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Abstract

In this study, direct focusing of repetitive high-power laser pulses on an arbitrary surface of the vehicle in atmosphere
were proposed, in which a blast wave was generated at each pulse and pushes the vehicle on the surface inducing an
impulse or thrust vector. A fundamental investigation was conducted on interaction of a focused high-power laser pulse,
or blast wave, and the surface with arbitrary shape. As the first step of the experiment, for simplicity, some fundamental
shapes of the surface, or a vehicle, were assumed, which were planar and semicircular bodies, and shock-surface
interactions were investigated. As results, a deeper convex vehicle showed largest vertical impulses, and a shallower

convex vehicle showed smallest horizontal impulses.

1. 20 %
IEIHICEME Lo s oD L — Y 2R 5 2 &
TFME A HEME S ¥ 5 L —FHEE OB AIT 1972 £E1C
Kantrowitz IZX VIEB I/ 2. KREF CHEIBE
U— R EEREmICEA T 258 OMAEER BN
T, FrRlicFmirfrc ﬁfﬁékﬂ#ﬁ<%@%&
F9. Thbb, i EOERNERE L —VIC
MO L, L—V X7 b xr— 3 /7.‘)@%1%3“6 5
VIR D ) v E G SEE, EEEEORE L
972, HEIEAT THiENE T B Y.
Ageev B IX, HEERL ) XV & L ) A niZ-2onC
HEN BT RE T ) RV D521 72 I >N T
FAELEY. ZORE, —EDOL—P /UL AT R X
—Zxt Lfﬁflﬁfﬁ/ Xﬂ/ﬁﬁﬂ“f?‘é L %fﬁﬁmu
7=. Myrabo B, fEED J ANVARIZIT 5 B 72
L—HP VAT RNX—% 52 5582 RHELED.

BT, HOIT I ANALHNDOT T2 MEIAENSHHES
REICE LX) FHRBRICOVWTHAL, /X

TR D Z i — VR Z B LT Y.

L —HEREIZ K D IRFMAR DO TRATER IOV T

Myrabo HIZ L AHIORITERO KN 2% T, &EH
WCBWTHRBEOEERITSV A v— X RRITR L
%< OEIEEBRIFTTONIZ Y.
ARFEIC BN TIL, TERDOEMBRIRFATER & 1T R
720, RAMRD 3 W RITOEREZBIET.
bbb, KA TRAKDOEEDOREIZ VA L —
PRI UEN-BE L, EERNTT 7 A MEE
BHGANIRAESE D Z & THES) (7 b)) B34EE
H, ZORT MV OIF AN TR % 8 R 1N X
THZE%EIHS.

AWFge IRz LT, 2L —4%
(77 A M) EAEEROTRAARE O FH AAEH
RO RAETLIHI IR NV ORERHMT AT - 7.
FPNE, BWORBR L LT, RARPTL—HFE2EEFR

AD Converter Switch

IR L72BR D K& L OF AR 2 BB 32 5
HEL, £, PROHA S oM 2 RkTiko
WAL A UE L CERMICHREICL— 2R L, 2
R Y FRA T A MR Z L RERWTHREZEIE L
7.

2. EREER IVHE

Fig.1 |2 SRR E OMIE X A2 7~ 3. L — P RIRERIC
X TEA (Transverse Excited Atmospheric) CO, L —¥
(LUMONICS, TE822-HP, fxK/N/VATR/LF—E
=10J, 21=10.6um) ZH\7=. ¥—%5 v ML POM
(polyoxymethylene, polyacetal) % Fv> 9, ZiSe #lo
T X (f=5in = 127mm) ZHANWTH—7 >
FRIE (B 2V OEE ONLE) 128 LT,
Z =77y MERIZOW T, R M R TZIR (Fig.
2) L. RFEICBWTIE, D)X —47 v b»
ORAET DT N—LOBIEE, 2)NFET ML ORI,
T N— L BIET HEEDFH, DENENEIT
VY, BRMITOWTHER - R LT

LED displacement censor
X-axis

chi:x]} ON Digital
i camera
Q Lens TEA CO2 Laser
ch2:y]_
Thrust stand aser beamm
[ ] 7~ [Thermocouple
Target(POM)
Power supply |[x ~
[
—
— Data logger
PC

Fig.1 S5k EE E N X

This document is provided by JAXA.



