films. Low unsaturated rubbers such as butyl, however, are not subject to

thi, phenomenon. rhis unique property is primarily the result of its low

unsaturation (fewe r double bonds) as compared to other polymers.
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BUTYL RUBBER MOLECULE

CH] Cl]3  CH 3
CH CH2  C CH - C01; -4 (',]f? C

CH3  CH3

Isobutylene Isoprene Isobutylene
Unit Unit Unit

The number of double bonds per molecule or chain lenqth is fewer than

neoprene. Since the double bond is the most reactive and most easily attacked

by ozone, oxygen, and ultraviolet liqht, more resistance is obtained from polymers

with fewer double bonds.

The same molecular construction reduces the permeability to air, qas, water,

and water vapor. The lonq linear chains of bnYtl rubber with few double bonds

for crosslinking provide a more impermeable membrane, as compared to neoprene

which has a shorter chain lenqth and hi(her degree of unsaturation.
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Ihe lower ',p t il( qrIv it y (if hutyl is In added factor in determining

film t hickie,.s and weight (:onsiderations. With butyl, the weight and film

thickness can be reduced below that of neoprene and still provide better

protection from environmental attack and a higher degree of impermeability.

3.4.2 Outer Surface CoatingIs

It is ILC's recommendation that polyurethane be utilized as the surface

coating on all lam inaited fabrics. This selection will permit heat-sealing

and/or cementinq of joint seams with a greater reliability. Thin

coatinqs of light-stabi ized polyurethane are superior in resistance to

ahra,.ion, utravio let rays, hydrolysis, ozone, and oxidation.

It has been proven that the polyester polyurethanes have better inherent

Iiqht, oxidation, ind ozone stability, and that the light-stability.

hydrolys is, aInd fungus resistance can be improved by chemical additions and

use ot li ilht-stahle isocyanates.

Pimentts can be incorporated into the urethane compounds for increased

HV-res stanice and liqht-reflectance. The added coatings neither detract

from the phvsi(al properties nor retard heat-sealing or cementing. They

providp the added advantage of weight saving by eliminating the requirement

for Hi,/palon overcoat.i( .

Thermoplasti . polyurethane elastomers are the newest, fastest-growing

mpmbers of the very vers;atile polyurethane family. Polyurethanes are

essentially linear in structure and can be processed by methods customarily

used with thermoplas.tics, yet the polymers exhibit many of the properties

f(f a rubbery vulcnizate including excellent strength, toughness, and

,ihras.ion reoiOtnce, aIs well as high extensibility and elasticity.

Im the' arly sta(-s of developint, little was known of the effects

of hydrolysi,_ uItrivio et liglht, oxidation, ozone, or fungus resistance

on the pnly, rethime polymer. As these effects became known, two distinct

to1i 1 i., mf ther l)m1,ahtii. po lyurethanes became dominant: the polyesters
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and the polyethers.

The primary difference between the two is the polyglycol used in the

polymerization. If a polyesterglycol is used, the end product becomes d

polyester urethane. If a polyetherglycol is used, the end product becomes

a polyether urethane. Because of this difference, however, each family

exhibits somewhat different properties and is affected differently by

environment and chemicals. A prime example is the effect of hydrolysis on

polyester urethane. Hydrolysis is the chemical decomposition of a

substance, caused by water. The primary hydrolytic rea(tion is as follows:

OCO (CH 2) 4 CO-O - (CH2) 2 O-CO-NH-R-NII-CO-O - 4 112

OCO (CH 2) 4 COOH + HO-(CH 2 )2 -O-CO-NH-R-NH-CO-O

The water attacks the point doubly underlined and breaks the polymer

chain. One of these chains ends in a hydroxyl group (-011) which is very

stable by itself. The other chain ends in a carboxyl group (-COOH) which

is acidic. This acidic carboxyl rOuP speeds up further hydrolysis of the

polyester segments in the polyester-urethane and the degradation becomes

autocatalytic.

However, neutralizinq the carboxyl-containing fra(iments of the

hydrolyzing polyester as they are qenerated stabilizes the polymer and retards

hydrolysis. A class of materials, polycarbodiimides, patented in 1965,

effectively tie up the carboxyl group as shown below.



in t in of I [oly (fCarbodi iuiide ) wi th Carhoxyl Groups

R R

/ NCN -RCOE - -' N NH-C N -4

~NI+ NCCCR-

L (trmnn carboxyl fl

groupj

pply(ca rbodiiryn.de) (intermindatc)

- ,~ N-7>-N -Wher- R a-dJR1 ire
Ns--l r a lkyl

(N atr o it): irra)

f~tjfnt~ to fil ibni)()v( t inn ini Jk101< non-vol ati I i ty ,resistance to

O"XtrH,( ioll, met wpiodb lify wiffh tloticr irld elaistoners containing ester

Ifb eiee of rearI tijomls ute, ri bed above prevents autocata lysis of

tho. bydriy is, rnfinn bV no(1t i i/it inn ()t the (arboxyl grioups as they

Ire( formled. IT) nidi timl, (in ei b taiilizer contains several carbodi imide

Iroluwh it (.In liend tfbi brokin pol ymer chains which terminate in carboxyl

Iii, nnosi' it irhoxyl t rrnjio, ini a polyester gIlycol is also a determining

fir( tot in ll noloi of liviqe points in a polymer chain. Neutralization

ot the (.arbhixyl i( ,( id by ndhiv him hydroxidle is an effective method for

Oil- di e(ri iii t.on iof thef Io idi iiiiobe in amacroqlycol T he lower the acid

nojotobr, the fewer po~init e (xist fnr)I potential clevaqe by water.
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Figures 10 and 1 1 show the offe( ts, of the ui, ot hiqill and low d(id(

numibers of a inac rogl1yco 1 and the e ffec ts of pol1yci rhod iimicde i n a p0] yei te

urethane.



Fiqure 10

EFFECT -'F ALDDED PCLY(CAP.BO)DIIMIDE) ON HYDROLYSIS STABILITY CF A THERtMO-

PLASTIC POLY(ESTC-P.-URCTILAINE) MADE FROM WOXMER ACID t-Vl.4BE& M-ACROGLYCOL

(D) +zo*t PCD

rpoc -84%

3pw - D)

IMMERSION TIM4E IN 70
0 C WATER (WCFUSJ

iigure 11

ErFECT OFADDED POLY(CAF1BODI1MIDE) ON HYDROLYSIS STAOILITY OF A THER mo-

PLASTIC- FPLY(ESTFR.URETH-ANE) MADE FROM LOW ACID INUMBER MACROGLYCOL

87 . (G) + .to PC-O

%= 89%

4,=

15%

_W L
0 2 4 SS

IMMiERSION 'TIME IN4 70*C WATER (YwEEk~l
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In recent years , dl iphatic and cycloal iphatic di sor yanates have

gained considerable importance in the bul lIlinJ of 1 i(Ilht-S tt)]v ad~

coo r -stable polyurethane polymers. Their longI-chain ,trur tures, devoid

of double bonds, as, are the aromatics, make them less, sus ~eptabi 0 to

trav alet evije. (Aglain, double hood, are miore rea(;tive than single

4' i r~wr-,ir, idometer and an Atlas Orv Weatheroineter ( Xenon l ight

r a ed to tes t the rel i ti ye re s i tance of various polyurethane

I ut, .fow thij t the al I phi tic d ii -so( laia te, a re superior in

re ! tr tv io lti diegradatf.ion a,, compared to the aroma t ics

,id'a I I 'l fit- pil yesters, ire tever more ro i , tant than :olyethers

I i~v ther nature of thei r pol viner s.tr-ucture. Still further resistance

Irlt o ttot tol in both the pol yes ter and po I 'ether-ure thanes by the use of

P1 glien a tion aidi ul tra violet screening a (iPOts.

