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Study on the Residual Strength and the Test Method for Envelope Materials after Low
Altitude Stationary Flight Test*

Shoji MAEKAWA *', Kimito TANAKA ** and Yasumasa HAMAGUCHI **

Abstract

The Low Altitude Stationary Flight Test was conducted at Taiki-cho, Hokkaido in 2004 as a part of the Stratospheric
Platform development. High strength and lightweight envelope materials such as Vectran and Zylon were applied to the
test vehicle and they have proven to have sufficient performances in the flight test.

However, these materials are known to deteriorate during operation and measures to prevent deterioration caused by
exposure to sunlight and ultraviolet rays are issues for their long life operation. Accordingly, data on their deterioration
characteristics were obtained and the materials were applied to the Low Altitude Stationary Flight Test Vehicle after
confirming durability. Nevertheless, the deterioration characteristics under actual operation are still very important data for
the coming development.

After the flight test, the envelope materials were cut off from the test vehicle and tested with spare materials and monitor
materials placed on the top of the hull during the flight test. Test parameters were tensile strength at room and high
temperatures, tear strength at room temperature, and creep strength at high temperature, all of which are important in the
design.

Before starting the test, test methods were investigated and the rigorous methods specified by JIS and FED-STD
were adopted. The tensile strengths of the spare materials were found to be about 20% higher than the development test
results. It was possible to obtain their intrinsic material properties by selection of the proper test method. In other words
conservative data were used in the design of the test vehicle.

The Vectran envelope material showed a 10% reduction in tensile strength after the flight test. The Zylon envelope material,
whose layer composition differs from that being developed for a stratospheric platform, showed a large reduction. The
Zylon envelope material, which was developed for a stratospheric platform, showed almost no deterioration. This result
made it clear that improper selection of the protective layer induces deterioration.

Regarding the creep strength of the joint specimen, the test results after the flight test showed longer life than those of
the development test. The specimen production method in the development test seems inappropriate. The Zylon envelope
material which showed very short creep life in the development test did not rupture after 1,000 hours. Thus Zylon has
demonstrated excellent creep strength.

Valuable data on envelope materials after the flight test were obtained. It became clear that proper test method selection

is very important for such high strength materials.
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Tensile Strength, N/ecm
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Airship Fabric Improvement
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o THLD 2 AR + TR AIE 26 4] + [THLO 24
%, HEAK1IAOHR D R A EDIRO 1HAL L LT, B
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Tensile Strength, N/ecm
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KIHIZ#51F % LTA (Lighter-Than-Air ; FRITHT, AR, KERFOEMAME) ORI, FCIoR§ 8K
[EBUAS & JEE & U TR RSRMEIC I L T 5,

Al.1 g
(1) KEEFHE
ORISR
FED-STD-191 ;

TM-5041 ; Hh
TM-5102 ; BlakiRER, KRBEBE L OTRRER, HEAEO5 kR
TM-5104 ; 52514k & HRO5 3R ER
TM-5134 ; 5243 5%
TM-5504 ; K/ 5 Z b 55
TM-5872 ; &k
TM-5970 ; #%#

(2) KREBIE
gl &
MIL C-21189 (Para 10.2.4) ; 5128k (WRHZ 2 Y v P AD)

(3) RIEIEEFAHLZ IR RIS
gl E
FAA P-8110-2 (Appendix A) ; 5125A5R (VHZ 2 ) v FAD)

(4) KERDRFRRBR T 2= HS
BEERE, ~NV Y4 - 7 2B RS,
ASTM ;
D-751 ; B
D-1434 ; NV 7 4 - 5 2BEEMEER
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D-3882 ; B i i

Al1.2 XEREICH T TERR
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RETOMGED 72912, ILC Cylinder 12 & 2 A DFRRE #1774 > T b (RALL),
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% Al1-1 ILAC Dover#H1Z 3513 2 TRATHSAR AR O ZRBR A ) 2 1 17
TEST TEST METHOD
Weight FED-STD-191 TM5041