2 —1 JJHE7 bOVRRERE
AEFFIZINT, FEARK R E LT, 2RITEORE
FERET V% AR & B AR & ARGE L7z Fig. 2 (1 ih
EIWR 2 — 7 v D 7 ZVTEA &R OB X % 57
9. Fig. 3 ICHIEAIRE T MICIIT 5 L—F UL
& 0=90deg, #=60deg, 6=230deg DHEMEX %R
TFER T FVRE FEBROIEEX % Fig. 11ZRT.
ERk % —# >~ MIZ TEACO, L—# (E=21J) #MR
FL, 28R Y +XKAT A N2Z v ROERLE x FFH
BL Oy FaCEEE L7z LED £t > (OMRON,
ZAW-V25R) TEHAIL 7=, Z 0FHAZ L — Y RS &
0=90deg 75 0 =15deg F T 15 deg %7 TIT o7z,
AZARRAZY RiEFig. 41T X912, FREN
MWNELTe 2 BB A 7y /ﬁﬁ%iﬁ&ﬂ‘é 2 iz
D T, x B KOy Hao 2 oo [[RREEHH A3 A
HET, ZNLOSREEX 10 ym THD. Frv U 7L —
Ta IR TH A LR e RIEHMEEZE S E 5 2
ETITo T~

MR # — 7 > F OMEHZIEL CO, L—F & DF
PED BV POM % W2, L— W R E OB S 7 ik
% Fig.5 1R 9. L—YPE—Lr0HZEEL, AT A
NAREZ U REAT—YET x SiFEICBEI S5 2
LT U — YR E &2 RE LTz

2—2 FT7x—hAER

& —77 -y hEENS VX0 EBEZ90mm i 6
150mmE TLOmmHA| A CHfE L T &, L—F K% L
2. T & EDENELEDEN ¥ Y T L. £
N b RIS = 127mmD Y > 7 = L Yy
Lo RARBERA L. £, L—VREMA L FEEEICO =
90 deg, 0=60deg, 0=30degs ZEfL ST o7z,

2—3 TTlL—arF—r0RE LB
Z—0y RO L —FREIEWNIEAET LT 7
= a VTN = ADOEEE BT LD EmEE D
AT (K7L —2AL—h40500fps) BLOT X
JV71 A7 ([A] 1000 fps) & AW CHRE 21T o 7. £ 7,
RIRFIZ Y B 1T - 7.

Z—0y NMZV—VERF LG0T 7L —
a vy T = AL RREDILFEMKGTRET 2 ES
B 27201, T —20E»HEFZ AT
HE Lz, FZREE R % Fig. 1 1oRd. 2@
(ZEER) BT A=y 8 (EE 1.869) THMIUIZ
WrEE 2 CIHTER L TV 5. L — LD DEVE
%%ﬁ%ﬁﬁﬁfﬂI%ﬁ%:$?é’&%%ﬁ
BT, ZEGER o 2 SOREORRIZE(L A 42
VAL B EER (B 0.7mm) TEAILE. &
DOIE &L ZEEOBMREN O NBEL D o 7-.
FHINZRBWTIE, REOWELEZETLHE &P
M9 2HE0 @ Ic oV THH L. PR 54
A%, Fig.6 lZRT L2912, #—F v b BLUEES
FEr=—v— hTEY, V- MNEERITATE
BT

LED displacement sensor (x, y)

Thrust
....... _ . .o =2
Laser beam Y

& =90 deg

Target

Fig. 2 / A/VTAS & R OS]

B Thrust

(b) 6 =60 deg

Thrust

(c) 6=30 deg
Fig. 3 hifi/Bik &% — 5" > MTHIT D
L — RS A OREIE [

: Knife edge
1

Stage
—Arm

Target
(POM)
" Laser beam
B s

Y‘—lx

Fig. 4 A J X F 2 & > ROHERKIX

v—l)x
0=30deg ¥ z

Fig.5 L — VUKL E OBE) 5 1E

=60 deg

This document is provided by JAXA.