In sumll, at iGnn d polyes-terV Urethane made wi th an al1i pha ti c dii socyana te

and pi gitiented with an ultraviolet-resistant pigment has outstanding resi stance

to UV. Ozone and oxygen degradation is niot a serious factor in the polyesters,

since their normal resistance to these two elements is outstanding.

Respresentati ye FadOreter results are presented in Table 23.
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TABLE 23

Comparative Resistance of Polyurethane
to Ultraviolet Radiation

ORIGINAL AFTER AGING
DATA 500 HOURS

Ultimate Tensile
Strength

(psi) 5500 4000

ModuiuS at 300
El ongation

(psi) 4000 3000

odulus at 100
Elongation

(psi) 1200 1200

Ultimate Elongation
(psi) 370 350

Mylar and nylon exhibit poor UV resistance and require adhesives

which are prone to cracking and strength degradation at low temperatures.

Tedlar, however, can be successfully bonded with acrylic or

polyurethane adhesive systems capable of withstanding low temperatures.

Thin films of edlar are essentially transparent to solar

radiation in the near ultra-violet, visible and near infra-red regions of

the pec trun. I)t ra-violet ,sorbing types of Tedlar are available for

irotectimn of uh',traLe, ai inst (IV attack. Thin films of Tedlar, when

0rx1),sed to o low tempera ture of -7) F, show signs of brittleness but

hbetauie of hia rh elongation are not readily susceptible to cracking.

(;,ele( tion of redlar, however, requires the use of special adhesives

orid bondinq procedrrres, to provide contamination free sealing surfaces for

seam fabrication.
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3.4.3 Coatinq Methods Evaluated

There are several methods presently available for applying resinous

coating substances to textile substrates and, in general, the selection of

any one procedure is governed largely by the end use requirements of the

coated fabric. Selection is also influenced by the physical and mechanical

properties of coating and base fabric, together with the associated

processing economies. The following coating methods were used to fabri-

cate test samples:

- knife coating

- transfer coating

In the knife or spread coating operation the viscous coating material

is spread onto the fabric surface, which is then passed under a closely set

metal edge called a coating knife. rhis knife serves to spread the coating

uniformly across the entire width of the substrate fabric, simultaneously

controlling the weight of coating material applied.

Unfortunately, knife coaters have two fundamental processing problems,

one of which is streaking of the coating, and the other is the limited amount

of coating which may be applied in one pass. Whereas the streaking may be

eliminated by using smoothing bars or air brushes, multiple passes must be

made if substantially air tiqht coating thicknesses are required.

In the case of transfer coating, a lightweight homogenous film, which

was previously cast, is transferred to tile surface of the substrate fabric.

Because of the homogeneity of the cast film, less coating is required to

produce the same net permeability resistance in the finished fabrics. Table

24 illustrates the e ffe (t of coatin( method on permeability.



TABLE 24

Effect of Coating Method on Permeability

Coating
Fabric Cons.tructio-n Method Permeability, H2

I.5 oz/yd Polyurethane Knife 3 3 L/M2/Day
I.A oz/yd Dacron Polyester
1,5 oz/yd2 Polyurethane

'. 5 oz/yd2 Polyurethane Transfer 4 L/M2/Day
1.) oz/yd Dacron Polyester
.5 oz/yd Polyurethane

3.0 oz/yd , Polyurethane Knife Gross Leakage
1.5 oz/yd 2 Kevlar Triaxially

Woven Fabric
3.0 oz/yd2 Polyurethane

*.7 oz/d Pol vtirethane Transfer L/M2/Day
1.5 oz/yd& Kevlar Tiaxially

Woven Fabric
1.0 oz/yd2 Polyurethane



I i qure I 'A ;,rv(-. to ii I) list rate the of fvet of kni fe Coat in(I on the

cros;s-section of a fabric, while Figure 12B serves to illustrate the

transfer method.

( * 20 oz/yd 2 of polyurethane; most of the polyurethane
fills the fabric interstice, very little covers thie

- -- surface of the yarns.

Figure 12A

S2.0 oz/yd2 polyurethane; all of the polyure',hane
is on the surface of the fabric producing maxiiium

~-~-----. ~ coverage.

Figure 12R
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fit- it do I ol I 'i toI 1 f orh I I one t f.1hu i ( was t.o devyel1op a1

10.1~~ 1,-5or~u V ii ." rther t hin us i nlq a prev iousl y devel oped and used

utb~t. 11W tv I he prij marv reas-on for th is ( hoi ce wais the trade-

oftf the twetol d t'i mel a 1 ()1 tahi I i ty , ho Iroutii permied bi I i tv and wei qht . I t was

I~5mn' t hat t tt "I'i I o- t ,tift-, l ow we it) t and l ow helIi um permeabi1i ty

It t iht (t". vw~ii. IiIl ttw t iii'iI anlyis ty'I-( Iili it's lack of high dimensional

stahl' L' t- (t ttbl ' tr owpali ()n of actualI double-substrate

0,11d l 5 I (I I o1(1 - " it) S't c It t ti i 1('I ri lIi

h(, tpp rit ii was, t o I ir- ut, dive lop, tes t and compa re i gh twe igh t

fa11) ai 'nd '(' (11(I lv to pt ori u I t (), t i ntj t'vi IutiJon) arid perform f inal tes ts

on thue oat ttW f I ahr It ( S

IIo( f usr t w.1 tor iI 1 hosen1 waS aI . 1 1)oz/yd 2open weave polyester

leth liavil( ')t :)2I() den mu'r 12 1:1 I/ t.ourt. The low weight and high tear

stren(;thiant f It-,itj I ity of this, It nh was, considered ideal . To form a

hol Iiltil porumatmi i t / sirri or the polymiter chos.en wais a polyether polyurethane.

Th fls"ide of tilu t'rjm wni( hute the helijum1 was, coated with a transfer frilm

11ndt tho optpt 1 1, f, ie re eived a di rect knife coat, Dlue to the large interstices

irt this tpe~on weafvf Iatmrtt , 'I rather thick layer of polymner is required to add

*Ittt .1 iens JOna, I iI t y intld i'urieabiIi ty features to the basic fabric. The

phy rI I1 trtlert it Im the oaited hilIlonet candidate Miaterial are shown in
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Table 26 - Physical Properties of Ballonet Material ST12C582

No. Characteristio. Requirement Test Method

I. Constructlon 3.7 oz/yd Poly.th.9P Polyurethane Vendor Certification

film (black)

1.15 oa/yd' Polyester cloth, 210
denier 1S 71 COunt

2.15 oz/yd olyether Polyurathane'

ib1mck)

1. Weiht 7.0 oz/yd +..5 FED-BTO-19, Pqtd. 5041

3. Dlreaking
9 

3'tLen th ( bo/inl

Strip Method - Machi e bO :in. 1 ED-STD-191, :ltd. 5102

Transv . 0 ren.

4. Adhde.iur Coatinq (Ibs/in)
T30AO093 asnd RPF Soal 7 . FED-STD-191. Mtd. 5970

5. Tear - Tongue Method (ibs) . .in. (machine) 6 min (transverse) FEQ-STD-191, Htd. 5134

6. Perme.bklity to Ha.llw 1.0 iLtor/M /24 irwura max. ILC-STP-029

7. Low Tamp. Flex

(l/S" mandrel) no cracks 4 -40QF AST_-02136

1. WidU 52 inches min. FZD-6TD-191, Mtd. 5020

2

As ,n be seen in fable 26, the average total weight of 7 r /yd was

reiu ired to obtain a good ileli ul permeability rating, with most of the

wIibht a t. tribu table to the permeability barrier (filin). The material surpassed

Ol" CIIn lose to the initial de liqn objectives, except for weight.

The major a(hievements thus far on the hallonet material over the double-

uhsra1 hell t. materi,1 have been; 1) Reduced heli urn permeability fr-im

.t 1o.) Iiter/m2 /?4 hours 2) Vastly increased flex life from approximately

3( O) (v 1w; to in excess o If) ,)0 cycle(,; 3) Reduced fabrication time by

a0 P)VroxiIle1t.elY A) and; 4) Reduced material (ists by 50 .

