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Space debris removal using high repetitive pulse laser
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i i __ One of the most hopeful method to remove space debris is the method using laser
ablation. High repetitive pulse irradiation with the optimum laser energy density is expected to be more

effective to produce large impulse than single pulse irradiation with giant laser energy. However,
impulse decreases as the laser pulse number increases. As a result of this study, it was found that the

main causes of the decrement were the decrement of the laser energy density at the irradiation spot and
wide spreading particles both which were caused by the change of surface shape.



B X C—19, F—19., Z—19 (GtaH)

1. WSO 5

W U 7= F O A 72 EOFHII [A
NR—=2F 7 VX, @ CHIERT A E B L,
FOEIZ W0 HEREAZD EESbITWAS.
FUIFHEHICE > TRERBETHD, AR
—ATF 7V BREFBRLARETHD. 0T T
UIX, K& SWE CTREBERNERZR S0,
1-10cm D & DITHOW T, B THRh (A
BER M 7200,

BIE, Z0 1-10cm OREESDOF 7Y Z[H
WSO bADRTEREMHFEINDION,
— P =TT L= g LB TF T DOKRE
ThHdH. L, TTVICL—F—ZMREL
TEHDO—HEREIE (TTL—v3)),
FORE LT AZL>TF TV ICH %
WAEIH, 77V OHEEE T I TRKE
LT, LV LD ThS.

ARSATIY e
N\ A wiErs

— R F

AIRE

M1L—H—T 7L — g2k bBA—
257 BE

ZOL—YF ML D AR—XFT T
DOFRFEIL 1990 FRMN D IHAITHFFES N,
INHDOMEND, SHBEEINDTHAD
Bt KW kD L— 3 — % B & 900X, TERAERY
W23 L= =1tk > TF 7V DBRENRFESY
AlRE, WO RS o Nz, — 5T, A
THL—P—Z RV X —BERRKETED
L, MROTRAET BN VRSB L
LN TETED, o T, EITHMIZK
HATHRV AL —F—%ENX LTS T
TV LTYH, TR —FENRKET
D70, BT LLBRETE S NENBAET
ERAY I RS E A

WEoT, 1HRTRERIRALF—DI/ILA
L——%ME55L0d, &R LEK
BN AL —PF—% RN, FlEpTRLx
—BEECMELRELZIE)>NARTHD
LEZLENS.

FIT, ZOWFFERBREIToTE A, &
iz k- Tix, By mfEs —E LT, 5D
TRAFXF—TIHEBHTLIDE, 20 1/4
DIZRVFXF—TAHBE LR, h—FL
TRAETDHHEN 30% L bE b &
Dotz —FHT, f3s L—¥—E%
MR LR a IR AEDENED L TLE
W, MASTARRNCR D Z EbbhhoT.

2. WEOHEHB

ABFFED BIE, @i R LR DL
AL —W—2HW=GE, Y= sOT T
L—va VIR DB ENED L S 705
PETHIBR S D DG, BEFTHIZ/e D AT
= ALEMBA L, TOHIBRE wRT 2%
BrZLThD.

3. #FFED L

9, L— W —BREREEOINAE S RAE
TEDOWHN, L —PF—zx L F—, L—H
— B ERBIC L > TE I BT DD, £
DEEZIALNCT S, Xy, Eox
TA—=H THETE2O0RRKEINH AL
T 5.

ZORERAEITIZ, JIFEDHIR D A %
BXRT 5.

L —— RS RNV AT 5 )
HARININERT 2, T72bbdH b —ERELL
v ——%BE L THHEIZEHELE LW
HHE LT, Zp X —0LEHERLEZ 5
L,
OFELTHA (FFRXv) TL—HF—n
I - BELE I, L= =D RaIZH—F > b
F TN RD
Q% —4y FETITRNTWT S, FROFE
RROMBELEA I L > TRET LT AEN
A%

@HF ABMRITFRAEL TWDER, HEOBIRE
\Z X o THANIEMITIRIN D 128 S FE DN
L35

DBEDLEREZLND. ZDOH, £
NEERRERNTHDDH, HEMNTT S,

DIZHOWTIE, TADORAEFIEIZ L S5 TH
BRBET N ERRDZ LT H. b LA
L LTZBAE, V—Y — O SEaE % il
T5 2 & TS - BELEOEIG A2, 2,
R~y NNV 2 =R THABIOT
T A B S AR RIL, b— R
PWETL. QOMEEDT-HIZ, ¥—4F v b
DGR ERAENFEOBRMEERED. ¥ —F >
s ORI E FHMEE WS, @lzon
TIEHEZDO L0 OFHIE L O HHLIC &
> THRIEEIT .

