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Abstract

This thesis is an attempt to develop and improve the envelope materials used in Lighter than Air
(LTA) systems such as Aerostats and Airships. The envelope materials are made of coated and
laminated fabrics and these materials, being polymeric in nature, are susceptible to degradation
due to natural weathering. Therefore, in order to improve upon the envelope material properties
it is important to understand in detail the degradation of functional properties over a period of
time. The functional properties which are most important are tensile strength, tearing strength,
helium barrier and durability of joints. The real-time deployment conditions of LTA systems are

best simulated by natural weathering.

Four types of both sides PU coated fabrics were developed, in which there was difference in the
type of PU (aliphatic polyester grade and aromatic polyether grade of PU) and additives - TiO2,
carbon black (CB), UV-additives (UV-A) added in the PU formulations. These fabrics were
subjected to weathering till the time noticeable trends were observed viz., 1-year for ‘natural
weathering’ and 1000 hours for accelerated ageing using UV-B and metal halide lamps. The
fabrics were evaluated for residual functional properties. Various techniques such as FTIR, SEM,
and molecular weight determination, etc were used to study the degradation behaviour of PU
coated nylon fabrics. From the degradation trends, it was clearly established that in PU coated
fabrics the limiting factor in terms of usage life is the helium gas retention property. The gas
barrier is provided by underneath (gas facing) layer only, while the top acts as a sacrificial UV

protective layer.

It is important to estimate the usage life of Aerostat/Airship envelope and to evolve a
methodology for evaluation of service life which closely simulates the actual usage. It is known
that the envelope materials of Aerostat/Airship in usage have to sustain biaxial stresses - the
Hoop’s and longitudinal stresses, which may have deleterious effect on long term
usage/deployment in addition to environmental stresses. Moreover, any Aerostat/Airship will
invariably have joints which are also under stress in an inflated balloon. The strength of the
inflatable is dependent not only on the strength of the material but on the design and strength of
its joints/seams. Therefore, a study was conducted to know the influence of in situ mechanical

stresses on weathering of PU coated fabric along with joints. An attempt has been made to
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evolve a method which better simulates the natural weathering of envelope materials. A number
of studies on joints including accelerated creep have been done with an intent to obtain a quick
test method to safely determine whether the joint will fail under stress or not and how to find

minimum joint overlap so as to minimise the overall weight of envelope.

Inflatables are susceptible to catastrophic tear. The tear strength itself has no definite relationship
with the actual tear propagation, therefore, several studies have been carried out to establish
relationship between tearing strength and tear propagation in order to ascertain safe tearing limits
of envelope material. Aerostat or airship typically have two flexible compartments - one hull that
contains the helium and provides the lift and another ballonet that contains air and is required to
maintain the overall pressure inside hull within permissible operational limits. Air blowers are
attached with the ballonet to pump-in or pump-out air to maintain pressure. In real time flying
situations of aerostats/airships, it may so happen that the tear may remain undetected and
unrepaired for some time. In that eventuality, the blowers of the ballonet will turn on to pump air
inside and the pressure inside the hull may remain nearly constant for some duration wherein the
helium escape from the hull is countered by the air pumped in into the ballonet till it reaches it
maximum volume limit. None of the previous studies have reported the influence of time on
propagation of tear. This has been attempted by conducting tear tests on (i) uniaxially and bi-
axially stressed coated fabrics and (ii) on pressurised fabric cylinder made from the same fabric.
The effect of time on tear propagation has been studied. Tear propagation was studied by
inducing dynamic tear on a biaxially stressed coated fabric through a falling dagger. The
influence of traverse rates, 1 to 5S00mm/min, on tear strength under uniaxial loading was also
studied. Thiele’s empirical equation has been found to fit the data of biaxial tests and cylinder
tests. The instantaneous tear on a bi-axially stressed fabric when left under constant stress for
some duration lead to failure of fabric at even 15% lesser than critical tear slit length in about
15min. Therefore, the critical tear length not only depends upon inherent tear strength of
material, diameter and pressure of envelope but also on the time for which the tear remains under

creep.



