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Abstract

In an aerostat, the connection of the balloon to the ground is made through a rope called a tether, which is connected to the balloon body through
several patchings. Patching plays a significant role in load-bearing and transferring the load to the balloon’s hull. Due to the high complexity stress
analysis on patching, this study focuses on the development of its design through testing and analyzing of the results. In the first phase, to save time
and cost, small-sized samples were prepared. By making changes to the way the ropes were connected, the type of fabric used, and the arrangement
of patching, the initial design of the patching was ultimately achieved. After confirming the design in small samples, in the second phase, the
patching was constructed in the actual size, and the effects of various factors on its strength were investigated. Then, by changing the way the
patching fabric was connected to the base fabric and achieving an appropriate strength, the final patching design was completed. The last phase
was evaluated using the actual fabric used in the balloon’s body. The tests performed in the final phase showed that the designed patching has the

capability to withstand loads exceeding 8200 N and can bear the applied load with appropriate safety factor.

Keywords: Tethered balloon, Patching, Fabric, Aerostat, Tensile strength.
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Forcein N

0 t t U
o 10 20 30
Bongation in mm
Statistics:
Series  F mammum  Elongation at Fmax  Strain
n=3 N mm %

x 20.11 2146 2862

s 11.62 293 390

U 1290 1363 1363

JELTLUN S 3 T N P EPVC Y

Page 111

MFab-1 az ;4 o4 sbowl) ;3 Job Sbojl g slog0 V. S

WPV amio VP ¥ gy OF oy olos ) o)l VF 0,50~ Sligy 5 b (5,51 5 pole = ol alna MY




ESURIT v Sy Tk (2 Arwgd
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DIN EN ISO 2062, 05/1995 Simple tensile test on yarns and threads

Parameter table:
Tester Load cell
matesial Extensometer (path)
ManulaciurelBaich Specimen holders
Predreatment Nurmber of jaw breaks
Tast maching Datermination of the finaness

Testspead : 50 mmimin

Resuits:
Fmaximum  Elengation af Fmax  Strain
e N mm
1 52723 1806 2408
2 58646 2280 3040
3 598,01 2447 3263
Statistics:
Series F maximum  Elengation at Fmax  Strain
n=3 N mm %
x 7057 2177 2003
5 are7 333 444
v 665 1528 1528

Series graphics:

Page 21
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DIN EN ISO 2062, 05/1995 Simple tensile test on yarns and threads

Parameter table:

Tostor Load cell

material Extensometer (path)
Manufacture/Batch : Spacimen holders
Pre-freatment : Number of jaw breaks

Test machina : Detarmination of the fineness

Test speed : 110 mmimin

Results:
F maximum  Elongation at Fmax  Strain
Nr N mm %
1 31612 4027 5370
2 306.58 3941 5255
3 305.87 arad 50.58
Statistics:
Series F maximum  Elongation at Fmax  Strain
n=3 N mm %
x 30952 39.21 5226
5 573 118 1.57
v 1.85 am am

Series graphics:

o 0 2 = “
Eegaton i em
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Resuits:
F maximum
Nr N
1 1016 68
2 1064.26
3 1006 91

Series graphics:

ForceinN

Elongation at Fmax  Strain

mm
25.00
26.82
2477

%
3483
3876
33.02

Statistics:
Series  F maximum
n=3
x 1029.29
s 3068
v 298

Elongation at Fmax

mm
2583
103
398

Bongation n mm

Strain

3.4
137
398

MFab-3 az 1y ;6 slialy 55 Jabo 3331 3 55 o905 8.1 JSb

%
26.84
2823

Results
F maximum  Elongation at Fmax ~ Strain
Nr mm
1 74757 2013
2 821.30 2117
3 72365 19.64

Series graphics:

800 —

600 —

400

Force in N

200 —

Statistics:
Series  F maximum
n=3 N
X 76418
s 50.90
. 6.66

2618

Elengation at Fmax

mm
2031
0.78
3.86

10 18 20
Bongation in mm

Strain

%

2708

1.05
3.86

MFab-3 az ;b 39 gliwly 30 Jab obojl —g i jloges :F.0 S

WPV amio VP ¥ gy OF ol olos ) o)la VF 0,50~ Sigy 5 b (5,51 5 pole = ol alna )




J w0 Sz e Soam Tk (27 Arwg

type of machine: Table S0kN
50000 N

load cell

test speed down 0 s 300 mm/min

So = calculated area Rm = Tensile strength

E =Modulus of elasticity Agt = Total elongation at Fm

Fm = Max.force At =Total elongation at fracture

results 1400 - 7189:

name | So [mm?) | E[MPa] | Fm [kN] | Rm [MPa] | Agt[%] | At[%]
patch-mesh1 | 1840 | 20661 | 308 | 167 | 13003 [ 14231

Statistics 1400 - 7189

| So [mm?] | E[MPa] | Fm [kN] | Rm [MPa |Agl[%l | At[%]
a1 — 11
s

L e e ) B e bl G et T D L
14
12
10
MPa g
6
4
2 ;
0 b L
1] 2 4 6 8 10 12 14
%
= patch - mesh 1
< Bt 2B 3590 £1)88J88 iz b GinglsS (Lol Lo i 511985 oo S o @ 5:S1a> Lol 02iloudl g Ogojl Slaaigas
th(oo) ")‘m“u" ) o plail 5 g 558 Ugai s oBiulojl 02pc a5 (3Ll ashd g aigos pU rlk Cadgtimoniul
i 2 el Sliwl bl6 Vgojl 3,90 Sldaigas Sy Lo 399 gulis.cumwl
. & . . ., o Fa P -
w2 pU L i o gladiged 1 (S (55 T Hlaged V.o S
type of machine: Table S0kN
load cell ;50000 N
test speed : down 0 s 300 mm/min
So =calculated area Rm =Tensile strength
=Modulus of elasticity Agt =Total elongation at Fm
Fm =Max force At =Total elongation at fracture
results 1400 - 7189:
name | So [mm?] | E[MPa] | Fm[kN] | Rm [MPa t[%] | At[%
patch - mesh 2 1840 | 11544 268 146 | 13782 [ 15543
Statistics 1400 - 7189:
So[mm? | E[MPa] | Fm[kN] | Rm [MPa t[%] | At[%
s | | [ [ [ I
14
12%= - P L R
104 z
WPa g
B
TE e
2
0
0 2 4
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MECHANICAL TEST REPORT

| Tensile Test
m| thickness *width{mm) | Ultimate Load (N} ‘ U.T.5(N/mm?) | ¥.5.0.2%(N/mm?) | El.40(%) ‘ Temp.{°C)
[ 1] - [ 7747 \ - [ - [ - [ ==
[ 2] - | 5389 \ - | - - [ +=
[ =] - | 6551 \ - | - [ - T e
[ -1 - | - \ - | - [ - |
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MECHANICAL TEST REPORT

| Tensile Test
| Code | thickness*width({mm) ‘ Ultimate Load (N) | U.T. S(Wmmz) | YS.D.Z“;'u(N_a'rrmZ) | El.40(%) ‘ Temp.(°C)
| 1 | ‘ 87151 | - | | - ‘ +25
| 2 | \ s209! | - | | - \ +25
[ 3 \ 8726 [ - [ [ - [ <25
[ -1 \ - | - | | - [ -
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