Bow and Skewness

ASTM D 3882

Surface Finish-Interior

Visual Inspection

Surface Finish-Exterior

Visual Inspection

Water Release-Exterior

FED-STD-191 TM5504

Blocking at Elevated Temperature

FED-STD-191 TM5872

Surface Polymer Characterization

Infrared

Spectrophotometry

Tensile Modulus

ASTM D 751

Breaking Strength/Elongation-Strip Method, Ultimate

Tensile

FED-STD-191 TM5102

Breaking Strength/Elongation-Strip Method, Ultimate
Tensile after Weather Exposure (QUV Chamber)

FED-STD-191 TM5102

Seam Tensile Strength-Heat Seal

FED-STD-191 TM5102

Seam Tensile Strength at Elevated Temperature Heat
Seal

FED-STD-191 TMS5102

Base Cloth Breaking Strength-Ravel

Ultimate Tensile

Strip Method

FED-STD-191 TM5104

Creep/Hysteresis Evaluation

Vendor Test Method

Tear Strength-Cut Slit MIL-C-21189 Para
10.2.4
FAA P-8110-2,
Appendix A
Tear Strength-Tongue FED-STD-191 TM5134
Coating Adhesion-Heat Seal Seam, Back/Structural FED-STD-191 TM5970
Tape
Coating Adhesion-Heat Seal Seam, Cover Tape FED-STD-191 TM5970
Coating Adhesion-Cement FED-STD-191 TM5970
Film Ply Bond Adhesion (Dry) FED-STD-191 TM5970
Film Ply Bond Adhesion (Elevated Humidity) FED-STD-191 TM5970

Seam Deadload-Elevated Temp (Underwater) Heat Seal

Vendor Test Method

Seam Deadload-Elevated Temp (Hot Air) Heat Seal

Vendor Test Method

Seam Deadload-Elevated Temp (Underwater) Cement

Vendor Test Method

Seam Deadload-Elevated Temp (Hot Air) Cement

Vendor Test Method

Cylinder Deadload - Elevated Temp (Underwater)

Vendor Test Method

Inflated Cylinder Flex Testing

Vendor Test Method
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Low Temp Flex ASTM D 2136

Helium Permeability ASTM D 1434 or Vendor
Test Method

Helium Permeability after Weather Exposure(QUV|ASTM D 1434 or Vendor
Chamber) Test Method

Seam Helium Permeability ASTM D 1434 or Vendor
Test Method

¥ 1) FED-STD- ; K[EREFRHLE

I 2) ASTM ;  KIER BB i S Biks

[ 3) FAA ; OKREEUFMIZE R RS

E4)MIL ; KESK

£ 5) Vendor Test Method ; ILC Dover f: H @ 4 £} 3 B
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A2 BEHERGOER S L OCESHAIFEORE
A21 BHY

M DB 72 5260 b K OERHING, HIERHITAABR IS 53 BEMIE A O DT 5. BT RIE L 2=5Hlk &
LT, OFFBmZRGE, QF Gage, OMBMEZAN &2 o ¥ ARITEYE (GB) 28<, #E1oh5, ZhbIZD
VT, BE L R

A2.2 B LUEEHE
OIEFMZRFE  fEFH U 222 M 3HE DVE201 (St fEirid) <h b, RA2-LICEAEMERT, 72, GHll
DT % KA2- 11287, FHHLRIZ DVE2014 &b B EF 4 7 A F &5 L 72655 & MS-Windows/ ¥ I ¥ FM-V (&
A5EE) OPCIZ T b &R - GR8kE, A5 WNS, F—2E - sk - FRV 7 by T T7 A2 ONHT—4
YLEELEE PCD-320A (JLAIFEZESRY) THER L 7=,
@+E gage il Strain Gage %35 L C, Wb &3 a k3 2 &2 #iE+ 5,
@UILEAIA ; Vectran 30mm X 300mm 5 IiRMAEEA(A  Grip BIFEEE ; 200mm
@ Gage ; KFG-5-120-C1-11LIM2R, 5% EHlEnl, CC-33AB#MIEE A (JLAIEER)
gage AT~ 2 v VU A T W Al OB A R e L7z
@ilEREEE | Instron 8801 7 ¥ # LI Y — KRikERAE (S5kN Loadcell )
55EEE 5 200mm/min
@:1HEE  DPM-611B (B)5EdT, LAIEHESE) , PCD-320A,
DVE-201 & 7 4 X IEH i O
@75 %, Gage & W 723D 2 K A2-1ICAHE TRT, XA221213, 5 gage HE AR OB OBk T %717,
QBN w2 5 OHE Tabb, MBREED IV T I74 7 v ZA%FZELGI HETEL,
Q@ 7547 VA, BREE (Thabbilbl, T, Gripk &) O&fMRE, JEREMZENTOMEZEN &L
DETHDEEHT S,

