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Analysis of the impulse coupling characteristics of space debris
irradiated by pulsed laser with big spot

Lin Zhengguo, Jin Xing, Chang Hao
(State Key Laboratory of Laser Propulsion and Application, Aerospace Engineering University, Beijing 101416, China)

Abstract: The impulse coupling characteristics of space debris irradiated by pulsed laser with big spot
was studied. The impulse coupling characteristics of planar debris under big and small spot irradiation
were studied conservatively. The influence rules of shape and spot size under big spot irradiation on
impulse coupling characteristics were studied. The rationality of theoretical research was verified by the
experimental results. The results demonstrate that the impulse coupling coefficient with big spot radiation
is higher than that of small spot radiation under the same laser power density. Impulse coupling
coefficient under big spot irradiation is mainly affected by laser power density. The influence of spot size
on impulse coupling coefficient is small. The theoretical calculation results of impulse coupling coefficient
under big spot irradiation are closer to the experimental results. The above experimental results have
certain guiding significance for the theoretical study of laser irradiated non-planar space debris.

Key words: space debris;  big spot irradiation;  impulse coupling characteristic;  pulsed laser

Y75 B #1.2018-07-10; {&iT H #3.2018-08-28

BB . BHRK A KRB 4(11502301)

YE& B Iv . MRIE [ (1993-) , 5 W1 A= | 32 % NS MOGT BR 28 (R 0 B oR 5 i 58, Email: 912150371@gqg.com
EIffai . 4 A(1962-), B, 0F58 1, FZ N FOCHTR N AHE AR mAWFSE . Email: Jinxing@163.com

1243001-1


mailto:Email:912150371@qq.com
mailto:Email:Jinxing@163.com

oGk AR

% 12 # www.irla.ch % AT %
B ST Ry i A SN B T
051 5 (945 ST B e ST RSE T OGN BE T 14 6 B

WOLTE bR as M i — H 2 B bRtk 2 )2 %
TR, OB BR 2 8 R 432wt R B BN ek 1 e
BB oA BB OGS B R A AR
A B R o R T ) R R I e
FAR A, TR B B % Ul A I s SR R A, TR
U, OG5S WA ELVE G op o R A R SR
VOV I 225 TR 2 A T I 1% il ) A8

OG5 0 7 1 b i A A B B AT R R A —
B OGRT JER 9 28 (R i) < 8 3 R, R
B0 RN AT S A PR A5 PR R 52, OB a4 H
R (AN ORION 4] v i JE 3ot & 4 1 4838 6 m
CLEANSPACE 1% 7 b 3£ 06 & S M Aa 2 KT
4 m), EHIFIE Lot R R S — R F ROk
G RSP E-e R R R AR O 2w LR
ARAT I vh o TR A [ R IR B R B AR 5 TR
o HE f AR B AR A PR R R — T Ay Sl =2k
(1) AL PGS AP T BB, AR 5 (2) AL
TASEH AR R, QE 7 7RSS (3) W A 3R 1 1r AR
JC b ) S AR B, AnaskAR AR 5 (2) L (3)
WA B4R 250, PR, AN 255 ) e A 7R 30
“RBERT R R PR A R SO T R AT YOG
i

i 52 36 97 32 A T AR OB R i G BE R
ANT PR RSE TR 0 b R A R RO, BRI/
BEAR B SGBE RS 7 oK e R 7R/
JE B FE B A RR T SIS A ST SE AL L, AR
FRISHFIE T AN RN E 5 7E B 3T 1 oh i A 4y
PEE- HIE /N B 4 B A 3 TP I A R TE 4
HH B, MO 2T, WA R A /NG
B4 BT b Y P I W 5 SR b 2 — R B e A
T-He i 2o sRmt 5, D9 i B0 B A 9T R AT A bR
B = A O SE IR I 98 AT, (FR P A S
BRI W R e K oot < e 25 7R 1 vh B A AR
BOMRIME, AT R RO BESE B 7 B ST R A
B GG 2P I M S AT 24 SR L 1 ph R A
P, b2 EIS U IR A S R 1 AR

SCHR LA T PR 4 R A BRACIR R R R B AR 4

TR AR AT B AR A R, A RO IO B
R RSP THDIR B P AR PACIR B I, SR BE RS M
FEMRXS b i R A R PR S AL, SRS XS A T
SRR B P RSO ROGBEAR BRI/ G B4R T
5 AR R B DX, B J B T TR RRVREL I vk 2 4 S
WFFE S5 RYGAE T H F S T 58 oG iR IR =S [ R R o
A B

1 LWHE

BT HIAE R G b il s, B ko 06
R RS [ et i RS a8 1 R o SE A
R hEOGRE RN R B RGE AN
S RGMBHIE RGN, LU0 % B R EARE RO
REEG HAUEE HIEUKMHERERS ., Bt
e F A9 JE Nimmad00 JOEEY , OB & S i ik i i
JERBERH 1064 nm, BKTEH 8 ns, R K H i BE it
450 mJ, %t BE iR FH A2 L R I A O =K