plastic sheet Gas tube

Target
Laser beam

Ca=—

Thermocouple TEA CO; Laser

ichl|| 2ch X
e V< lz

Digital Multi-meter

Fig. 6 =&V A RIEEEX

3 EBRFERBIUVBE
3—1 77 lL—i3ar 7 — ADFEH

KEFTHE =47 v M LT L —VREMA0 = 90
degt 6 = 30 deg TS LIZBRICHRAE LT T L—
3 VI N— LD EFig. TIORT. 77 L—v a3y
TN — NIRRT, FRETHE & HEE 72 7 AN -
PR U228 586 cmfEEE £ TRIE L TWAH Z &3y
WD, T L—a v F— ADA R B A Fig. 812
9. Ho (656nm) , O (777nm) MRRZEAE T, &
5IZiE#—# v FHkoC (500~600nm) 3 L U'CN
(CNviolet, 350~450 nmf}ir) OAXT MR G
na. Bz, CNIZ¥—7 v hoORFEERLATOESE
DEIS LA THY, E-T, 204, 771
—va rVIN—AhERKPMEERE LTS &R
5.

— BN EZEPICBWTH —F y b~D L —F R
FHZEWRAET BT T L — a P — A1, B+
~A 7 apF—F OERKROARBEIND. —FHK

SPZBWTIE, KR EDOFRKTIZE TSR LMk
RIS BN, B VB — X O R
MEHESND Z ENRBD LT,

3—2 JEERT bVERVERE R KR

MR 2 — 4y b ~D L— YR FERIC L v 5
vz U—HRIFNLE & W7 ML OBIfR % Fig. 9
IRT. ZofER LY, L—VREAENFULE (6
:90deg) TIEIIERY MVyBS PR RIEZ R L, Y

izl <izoh, SIfER beﬁk"#i@ﬂﬁuﬁ‘é}:
iz, yElRIREAO LD Z ERbND. £,
UEEE (0=15deg) IZBWTHFERT M ILxpkS ﬁ’ﬁj(
% RT 2 & MRS LT,

3—3 FIUF—WAER

Ly R =4y NHEREE 2 b S W o i
WH =27y b~ —VERHF LI EEDNFE~S b
Ve L A-Z =y b H RO BIFR 2 Fig. 1012 7R
9.
DFER 7 FviL, Lo XE SRR T 5 130mm

DONLEIZ LV R e E L & IRk KMEE R L.
v~#$t5%& #/h%ﬁ#%% LB 10%
FEEEHES, FI3ES0 D & RN A0%0 FE L I 5
LT EDBDIND.

3—4 TIL—3arF—LOEEEH

REHFBLIOERFHEIFICBWTY =5 v bR
A L —V &l IS RS L7z & & OBARFZ 20
DIREATOREEEE 2 Fig. 11, 1212 NEHRT .
Chl, 2lZFNENZEHO2LEDEEERLTEY,
INENOEENMIER —-THDLI b, Z0H

CAEF P HCEHRIEICEL T D E VLD,

Fig. 1LiIZBW T, ¥—F v hE RKFICEWZ L&
D L —W RS U 7 BT 10080 I B8V THR91040 J
Thole. ZORE, BEEFCEHHNEIL 72 ABEITHI3 )
T, AL —F = x1¥— L DEEITK031%TH 5.
*ﬁT‘Hgﬂik%T X — &/b%%$ SR

BG5S, b—VRE L7 REVE T 10080/
wfﬂ%mﬁ&é#,:mﬁ,ﬁ%ﬁf%mbtl

FNF—ITHILE5IT, AH L —F gL ¥— L DEE
1350016% TH D, ZNHDFRERNS, ¥—7F v b &

KEFIZBWTL—YT7 7L —v g v SEEEA,
TTL—varyT— AR EDICERIGIZ LD
RGN E TWD Z LRS-,

t=0.14ms t=0.2ms

t=1.5ms t=1.6ms

t=2.9ms t=2.6ms
(&) 6 =90deg (b) 6 =30deg

Fig.7 77 L—3y g v 7 L— ABIERE R

This document is provided by JAXA.



1.0 : r T r T
Ha o NG
0.8 | o '
-'E 0.6 | ¢ |
- €N || J
2 o4 | J
.E || .II .
0.2 | | Qowd| A | | ]I
| - A _-.j: : ~A_J ._JII_J. | 1/ L. ) b
0.0 ) ! 1 1 ! P

200 300 400 500 600 700 800 9001000
Wavelength [nm]

Fig.8 77 L— 3 7 — A0 hER

5 1 r T T

8 0-8 | ® Iblt'y ° b E
E o6 | © Ibit-x .

s o

04| , ° ]
@ * .