A2.3 AR LUEE

X A2-31213, IR OF 6 L OFABME 7 2 - 2 = — 227 (LVDT) A 53H U 7= faf g2 - 226 BIfR D — Bl & 783,
[ARRIC, XIA2-4121%, £ gage I K IR OGEE 2 5 R S 2 £ 58O EH- LR E R T, WIhOBHALM
fExfEN e 5,

F72, MA2-5 86 L UKIA26121E, UG &7 2 F 22— 24075l (Position-M) , ¥ X OMH UG )T & € gage D
BRART, BiEESHOHBBERAR NS, Thabs, THNARELZ AN T, AL L TOWmMATERZS 5,
—Jj, %E T, Strain gage DHIHN RS R X h, EUEM B X OERMIZE B Lav i cx 3, $4bb,
Strain gage & FIW 72 JEM O EEHINTH SR 2V LIl T & 5,

X502, KA27IT/RL =& 912, Grip FaceEBIZ € U 7z LAIG HIZHERR < — 7 2060 fHF 2 Bk Ay, Stk
AD Grip BIFEEEDZE A 2 Wi LT, £2ELFdiknzz, Thid, ZhPhoMtEikiciEgi~ — 2 200 1 51F
¥OBRIMEAEBRLA-FETH S0, ZOHEAIE, GripBlOZEN 23 Tida<, 7 o4 28 2 HilhO £ 2
GENZ, LD -T, ZTHh6 OMIZIIERN KR E 2ZRA X, Grip % 200mm 285 U 72354 O E O
Ik sEy, EHWTE S,
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KA1 FRfEmANEE (Bte 7 A IR MZ AR DVE-201) O F: 2tk

23

(HIEX e FOEEAE (CCD I A7), i~ — 7 BR
(2) TR ] e A AT BB R

B)h A 7 sy

27mm~500mm (FEVEHIERF) . 27mm~450mm (F& PN ERF)

GHERIE L T AT D
R

270mm~500mm  (F& PN I e BE)

(5)IR K51

500mm/min (FLEFH-+1 X2k %)

(6) A8 PN &I IRF oD I B2
i

-50°C~200C

(7K g

AEXTREEE 5 3 um L6 um, FHXPRTE ; £1% (A L

212k 3)

A2-1 R4
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Load (kN)

Load (kN)
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3.5 ———Postion-M (mm)
—— Extenso.M,Sm. (mm)
P-Ex.

3.0
25
2.0
1.5
1.0

Vecrtan
0.5 Strain#01

Lf=2.994kN
0.0
0 5
Disp. (mm)

A2-3  Load-displacement

10

3.5
Vecrtan
Strain#01
30 L=2.994kN
2.5
2.0
1.5
1.0
- ] 0,
05 DVE-201 (%)
—— Strain gage (%)
0.0
0 1 2 3

Strain (%)
A2-4 Load-Strain(%)

10
Vecrtan
Strain#01
8 Lf=2.994kN |
£
£ 6
=
{ =
S
g 4 y = 1.4563x
o 2
R®=0.9982
2 Postion-M (mm)
0
0 2 4 6 8 10
Extensometer (mm)
XIA2-5 UGt 72 5 22— 2% & (Position-M)
D%k
2.0
Vecrtan
Strain#01
_ Lf=2.994kN
&
Q
@
1.0
=
% y = 0.487x
R?=0.9971
= Strain gage (%)
0.0
0.0 1.0 2.0 3.0 4.0

Extensometer (%)