A,, th reult. tof th' balloon preliminary design study, a total weight

clt.i l i (il wi'; deemi nes,,sary. It, was determined that the hull. empennage

h>t



and bal lone t fabri cs coul1d be made I iythto r tor the Pu rpo of o l I i j

4 5 ,000 c u. f t bal lIoon by us ing th inne r e Ias tome ri (-/ jnolymer i (c Itti 11(y, No

structural penal ties would he i ncurreA by thi s change1 anrd aI de c IiJon to

ncrease coa ti ng th ickness at a later date tor use& in a 100 ,000 (1. tt ball oon

where weight was riot so cri tical1 would create no ,er-ious p~r-ocess diangje, . The

weight and balance evaluation required a total ballonet weight of .3.15 oz7/yd

It became readily apparent that to Maintain some deiree of he)lium

permeability, the only way to reduce ballonet weight so drxastilly was to

use a less pourous fabric which woul d not require such a heavy layer of

permeability barrier (polymer). It was also apparent that a t itih I weave,

lower denier fabric woul d have less teair strength.

Past experience with bal loon materials led to selecti on of ai I oz/ydc

nylon ripstop. 30 denier fabric. This tight weave, I gtei abIjc

was used in the past and is known fur i tS excel le11t c sttIrr I(Cceptah i t tY

proper ties . Again, p revious experinoe i od i cated tha t, vhin cooted, the

total material weight could be kept under 4.0 oz/yd' and "til I xhibit a

1.0 liter/me ter 2 / 24 hour (or less) permeabil1i Lv to hoeljium. A pairchaso,

order was placed on Reeves tiro thers, of North Ii arol ina for test spek-imetlO

and follow-on producti on hal lonet ma tonial constructed from 1.0 oz/yd( 421

in. width nylon rips top fabric coated on ono li do with 2.0 oz/yd 2 fil

urethane and on the other with 1 .0 oz/yd' knife coaited urethane.

Several test spec imenos were made. I t was found by graiduated decreases

in the film thickness that a 1 -0 oz/ydi pollyester polyurethane film still

Drovided a heljinm permeability of less than 1 .tl1 iter/meter2 / M4 hours.

The physical properties, of this hallonet, materiail are shown in Table ?7.
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I tie M I 1W C i' taI I orl t ilia teri a3 I wu' u I ti is1a telI )e 1 ef- ted t or, use

inr the .11)501),i . t t . ba I Iofni p riiii 1 j 'I f; t o j t ow w-e ight and low

Ile 1I i 11 pe rieal hi I it y . ITt j " ila( te r i I 'I -f e t " o7 I- "I soslae the Iconlstruct] Oil

Wel 'PIIt w id thI arIld law t oilile rtt u re fl1e x de-,shjr. (1,l 1 s1ta ted a t the begi nn ing

o f the f proI r I II (rfotofr t o I IItI I' ) .

A I t ll II~I I 0t 1t fr 1WIr I , we re ai ItInieve' d t her selIec ted ila terialI

seto Y-jrpu'l -,I''' - 1 tot mt - I theft,1 rnoI)u'Irt ie' I- It t he fItd double - subs tra te

tall uII )ft 1l1, tIr~ Th o I i.Iit lo ,,I pp(i 1nlt 1i p1( roper ty was o)f course, the

VerV low fear 5taetlIgtti i'I tIty ttii' ' lit. , hl! it iust be noted

that tthe liiw tealr trio;!;ti '.- aid( tIy tinr 'etli relenit to reduce weight

Fill' the t'lai II IIII4, i( , 11. ft I I tin . A l v i Iie r o.'iiteIr ja' l qvinu uC h i qrieIr

teaIl "t reln;;t -.'it h I,, I 1 t I I. t7 o tll I' I- v i 11d hl used Inl

1 i.k ' u. f a I, 1" 1(' 1 I - in w' ci i.t i Pift 1 lot iot ',, lv a-s c i t 1 al.

.1 'I, '. !wtH tI f, ti tI' l i ii1 vul j7o-liosed de,-iil

10.11 f t 1 V," Ifl I t ' , t I 7' tv 1 o tw tw to throoT' di ffe ren tvoes of

(I toi' r i f I w, i' it ( 'tor t uI' I, dr' hi tv tu by a f des i ont whi ch

'' o t I I' t :Of-'. pi I !I it l Ide a I i t '4 i 7 to r-educe pa ras 1 t ic

r , IL I if k li I 7I'I o t il 1.'t 1 in f ()7t' I O ti'r', I, ifer I)al oI()on p)ro je ct

I'l it Il)d I t ii'ti''r'~il ' t i I 1 -- t 11,1. short I v aIf tetr TLC was, awarded this

I fil r'! i if , I. 71 I .17.! I I hat I ,( r've'ilI'd tIatm tIhe 'operate. tube and sk inI

in t' n IIi ! If I ti' I I'ad inq edqe ( oT lapse - I (unless extremely

H iih ti I fr''.iii i',) 'i) )Imd jji'intiblei'liia inltoi nii I i ty trai ts.

uni t I I) ' I IrV'4 uIrlift (III t(he li c coint ep t ofIi si nq one fabri c a s bo tt

t ), t1u1 t liti I rf 's t I"Ii [ It lii t tie a i tr relIen t i on hair r ieIr. Thfe mia te r ia Is



I I II I1,of1 t ht ki otrmit twJi, (1evtopmlen t of new d(/or' Uipro vemenit

i I mi 11, ton ri' I. The e mpennage was used more as a proving

.tII.IrWi t I now I iI~htwei(Ifht ripstop fabric which would retain

.11 t iI*' ii. . f i.t ter 1)0 in Icoa ted with polymer. The

* ov, I ,~ il t tt jil(i (-owpare I iqhtweiqht ripstop fabrics

K]~ te1i (Ci I. I-i (eValiiatin and penform final tests on the

* ', i t 111h lvII !w'IIi weiqitt (?.( anid 1 .~oz/yd) were selected as

ft r ihtb till t ]iij , efore icnatingj. The 1bas--ic fabric was to be

,Iv Vwovenr traOn a (llimb1ntion polyester /fi ber BF with the polyester

y-r ! ** t j. round and the titan 'I" yarn as) the ri pstop.
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A subcontract wasi sue to Fabri c lheve opment Inc. for devel1opment of

the ?. ()iad 1.1) oz/yd, rips top faibrics .

N01TL :Refer to secti on 3.3, Fdbric Colstructi on Considerations, for

detailed discussion of badsic faibric construction consi deratOtns.

Ilie tiics t , .1 oz/yd ' polvrcter/f i her 'I' ri pstop fabric was received approximately

fi!e ( weeks, later. Refer to Table 28 for comparison of initial test results vs.

doi iJIn 00a0S.

'able ' ' .U oz/yd2 Em pennage Ripstop Fabric

(iAAC T[RIST ICS DESIGN GOAL ACTUAL VALUE

We i inc (o:'/vd ) 2.0 2.3

§reak ns ronIth Ilbs/ in)
rp140 I156

Fill 14014

Wa rp 14 15
Fill i14 15

Tomr streni tll l1 bs
Ton,)mi e cthod~
Walrp 12 28

iii12 26

6? 
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AlI th Io ughII th I e esu I t " of ttI I i ,i I i L i , I de v ,op irenit e e imd tr o mid i -a t e all
des iq yi oal ach ieyed, it was tell, that the optimum had niot yet been achieved.
Therefore thre vendor was instructed to fabricate four (4) additional 2.0 oz/yd2

ri'ps trp I abics.

The new fabric received was a polyester/Kevlar 219 rips)top fabr~c. Tests of
the fabric revealed the values shown in Table 29.

