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Evaluation of tensile strength of high-strength polymer rope
using polyarylate fibers
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ABSTRACT

The tensile strength of high-strength polymer rope using polyarylate fibers that is a promising candidate of a strength
member of a super-pressure balloon was evaluated. The tensile test result shows that the strength of the rope was only
45 % of the bulk strength. Since the rope was formed by twisting two strands, which are twisted by themselves oppositely,
it is considered to be due to structural degradation, for example, the outer parts are required more stretch than inner parts.
Specimen ropes of various twist angle of strands without changing the twist angle of strands themselves were tested to
find the influence of the twist angle on the break strength of the rope. Test result shows a slight degradation as the twisted
angle becomes larger. Tensile strength of ropes including cross section of various cross angles were also evaluated. As
the result, the strength decreased as the cross angle became larger. From the fracture surface observation, it was
considered to be due to the friction of the contact part.
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A THDH[1]. £ 2T, ERMAFHDFTRER KKER A EH TE UL, £ E TIT - TV HiERE R
BEICBWTOERNMEa A N TAREL 2V, I LWERSREBERZOT=4Y) 712k 5
TR ERONDLTED, ZLOETHE - BIRBPED TN,

FRFMIFRFNH RKER DB ZE X NASA TiE 1990 5 & B 33 km (2 1t OBLAIZEE 2RI S5
ZLAZBIRLTCBBEN, BETIE, BIRER~OBEHANBBEN TS, BAERENED ST
HEFFEMAARERDOZ IINEEZ KKIEL D BRSO ENTE A ERBEEILDORNA— =T 1
vV —RERT, BEOKEKELE L TNT A N2 BEHT20ENES, RAREM A ANT X SO
FERICHIR S NN E W) REWFIEDN D D[2-5]. BUE, FxBBEEEZIT> TNWDH A= =T Ly
X —REROME A 1 TR T. REREZ @ SR D IR OIE T DA A T — DR D
MR E L0, RUZF L7 4 L AEED BICEBE RS M E W2 R > b2t
LHIEETHDH[6]. ZOWEE S - T-KERIE, 2011 FFICH_ECOFELSERERBR IS W TR 9.3 m® O
LER T EMEBE 9,600 Pa 23R S 7=, F£72, 2012 FEICIERAEFE 3,000 M DA —R—T L v v —=%
BREARFE 15,000m® DR F Ly sy —REKE DX T LK AT AR S, RO ENE
HEDS 400 Pa & D Z & SHEFR LTV B[T].

Rballoon =

1 Structure of super-pressure balloon (left) and photograph of net used in this balloon (right). The balloon was made of gores.
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AHFEAELTNDZ ENB9-13], v—7BEROFHIFEEZ X0 FEICEHME L, v —70EEICX
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BB ITHBEOELICOVWTHHAEL, KU TV L— Miin—7 2%y MRIRCTHER L2854
EHELT, 2AK0 0 —7 2R ST THEENEET 2HAICBIT 5EICOWTHEEHET 5.
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KRERICHE D % v MMiFe 6 < EHORFNIRDDO L 5127225, 72721, AplFRERNE, Twopeld &
— 7 (f8#) 1213725 <ES), Reatoml TREROTRE R TH D, RAEHIZ BEE & 95 (KF5300,000 m?
DRERDEEST kmZ AT 2 5H 1B 2 FRMEIL100 PaTH H[15]. MERRALL & NIE D HEH
L7 RERICBIT 2ERIENE, v—T1IRSTZVICHERIN DM EITSI NTHH[15]. 2—T D%
MERCHAL OB Z Y FBAMEIIC CHIE Lz & 2 A, FHHEHERRIE2S pm, A b T > 11623 um,
72— 713966 umThH o7z, AU TV L— MEHEIERS SR IEIC TREE S, WERIFIZIMl O 57
DECA LIz A -aT7#iEE o, £/, 2L Mo EIERNORSTEA2MHH Lz [10].

Trope = T[(Rballoon)zAp €Y

ZILmim Rope Strand~_

2 Structures of rope (left) and mesh of net (right) used in super-pressure balloon.

% 1 Physical properties of polyarylate fiber [10].