[XIA2-6 U & 5 gage DBITR

XIA2-7 Grip face (ZHUD fiH) 7= 1255~ — &
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A3 ThZhOHRRIRA, SREROEXSLUVX
A3.1 5[5R:ER
A3.1.1 HERWRR

XIA3.1-2 B3l XIA3.1-3  Blbr {3l

XIA3.1-4 (SEREE 5 1aRARER Ant XA3.1-5  EmERIERE N KA3.1-6 fiik{k
e 3l setup

BRI
BRI 15 JIS L 1096-1990 —fxfilkanaknit: 5l iRiR S SUBRIETEL,
HEER AT 30X 300mm,  Grip [ 200mm

RE 1 2005 4E 8 H 7>5 2006 4E 3 H
%P FHMIZENT ST SRS . AN v ¥ —
N T K JVIRIE S — R AR (Instron 8801 SkN load Cell

fEH) ALk L OEEFHA
65 CEER I BB AT 8 D BRI 2 {3
51 EFBREE | 200mm/min,

vl B e T A IR AN (DVE-201) . #F s 200mm
PCD-320A, VTR #z5
7V w7 Instron Screw Action Grips 2710—003,

Face ; High Friction Compound 2701-46, 50mm x 25mm
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3.1.2 ABRERODRS LUR

IhoDREKTIRL LS B X OHE R, DFIZAERT 5,
Stock ; fliffli, Exposure ; Z5{bE = & /A4, Flight ; 285, MD ; iRm0, TD ; M%7 1, Joint ; #EFEAA,
average ; “T-YJME, std ; FEARMERZE, CV ; ZE)fREK,

