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ABSTRACT

In this paper, we design and fabricate a de-orbiter using drag-sail and evaluate

deployment characteristics. Without employing an actuator to deploy, the de-orbiter is

activated by the SMA wire based the release mechanism and driven by the restoring force

of the tape-spring. For efficient storage and deployment of drag-sail, an origami method of

original ISO flasher is chosen and low priced mylar film is used as the material of the
drag-sail. In addition, through the fault tree analysis method which is one of the one-shot
device reliability evaluation methods, we confirm the reliability of the de-orbiter(0.997572)
and the Roller failure has the highest criticality. Finally, we find feasibility of the proposed
de-orbiter through the deployment demonstration of drag-sail.
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Table 1. Requirement for Drag-sail
Deployment Device
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Fig. 1. Configuration of Drag-sail
Deployment Device
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Fig. 2. Mechanism of Deployment and
Separation
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Fig. 3. Types of Origami Flasher[6]

Table 2. Characteristics of Origami Flashers
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Fig. 5. Moment of tape-spring
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Table 5. Symbols of FT

715 My = e
Drag-sail Roller bearing #1
T deployment B21 :
. failure
failure
Roller bearing #2
A | Unlocking failure | B22 eanng
failure
B Spogl & rgller B23 Roller bgarlng #3
rotation failure failure
c Deplgyment B4 Roller bgarlng #4
failure failure
Roll ing #5
Al | SMA wire failure | Bos | HOIer bearing
failure
ing #
A2 | Control falure | Bag | ONer bearing #6
failure
A3 Holdgr Key 827 Roller bgarlng #7
failure failure
A1 Trangmitter Bo8 Roller bgaring #8
failure failure

A22 | Receiver failure

B41 Roller #1 failure

Spool bearing

B failure

B42 Roller #2 failure

B2 Bearing failure

B43 Roller #3 failure

B3 Spool failure

B44 Roller #4 failure

B4 Roller failure

C1

tape-spring #1

failure

B11 Spool pearlng #1 co tape—spnng #2
failure failure

B2 Spool pearlng #2 o3 tape—spnng #3
failure failure

i —spri 4

B13 Spool bganng #3 ca tape spnng #
failure failure

Table 6. Symbols of Basic Event

7= X7z 7% X715
Al Xo1 B26 X5
A21 Xoo B27 X4
A22 Xos B28 X5
A3 X, B3 X1
B11 Xos B41 X1z
B12 Xos B42 Xis
B13 Xo7 B43 X
B21 Xos B44 Xy
B22 Xoo B51 Xy
B23 X1 B52 Xy
B24 X1, B53 Xy
B25 X1y BS4 Xy
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Fig. 6. Fault Tree of Drag-sail Deployment Device
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Ha45) A7IS BB (1) T3t e A Fi(t) n
18 o gue A e Lin=ror s
1-TI-F @)
24 j=1
gt)=1-111=£() B guse 27 £z e AdEe U
=0.002425234 st o3 ZTH(Table 8).
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Table 7. Probability of Basic Event

715 My AlZte nEE ()\,,) zE AlZE (2) 1z 28 (F)

X01 SMA wire failure 3.88556E-05 1 3.88556E-05

X02 Transmitter failure 2.07765E-05 1 2.07765E-05

X03 Receiver failure 7.63155E-05 1 7.63155E-05

X04 Holder key failure 0.000175206 1 0.000175206

X05 Spool bearing #1 failure 0.000110649 1 0.000110649

X06 Spool bearing #2 failure 0.000110649 1 0.000110649

X07 Spool bearing #3 failure 0.000110649 1 0.000110649

X08 Roller bearing #1 failure 0.000110649 1 0.000110649

X09 Roller bearing #2 failure 0.000110649 1 0.000110649

X10 Roller bearing #3 failure 0.000110649 1 0.000110649

X11 Roller bearing #4 failure 0.000110649 1 0.000110649

X12 Roller bearing #5 failure 0.000110649 1 0.000110649

X13 Roller bearing #6 failure 0.000110649 1 0.000110649

X14 Roller bearing #7 failure 0.000110649 1 0.000110649

X15 Roller bearing #8 failure 0.000110649 1 0.000110649

X16 Spool failure 2.7753E-06 1 2.7753E-06

X17 Roller #1 failure 0.000210307 1 0.000210307

X18 Roller #2 failure 0.000210307 1 0.000210307

X19 Roller #3 failure 0.000210307 1 0.000210307

X20 Roller #4 failure 0.000210307 1 0.000210307

X21 tape—spring #1 failure 1.39255E-05 1 1.39255E-05

X22 tape—spring #2 failure 1.39255E-05 1 1.39255E-05

X23 tape—spring #3 failure 1.39255E-05 1 1.39255E-05

X24 tape—spring #4 failure 1.39255E-05 1 1.39255E-05

Table 8. Structural Importance and 2.6.25 FTAsl o Z =}

Criticality Factor FTASIA A3, XWE()E 38 7)(Holder

I5 PI I %9 Key; Xi,)¢t E8l(Roller; X ,, X g, X19,Xs0), &
X0 0.997614 0.015983 18 =3 Eo AR HlAT (X5, Xog, -, Xi5)°!
A Rl 0008549 9 Aogsl e Ashgol MY 2 TS mHE
X03 0.997651 0.031393 17 e solstdct
X04 0.99775 0.07208 5 = = :
X05 0.997685 0.045519 6 07 M7| 2 Ha|Ex Ag o A}
X06 0.997685 0.045519 6
X07 0.997685 0.045519 6 AN B B A2 3D printerS o] -85
08|97 0019519 ° o A% g =dstach 37Tl FE
T a1 X : A 22e) NS AT YW A7k AAEE
X10 0.997685 0.045519 6 A HOl sxeo] AlZsloloE wel HAoZ
X11 0.997685 0.045519 6 —° = - =
X12 0.997685 0.045519 6 AR, FA Y 22 ofoloR
X13 0.997685 0.045519 6 Ao UY NAEEF H 2z WA &
X14 0.997685 0.045519 6 B2EUS v 4% o &3] EAHAAE AL &
X15 0.997685 0.045519 6 Q13 A thFig. 7). ol ™, Fxe & AT 048
X16 0.997578 0.001142 24 kg olm, <ZatEjolAe slarEEe AL
X17 0.997785 0.086524 1 3 - q o 26 _
X18 0.997785 0.086524 1 0.0095 m”el™, A & AH2 192 m 22 =
X19 0.997785 0.086524 1 71 AR a2 Pt AAFHNL
X20 0.997785 0.086524 1 w, FEAH v dA HAEE 1202 91 AL
X21 0.997589 0.005728 20 = 315t}
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