Table 29

ii'IARACTLR1ST ICS VALUE

We i (III t 2.3 oz/yd2

Ireaking Strength
Ravel Strip Method

Wairp 103/70
i ill 131/85

Nor[: Firest breaik i ri stren(Ith indicates, thre breakayce of Kevl ar 29
yairn s . The socond fiq~ure indicates the breakinq strength
of pol yes ter yerns-

Tear St en~ th
loo(Jue Teare Me thod

Wa ep
F ill 50 lbs.

56 lbs.

S)hoar 1, e i s tanc f26( lbs. --

h> " ini( ted thaIt. the( faberic break if( strengIth was substantially
I0 nd the, tor ; trell(Ith had been Irea tl1y inc rea sed over- the previous

frdii . I-he tric i: amples were, then subjected to a polym iler coating
evilurt iiol. I he c(l oI nill( oe) revealed excessivye shrinkage of the
iril ywotr 'Iersnd no shrinkage of the Kevi ar 29 yarns. It was

eerwinel that jiresherink heat. ,et pol yester yarns, Would have to be
WeLed to ai1 levia I tire Oirrinkaite prroblemr. LUse of the preshrunk heat set
polyeter (IIACRON ) vaers1 eI iruin od the shrinkag-e problemu.

A 11ruhlolil wtric h emrurojed e~r]y reosl ted fromu the di simri lar nmoduli of
ev, (lIe :' aInd Pma roil lyfe Y? yrirs. Al thougqh one phyi cal fabric was

wovir . tmo dot iunh h reakl irIq ,tyrerrItIvs appeared. The Kevlar yarns.
dIi 1h1uIii;t hoiirv ']r hqy u hor lIk Or(I "t'eogIti than polyester, had less elasticity
thrn 'if i(,r .r1ud flirotore always Ireoke first . ldilure Of the Kevlar 29

iiWW I Iron poIi o ll ther touir loads onl the low (denier (55) polyester

'ill Ire1p I ot :ht- Key far 2"1 yarn i-, tno (ifve the fabric good tear
ti -1,lth. it 1W( ailrlk r'rr that Hie muril i of the two yarns would have
hi [w 1rowhIl swee tot fI(r fir rIriov, birth Liqual breaking strengths and
tIi ore .Inn' vlrr ") v'Irrr did riotf tm] before the polyester yarns. The

lif hil t h) 'I hiievi fim r to tri' (oldrl-tethd , pre-shrunk 140
t(Sri 0 on , yrwl err.lwr ii if', twit. pi, onh to 14 and nainrta in i n

1ire 'Hu dli or i,m :" YIrrr, hut increas roy it,, tw Ist to 91 and heat.
I rg atertwit. ltuli Krk irnq Irru of the two Yarnis was achieved.

()3



1he rem]L t' Of thi 1, dk" 11IWO it'h il in Fabl 30.

IPrl yo. ItI ( K wl l '~~ ~ wist R ipstop Fahric

PRO I)f I TY I P1 NUI 1 VALUL

WeIiliht (e,'Vtt) l 2.41

PI vo I '.,tr i 1t Me t h oi
r W p 83.6

I. ii98. 2

I]orrttat ion 101S(I
W'I 1-1118. 5

IfI )o llh11 ) 19.4

To ll t 'l ,I h (1 I e )'r o

Wa3 r 31 .9
II 31 .8

I hie Iel, ie filoa I I t 'ee 1j( t eI j a f t Il r faihric which enhani:d the coating
htahlli I i t y the tabrj it WV o ret td (il one "ide with 2.5 oz/yd- filmn

tire ttrime aidl en thte ot tir witht 1 .1) n//Yd' ki t coated ure-thane No problems
th'i'i Outtit ted ill the ((,r t mii prot e'',. ie ptrotperties of the coated material

are ". hewn (m I t. 01

tottIted Polye',tetr/t'ev ar ?9 Ripstop Faibric
POPI RT Y REFER[ENCED3 VALUE

TEST METHOD

We i qht (oz/lyd; ) 50140 5.8

bri ri(I,t tr'Iil (I t l (I'h /i 11th) I10?
1 a,1 h illn 76 .8

er"r I eiittth (1 h , ) 5134
1 riripi Me'thber
11,1 1 hi re 16.7
htrirerr', 14.6

owr t I, i do' c o' a i mlr 15.4
iw id I tr'tnt I Or]j 14.4

Ire ntrill ~ tiI y t oi ri 5460 .4
I i IorK/te krr'/ dov

(.o., ( i Iii, i oil'. lhrt t i ill, i rmilt erj il I veIected for ii',v as the erinpennaqpi
.,t m tirr I rw,t rai iri n an a ir re ten tion ha rri er, TLC P /N A 1Th036-01,
exhuilr itr f ri rd r of tire twot hoa' iIt, qaiIi ties ori qi nr-I ly se t as (joal s i .e. ,



low weight and good tear strengjth. Wi thoti? im rea, ing wotl ht (but not twi no

able to substantially decrease wei ght ) we were( able( to ahieve di remmrkable

increase in tear strength by a factor of anrloxima te ly I:

3.7 _Hull TlMate-rial

3.7.1 Discussion

Al though the ball one t a-nd emnenna (le H teri al love] optenit r'gu i r(d a

great deal of experti se, it was, the hul]] material (level opwent which presentedl

thle grea test chal11enge to the material sp ci alists and ngi neers . The (ha I I ngeC)

to reduce the webight of the ballonon's priwmary stru( tore by 'C" to ipproxiia tecly

7.5 oz/yd~ reduce i ts hel in permeabiIi ty by 1)0 to lIs than I . 1 i te /M6 /')4

hours and still mai ntain a dimensi onal1ly stable s tructfure having all1 the good

qual ities needed to protect the i ntegri ty and I life of the il oon , was i ndeed

the most difficult and time consumingj. At the out set of the hull 11aterial

development program there were two has i c concepts cons i derotdl

a. Two-ply Biased Fabric Construction This (onstrutiton was, a two-ely

fabric composed of a dimensionally stabl e scrim lamina tfd to a 11 ghtwei oht

rinstno constructed fabric. The advantage( Of util i.'ino dietnsional lv stable

svcrims; in place of i very lightweighlt fabric is, thait. no biasing ooeration is

necessary. This advantagle realizes t savingjs in cos)t and laminating timle anld

reqlui res fabrication of only a one-direction fabric.

A thorough investigIation of the non-woven scrim market, yielded two

nossible candidate materials for this; application:

Tyvek -Spunbonded olefin

Reemay -Spunhonded polyester

Iloweve r , uhsegquenit testing i ndi c ated that fabrics; a bri (a ted f row Tyvvk were

knaicceittable. T is- is duo to thle incompatibhili ty in temperature resistance of the

Jtvj I?, .oi gurlhy(e (Oiole((fin dItri b n the rig( ((lOt.I t ion.



The stru( tura I ti jst 01 ) 11 abr- I( wa de-s ned to i ncorporate both higqh tenac ity

Dac ron m id Key Ia r ;') yarns, where'by t he Ki v a r Z9 yarn i s used as the rips top in

both Iti, warp '111d1 f j I I d~ il r ion'. wl i Le' t he IMa ron yarn-, are uised for gIround .

keciuse of the hii h os,,t of the Key lar N9 yarn, HLC D~over ran a study to no ii ze

the Keviar 29 usag(ie. The following objectives (refer to Table 32) were established

to insure that the (level oped ripistop construction would possess excellent fabrication

ver ,;aat i i ty.T 
b e 3

esinObjo lives-, Hull Ri List 0 Fabrii.

LILARACTI RIS R1 IOU I R1 MCIFN

We i (II t' .0 oz/yd')
Rreak irgq S)trenrIlth 140 Lbs/in x 140 l bs/ in
Count 100 X 100
l ea r S)t renqth 12 x 1?
Material Diacron , Type 5?e', 10 Denier

Kevl ar 29, N00 Denier

Tb', Iol lowinq equation was. use'd tio determine what pereontaje of the ( ons trut lof

shoul1 be Keviar ; 9 aInd whait pen i'ntagi' Ahould( be Dacron, Type 5.The ob~jet t i v(.

here waS- to in ini zr' the ueoi Ke o' 29.

