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Development of an Attitude Motion Logger for a Balloon Flight System

and Demonstration Flight Results
Yasuhiro SHOJI'™', Issei IIJIMA™

ABSTRACT

This study develops a methodology of direct measurement of attitude motions of parts of a stratospheric balloon
flight system and of estimation of deformations of the parts, in order to reveal characteristics of the motion of the
balloon flight system and disturbance forces. For some balloon missions, design and development of attitude or
pointing control system of a gondola or a mission devices on the gondola requires basic knowledge how the attitude
of the gondola and the balloon envelope will move. However, such the knowledge has not been gathered enough:
vibration modes of balloon flight systems were studied, but the transient of the motion have not been fully
understood yet. This study developed a special attitude logger to gather attitude motions of some parts of balloon
flight systems for understandings of transient of the motions. This attitude logger can be mounted on six points on
a balloon flight system including the top of the balloon and a gondola, the bottom of the flight system. Each logger
measures three dimensional vectors of the acceleration, the angular velocity and the geo-magnetic field at 10 Hz.
Also, it records time and location by receiving the GPS signal at the same frequency. The demonstrations were
conducted three times in the JAXA’s balloon flight campaigns in 2017 and 2018. All the loggers were successfully
recovered, and the attitude motions were revealed. The motions were synchronized with GPS time, which enabled
to estimate the deformation of the parts of the flight system with the relative motions of the loggers.

Keywords: Balloon, Attitude Estimation, Piggy-back Development
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Evaluation of tensile strength of high-strength polymer rope
using polyarylate fibers

Takuma MATSUO", Risako TANAKA"!, Yoshitaka SAITO™
Daisuke AKITA™, Kyoichi NAKASHINO™ and Ken GOTO™

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.

Keywords: Super-Pressure Balloon, Polyarylate fiber net, Tensile test, Fracture strength
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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.

ATIERBATE DR/ BEE L LClE, A5 300,000 m®, FEaeEdlie 1t OKERA/ER L 122 37 km @
FEICBWNCEBEZITY 2L TH Y, ERLICHT THLEREMESER N THhIh T d.

BEDA—NR—TF Ly oy —SKIKTHERENTWEERR Xy ML, BENOERETH S SR
FERHED — T, Ry MBS LTHIRENTWARY 7 U L— ME#EEZ W= 2 LT &z,
INET, R*y FOBMEIZOWTIIA =D — 3 25l Z IR ELHE L T, Zh
OOFREIIA—N—=T Ly vy —KERCTERINDHE L LTI ThHo238], #MiHEDOERD
BRI LR A LIRWVMETH o2 £72, BERNRBRICB W THEEL T OAM CRERNEE LTy —
AHFEAELTNDZ ENB9-13], v—7BEROFHIFEEZ X0 FEICEHME L, v —70EEICX
DRERDHHRET 2 U A7 HEHRIZOWTHFTT A2 0E R H 5.

TR T, RNU TV L— M — 7 O AR IC oW T, Hiflig [ RRBRIC L - ThH
OO THRELZFMT L L & BT, v—T RO HR & i U CHEMNMET T 2R K EZ 72—
TIZAEC DIGIVIRRESCHIE A = X LN OHEET S, 72, v—T%2 %y MERICLTHERA L5
BB ITHBEOELICOVWTHHAEL, KU TV L— Miin—7 2%y MRIRCTHER L2854
EHELT, 2AK0 0 —7 2R ST THEENEET 2HAICBIT 5EICOWTHEEHET 5.