#A3.1-1 Vectron M D5 |3EH & GlERAS R

Stock Exposure Exposure

: Lo Lo _ Lo Flight Lo )
ot Failure | o Failure | Failure | o Failure | Failure | o Failure
Condm: # RT Strain | # 65°C Strain | # RT Strain | # 65°C Strain | # RT Strain | # 65°C Strain
on . Lmax %) Lmax ) Lmax %) Lmax %) Lmax %) ! Lmax (%)
: (kN) M (kN) o (kN) o (kN) Vo (kN) 7 (kN) °
© 1 2960 34, 7 2462 32 1 2.987 37 2 2.404 34, 2 2805 34, 6 2012 2.6
12 3018 35: 9 2565 331 3 3140 381 4 2297 32120 2624 33112 2439 29
Mp . 3 2949 34111 2551 321 5 3.027 37! 6 2.473 34117 2690 34110 2177 2.7
i 4 3.164 36, 13 2593 33, 9 2.936 37, 8 2.413 33 22 2780 35! 11 2379 3.0
\ 5 2889 34115 2505 321 7 2.983 37110 2.521 3.3: 68 2709 341 5 2285 2.9
i 6 2871 3.4:17 2503 3.2 11 3.057 3.8112 2.357 331 47 2415 341 4 2276 2.8
average 2975 345 2.530 3.23! 3.022 373! 2.411 3.32! 2671 333 2261 282
std | 0.106  0.08 ; 0.048  0.07 . 0.071  0.05: 0.080  0.08 ; 0.141 _ 0.13 0.152  0.15
CV(%) 1 3.58 243 190 229 235 138 3.31 2.27 . 528  3.94. 672 523
¢ 1 3.010 36: 9 2555 33 — — 1+ 3 2709 34 1 2167 2.9
12 2895 35! 10 2444 32! - — 110 2556 33! 2 2203 2.9
m & 3 283 35112 2446 331 - — 140 2664 341 4 2318 2.9
i 4 3155 3.81 14 2336 3.2 - — 119 2614 341 5 2144 2.8
"6 2994 36' 16 2.389 32! —_— — 124 2594 341 6 2179 2.8
{7 3.045 3.7:18 2514 3.3 - ! — 133 2823 35! 7 2239 2.8
average 2.989  3.62.: 2.447 3.25. ] ] 2.660  3.42. 2208  2.85
std ¢ 0114 012 0.080  0.06: : : 0.096  0.05: 0.063  0.05
CV(%) ! 380 3.23! 3.26 176! ' ' 362 149 284  1.92
- — - . 6 1.279 310 1 1.061 27, 5 2136 32, 8 1.814 2.8
P2 - - 17 1.380 331 2 0.993 271 1 1951 30110 1570 2.6
Joint 3 — — 9 1.253 33: 3 1.015 27122 2173 31112 1598 3.0
[ R— — — 110 1.214 30} 4 0.984 27: 9 1.851 29! 13 1.652 2.7
[ — — — 1 1.256 29. 5 1.067 27. 11 2138 31,15 1.767 2.9
L6 - — — 113 1.294 3.1, — 114 2131 3.1
average ' ' 1279 312! 1.024 270 2.063  3.07! 1680 2.80
std | . . 0.056  0.16 ! 0.038  0.00 ! 0.131  0.11 0.106  0.16
CV(%) 1 \ \ 4.40 514 . 3.74 0.00 : 6.33 3.65 . 6.32 5.65
FA3.1-2 Zylon D15 EMR X GhERAS R
Conditii S't_\’o_lc_:k Failure . i?%( Failurei Exp';)_ls_ure Failure . Exgsoosgre Failurei F:;g_yrht Failure . ';lé%gt Failure
" # Strain + # Strain + # Strain + # Strain + # Strain + # Strain
on ! Lmax %) ! Lmax (%) ! Lmax (%) ! Lmax %) ! Lmax %) ! Lmax %)
: (kN) . (kN) . (kN) . (kN) : (kN) ; (kN)
"1 3650 491 12 3434 5.0 - — 12 1628 361 1 1252 36
12 3681 49 16 3.347 5.0 —_— — 112 1471 35 3 1341 -
mp | 3 3842 501 18 3392 50 - -~ 119 1447 351 4 1532 3.6
L 4 3.868 51: 20 3.344 5.0 — — 124 1683 36: 5 1.272 3.6
17 3945 52: 8 3463 511 - -~ 128 1588 35! 6 1443 38
L6 3792 50 19  3.306 5.0 - - 129 1.766 371 7 1421 3.6
average 3.796 5.02 3.381 5.01! ! ! 1.597 3.59 | 1377  3.64
std 0.113  0.12. 0.060  0.06 . : . 0.123  0.09 . 0.108  0.09
CV(%) 2.98 2.331 176 1.131 i i 7.69 241 784 246
1 3.885 29' 14 3.145 26 1 2.775 22 2 2177 18" 1 1604 14" 2 1556 15
L2 3750 29 15 3.350 27, 3 2.670 21, 4 2424 21 7 1656 14, 3 1583 1.5
o 3 3900 301 16 3.026 251 5 2.642 201 6 2.453 20126 1745 161 4 1348 1.3
' 4 4.059 3.0: 18 3221 261 7 2.323 181 8 2.629 22128 1728 151 5 1513 14
"5 3873 30! 20 3.132 26! 9 2.902 22t 10 2.877 24131 1701 15! 6 1515 14
. 6 3.470 26 22 3.096 26111 2.817 22 12 2.740 23138 1816 15, 8 1495 1.4
average 3.823 2.90 3.162  2.58 . 2.688 2.08 2550 213, 1.708 1.49 1.502 1.42
std 0199  0.15: 0.112  0.08 : 0.203 0.16 0250 0.22: 0.073  0.07 0.082  0.08
CV(%) ! 5.20 5.34 ! 355  3.24! 7.54 7.69! 9.82 10.13! 4.30 45! 545 531
: — — — — 1 6 1492 13,13 1539 14
i - - - -~ 116 1452 12115 1558 15
Joint - - ! - - - ! - '21 1552 16117 1.342 1.3
: — - —_ — 133 1564 1320 1.314 14
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HBRERORH LUV
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% O AT A B O Rl At

#A3.2-1 CreepitBfifd R

Weight

Load

Load Temp.