I (Ls/n ( ) [i X f It[ Y )K .

whn:I Il I tiiate Fabri ( St res-s (bs / in)

II t ulimate longa~it ion ( i n/in)

I o na(_ i ty ( gp (i)

X , Y -Number of1 Years per I n h

140 (3 .01I)/)(/O)X 1 (.0.: )(1530)(OO0)Y
454 4 4

140 M.I 15X + 9. 1 20Y
1I0 X 4 Y

X 100 - Y
40 ( . 3816)1l00-Y ) + 9 . I1580Y

140 38. 1() .381l6Y + 9 . IlSS,)OY

Y 101L. A
8. 77

Y lI

X .

66



As a result of this study, a ripstop fabric was engineered whereby 8,",

percent of the construction was 70 denier, lype 52 Dacron and 12 percent of the

construction was 200 denier, Kevlar 29. Ihis construction increases the breakinq

strength of an all Dacron fabric by 5( percent while tripling the tear stren(Ith

without any increase in weight. Table 33 compares an all Dacron fabric with

the first iteration Dacron/Kevlar ripstop fabric.

Tabl, 33

All Dacron Fabric vs. l)acron/Kevlar
Ripstop Fabric

All Dacron Dacrun/Kevldr
Characteristic Fabric Fabric

Weight, oz/yd2  2.1 2.3
Breaking Strength, 90 x 90 156 x 145

lb/in.
Tear Strength, Ibs i. , 2P x ?6
Count IO0 x 100 100 x 100

The experimental Dacron/Kevlar ripstop fabric, employed as the structural

membrane, was coupled respectively with a liqhtweight biased fabric and a

lightweight spunbonded fabric. Figure 14 shows the cross sections of the two

i-perimental two-ply constructed fabrics. The two experimental constructions

and a control were tested, and primary representative propertie ' Ire (liven in

Table 34.

6/
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TablIe 34

Experimental Two-Ply Hlull Fabric Propertios

- f Base Linle
Des ign ILC P/N (Control)' B ia(s Suhn

Char'acteri stic 6oa I A10500' Ripsto) Riptop

Weight, Oz/Yd? '. .3838.

Machi b/e 100 106 I 8

Transverse 100 10M M03 91
Bias 100 95 10)5 85

Tear, Tongue
Machine M0 10.6 i27.8 17.3
Transverse 20 8.1) 25.? 11.9

Leakage
L/M?/?4 Hr. (< 1(1(

Shear Resistan.e j 60 95 63

The major advantaqce anticipcited from this type two-ply construction were', 1)

penneabil ity layer (butyl ) is, between two layers and thus, protected from abrasion

arO exter-nal weathering; ? ) Incrceased tear s trenqt.h due lo p1 v cons tructi on; 3)

Dirisniot'al stibility without having to crease left-hand and ri Ilht-hand bias ply

fabrics; 4) Hi go s trenoqth lo low wei ght and-, 5) Lou', terw Ii fc' . However-, the

contru( tion exhibi ted poor- hel iumi permeability anid had (iat i n adhe si on problems.

A,, these problems seeiied to be unsol1veab 1 e, al11 eff ort wi 5 thlen conicent rated on

the triaxial fabric ( unstruction boinq dleveloped in parallel with the two-ply.

6 9



b 1riaxial ly Reinfurued I i Im Con-struction

This construction was brouqht about by a technololical breakthrough

in weaving machinery. Whereas standard weaving equipment produces a

fabric with one yarn running in Ithe machine direction and another yarn

runninq in the transverse direction, triaxial weaving equipment runs one

yarn in the transverse direction and one yarn each running on a 600 left

and right hand bias (see Figure 15).

ITRANISVERSE

I /

//

Figure 15. Basic Triaxial Weave

The advantages anticipated from triaxial fabric construction were:

1) Requirement to laminate two fabrics is eliminated due to triax

strength in normal machine, transverse and bias directions.

2) Higher tear strenqth than comparable orthogonal weaves.

3) Reduced weight.

if)I



NOTlL; Refer to secti on 3 ..3, tabI)it i((Oloust rI'L t i (ri

(ons idera tiows, for, (Pita i led mwi 1ys s. of

t I-I aXiadl f abri c cowstrYuct j un .

The design goals set for, the tri (ix1 (1 fabriC roPinrtCLd filmIT hull1

Material are shown in Figure 16 and l isted in Table 35).

v i 1111 PoLl y (Inet bah ) n .5 0 2/yd FiIio P1 vwofeharh
c! '2:~d aci-on Polyester- I uZ,'yd' Kevlmn 29 itiax

Tri(IX -, .. )T)Z N I u iethl f ( k ri ife:x& Pol yurethant, (Kn f7 "."z -)Z ted

c (hi ted)catd

Figure 16. Ttriax ial 1 1111f I Id)! tsr tion

Table 35

Triaxial HLl Fabric Desiqn G;oals

-~Po lyester I Ke vla r

Characteristic ___ Ttiaxial Traxial

Wi (h t, oz/yd 2  
5.5__ 4_ .__T 8

Tenile, lb/in
Machine 10150
Tra'nsverse 12?0 150
Ii a S 120 15 0

Tear, Tongue
-achine 25 35
Transverse 25 35

Leaka ge,
L /,!,/?4 hr. 1<1

Yhea r RE-,istaince (lbs.) 110 180



It, was" iir t I rII((I tilil oI I the 1 ire Ii ItI iiriI ry r[Iro f . Ii 'xiji~r i [I 1'II t I'ja x I I nI I I I

l1a11iIlait F coris; t I(m- te(ld oif '1 1,1KvI a ri 29 yarnsc,, tha t the in t ic i pa-ted l ower

eI nqa,iiorl ( vs. i ll flacron ) was, littained-, however, the higher strength-weight

ra ti o mas nrot re f 1 in te(d in1 the (y lide r bujrs ti n s t reng th .In the formul1a

1 11R, where T i,1 t~whe ri(. Inl lhren(Ith of the lami na ted fabric in lbs/in,

P is the htlrst nolt plressure inl I". id P( l , Olte hursting radius in inches,

it ii. seetn tal't hII(, iW ' ,romith is depetident niot only on the strength

o f thIIe tahIcbr itn I I(I on thIIe elo()nga ti on t hat oc curs be f ore i t breaks. The

se t o f 1)o IY.Ir v I ci Ii sIq o n t he Ke v Iar ?29 vyarns reflects not only a

,)U pern en t ehl tIMI all virVn htrni ing stren(Ith , hut a i a severe reduction

lio ti ti itl'iat-ioli Wd;a COtci ieri(d.- iConideraitions

t hw IevI i I, 0 i51i wi th () turns,
1 n- ir I 11 /' t w i sI

,I,) r l iiI lo Io t ill, 1(-1 in iteoraition was. to provide for lower-

yinwi I Illi( II (Ii tiw r I I , re'II It il i m n hi her to d)ri c e ion jij t ion. Pre I i mi na ry

illijie F .i Vi(,e I i ni in I al1 30

Taible 36

Ri-lies i gnied Kevl1 a r

iraIay Re in forced F iill

______ 1 esin Glj oal

Pr ilki ?I() b i 0

ri w or ,

Ito hi v Tirt,

I.0



Tahble 36 Con t i niier

Characteri stics Design Go~ils-

Trapezoid Method
Machine 50
Transverse 50

Slit Tear
Machine 100
Transverse 100

Leakage
L/M2/Day 1.0 Max.

