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Model Reduction and Error Evaluation of Gossamer Multibody Dynamics
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Large space structure has been studied actively for decades. However, it is difficult to transport the structure without changing its
shape because of regulation of rocket mountable volume. In addition, there is a regulation of its mass. Therefore, it is preferred that the
structure is light-weight, can be stored on the ground, and can be deployed on orbit. Considering these, gossamer structure is the most
suitable for it. However, the ground test of gossamer structure is difficult because of the influence of gravity and atmosphere. So, it is
required to do numerical simulation. However, it takes a lot of computational time, because it has high nonlinearity. This study carries
out the model reduction of the correct numerical simulation of gossamer structure, and evaluates the error and geometrical constraint
condition. In addition, this study plans numerical cost reduction, and establishment of model reduction method applicable for space

structure.
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Fig. 2 Small Solar Power Sail Demonstrator “IKAROS

IKAROS [ IFEAMA(EAS 1.6m, 5 0.8m OFFEFRAR) &5t
THI(4 DOBETNEAAAAE IR T= 14m PUIFO IR 2> DR
SND. W HEEARE R T2 2 L2 K bl
WL BB A, Ez, R RSO ES A TS~
AR, RAR L ERAHEET D720 DT Y —, FHZEMD 2
LOBEPWETEXDF A M H, RORFFREZELTED
AT/ A, BENZEIT S DA ER e )3 E S

T4 (Fig. 3).
|
o —| Thin film solar celll

\I Liquid crystal device|

Fig. 3 Sail structure of “IKAROS™!



AIRERENE%, Fig 4@ #EISH 3532, HEHE
B3 3754, AT v 7HIT 1501 ThD. £7-, B - T — -
BRI - JomE RN, ISR - r— T VESR - IR
B EACTEREEN TS, TP —2=y NFig. 4(b))i3E
WHANTERIMETHLDT, o5 DIFEESHEO FIT, @l 6
PAEFFOEER A EICND. 7288, 7 U v e VIHE Y
7 AT THRSNTEY, M AEETERREN TS,

| Spacecrafl main
FEmeshof T[] body
petal |||
T
H&L
fastener Center tether
I
Bridge l ] Finite element of
/] Iellher‘ unit
A 1
(@) Finite element mesh (b) Tether unit

Fig. 4 Finite element divisionl!

RS TSRS IEDT= DI DD T — 7 T S
THEY (Fig. 5(a)), ZOT7—NIr—7VEHRTFRREINTH
. =7 NVEROHRITEREEZRT-T, Fig 5b)DX I
FREN TN,

_ i j i .
z, =a.x; + apz(c,,a; T const.) ‘

_\ / ~ Node for membrane element

1 w — o

& o] L]

ail ™) % | Kbt

-— p o f1% 'y

x
738 VAZAR
Node for cable element
(a) Reinforsing tape (b) Node location

Fig. 5 Finite element model of attached devices®!

Fig. 6 1318 L CIFEIRERN 21T 1= BROREAROAHE &,
BAEfRHTET NV DR LIV ABIEOHETH Y, ZOSEfR
METNVNELETHDHZ EIVRENTND.

35
30
20 LN N A
15 L
10 LWL E

I I I
— Flight data

Spin rate (deg/s)

0 10 20 30 40 50 60 70 80
Time (sec)

Fig. 6 Comparison of spin ratel!

3. ETIUERTLTFE
31 EHEXRSH

ARFGETIE, RIPE TR LI EEfabT-£7 L & BRI iR
(Proper Orthogonal Decomposition : POD) % FH TR b
%. POD I3t n RITHRES: r RIUEHE(n > r ) CRELT 2
T2V D FIETHS. POD [HHAGEO—FETHY, H
B SR OREROFHEI Ao CRIET 5720, JEOBHK

FARROED A TRES 5 Z L SARETH 5.

AHFFEClE, POD %479 72012, RS #(Singular Value
Decomposition : SVD) & V=0, SVD 13, (L5 A %,
2 2D=X VIFHIU,V & 1>OxH175 5 ONRETULFD
RIZERTHOTHS.

A=UxV’

1
(A c Rmxn U c Ilmxmy 2 c Rmxn, V c Rnxn) ( )

U OEFNRY SV U,..., U, EEFER~Z L, 175
V OFFIRT MV, Y, AR BVEFRS. Zhb
IFENEN R, R DIEHIEZRENY MV THD. £, AT
P X OxHfaRGY 0, 18, RN PAOT R EATRLT
BY, 1HA ODFOTINLXE (3,

E= Zja @

LEFEND. ZOW, 175 A 1 Rank=1 DI THIDFIEFN &
LT,

A=Y oUV' ©)
i=1

LFED. BRI 1THA % n HOT— ROFIEFICEES
ZEERLTEY, FNEROT— REEBICEZDZ LT,
TTHIA IZED L D 72— RISEENTWDNEIND Z ENT
x5, IR SVDIC Lo THERLNARKOFRTHS.

RKENZBNT, 1A ICHEENDRIERIK LT, kRO
E— ROV, BENL SV OEBOERER > T D03 R
J%752(Contribution ratio) C, 1%,

C,=-* @

LFRED. Fz, kIRE— RETE R LEDETROIEHRED,
ITHA ICEENDBERED N BV OEGTH D) AT
T RAE%53¥(Cumulative contribution ratio) P, i3,

1 k
=53, ®)

LFEED. ZOMEICRY, SEOFRIRLTENL BULOIER
AR TE WA ETHITHZ LN TES.
32 ETIUEXRTIETO—

AWFFEORTRPN L, AR LI dETET v LD, 2
YEBABIAAELRT S IEEARANEEE T 5 (2 #lE O OFEFE)S
BETD)ETOT—HFRAT v T T51) ZRZUI LT 5.

TI, TNETADENHERND, AT v 7 T EOFEISD
BN SVOREAH L, LLFORRATHIA %R LTz
AL, (%), Y4, 25) 1XiAT > 7 BICBT D8R OEFETH 5.

L11 e Lrs1,1
T13532 0 T751,3532
Y1 e Y511
A=| : B : 6)
Yr1,3532  **° Y751,3532
2Lt 275l
21,3532 27513532



K(6)& M\, Fig. 7TITRIVNT, E7 /UK IT WA T
7.

| TRAISHL TR RIESRETL, E—FEOERTT —2EHK |

| 5%, RRHFSEEHL |

iREETERLEDEIERTT—5EER (1,25,10,20,50,100,250,500) |

| ExxT—sEa8E |

[265BWAOMBETSTIEL, ERTALIZ L FREEIHE

HERTALIZ S BMAFHMREH~ DR EEFHE |

‘IIﬁII.

Fig. 7 Flow chart of model reduction
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Table 1 Contribution ratio & Cumulative contribution ratio

Singular value Contribution Cumulative contribution
number ratio C, [%] ratio P, [%]
1 40.821 40.821
2 40.082 80.903
3 1.702 82.605
50 0.068 94.907
100 0.024 96.873
250 0.007 98.652
500 0.002 99.650
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',.9. 50
5 a0
§ g3
2 G20
£ 10
8
[ .
0 200 400 600 800

Singular value number [-]
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Fig. 9 Cumulative contribution ratio P,
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Table 2 Maximum error rate e,
Dimension number Maximum error rate e, [%0]

1 107.36
2 4758
5 12.17
10 7.08
20 521
50 2.08
100 0.73
250 023
500 0.11
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