2. B — T
AWFFECTHAT 21 v FOEEOFEMEZX2RT. e—7 IRV 7Y L— M2 Q- b oz
HANTERINTEBY, P2EMICRT X O ITBHEAZ300ARED THRIZLTEA R T v RE#RY, 2RO
ARNTURERD HOETRVMOESE L > TWD. £/2, AT FoRLLNICE-Tr—7
DOERY DEEL TS, Xy MIKEREERZE S 720, BAEWVLWORr—70, R SGDbE2ARAD A |
7 v O % 5 EiE s (KR2AK) &osTuha[14].
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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

3. v — 7 R ONEMED B | RFABR
3.1. H#Eh5 | ERBR

WHOIZ, BIERER AfRER IR T Lz v — 7 Z2 FIW TN E2 mm/min THIERBR 21T - 7=
0—707—VRII30mmESmmE Lz, W72 F TORBRAFOREEZBELT-LZA, K3IIR
FTEOIBIRMELZIT D Z LRV =T OWRY 0,0 WAL L v —T BRI 2 12 Lz, &
B oo—72E L-mENSEREZBIEL, OTALEOBRERLIZONRKITHD. 22T,
EAITE R LK BIED K E RES &2 AV, E-RBRBMGEEOEREZ1E LTERELE. 290
T2HEZE ZRSEM L, O3 HRICHT2EEOZLOEZREZTLIL-XERD, IGHE#MIEL. 72
B, ZZTREDZCNIE, MEOMBRAMMOE 0 —7 DR BNHHESNTZHOTHDLNE, LI,
[ FL23F )i J) (apparent stress) | & Rl T 5 Z &7 5.

WICHSHEDBIIERBR 21T 72, BB TRy b2 500 Lz u—7 %200 U7 il 2 v
7= BRI R ARE D B IR BR H 151612 B ZITHERL L7, BERHE O M 4 88 7 1o 328 4 CREE L,
TN EBIERBE O NI, A AU L TREAE LY, 1 mm/minTHIIERBA{T-7-. &
PR IIE U —Y — A5 2 VY, 7 — VU RAZIIRRBRAE D > 2 A 5 e & V7=

B & 0 — 7 O8I ERBE R Z I L2 b 02 KSIORT. 28, IO HRE, JEhE0
T ARG FHEIZEN—F 2R L. 72k, SEEMEIT e — 7 DB THEET L TV R0 14RO
BIOWEIZE DO THD. KSEKP e —T O E—MOFRRK, Ui’ X4 sER2M/MIEL TR
DTG ZEH LS D—OF AR, AR EHE, v — 7 OIS — 03 Hfi X 2 B HE O Tk b
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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

32. RV AEDRE

AIEI O v — 7 SOMHME D 5| IR TR ORI, NI ERE LK L TR T L Tz, A
NI R —7, [HEORE I E NIRRT D BHEO L v — T OBV EETH S, K3LVFER
BREFlc e — I IRESERL, TORVAENE LI L0, MEMET LZFEKIETZe—70
WOIZHHEHERIL, v —7 DY AEEZEZTEREZITYD, R0 PEEICRIFTREZRH . 1
— 7 O AEITmARIEEZ0" & LT, B - B O A ICZ LS CTRRZIT o 72, SIREEIX
Il mm/min& U, ARG EOO0nAMMREEAZEA Lz, D0AE Tl L7285 RT3V TH
JE L BIIRRE DI ZRDT-. v —T OERIFIKBOMEREHWNTHIEL, ATFISHEEH L.
PR A OB &R E O BIR &2 K6 RT. 72k, AEWrRE IXXKSA K O v — 7 D5 iR E &
1 LCESE L. $£72, MNP 0fiis5e, Xixzhth, WAoo —70%0) fAELEEEL L
T, B—IZHRY ZINA TR maEmsm (KEHEY ), 5w (KEEEHE Y ) ICZ2 b S 726
RThHsD. BROAENREN, BAOWTNLOFRIZENTHEOTNICRY 2127256 TIEREICK
XD R LR, 2° ~4° RREZSE L EMENEML, SHICHELY &NENT5 &
BREEDME NI A L BTz,
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1.5 - . . ; . ,

clockwise

1 x X X \ _
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° Counterclockwise

Normalized apparent stress

0% — 8 T 16

Twisted angle [degree]