Shear Resistance, lbs. I 1W0

Several attemrpts were made to Droduce new i torat ion Ke\Jlar ?q

triaxial hull material . However, each tompt to out -im the yarn

on beams resul ted in the appearance of X(?siy yrn sings and the heaminrg

process was hal ted. The technical problems were di stussed and arnalyzed

by Dupont, Marionette Mills, [)oweaive , I' (i no Air Force representati es .

It was felt that the sIlIs ( Kevliar fi hers) I on 1( ho e Ilimnited by ai chanqef in

the beame r's tensioning techniques , however i new s app)] 01( ralw va rr a nd

re -scheduling probhiems at every p roce ssi no point i nli (:a ed that a hele

slip of 3-4 m,,onths, won]ld resn lt . At tkis point, the !,- isioni wa; i:ido to

concentrate eniti rely on pr'odUc4ion of the po 1ves ter tri a~ia i hull fabiric , dtue

to availability of yarns, andl processiOgq ego i pmenl

Al thouyin earlier sapetest,, seemOed to iliirate (Cceptaile I)-propeties.'

the polyester triaxi a]1 fabric exhihi teil an'11 op1al percentm e of elongat'ion

a fter coatingl. A fter exaimii rig a pi ece cit the mrial0 before heait treat meit

a piece after heat. treatment, ind a p)ie(,e after coniting, it WaS OthiOUS there(

was serious, shrinkage in the width '1rid a radical1 ( hane it) the has c flehoot ry of

the, fabric at ter coo tirio. Again, it was' felt thait thel prohl eli iCOild( be Solved,

but! tttor five I,)) monthsl I hert wv, lit flo iiiprovoenn Tfn di ffireit in

were-( tested 'ndl rejectot in 1ri liv for the (oX('''J1v(' ( lonriit ihn. Normail elongation

VI iip Ig~~x n'trl 0,' t ot ollpre" itr'. tin1 averrill nof 111 polyester

h111I . 1 1.11 t ri( WX. I1t oi V I'eI I l Hic '-... ve ( li q'Iit i won )11 aijs



itjltI' litI hilli, lfw't'r the' hull i rid1 hOw i)il ] i t andl (Ilponnaqe as well is

11 liI tIV '.Impk' hm1111' fit hoi rill I I -it i igh(t.'t (il'h'ti o) f iessuru's . Thei-tf("It'

IV' tc ' I- ' I I I I ' 1)1 1 / w '1 I, l I i ' (d t'I l om I ( v i dor-a t-1 n .i

I "i f t 1 11 "- 1 , i t o ', oIit t I ( 1 f the hu Il ia ter-i al Irpob]I em, by i i I

Ol 'iI I II I, :0 It t IvV I iv i i I )h I ;u i pImirt~ anld Ilator i I line such materia I

itl I- I' '.i- IWOl J):i v(i I'. iit] tit )r-'n wh i (h wais hi'iv iept but exhibited mucHi

I ''11 . '-. 111 tittWt I'lls won, iiade. imr: time tests were satisfactis

1' tt III, allt ii.cu t 0,it I ti~ ojwfrit I! fl5, 'KOcv('dtl I Kui t Iess due to wna t

.1 ItI Iul l ,, ) I'vt f~ ld qI i lit, t tl' rI t- m', f a brIcI . i na b iIi ty to a ch ieve

d ti \'I I'l !, I II I V4 I2 l' lht I'ani I i ,(I Wc p )I' i IIl I Iv . I, t, c h( i(ne i ppiren t a f ter'

ii t, ctIt i11 It I] V I, I t I t fi , ( ) h 1  1 p ,i fIi r t - Ix i Il fab h i dua d ll10KV thai'

f ~ I. ' I I m 11i''- I I- Ii I 11' I I I I1 iht'i S. t l'id t he f'V' wu I no nea r t e I-11

t ol i t)Ich tit 0 ld'~ 1f tlIi j I- li '1c'(I ta1

II~~W t ht. 1- I- I Ici-V xI 12 Ii Ii II Y''d d o v ni bf ' i e b t

w:11i ' if I ccn , I li i 1 ) 1 1 tj 1111 I t t iv ) f p 1_

: ~ ~ ~ ~ i "i ii -iI i -v , ' I v. , I ItS'I ' 'I , t - ' Iv it I i - t, 1 hi t~ . it I , 1 d1 1 I) t- I e wi1
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Table 37

Two-Ply Hull Material Preliminary Specification

Chirracteri stic Design Goal

Cowstruction 2.5 oz/yd2 Film Polyurethane

2.3 oz/yd2 Polyester Fabric
1.0 oz/yd2 Polyether Polyurethane
0.8 oz/yd2 Oriented Non-Woven

Polyester Fabric
1.0 oz/yd2 Polyether Polyurethane

2i/ 7.0 oz/yd + .75 -.5
lkr,','k i nl htrenq t h I h"

Strip Method
Moth i lit, 120 min.
I ramrsverse 2,0 win.

le,:ar (1l ;i t M1 e h'o

Xa(i hi fit 8 lbs
I risverse 8 lbs

Adhesion (lhs/in
Slea t. i n I 10
1i 10

Per nh iIi ty t hlel i urn 1 .0 Liters/neter2 /24 hours

ow Toeiiuratur(, I lox No cracks 0, _400 F

8.,i d t h 52 in.



n'II I t I' I .k l' t- ii I w i IofI IVit 1 il( iii, t I](, 1 tw W&y (I l 1 c o il ro t he o -o o

I~ ~ i tv I(I trnll ant hod 1as much a-s -ix (0 ) oz/yd' of wa ter if the bal lonet ared

of tio !,I I tIoii was suli)ject oil to de(W o irfit ondi t ion,. It was determined that

(,I iointri in I hit iion-wven ftromu 1K 1, to I mi l1 i icknles; el iiiirm ted the trapped

mi rrutoiiil. Ill 'lii B ijiion thlit. oileiideriiii would( re duce the overall

tt~il~iii I' ithili l ot Htn fmnihed hull1 materiail, the adjacent polyether

pot v~i''ttiiii Ilayer ma. eva twiittid tim it,, otfoct off dimcmesio,l stability.

o, t", ilid i (trd t lil I li li f-1 iifill tue 11111(1 I or, un! iimi(flin the coating

rim dii 01 didI il diolieo lnS l ii st lhil 1 i ty.

Opi t i 111i1i11 po I yure I liane koilipoilid t orto I al ti ont andi oal i ilq procedUres were

'111tai a propi'otirt Ii i li a )t oftl I'd' was, irdorei to deterieo if

ill( tiriiiii t 11( i 11 111pl 1 1 (t il iii roitil f lim tii lllf Ottt tne final

uiiowvx o; fir(o f i 't Lie( it', ido Wt ttic nut I )ra ralther than Lusinii

iti hi> lr iito sitiiid I,, thf idho'ivo utmi i 1, t runsfor meithod

n at t i l(1 it,',fl vAust prirodin f ion -wip lo, it ii atit to- ptyicl properties



iII\i8L1 Y;. FINAL PREPRODUCTION HULL FABRIC PROP[RTIES

Test Specification
Lharacteri st i c Resul ts Requi rements

Weight (oz/yd2) 8.28 7.6 +  5

Tensile (IIb/i n)
Mchi ne 172 120
Transverse 117 80

Tongue Tear (lbs
Mach ine 8.9 8
T ransverse 5.9 8

Adhesion (lbs/in)
Coatinq 8.6 7
Ply Could not separate 7

Pe rinea b ii jty to He Ii un
(Liters/Meter 2'/24 hours) .5 1.0
Low Temperature Flex Passed No cracks @ -4C0 F
Width Lab Sample 52 in.

17



Al thOUgh1 the q b tongue tear strength in the transverse di rection

was less than the desired 8~ lb Value, it was gIreatly improved over prior

.amp Ies and probaiblIy ri presents the ma xi mum obtainable when the fabric has;

(Wo0d COa tiny Mnd lily adhesion. A decis ion was made to proceed with

tlh~riCat ion of the hull mnate0ria I. Within three months time all bull

maiteriail ( lkC P/'N SJl?1C71b)was received, tested and accepted.