Expose

Material Phase SP# Test# (kg) (kKN/3cm) Ratio (°C) Start End (hrs.) Note
V#X 1-2 4.0 0.39 0.23 65 2005/12/27 17:59 2005/12/27 18:49 0.8 Joint delamination
Flieht VH#T  2-2 4.2 0.41 0.24 65 2005/12/28 14:28 2005/12/29 12:17 21.8 Joint delamination
Vectran 8 V#4  2-3 4.2 0.41 0.24 65 2005/12/28 14:28 2006/01/09 03:28 277.0 Joint delamination
VH#E6 24 4.2 0.41 0.24 65 2005/12/28 14:28 2006/01/01 05:17 86.7 Joint delamination
Laser VL#1  5-1 4.2 0.41 0.24 65 2006/03/22 15:45 2006/03/28 12:23 140.6 Joint delamination
VL#2 5-2 4.2 0.41 0.24 65 2006/03/22 15:45 2006/03/23 06:15 14.5 Joint delamination
Z#3  2-1 4.2 0.41 0.20 65 2005/12/28 14:28 2006/01/23 05:39 615.2 No faulure
#4  3-2 4.2 0.41 0.20 65 2006/01/10 17:39 2006/01/23 05:39 300.0 No faulure
Z#5 3-3 4.2 0.41 0.20 65 2006/01/10 17:39 2006/01/23 05:39 300.0 No faulure
Flisht Z#8  3-4 4.2 0.41 0.20 65 2006/01/10 17:39 2006/01/23 05:39 300.0 No faulure
Zvion 8 Z#9 41 4.2 0.41 0.20 65 2006/02/03 15:57 2006/03/18 15:00 1000.0 No faulure
Y Z#10 4-2 4.2 0.41 0.20 65 2006/02/03 15:57  2006/03/18 15:00 1000.0 No faulure
Z#11  4-3 4.2 0.41 0.20 65 2006/02/03 15:57 2006/03/18 15:00 1000.0 No faulure
Z#12 4-4 4.2 0.41 0.20 65 2006/02/03 15:57 2006/03/18 15:00 1000.0 No faulure
Laser ZL#1  5-3 4.2 0.41 0.20 65 2006/03/22 15:45 2006/03/22 18:28 2.7 Joint delamination
ZL#2  5-4 4.2 0.41 0.20 65 2006/03/22 15:45 2006/03/22 14:28 0.0 Joint delamination
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A3.3.2 HBRERORE LUK
KA331 b TSGR X GRS R
Vectran Ultimate Ve(_:tran Ultimate Zylon Ultimate Zylon Ultimate
Phase Stock (kN) Flight (kN) Stock (kN) Flight (kN)
(RT) (RT) (RT) (RT)
0.2291 0.221 0.1878 0.187 0.1595 0.151 0.1902 0.190
0.2188 0.211 0.1838 0.182 0.1676 0.166 0.0943 0.094
MD 0.2204 0.218 0.1981 0.195 0.1615 0.162 0.1321 0.131
0.1952 0.191 0.2161 0.216 0.1603 0.163 0.1390 0.138
0.2375 0.235 0.1941 0.199 0.1571 0.149 0.1268 0.123
0.2173 0.217 0.1570 0.157 0.1118 0.103
average 0.2197 0.2153 0.1960 0.1959 0.1605 0.1580 0.1324 0.1299
std 0.014 0.014 0.013 0.013 0.004 0.007 0.033 0.034
CV(%) 6.48 6.70 6.39 6.67 2.43 4.35 24.58 26.00
0.2131 0.213 0.2121 0.212 0.1861 0.185 0.0793 0.079
0.1868 0.187 0.1685 0.166 0.1882 0.188 0.1129 0.112
™ 0.2074 0.203 0.2006 0.200 0.1779 0.179 0.1594 0.159
0.2099 0.207 0.1952 0.192 0.1885 0.186 0.1165 0.116
0.2011  0.199 0.1790 0.178 0.1798 - 0.1402 0.140
0.2009 0.199 0.1510 0.147 0.1844 0.184 0.1598 0.157
average 0.2032 0.2012 0.1844 0.1826 0.1842 0.1845 0.1280 0.1272
std 0.009 0.009 0.023 0.024 0.004 0.003 0.031 0.031
CV(%) 4.61 4.33 12.23 13.01 2.39 1.85 24.40 24.14
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