Laser
Vacuum chamber ~

\ / ; Laser spot

=

Focusing lens
T Hl
{$13— !| Cube target

Optical window

Potentiometer table

h o

> I section
Displacement|
sens /
sensor

—_————_—_————————— - ————

Computer Data collector Console

L i I ek R GE A SR

Fig.1 Impulse measurement system layout

M LR RTLAE Y, Botsrid B ety s b
J5 , 20F B IR SR T ELAR IR B R AL R i, RS RAT S oh
i R EE IR, R AR AL AR R A AL %
TR 3 19 F 00 B 728 Al it £, 98 05 M A8 41 428 b &
0 R AT A 8 v R S AR OB BE R
A3 P R RS A ) i 2R AR B A (]
F4 B T A Ol BRE R /N SR RO 4R U O T 1
i, BARER T OR R BOLAREE T RO, M DL 2
TRBE DN A A0 7 T bk b O B b BO 485 7 A2 /Y

1243001-2


http://www.irla.cn

oGk AR

% 12 # www.irla.ch % AT %
RO BE A 07 i 94 0 A5 2

S Fir 1 FH ) 2 [ R SR A 2 mm iKY IE
JiRFT 2 mm AR R ERA FEAL R AR B SC
3 o 0 A 0 /N G B AR R G BE AR O 270 m,
JE/NCBERR PR SR 0T RJE B4R IO &, KOGBEHR
RS 0 1) 3R R R BE RS R Y 5 i RSH R — it
G, P ROCTER BB T R AR ER K T T
1 mm, g Ho A R B R A S B R ST ko oo S
YRR, PR 3 FOGEER S, AR EDERE A B
A 1.1.16 .1.33 mm, T IE 5 R RER (AR
AT RO ARME 2380 K T P9 3 R R
FET I, Hovh Oy 1 1 WOC AR 5 3 H S EOE
e PR IR IE R SR, RTALR SO TR AR IR E 1
RIER

2 EEANERER THhERSEME

oK O /NI B T AR S TR R
BEASHEOLRE T B0 fE I 2 anl&l 2 B

2.5

201

Impulse/pN-s™
5

» Impulse
Impulse fitting

0 40 80 120 160 200
Laser energy/mJ

[ 2 PR EE A OGN G BE AR BT ik At 46
Fig.2 Impulse curves of planar debris with laser radiation

under small spot
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Fig.3 Impulse coupling coefficient curves of planar debris

with laser radiation under small spot
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Fig.4 Impulse curves of planar debris with laser radiation

under big spot
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Fig.5 Impulse curves of spherical debris with laser radiation

under big spot

(2) ElH A SR 1 mm B ARG BE Y B A b R
A R B R B 5B AR 1.16 mm ELARGEEAY
e A v HE A R B0 B I BHE 2, C U2 1.33 mm
B CEBE Y e O W AR R B0 R AR A, NI
JE PG KOG B 8 A S THBR R R BR ARCIR AR A, A
A BT, YA SO B A [ IR O BRE R R 1
/N 7E C 25, Y A ST EOE R A [F A, O
SR R RN IO 1 iR R A A e A o R A R B
ZHT BRISCR B, RO YR A B TR
BB 2 T SR RN B AR I S SR B, PR A B A o i
A RECZHT, HRBOCY) 2% B A B T8 & op i
A REG R h A R )G HO M R TE B
T A B TR BN, WO R K, TR
Jo O R, DR R v iR A R S K
WOt R B 2o R b i # & R FRAIT, SAS
WOLRE & — i, 3 OB A S0 N ORI R %
&, BT LATE e L o s F8 5 FRBCZ I, DG BE RS BT
oL 1 i BRI AR e L R S R B2 S JEBRER
[ G VRS RULE v i% NS

B 6 9 A FRDERER T T, BOE RGBSR 18- 1
ARFE R i RS R BRI, nT U

(1) AFEDEBERT T wh il 2 RO o) R %
JER R FSEARRR , RS R BT 2R R
JEIZHT N AP RS, N B RO R
FERE I, $UAF Fe i AL AN B AL SR B o, nhi RS R AR
BRI, BEAE WO C I A5 ARSI T, SO R T AL
TAEES TR , B AR S R BCE ) X
S/NEHERR T whi Rl R B A AT

(2) HATRI PO 3 %6 BT ARG BE R X1 A9
iR A AR B ), R O KOG BE R IR i
ARBE T I, w5 28 T2 B2 O I R BE R,
BOCIRE EAE A b S ESA, RS
FRBZOCHER T W

25
A
20k g T e,
w15}
Z —a—1 mm
E: 10} —e—1.16 mm
© —A—1.33 mm
5 L
0L L 1 L
0 2x10"  4x10"  6x10°
I/W-cm™

& 6 ARG EE R T B0 6 BESF IR R Y
rhE RS R U A th 2k
Fig.6 Impulse coupling coefficient curves of planar debris with laser

radiation under different spot sizes
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Fig.7 Impulse curves of planar and spherical debris with laser

radiation under the same focusing spot
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Fig.8 Impulse coupling coefficient curves of planar debris

with laser radiation under small and big spot
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