I r i ax ia l IY woven f ab r ics , i n the presen t s ta te-of -the-a rt a re n ot

kcoep ta h le 0 IlY r use i a I b loon ima teri al1 priiiia ri l y due to the i nabiIi ty to

a1 c 1ii e ve equa I va ri11 tens" i on on a 11I th ree a xes and the i nab i 1 i ty to re ta i n

qood p)rope r ti es af ter coa t i ng wh ic h i Sca used by the i na b iIi ty to ob ta in

a Pte 11tionn t bra1t Set t Ci yei amp]le t imen and budglet, it is felt that

tri,1iiil ly wovei fabric' Can be developed foi- use as basic hull material

culiable of oVera 11 hull Wci' l t saivings approaching 50 over today's materials.

Alt bough the Wei Ilit saving(s (lid not meet the origlinal dlesiqn objective.

tlue two-1 ily ho]]l materiall P/NiSlC5 used for the 45,000 cu. ft. balloon

us oer 0 o (")les than1 exis ting 10 oz/yd2  materials. Additional

of tort wmld Ilwst likely aI hieve somec addi tional weight savings, but not

A wh lm KIit, Itemn of the contract was devoted to prena ration.

it I* ''.i imd smuh-seilient use of an R & D) Test and Acceptance

I'. ' 1 .111V al ,uhbim t td aiiiiended andi approved for use during the

ti'ft !i" wit I(I - li plan defined classes of materials,

-11111 I out indistreiol testing miethoids and listed all tests

wiotiiol Ic H tii of 010 en i mterial cls, In, asimich as the test

in w III Vm ,wI~I h' ho, s1ini tt i earl v i n t he llrnuramm it. di d not refl oct.

the t fioui tb i toh t m tis, We gh is o 11( JOyineIr fI oul at ions however,

tiii t" tos iro 'Intdr tihe indiv idual testing methods, (1i( not changte



appreciably and therefore were useable on the fina iat Prid excep1t

where specific values, e.( . breakinj stren(Ith, wei qh t , et . no lonqer

appl ied.

5.0 FINAL fMATERIAL DESIGN

The final ma terial s seected for construc tion of the 45 000 cu. .

balloon and their specified physical properties are shown in Table 39.

P)i
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6.0 BALLOON DESIGN AND FABRICATION

6.1 Design-

The balloon design criteria were specified in the contract, refer

to paragraph 2.2.4 of this report for listing of criteria. During the

first five (5) months of the contract a preliminary des ign study was

conducted. The main purpose of the prelieiriary ,tudy was, to calcul ate

weight and balance data based on a general balloon configuration. For

the purpose of determining the projected wei(lht of the 45,000 cubic foot

balloon, the scaled areas of a previously built 201,000 cubic foot hull,

ballonet and empenrInage were used. Seam tapes, patch materials, handling
lines, valves, blowers and other hardware and riqging components were

also scaled down in the engjineering estimate. The weight and balance

study indicated the original design weight goals for the hull , ballonet,

empennage and tether would have to be reduced in order to achieve a design

goal of 10 free lift irt ailtitude.

Subsequent design efforts consisted of dynamic analysis of the

proposed balloon system, confluence load identification, determination

of load patch size and locations, more specific hardware sizing, material

and component configuration and empennage/hul1 integration, al11 culminating

in the aerostat design section of a contractually required R & D Design

and Eval-'ation Report. The approved report (stahlished the 45,000 cubic

foot ballooo design configuration shown in Figure 1/. Tire balloon

is a modified class"("' shape with a four fin cruciform empennage attached

to the aft end of the hull for aerodynamic lift and stahility. See

Figure 1(", for final balloon configuration.



IhI fl1 I des, i jIn i Orivrri Li oroi wi th I (ii tuitI ia 1 y iunrii nii qoreCS

c.,(1 t I It wide pa nel s f ila terialI . Fan type )odd patches and
5;.ut-f strips ittx-hod to key points on both sides of the hull facil itate
attachiment of t Iyinij arid close haul bridle lines. The load patches are

(i(Ined and sized t.0 (tistrihte( loadd, such thait fabric -,tresses are
traosmii tted to the hul a (t a l oad dens i t~y l ess- th ani 10 l bs ./ n a round
the patch per iphery'

o . LB I I onte t D~e" (11)

The balIlIoriet o t ii We a1 ooreU ae 011 0coate'd Ii (111tWei oh t nly1ln
rci J)s tot Iiat eno io I cios"trii ted w ith Ilonq i tud i na I l v runni no lu re')
f t)i i (Inai t Iiow w i do Lti IaI 1)i iesI - . Th e h~lI I ln t Vii oIil m I-C(im I ri(d
to fly K ha I ilon t noiii ,(J ti 101,000 feet was colilluted to he

0 1ti ( l 1 01 of. Th is ini 1 des aI 10 e'XCess Vol UMe to a.ccount
oI - i ipenl IsI t . 1Ke viiolume of a /01 .000 cubic: toot hal loon hal lonet,

wh ,It hww, ''ied tot, I Iijhtl tro 0i'-10,000) feet., was directly scaled to
f I I , " 00 0 o11 1 1ii uo (a I 1 1 fiaIt, i onII. Tte s ,ca Ie d down hal I1 o net vol Ime
W,. P,K oh 1) C eel . ",initc the hii 1 wa s als-o d irec tlIy s caI(-d f rom
the (I fl ,Wmi it out hal loon, i t was, decided to use the d-1rectly

"(II(( M hill 0 o vii11,10 ii 1orderliiv t ie '(V'00Unnecessary engi neering
~t fi-o-dhvfiloiiii i t bonot .hopw and hull intersecti on line.

lthd 1i 1110 Wl)e iw i iwioil to the i osi de' Of the hull1 al ona. the
jiit n I~t ioti I i wi Hii a hi(o: omen s trip1 to prevent the seami
t ioi x (' t* I i j1 of I) ( u Ie I (iii Ido
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6.1 .3 miwennaqe Desiqn

The basic configuration of the empennage was oriainally a four, fin

cruciform and it remaiinoe so. The individual fin design orginally

propo,,ed utilized inflated tubes placed inside a skin. The tubes

were sizrd to present a good airfoil snape (See Figure19 '.

IF

f (,Pt g I I IN- /~ U ., G'
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Very earl y tests proved this des iqrr not feasible for two reasons;

I ) e \iieSs i lyey hioih air pres sure was requ ired to prevent the 1 eadi nc

edtqe t roll los ill ii it' -,shape(.1nd-, 'I) leak detection and other maintenance

Was, VeI y di tti(i Ilt arid1 tijiIe Loi,r1isIIjijii

AS a resnil t, of the, tests, at new eruperinaie tin design was engineered.

]IhK. desiil (1it io"t i(;ol ('w t' isif I,()) is aI fully pressurized tapered

c'Yl ruder dtjtItrti'i to aiI arc toil icro,s-sectin by means ot internal

cit.erary ribs. 1hei tfill ( ro,)s-5it ion is, 90 of a NACA 0018 standard

,it' r li I . e 1 at e101arY ot tlriaiil(Jnlar load spr-eader desioijs were

(Vii 11a1ted,. lest I 'ljieristratIed the c~i teiry r ib1 des i qn to be the most

111 i tef I) r 1,id I I t r ju [ i r)v nit th r tore wi 1 ch[osen.

i, I I'l Ii i', ri 1)" Ild tr t Iin it , i n *rre iiade f rowi the sair ase

I'! t 1 t I I'," / "vi I ' I -'l ripsv top I ibri c T Ihe ( a tena cv ri bs a re

'ilIt, -i t " ' , I. III, t iti skin is pol i rrttiiii coated foll ai r retention

1 iit i> d.i(III which erihir I II I xplects, of ma intenance and

c't IIi I ri I ii1 Ilirii se(rve>, hot h is, the 1t riratiral restraint arid

, Ii ()I) [t ,it ri to Iier arlid;) the ski rti is pres,,su ri zedI, enahi irqIg lea k

It I t iori Itd repo i r t riili Ien outs i de , h Ir lines we re p)ro v ide d between

hti Imer t ii I pI,)1I'(V i ( de iI it oni I ,ur~port for aer-odynamic loadinrg.