The limiting factor w.r.t. life of PU coated nylon fabrics is the helium im-permeability.
Moreover, the only way to mitigate failure due to tear is to increase the tear strength of the
fabric. In this context, and based on current trends of envelope materials, it was attempted to
develop Tedlar-polyester films based laminated fabric with two objectives - To maximise
operational life by using Tedlar film and to maximise tearing strength while keeping the mass
and tensile strength nearly the same. Therefore, it was planned to conduct a study to make
laminated fabric with various base fabric constructional parameters keeping lamination
parameters nearly identical to see the effect on tearing strength. The tearing strength has been

improved from about 300N in coated fabrics to 900N in laminated fabrics.

The rate of decay in laminated fabric properties such as tensile strength and tearing strength due
to different fabric structure on weathering and accelerated ageing of laminated fabrics was also
studied and interesting trends observed. There was practically no change in helium barrier after

1-year of natural weathering.
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SRS

77 HEE Argex =9 AT (LTA) Beq 59 Acrostats 3T Airships ¥ ITIRT g9 a1 @I ATHIAT HT
oo o Iga a=T &1 UF Y419 g1 @i aredt Jf9d (coated) TF 79&7T (laminated) F9g & &+
B § T T A8, T § agah g & HIL0T, TThided T o FHIL0T &0 o [or0 sTfqeaaqsiier gra
g1 AT, @I o IO I LT FIA 6 [oI0 THI 60 AT § FIITHE I[OT1 6 S0 I [AeqE F THAAT
HEAUl g1 FTATHE [T ST TaH HgeadqW g 4 & aeadT arehd, Fed o<k, gIferaw arer s St &7
| TAET feed #7 awatds g0 ¢ qardt i Rafa Irfas A9aT gRT 9699 T=af aig o
L T ST B

T THT & e 3299 (Polyurethane) aIfod Fae At fohw 7w o, e TI(E29 o9 & T6 |
e o7 (uferkfes iferuees I v vamfes aidisam I) siw ufefesn - Samdsn 2, e+ s (Hid),
T-ufefesd (TAT-1) TS § S 0 | UF TSl § @ G709 aF THias qq6d i UV-B 3fiT
T TATSS AT & ITART FId g FIATHE TN § ST S FAT ITRT Fearwa ot @r am Gfes
Tehe 10l STH Toh TSI 3N, THSUH, 3T 0Tt AT Heieor, sffa &7 START et g9 o At
FALT o &1L AT HT TLTAT FA o o0 f3hm 17 om) fierae & w2 /4, 98 o0 ®9 9 w0 B
TAT AT fof qrefas iU Ot § ITART g & Areer § HHa w1 giforgw a9 [t o 81
JTLT et A1 (VT HT FTHAT FLA ATAT) T FIT TG 0l ATl g, TeAoh 9L ATAT A9 Tk el a7
TAT FLATHT TLq & &9 § FH1F FHdT gl

T [ TALIAT G F STTRT 6 SHTAA FHT SATHH TR o o7 Uk qgia F7 e #3241 qgeaqor g S
FTEATA® ITART &l ATEAT F ATH F2AT gl T AT & 1o START H A AT TALEE /| TAXAT T
G AT T T3erdT qara - g9 3T Sqaed aq1dl &l a910 1@l 98dl g, SEET aiaeoig aardl &
FATAT AT RTIT ITANT / AATAT 92 (Haw1= T919 81 9hdT g1 T8 oarar, et off vaede / maefa #
THAT SISl 919 2IaT § ST FATT €U &AL | a1d § 2rar g1 Inflatable T a1 7 et aTHIAT i
TR T AT Ft §, afew zaer et / S % RS siv areg a7 oft 9 et 81 zafen, et ®
ATT-ATT TATLLAT AT9d FIL F FTAT I T[4 TG & TATT &l AT 6 o7 T eI 63T 147
T U THT fater #7 FrewfEa w5 &1 = BT 17 8 S a@rer areeft i STHaE 0T 1 Sga) & o
ATHLT FAT gl AT JET Aigd SITSE 9T F5 ALTAAT H TE IATHT FHL o 008 F ATLd TLHeq fater
T FA o TS o a7 747 g TF 946 a9 & dga e g AT 98t oY @i & g8 a9 f w79
FA o o0 7qAaq H=h aeAT w7 @it