4. WrIERLE

ERRAFIK 208 THDH. L—P—NE
HZEF v 3O (HPEK & 2000L/s D X —7R
DR AL 5T 108 Pa IZE THIES N
TWD) ICHEEL, ¥—F v FERDEMIC
MR L7, AP CIITHEOEHM & LT
HEnb2T7NVizvsaed—ry e Lz
FREOFHNCIE, X 3 ITRTIR Y FRIG
[ERgaz LAY



Target Lens (f = 150 mm)
Gap sensor I Mirror
£ N
o .
< BK7 window
iy L]
[ YLF Laser
Measurement (A=1047 nm, 1=7 ns)
system
\
Impulse stand Damper Turbo MOlecu:;roggT/Z)
\—) Vacuum chamber (~ 103 Pa)
—0.7mI.D. —
B2 EBCREEE
Axi i Automatic Target
xis of rotation

Aluminum plate

rotary stage
Laser
irradiated
point

-

Neodymium
magnet

Eddy current
damper

1

Pend/ulum : Gap sensor

arm (LvDT)
Cross spring

pivot

Laser beam

B3 R F AR E

ZORER,

S I
—\ b
Loz,

— =R E RIS

Thb.
iz, %
a AT

LR ORCRZ 1572,

HEEAETERDICON, TXAF
59, BENEPIGRT D en
FOWRIME 2D ONRK 4RI L
R BREDNFEOKRE X

LR ORRE, T Lr—v
XA L —HF DI RWGEL T

TNz b aoTn. K4 RTAKE &
HBYOIUHRML, ENEN1LI A=A LD
720 O L—H — A 100 [5] & 500 [A] 0D
—RA %Y. 100 BEFO5 RN T,
500 [A—EEIZHRET L CH AR IREITIEIER
CCThotz. Thbb, L—¥—0lELED
HADFEZ D 6T, GO IFEIZE T
Thol-.

150 . . .
0 21 J/cm?
pd
S 100 | J
(3]
1%
>
Q.
E
= 50 F 4
S 11 J/em?
0 1 1 1
0 500 1000 1500 2000
Total laser pulse number
M4 =¥ —REEEICET A )
Ui

FIo, FeAdNREIT L — W — BRI ORI
bBFLLSEFELE LW, M52 L —Y—BE

JERENC T B AENEORE S ERT. 2
DEO\EY, FENFEOKE JITFEEHKITIE
EE5 L. Thbb, BAELETANE
ZEH YRR LT IR, IRE DS I 58
L CWL BERIC b 59, AN EL
Lol Z L HERLTWD

20 T T T T T

e

Impulse, uNs
[E=Y
<)

0 1 1 1 1 1
0 1 2 3 4 5 6

Irradiation frequency, kHz

5 L= — R RIS D FE
FORE S

HAENEERIRT 22K ITEZE L
SEHBIROELTHD. T7bb, L—W
=T T —va ryOREICLYIRAICERT
NEEIN TR, ks L—9—H
B2 L —%—0 A AN EE TIX
B0 (M6 L—Y—MEH s L —
2 —DWrmHSH), L—F—DT R ¥ —
BENTNDL. 12, L—V—MREHo s L
— X —DIRINDEL 720, IR IR
K RBIZON, HF, BiFNIRAICHELT 5. .
B 7RO —F—RBHEEO 7 L—H
— IO TH Y, HEHREEERQDIZD
n<T, 71—~ (om0 - IR0

fFE LTV AR R TERNLS.
200 1 1 1 1 1
100
£
- 0
z
2
o© -100
T
-200
-300 1 1 1 1
-300 -200 -100 O 100 200 300
Horizontal distance, um
M6 L—HF—RHEs L—%—0WmE



(a) 100 [A] HE 5 B

(b) 500 [A] FE 5 R

(c) 800 [H A &
X7 L——REEE

5. ERFEERIWLHE
UdEREam e (FE o 1)

(1) H. Tsuruta, B. Wang, Z. Wang, S. Yokota, and
A. Sasoh  “Repetitive Pulse Performance of
One-Micrometer Laser-Ablation Propulsion
onto Aluminum,”  Journal of Propulsion and
Power, Vol. 30, No. 6, pp. 1485-1489, 2014,
EHH Y.

(Fa%&R) Gt 41

(1) BBHA, BHE, EEELL, Rl L —
PV A X D HEE IO RE, L—
— P 34 MR OR S, ALTUM [EI B
% (%), 20154F 1 H 20-22 H.

(2) #BHEA, EfhzE, £, BHEE ERE
5L, 8kHz /L AMEIEFOT VI =0 LD
7T L— a3 CJIRERRNE, SRR 25 AR
HHHGE S AR A ISASIIAXA (FZ3)1))
2014 41 H 16-17 H.

(3) BBM/A, Eftum, Ty, BEHKE, s
5L, AR—2AF 7 Y rELZEN LIZ&ED
WLV ARRICE D L —F—T T L —
v U REREE, 8 57 [BITFEEH R R E
BHHS, krarxrvartry—
(&H), 2013410 A 9-11 H.

(4) N. Hasegawa, S. Yokota,and A. Sasoh,
“Single-Plate-Imaging, Two-Wavelength,
Mach-Zehnder Interferometer”, 29th
International Symposium on Shock Waves,
Madison, WI, USA, July 14-19, 2013.

6. WFZEAREE
(HFFFEIREE

BRH % (YOKOTA, SHIGERU)
HI KT« AT DEHFR - WaHEZ
W94 %5 : 30545778



