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Figure 1: Boom-membrane integrated structure for small satellite [l 12!

This document is provided by JAXA.



1. 2. 3UF=—7¥%» b OrigamiSat-1

Fig. | O7 — A AREE ORI 2 E T, B/ MUYLEEIEL 77 — SR A S 2
CubeSat| OrigamiSat-1 ] |2 #H S CUVD(Fig. 2). ¥ OrigamiSat-1 13, [F A7 2 HE RENR RS 1 <o 18 K
TG DM X DR Z R 3 D FIEORGEE BIEL CUWD. 72X, BT /S A ADIE 7% 75 8 L 72 A
R0, SRIRIHELT NAZDIEE, BEFBIO THRLE THY, L 7-7 — AEE A G OB 12X
WA RS SMA 7277, BR KB BT S Tn5.

Solar cell (Dummy)

Boom

Membrane deployment unit

Membrane

Extensible mast unit \

Bus unit

(a) Stored state (b) Deploved state

Figure 2: OricamiSat-1 .
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Figure 3: Deployed angle of unexpected equilibrium condition
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Figure 4: Boom-membrane integrated structure EM model on OrigamiSat-1
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Figure 5: Tubular CFRP boom
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Figure 6: Bent tubular CFRP boom
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(a) Structure of plain-weave (b) Used cloth “Tennyo no hagoromo”

Figure 7: Plain-woven cloth
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Figure 8: Deploying tubular CFRP boom
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(a) Natural deployment from stored state (b) Natural shrink from fully deployed state

Figure 9: Deploying behavior of membrane
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Figure 10: Analysis model of boom-membrane integrate structure
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Figure 11: Definition of angle on boon-membrane integrated structure
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Figure 12: Test type for comparing PET membrane with plain-woven membrane
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Table 1: Configurations of membrane

Thickness Weight Weight
[um] (only membrane) [g] | (with polyimide) [g]
(b) PET membrane 12.5 20 122
(c) Woven membrane 80 26 128
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Figure 13: Experimental setup for measuring " deplyment torque of boom-
membrane integrated structure
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Figure 14: Setup model
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Figure 16: Boom-membrane integrated structure during experiment
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Figure 17: Hung model of membrane when Figure 18: Catenary model of hung membrane
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Figure 19: Force which boom is subjected to hung membrane
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Figure 20: Top view of force which boom is subjected to hung membrane
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Figure 21: Resistance torque of PET membrane and woven-membrane
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Figure 22: Resistance torque of PET membrane and woven-membrane
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Figure 23: Linear model of resistance torque

Table 2: Approximated parameter on resistance torque

a B
PET membrane 0.00014 0.05159
Woven membrane 0.00005 0.02449
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Table 3: Calculated value of bending stiffness
Woven membrane PET membrane

Bending stiffness G [N/m] 9.8x107° 1.22 x 107°

- 5| RHIME
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t BE = bTG = %&w%ﬂﬁé:mﬁwﬂﬁ Table 4 %A=, 772 UIEIEDIZ ST PET J&i3b =

b, = 1E L7208, RO MR FE130.24 ThDH720b = 1,b, = 0.24LL7-. ZHT bbb, DH KN, B &
EWTHAE TR > THI20 ThD. R(19)& Table 4 21 L1575 5RMIPEDS Table 5 TH 5.
H = Ebt (19)
E: v 73, bR, t: =

Table 4: Calculated Young’s modulus
Woven membrane PET membrane

Young’s modulus E [N/m?] 0.9 x 10° 7.5 x 10°

Table 5: Calculated value of tensile stiffness
Woven membrane PET membrane

Tensile stiffness H [N] 18 x 103 93 x 103

370 BRI

Pro HRIME C 23250 EL T, CHK[81Z S BT Fig. 24-(c)DHIRVRET V& e, #hAi-7z
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t2 + 1272
E-Y o 73, b, ridfro B dh=R, ek

Tho. HBVRET AT, HBVIRRED i SR KREURFET D720, IUHSHZIRIEIC®HD PET
LSRRI HFHAIL 722 BB E L Tyopen, = 1mm, 7ppp = 50um % V72, ZLTC Table 6 (ZZDRER
L CRBN, SRS PET B4 HRIME C ThD. 20K, IHEbILSIIRMITE H O/ R
PET % = 1& U TR OMIHER 27 Db = 0.24L LTz

Table 6: Calculated value of crease stiffness

Woven stiffness PET membrane

Crease stiffness C [Nm] 0.94 x 1072 2.41 x 1072

LU DS EEBAFIEIZ DUV T, PET BT H kIO FHUMED Fh 2 A F L b 7-b A3 Table 7 ThHS.
SEETHLNIERME L T 28, mNREIESST BRIPEDSG E THHI LD 5035, Rk CIIE
t 28 PET IR TREWZEA B EX TrNRAIMES ST BRItEOX(16), (17)EALHE,  mNRIEIZD
WIS b 2%, H10 BRIPEIC DWW T H O iR RrOERRNEE 2 DD, Zbig, ik
BT B R OEDSHNZEIZHRL TNV,
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Table 7: Woven / PET membrane ratio of each experimental and theoretical mechanical properties

Woven /PET membrane ratio
Maximum of resistance torque on later deployment 0.457
Linear model on tangent stiffness 0.283
Bending stiffness 8.1
Tensile stiffness 0.20
Crease stiffness 0.39

>

Membrane

-

(a) Bending stiffness (b) Tensile stiffness

Membrane

—7

(¢) Crease stiffness

Figure 24: Analysis model of mechanical properties
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