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Development of membrane deployment deorbit system by convex tapes

M5010 2% i
Noboru Tada

In recent years, space utilization of a membrane deployment structure has been attracting attention in many researchers. For example, membrane deployment
structure is used for solar sails and de-orbits system. The de-orbit system requires light weight and excellent storage property for re-enter the nano-satellite in
atmosphere. Therefore, membrane deployment structure has been studied to be applied for the de-orbit system. There have been proposed two deployment
method for such a atructure, one of which is spin deployment and the other is the deployment by the assist of self-extending convex tapes. The objective of this
study is to demonstrate and investigate a novel concepts of the de-orbit systems which consists of thin membranes and convex tapes
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Extension f Convex tape
Guide roller:

Fig.2 Principal of deployment mechanism
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Fig.3 Separation of convex tape from rotating hub.
Left: no separation, Right: separation
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Fig.4 Shape parameters of convex tape

Tablel Parameters of convex tape

Length L 590mm
Young's modulus E 127GPa
Poisson's ratio \% 0.3
Thickness h 0.1mm
Height in deployed state t 1.4mm
Width in deployed state \Y 11.8mm
Half width b 6.5mm
Arc-angle 1) 52.2rad
Radius of curvature R 14.2mm
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Fig.5 lllustration of deorbit device

Table2 Properties of proposed deorbit device

Width | 90[mm] Weight 0.460[kg]
Depth | 88[mm] Area of a membrane 0.3[m?]
Height | 67.5[mm] Effective sectional area 0.166[m?]
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Fig.6 Deployment mechanism of the device
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Table3 Estimated price of parts of proposed device
(exchange rate : 1lUSD=113.09JPY)

Parts Price(USD) | Parts Price(USD)
Convex tape 0.88 Spring 4.22
Spring hinge 5.08 Rotation axis 1.77
Gear 3.54 Aluminum plate 141
Rotary damper 2.65 board 70.7
Roller 3.54 Solar cell 884
MPU 2.65 CdS cell 0.53
Battery 53.1 Another parts 63.3
Processing cost 710 Margin 153
Total 2100
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Fig.7 Deployed configuration of proposed deorbit device with
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Figure 10 Deployed shape in micro-gravity environment.
Left: Miura-folding, Center: bellows-folding,
Right: strip-folding

Figure 11 Deployed shape in micro-gravity environment.
Left: Miura-folding, Center: bellows-folding,
Right: strip-folding

INLORERND, BEEOPT O BROMIME TR ICE KR
BB Motz T UTH0 EREEITY O%RE, Bt
DEOHWEIZ LD ATV 7Ny ZRRNKE WD, i
TEAICER I Wy, it o841, 2>y s
AT — 7 ORFHIMEIIIREE O AT Y 78 7 RITx LT
BT LD+ THo72728, HadEeIllBETcEL
EZ2D. Fim, BT IXIT FREMTH D - o fEMERS
. UEORERNS, TA—Ey MEORE O Y X
M IcikE L.

2.5 FHMBERO XL

HEENEZ AN E LTEZLNTWADIE, NT R
Ny 7 AT —TFOMBHEL LA 23 E Chis L, 22Xy
JAT—TNZERYTHIETHD. 00, AR HL
DT T ICe—2 ) =X U REIREEDH 2 & TAT DA
WEEAIZ 2 HEEZR->TWBAYE Figl2 o 74—t s
W Lo —2 ) —F R XT RoRd,

Rotary
damper

i 4

‘:féﬁ N

Gear

Fig.12 Gear and rotary damper

B3 LT 4 — y MEREIL, 7 OMAMEED 6530[deg/s]ic
BETLEHEET L2 ERERLY Do T0D. LoT
7 O 6530[deg/s] F M X 72 K D ICEREN T AU L v
=&Y —=F R EHNDLZ L TarXy s AT —T7DME
WEEAN B> B — ik (1800[deg/s)I UL L, HIBEHRA N & 720
ZLIIERTHERLTEBY, FA4—ty MERIIM/NE R
BT CORMERICBVTY, HEET 22 &< BEHEM%E
BREFEETWD. ZOEBRERZROEIRT.



3 TA—EY FEEBORBEY

TA—E Y MEEORE L FIEET D 42T 570l
Ve A (Fig.13) 2 IV TU T O ER %2 4T - 7=,
> =X U —F U ROFEIT L BT ONNEE R R
> PUNEDJRE T C oMK R 35k

% Convex
Fig.13 Prototype of proposed device
31 A—4 ) —=S U I\DFEIZK B/N\TOARERIEER
n—Z =X RERY T TCnngGGlr—2 ) —4

VBT AT TV DIBE DT O E ORI E
Fig.14 |27~ 9.

. L HEEEEEN

/ ~—With rotary damper H

g

§

—=Without rotary damper

/ B Angular velocity at separation

/’f = o (0 i

o1 02 03 06 07 os 09

Angular velocity|deg/s|
g 8 8
) N

g

g

Mumemo(
Figure 14 Comparison of time history of angular velocity
under 1G environment

Fig14 LV m—% V=X R 1 TR 0WIEEIE

0.15[s] BARE > & U DRI T 285 TN D 2 E RN 5B,

ZHUFEAT OAHEE D 6530[deg/s]ICEELT- & Eica Ry
JAT—=TIMNTNLREELT-Z I X AEETHY, T—
TOBEFTIMBEIN NI BBV FHESTI2DEH
b5, Tz, a—F V=X RERYFIFTWBEHAET
%, MDY 1800[deg/sIFEDULEKE L TN D DN NS . =
ke —2 ) —Fo W2t TarXy s AT —7
OAREHE N S AR L, FIBERE N E 702 & & ff
L. 2 kv, MBI EHWsZ LT, B
SZEmcEreEZLND.
32 UNEAHRET COEERMAREER

EBRHEMH L2 BT 0 T B A R &2 B0 17
HOLER ARSI TWARNa Ry 7 AT —TDHD Y
DD/NT OAHEE DR ZE b b REH 20T 5. £0
FER % Fig.15 (2R

7000

_______________________________________

—— Tanzaku folding

—— Convex tape only

- - - Angularvelocity at separation

Angular velocity[deg/s]|
g8 2 8 8

§

o

o

0.2 0.4 0.8 1 1.2

0.6
time[s]

Fig.15 Angular velocity of hub in micro-gravity environment
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Fig.16 Deployment of prototype of the proposed device
under micro-gravity (Strip-folding)
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