6 Change in normalized apparent stress as a function of twisted angle.

TEkL HE SEPEm HFSO l8pm OBEBEEO

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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WIZ, vB—7im 2B Uz, XTAERIZ B 5| 3ERBR % OB R 2~ 9. keI R O J7miz
WrEn <R v, LlZmho THOWEIAER S TWD . K8IZHEM oA X 2 /Rr3. RY 7Y L
— MEHEIZATH OB Y FEOAX @ ENEO 2 7 B TR SN A[10-13]. AF U RBICEUZ &R
XELA L7y T ORI ZER L, B LR Gl 2l s E7- L PiRshd. £ LT, 8D
WA T OB & DI X DU A RIRHCRAE LTz, MTERO LD RiFEE R B2 5
N5, iz, B—7O5RRBRICHE W\ TIRY A2 2L SE R 0WIEA Tl 2 OB E O & [F T
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.

F7o, MO MEZEINGRICIRD &, ZELTWENNT U ANRRILS. RO MEZEINSE 56
TIFR Y BNE D IFED S, T HBERY RV [18]D RV D= DIZHERIE AW Iz L » CHIkr S
LEEZOND., — 5T, AEEZELSELHACEILESED E, TVRERDO ML7 Oz, v —7F
SMAIDOIEHEIZ AN~ OREHEI L E > T ICIRONDREEL 70D, ZOIRRETHELZAMNT D &,
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.

4. v —7HAEICL HEEDE

Fv MIREROEIRIZIGE U TEN D720, [EROBEIC L > THE O o — 7 /A EICIEV DA
U5, I CTHBMSEGA2ROa —7 12k L THIERBRZT-72. MIOICHBHREAT 50—
WZDOWT, 3.1 TITo - Hillg [ iRRER & FARICA T oe —7OHIZEH L TREBZITo 72/, 5E
FRIEITL1340 MPat 720, MBMWEL O —FLIRIFEI UAER L oo, F7-, BEWRRCITME B 0
DAEETET, BEWTALE X e — 7 OGS IRRER & RIS LT\, o2 Enn, FFoa—7
WZARTENIMENTWRVIRRIETHILE, fEHOERBIIHOEV ECNW ERbroTe

WIZ, 2RO v —T7 2l CEBREZIT- 72, KUZFEBREEX 29, R D 2 S MR LyD
RET2LROBEAANY O —T%F v v ZIZWO T T, AE 0 ZHE LI-RICWEELZIMZT, 51E®
FEAZRE Lz, RBEEITE HI22 mm/minT, JONIEIFEICTCEHE L2 E2 AW THEEITV, A
DI RO, £z, AE 0 2B ST L THELREOMBREZIME L. MBEMAELS
IR ORR 2 X0 RT . 7272 L — P RICIE O A MEREEL 2 VY, v — 7RI R %
HAWTHIIEZIT - 7=, 728, BRIIAAMAE CTSIETTVY, DA ER TR L= b O & BRI L= 2 7
BLI-bDOTHS.
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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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b L7z, BT O FZEROOT ¢ 13, MBEOAEZ 6, HIELLOTHE ¢ £3T20QTERED.
BT EOOTAHABLOCEOMTAEAE L ORFRZR 11 IZRT. AENRKELRDHITEMBOT 2
FIREL RBHEmTH-TZ. 2FV, RZBIVEEOTARKE LS LoTWND.
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M HES CORMERY - ODEENPRELSRDEEZLND. ZOD, ZOEGUIZ L > TERED
AL TEL ORBIHOMAEZ GIWT L7272, A v V=2 fOMENMITLIZEEZOND.

1+9 cos%
g = -1 2
! 0
cos {tan 1(1—+€ tan 7)}
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X
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c i N X ]
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(] XX [ )
< 0.08f L o q © .
© r [ ]
£l \ -
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Mesh angle [degree]

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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Ly iy —RERTERENDMED 3 (BRETHT-Z LD, HHRMEICHLTIE, R TV
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WHRY T U b= MEHERS XA — =T Ly oy —XERRM OB & L TRt 2 F 4 %
IZONWT, BERLFZOT, SHICHETLITETHD.

5.9
A== Ly oy =K THEAPEER I TWARY 7Y L— Mk — 7 OREE RS, 8
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