Densit Tensile Young’s

[k /mS}]] strength modulus
8 [GPa] [GPa]
1.40 3.01 104.3
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This document is provided by JAXA.



20 FHMTZE AT IEH FE AR ZE P ey JAXA-RR-18-011

BEDOOT I & R1D /LT MO 5IIREE OFE[10] [17] % KU IEFL L= D TH D, £, UK
RERICB T DR RO 23, HEHEOREWT R XSV 7 D81 %, v — 7 OEIT VT kD
45 % TdH ) BEHEHEIZ T L T56 % Th o 7. a—FOIREIXFIR Lz A — =7 L v oy —R KD
REREECTH H5INITIT 7t 2 D468 N (7.91%) Tholelzh, A— =T L vy —5EKHR v
MFBFEFBE L TWARARHIIEZ LTWAR, S Z MO 2 a ZEOYSFEEOREE L 725 T
o, F1o, MROIZLDEIZONTHIRARTAR, KOIEWATE THET L7 b 023327 N, &R
TS5T6NTH o7z, —RIITHEHEZ IR D A T E OM B CITfER S 23— T2, Bk
L0 LFEREME FTA2HEANRONS. L LA THWB XS — P ENE W=, #%
HERNICTFEET 2B WO EN Do EtE 2N, TOD, BMEOKTFIZIENDOA =X
ADERHLTZEEZBND.
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4 Decrease in rope diameter during tensile test.
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5 Load—elongation curve (left), apparent stress—strain curve of rope (center), and normalized stress—strain curve of the rope and
single fiber (right).

5% 2 Results of averaged tensile tests for each components

Fiber Rope

Tensile strength [GPa] 2.45 1.37
Fracture load [N] 1.2 468
Young's modulus [GPa] 88.3 28.3
Ratio to bulk specimen [%] 81 45
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6 Change in normalized apparent stress as a function of twisted angle.
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7 Fractured part of fiber at a test of a rope (left) and change of rope’s twist angle (right).

crack path

core layer

8 Illustration of crack propagation path in fiber.
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XELA L7y T ORI ZER L, B LR Gl 2l s E7- L PiRshd. £ LT, 8D
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RO N S Bl s, —F, AEEZZLSEEHETIE, KTAKD X 5 2RO IR0 5
IR 0 BWIR AR T E 72, U I AW H R @, o rauiisn=7=oTh
LEEZLND.
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LEEZOND., — 5T, AEEZELSELHACEILESED E, TVRERDO ML7 Oz, v —7F
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0 — 7 NRIOMHEIZ DA AT SN DMEORERENEL, NG LI-EEZ2x o5, £
72, K6IZHRBNT2Y ~4° R 22 b S 7-5E, SIEMENH BT 5RKE LT, RBRA1EK
Rl —7 28I L TV 57208 E Ry TR BNIES W IREL > TRY, LV AEL
EET D Z L TREMIZY—RR 0 REBICES =D EEZ NS, 2770, AEOERICEWTX
RO AEZEALSETCHLREOR FTENDLT N THo72. ZHNIETRY AEDOELEIN/NES WD T
boHEEZOND., 5%, L0 KAEICEILSEEEAICBWTHLIEREZIT> TRIEEZIT S FET
H5.

R BRTENCE VTS, KBIZR L L 2 ICEIRAN 2% T 56 TIXR 0 AENBDT 57018,
NG EFREOBBIC L > TREMET L EHETE S, ZLT, ZORYORETr—T DR
FENRY TV L— MEEAROBE L I L TR F L TWA LY ICRAR D EEXBND.
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WZDOWT, 3.1 TITo - Hillg [ iRRER & FARICA T oe —7OHIZEH L TREBZITo 72/, 5E
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9 Experimental setup used for the measurement of the tensile strength of the net as a function of angle.
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10 Relationship between the mesh angle and tensile strength.
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11 Relationship between fracture strain and the angle of the mesh.

12 Fracture surface after the test with a mesh specimen.
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