(i1111 lllvi iitir iti, ri iiteitn iriiatedl the lpillowing

It )f hf it) PIrrel. tout t reI, ri~ tel t o 1) of the chord depth.

_ I I I I Yiin~ v ' i I I

liii~~~~~~~~ mtiir~lu t ii ii .i it i iii,; the ei:'p~eniace to the

hii I I viil, Si (IIJqi I tI S I \, ii i t 1 .t tit I t] i, I f, q i ei~ k ef s, anrd fh( reb

I f , I I t ill I
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at the outer edges of the seal. Figure 22 is a variation of Figure 21 and was

used for main seams of the hull. A sealable tape is sealed to the coated

fabric on each side of the seam. Thus, all loads are shear loads and are

distributed to both sides, resulting in an extremely strong seam. A cross-

sectional view of four panels joined in this manner is illustrated in

Figures 23 and 24.

6.2.2 Dielectric (RF) Heat-Sealing

Test results of RF heat-sealing on seam samples of the hull fabric produced

excellent results, therefore the hull fabric panels and much of the empennage

were joined by RF heatsealing. The process utilizes the electrical pro-

perties of films which are moderately polar in nature. The dielectric

heating effect is caused by the work (dielectric loss) produced using an

alternating electric field at a relatively high frequency which results in a

heat build-up at the interfaces. A seal is accomplished by placing two

similar films between two matched sealing dies and activating the high-frequency

alternating current for a specified dwell time. Sufficient pressure is

applied to the dies to force the two layers of film together so that the

interfaces come into intimate contact. The greatest advantage in dielectric

heat-sealing is the control of the system and the repeatability of results.

This sealing process will form a bond between fabrics which is greater than

the strength of the fabric.

ILC has incorporated a new quality control Capability in its heat-sealiny

operation. This technique makes use of temperature sensitive dyes which

are painted in narrow stripes on the sealing tapes. Two dyes are used

in this process, one is activated by the temperature established as the

low end of the sealing range and the other is activated by the temperature

specified as the upper limit of the sealing range. These temperatures

are determined by preparing and evaluating test seams through a wide

range of seal temperatures. By observing the two dye stripes after

sealing, it can be determined whether the seal temperature was within

the desired range. This process provides the capability for a quick,

effective quai ity control inspect ion of every inch of ba Ilooni Stiii.
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HEAT SEAL AREA

BASIC HEAT-SEAL LAP SEAM

Figure 21

HEAT SEAL AREA INRSAIGTP

MODIFIED HEAT- SEAL LAP SEAM

Figure 22
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6.2.3 Thenal Sealing

Thermal heat-sealing utilizes the principles of both heat and

pressure, in conjunction with a heat-activated film adhesive, to create

a fabric bond. The film adhesive, when thermally set, will form a bond

between fabrics which is greater than the strength of the fabric.

ILC thermally bonded all the patches to the hull by use of a

manufacturing technique developed by ILC for bonding Apollo space suit

fabrics. This method utilizes a thermal blanket and vacuum which provides

equal pressure over the entire sealing surface to achieve thermal/pressure

bonding (See Figure 25). The thermosetting film adhesive utilized in all

thermosealing meets ILC Specification 03998, Polyester Film Adhesive.

VACUUM THERMAL BLANKET

METAL FRAME 8 MYLAR LOAD PATCH

SEAL_,, 
_

F~. 
7...

' N%'.---HULL FABRIC THERMO SET BONDING
FILM ADHESIVE

LOAD PATCH ATTACHMENT METHOD

FIGURE 25
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6.2.4 Stitches, Seams, and Stitching

All stitching used conforms to Federal Standard Y51, Type 301, or as

otherwise noted in the specification. Sewing thread utilized in all stitching

and seaming also meets this specification.

6.2.5 Cementing

Cementing was limited to those areas where dielectric or thermal

heat-sealing was not practical. Adhesives utilized met all the require-

ments of ILC Specification 03999 for Two-Part Urethane Adhesive.

7.0 PROOF PRESSURE AND LEAK TEST

The last requirement before balloon shipment was conduct of a leak test.

Both proof pressure and leak tests were conducted. The balloon was

pressurized with air to 3.5 inches of water for a period of 1/2-hour. During

the period, the balloon surfaces were visually inspected for proper contour.

All surfaces were smooth with no depression or bulges. All seams and joints

remained intact.

Due to fluctuating weather conditions and the effect tha' Chagrle;

would produce, the leak test was postponed several days until more

stable weather conditions existed. When stable weather conditions

prevailed the leak test was conducted and within the accuracy capabilities

of the test and measurement equipment, there was no measureable leakage

of the 45,000 cubic foot helium compartment.

During the course of the test, the ambient temperature,barometric

pressureand balloon delta pressure were monitored (refer to Table 40).

During the period from 11:30 a.m. to 2:30 p.m. the apparent balloon

air pressure increased from 1.9 to 2.9 inches of water while the

ambient temperature increased by 70 F. It was calculated that volume

growth due to elongation caused by the increased temperature and pressure

was approximately 1%. A IZ volume increase is indicative of a 0.33% linear

elongation which is nearly identical to the raw material lon(iation values
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TABLE 40 45,000 FT3 BALLOON LEAK TEST READINGS

BALLOON AIBIENT BAROMETRIC

TIME PRESSURE TEMPEXATURE PRESURE.

-11:30 A.J. 1.911 H20 80.0F
11:45 A.. 1.95" 120 80.OF
12:00 Noon 1.9" H20 79.0F 12:00 30.38
12:1.5 P.M. 1.85" 1420 79.OF

12:30 P.M. 1-79," H20 79.OF

12.45 P.M. 1.7" 120 78.0F
1:00 P.M. 1.5" H2) 78.OF 1:00 30.39

1:10 P.M.
1:15 P.M. 1.8" H20 81.OF

1:30 P.M. 2.4" "ZO 84.OF

1:45 P.M. 2.59 H20 84.OF

1:55 P.M.
2:00 P.M. 2.4" H20 83.5F 2:00 30.39

2:08 P.M.
Z:Z5 P.M. 2.6" H20 85.OF
2.30 P. fl. 2.9 +" H20 87.OF
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found during tests between the same pressures (1.9 and 2.9). For these

reasons, it was determined that there was no measureable leakage.

8.0 CONCLUSIONS

At this writing flight tests of the 45,000 cubic foot balloon,

scheduled for 1981, have not been started and therefore

the final conclusions as to the degree of success of this program

cannot be drawn. It can be said, however, that the materials and procesees

developed during the program resulted in attainment of the original goal

which was to develop a new superior balloon material. The material is

superior for two interrelating reasons; 1) The material is of much lighter

weight, while retaining strength, than previously used two-ply fabric

constructions and ; 2) elimination of two-ply biasing fabrication techniques

greatly reduces the labor cost to manufacture the balloon. Additionally,

based on all data obtained up to this time, in can be concluded that the

material developed is suitable for use in 100,000 cubic foot and larger

balloons.

9.0 RECOMMENDATIONS

The first recommiendation is to complete the flight test and other

evaluations, e.g. maintainability, reliability, etc. and if successful

or satisfactory construct a 100,000 cubic foot balloon with the same

materials and processes to prove the theory that it can be done with

good results.

Secondly, given ample time and budget, closely monitor industrial

establishments for improvement in triaxial fabric weaving and coating

technology. If perfected, the triaxial fabric could greatly improve

the weight to lift ratio in balloons of the future.
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