Aerostats 3fi% Airships =¥ % FTLT 9AT9E q48 & Fed & forw srfagaamefier gra 81 we it aiwar &7
FI2 T Fed T qThd F Hag g, THU, G qTRT i gierd wed it AT F7 9q1 T F o weq
FT AT ST e T THIL 6 S G ST F2d 6 o7 F2 ereqa+ o 70 8| Tadieee a1 uaeioT §
A AT I &7 AR TS5 B & - U TqAdTL S8 gIeraH AT g ST for%e 3aT g oY T S Me gl
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g T gaT BIdT g 3T SIqAa qiarad SHTel & idY 99491 & e 997 97 a0 @ & (o0
AATF AT g1 FTATE FHI FATT @A & [T TAT AT &l S F GI-39 AT G9-313< f3hAT 14T 2
UeEd | UAIAT HY ArEqtad qHA # I A Purfa H, AT I "qwar g & = 3w vy ¥ oy
ARG 3T ATATEAT T8 T 21 39 AT §, a7 F soTe1¥ (a¥ gaT &l 99 FIA F o7 =7 gr A1
g T UqaT ¥ 3iaY 979 T AT qF AT RA¥ T °ehaT g, ed qqaw & giferay #7 agra gar
A H ZAT F AT F AT THE T Thdl g ST il Tedle Araad JH1 a6 Tgi ag= sar | foger
el | & et  off =1 F Y 9% 96T F TG A AT A9l &6 g1 UF &l F92 F 99 1) A a1
oz fafereT o i) f3-s1efia =9 8 q9@ g9 9 Fed U FF T Fh qg TATH 6T 1397 81 1w
THIY 9% AT F THE & TAI9 AT TI7 g1 HX & THR FT Feq3qT TF (a0 @Y % qreqq §
BUd 9 ¥ q91@ § Af9q w9 9% Traefie J & I Fh a7 T>7 A7 | AT 6 Jgd Fed @l
qmhd 9% 1 & 500 [T / e % Sque &30 F7 TAE 9 ereqdq= A @ am O F aqeeas
aefteor &7 fFerefi oot v feeT aheont F 2T #r fhe amar @ 81 B-erefir =7 8§ a9 e 9=
FAS T ATHITAE AT T T AT o (0 Fq q919 & q8d Bl [adT SATdT 8, al FIL i [ahedr
AT 15 fime & srfermay ==y sars 7 qorr § 15% 9 gl 31 gaforn, aftrmay =i i Fare 7
FAT GIA =l ATHIAT, SATH ST TqT9 AT qid wIE afh 9 =9 Fdl g, afcd 39 997 & forw ofF
gret 2, forereh ferm == ger wear g |

AT AT ATAAT FALS FT S{aT SHaH e ¥ rafer g AT g1 zoF sTarar, J¥ F Fw
TheTaT T 7 FTA T THRATT TLHRT FI KT Fad 0 g% T 92@T1 3| 290 daf |, i gt arft &
HISET T2 & ST 9Y, &7 ILLAT & T Teae-Tiforuees fhedl 9% smeTa laminated F9ST FT
fasrfera e &1 e BT T o - Teee Thew T ST U=t Stad F A SwaH Fe F o
SIY TSAAT ST AT 6T G &l a9T0 T@d g0 ATSRAH qThd il SATTHAT FLA & (| THT, Feed
T Tf<h 9% 9T T 3@ & (o[ JIaT [ A TAT G99 T@d g0 AT FAST &1 FH0 w7 UF Teq9=
FIA =l JISHT a1 5 AT laminated FI8 7 T 300N & 900N T el it 9rf<h § e o =
gl

ATAT AT FAS AT ION H 7 AT 3T 9 T oIf<F 3T ATAT F FHIOT H92 1 AT q7=47 F FE0T
e o o T iR fRe=eT = 3@ T W GE a0 F 1 a9 F J18 gierdd arer §

SATEEIF BT F HIS TRAAT el ga |
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