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SUS304 Al-1100-0
Density(g/cm) 7.9 2.707
Prameter C1(m/s) 4.57 x10° 5.386 x10°
Prameter S1 1.49 1.339
Gruneisen coefficient 1.93 1.97
Reference Temperature(K) 300 300
Specific Heat(c.K)(J/KgK) 4.23 x102 8.84 x102
Shear Modulus(kPa) 7.70 x107 2.71 x107
Yield stress(kPa) 3.4 x10° 4.0 x10*
Maximum Yield stress(kPa), Y | 2.5 x10° 4.8 x10°
Hardening Constant, 3 4.3 x10! 4.0 x10?
Hardening Exponent,n 3.5 x10*! 2.7 X107

3. 0000

gobooooooooboooooooobooooooo
gboooooooooooooboobooooooooon
gooooooooooooobooboooooboooon
gooooooooooooobooboooooboooon
goooooooooboooooboobooooooooon
goooooooooboooooboobooooooooon
oooooooood

gobooooooboooooooobooooooo
gooooooooooooobooboooooboooon
gooooooooooooobooboooooboooon
goooooboooooboooooboooobOoooooooon
goooooooooboooooboobooooooooon
gooooooo0oooooooooooo@oooo
ookKs-100(0 000 100 00000)0000000O
OO0 OFASTCAM-ultima(D O OO 40,500 00 O00O))ODO
gobobboooooooooobooooooon 17o00
00000000 0FrRIg.200000000000 100mm
goooooooooooobooono sooooooon
gooooooooooooooooooooboobbo

y halder

Fig.2 00000000

gboobooobooobooooboooboooboooaoon
gooooood

4. 000000

ooooO0ooo0ooooooooO0Oi1om/sd0Onon
gooooOoooOoooOooOO0O0O0000Fig.300
ooobO em/s OOOO0OO0O0OOCOOOOOOOOOO
gbooooooooooooobooboooooboooon
gbooooooooooooobooboooooboooon
oooOO00Figs.4000500000000000O
gooooo.smm oo l1.omOOO0OOOOOO0OO
goooooooooooooooooOoooooboooon
gbooooooooooooobooboooooboooon
goboooooooobooooooooooboooooo
gbooooooooooooobooboooooboooon
OO0OFgs6O07000000000O0O00O0O0O0O0OOCO
gbooooooooooooobooboooooboooon
gbooooooooooooobooboooooboooon
goooooooooooooboobooooooooon
goooooooooooooboobooooooooon
goooooooooooooboobooooooooon
gooooo

AT AR
FREZDLE
ooo ooo

Fig.3 00000000000000
(0 OO0 60m/s,t=1.0mm)



RAIBIEFES[mm]

FS[mm]

i

=]
71

f

&xK#E

RFEERE[m/s]

R5EEE [m/s]

® XEERfE
—O— fgiffE

45 50 55 60 65
EZEEE [m/s]

Fig.4 0000000O00O0O0O0OO (t=0.5mm)

70

® EERfE
—O— i fiE

45 50 55 60 65
B RRE [m/s]
Fig.5 00000000000 000 (t=1.0mm)

70

® EERfE
—Oo— T {E

45 50 55 60 65
B RRE [m/s]
Fig.6000000000000 (t=0.5mm)

70

o °

°
° ¢ ® ® e
°

o =EER{E

—O— @ 1E

45 50 55 60 65
EZREE[m/ s]

Fig.7000000000000 (t=1.0mm)

70

gobooooooooooooooobooooooo
gboooooooooooooboobooooooooon
gosmmOO00000000000000 216m/sO0O0O
0ooooO0oO0o000oooO0 rg8OOOOOOODODO
0oooO0oO0o0o0o00oooo0O000 FgoOOOOO0O
goooooooooboooooboobooooooooon
goooooooooboooooboobooooooooon
0Mo00000oooo0o00o0oooooo0ndnable
200000 226m/sO000000O0OC0COOOOOOO
goooooooooboooooboobooooooooon
gooooooooooooobooboooooboooon
gooooooooooooobooboooooboooon
gooooooooooooobooboooooboooon
gooooooooooooboboooooon

gobooooooboooooooobooooooo
gooooooooooooobooboooooboooon
gooooooooooooobooboooooboooon
oo

gobooooooboooooooobooooooo
ooooooooOoooooO0O00 Fga0OOO0OO0OO
goooooooOoooboobo012m/sO0O0000000
gooooooooooo