002 | . ]
3

g' 0 1 1 []

= 0 30 60 90 120

Laser angle [deg]

Fig. 9 L — W HURALE & 1FE~ 7 hL O BIR

0.6 . . T T T

¢ 90deg Ibit-x .

e 90deg Ibit-y E
60deg Ibit-x

e 60deg Ibit-y b

» 30deg Ibit-x o °

[+ 30deg Ibit-y o

Impulse-bit [mNsec]
o O O O o
= N W b~ G

1

40 60 80 100 120 140 160
Target-Lens distance [mm]

Fig. 10 AR~ 7 R & Lo X2 —4 b iERE
DA%

o

3 CH2
CH1

ATI[C]

0 1 1
0 50 100 150

time [s]

Fig. 11 KRFIZBITF2T7 71—y a v
7 )L— A DI

CH2
—_ 15 F _cH1 .
2 1l _
5
05 | ]
0 L L
0 50 100 150

time [s]

Fig. 12 #EFHICBIFL2T7 7 Lb—v g v
7 )L— A DR B R

4 HEE

Hifli 2 TR ORI ZfE LT, @i
AL —HF (T Z7 A M) &RAEEmITHIFMET D
KA EOMEMERIC X DG & AT D HET N
7 NV OREVERTM & B R 2 — 7 b~ L—HF
BB ERICE VT, 2k, #EH=7 FRA
a2 1G5 Z LK., ENORERIZLITO®Y
Thb.
V¥ —5y FEmTHFICHFEELTWAHRA, FEICH
@ EONL—FT T L — 3 T —AEBYLFER
AR L TWVA.
2)0=90deg® & X, JIFET Py ERK & 72
D, XERGNER/NERY, 0=15degd & &, HEEN
I RIXERGBIRR &R, Yy RN 72D

SE XHk

1) Kantrowitz, A. R., “The Relevance of Space,
”Aeronautics and Astronautics, Vol. 9, No. 3, pp. 35,
1971

2) Kantrowitz, A. R, “Propulsion to Orbit by Ground
Based Lasers,” Astronautics and Aeronautics, Vol. 9,
No. 3, pp. 40-42, 1972.

3) Pirri, A. N., and Weiss, R. F.,, “Laser Propulsion,”
AIAA Paper 72-719, 1972.

4) Pirri, A. N., Schlier, R., and Northam, D., “Momentum
Transfer and Plasma Formation Above a Surface with
a High-Power CO; Laser,” Applied Physics Letters, Vol.
21, No. 3, pp. 79-81,1972.

5) Prri, A. N., Monsler, M. J., and Nebolsine, P E.,
“Propulsion by Absorption of Laser Radiation,” AIAA
Jounal, Vol. 12, No. 9, pp. 1254-1261, 1974.

6) Theoretical Modeling of Laser Propulsion,
ActaAstronautica, Vol. 7, No. 1, pp. 79-90, 1980.

7) Myrabo, L. N., Libeau, M. A. , Meloney, E. D. ,
Bracken, R. L. , and Knowles, T. B. , “Pulsed Laser

This document is provided by JAXA.



8)

9)

Propulsion Performance of 1l-cm Parabolic ‘Bell’
Engines Within the Atmosphere, ” AIAA Paper 2002-
3783, May 2002.

Mori, K., Komurasaki, K., and Arakawa, Y., “Nozzle
Scale Optimum for the Impulse Generation in a Laser

Pulsejet” Journal of Spacecraft and Rocket, Vol. 41, No.

5, pp. 887-889, 2004.

Phipps, C., Birkan, M. , Bohn, W. , Eckel, H. A. ,
Horisawa, H. , Lippert, T., Michaelis, M. , Rezunkov,
Y., Sasoh, A., Schall, W. , Scharring, S. , and Sinko,
J., “Review: Laser-Ablation Propulsion, Journal of
Propulsion and Power, Vol. 26, No. 4, pp. 609-637,
2010.

This document is provided by JAXA.