Fig.u1O0OMMO OoOSmmIOO0O0O0O00000000
gooooooooooooobooboooooboooon
gooooooooooooobooboooooboooon
gooooooooooooobooboooooboooon
oooooooo0oooooo00127m/s000000O
goooooooooooooboobooooobooboooon
gooooooo0oooooo0000 18om/s O OO
goooooooooooobooooono 200000
gooooooooooooobooboooooboooon
goooooooooooobooooo®oooooon
Dooo0O0O0000OFgs8000 90000000000
goooooooooooooboobooooobooboooon
goooooooooooooboobooooobooboooon
gbooooooooooooobooboooooboooon
goooooooooo 2000000000000A0
gooooooooooooobooboooooboooon
goooooooboobooooooooboooobooooz
goooooooooooooboobooooobooboooon
goooooooooooooboobooooobooboooon
gooooooooooooobooboooooboooon
gooooooooooooobooboooooboooon
gooooooooooooboboooooon

/DDDDDDD

f‘)

ooooooo 9. 3008100

Fig.8 00000000 @OOO 216m/s,t=0.5mm)



ooo
Fig.0 000O0000000000000
(OO0 216m/s,t=0.5m,0 00 00 00OKS-100(0 0 10
ooooo))

oo

Table2 OOO0O0OO0O0O0O0O0O000O0O00OO

oooo ooooo oooooo | ooooo
ooao 216mis 187mls 5.98mm 5.50mm
oog 181m/s 5.90mm 4.86mm

190
170
150
130
110

EREEE[m/s]

IPIIIIIIIIIIIIIIIIYIYY

40 90 140 190 240

EZEEm/ 5]
Fig.10 0000000000000 (t0.5)

HLEiEES BEES
3 8 :
K 5
m .
| 8 .
s :
X 4 .
H , :
[y .
i 2 :
1 .
0 S
40 80 120 160 200 240 280 320 360 400 440 480
ERE[m/s]
Fig.11 000D0D0000000000000 (t=0.5)
500000

gobooooooboooooooobooooono
goooooooooboooooboobooooooboooon
oboooooooooocoooboobooOoooboooao
oboooooooooocoooboobooOoooboooao
oboooooooooocoooboobooOoooboooao

po00oOoO0o0o00odooooogooooboboooo
000 Shock Hugoniot O O O OO DO O0OODO
Steinberg-Guinan 0 O 0000000 O0OOOOOOOO
00000000o0ooooooooooooooooo
po00oOoO0o0o00odooooogooooboboooo
po00oOoO0o0o00odooooogooooboboooo
poooooooobbobooooogo

goo0obO0DbO0oo0O0o0oO0o0oDOOooO0oboOoO0obOo0O2oon
gobooooboooobooobobooobooooboboboooo
goboooobooooboooooooooobboooooo
gooOcRCOOUODOOODOOOOOOODOOODOO
gobooooboooobooobboooboooobobooooo
gboooooooooobooobooooooo

goao

u: velocity components,x: x-coordinate, f: force components,
o :stress tensor, € :strain, n @ compression(volume), T:
temperature(degrees K),[suffix p and T : pressure and
temperature at the reference state (T = 300 K, p =0, e =
0)],C1:bulk sound speed,Sl:specific entropy

gogo

[1]Ronald PBernhard,Eric L.Christiansen,James Hyde,Jeanne
L.Crews,"HYPERVELOCITY IMPACT DAMAGE INTO
SPACE SHUTTLE SURFACES' Int.J.Impact Engng.
\ol.17.pp57~68.1995

[2IROBERTO DESTEFANIS O MORENO FARAUD,and
MARCO TRUCCHI,"COLUMBUS DEBRIS SHIELDING
EXPERIMENTS AND BALLISTIC LIMIT CURVES',
Int.J.Impact Engng. Vol.23.pp181~192.1999

[0 000,"Hydrocode OO0 O0O0O0OOO0OOOODOOO
poooooooboooobboobbooo,oooo
ng,0o0ooooooooo
gooooroooooooooooooooo,oo
go0oo0oo0o OO0 ooooOoOd,1998
[5]Cowler,"Gruneisen Forms Of Equations Of State.
",Unpublished memo

[6] Steinberg,Cochran& Guinan, "A Constitutive Model For
Metals Applicable At High-strain Rates.
", J.Appl.Phys.51(3),March 1980

[7] Century Dynamics,Inc, "AUTODY N users manual"



goaod.

goooboobooboobooboobooooboobooooo

Summary.
Numerical simulation and visualization of space debrisimpact

- Analysisin the low speed impact and verification by experiment-

Kenji Sugihara Yuji Yasuda
Graduate school , Hosei University

Kazuyoshi Arai  Yutaka Tanaka
Department of Mechanical Engineering, Hosei University

In recent years, as space development proceeds, the space debris such as a flake of the artificial satellite that has been
used has increased markedly in the cosmic space. The speed of space debris is the ultra high-speed of about 8km/s,
and the phenomenon that the space debris collides to the space structure causes a serious problem. The purpose of this
research is to clear the damage mechanism of the composition material when the space debris collides to the space structure.
As the first step, the impact phenomenon in low speed region was simulated numerically. Furthermore, the
visualization experiment of the impact phenomenon and the damage experiment were investigated to examine the validity of
the results of numerical anaysis.

Keywords.
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