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An Investigation of Lightcraft Launching Task Design and
Optimum Parameter Analysis Based on Laser Propulsion

HE Zhen, WU Jiag jun
( College of Aerospace and Materia] Engineering, National Univ. of Defense Technology, Changsha 410073, China)

Abstract: In order to launch objects into low-earth circular orbit using an earth-based laser and a lightcraft with 100kg initial mass,
the relationships among the concerned parameters such as the laser average power, the characterigics of laser propagation in atmosphere,
light receiver size of lightcraft, the specific impulse of engine, and the energy conversion efficiency of engine were nvestigated.
Meanwhile, the optimal trajectory for such a task was also studied. The necessary average laser power was estimated from the initial
acceleration of the lightcrafi. The minimum size of the lightcrafi’ s light receiver was derived from laser range. Based on the flight
dynamic model of lightcraft and the estimated parameters, the optimum trajectory from the ground to low- earth obit was computed. The
results show that the maximum mass te- orbit is up to 35. Skg, and the optimum specific mpulse is 8140m/s.
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Two dimension model for trajectory analysis
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1 ,B , a
, 0
L ,

Ca.xial Clwrm B )

D= %p(y)(v%ﬁ V3 ) Avhl [ Crormsin B— a= 0)+ Caviaicos( B— a= 0)]

L= %P(y)(l/zw V%)Avhl[cm,mcos( B- q- 6)4. C(muzsin(ﬁ— a— e)]

(4)

(3)

(5)
(6)



14 2007 3

Cuvia= 2sin’0s + sin’( B— a- 0) (1- 3sin*6,) (1)
Cnam= S]l’l[2( B— a— 6)] (I)Szes (8)
=V, (9)
y= Vy (10)
T
= - Ve (11)
20Pq
T= Ve (12)
B= [Tcos(B- a)— DcosO+ Lcos(90°+ 0) ]/ m (13)
2
B= [Tsin( B- a)+ my+ Re” M- Dsin0+ Lsin(90+ 0)]/m (14)
(5)~ (14) , Re , 1 , 0.4
3.2
a a 0;,
lal< 6 (15)
200km , :
Vi = ,L— 7788m/ 16
"7 NRe+ b~ ° (16)
V,=10 (17)
y= 200km (18)
, 900km, ( 1000km)
, , x< 900km
, . P
[ 8]
3.3
) 25km 100kg,
> 0
2 3 1000km a
2 35. 54kg, 376. 14s,
8140/ s , Phipps 4900n/ s,
0. 2032
8140m/ s, x 882. Skm
2 2 x 2
5500m/ s x= 395. 6km; 6500m/s , x= 573.4km ,
,  Av=T78m/s, v.= 8140m/s, mo= 100kg my= 38. 41kg,
35. 54kg, s
’ , ?
25km

’ ’ 25km



15

[7]
[8]

Y/m

1 .
09 t
0.8 [
0.7 |
g 06 |
S 05 |
03 | ]
02 | 1
0.1 «‘
0 0 1 2 3 4 5 é & 8 9 0 100 1‘50 200 250 300 350 400
X/m X 10° t/s
2 3 a
Fi.2 Optimal trajectory Fig.3 Control parameter a vermsus time
550m/ s 25km R R
(1 400km , 1000km 1.06km |
0. 37m
(2) 20MW 100kg :
200km 35. Ske, 376s, 8140n/ s

Phipps C R, Reilly J P, Campbell J W. Laser Launching a 5-kg Object into Lov Earth Orbit [C]// Proceedings of SPIE, 2000, 4065: 502— 510.
Phipps C R, Reilly J P, Campbell ] W. Optimum Parameters for Laser-launching Objeds into Low Earth Otbit[ C]//LPB, February 10, 200L
Douglas F. Analysis of the Laser Propelled Lightcraft Vehicle[ C]// 31st AIAA Plasnady namics and Lasers Conference, Denver, June 19— 22, 2000.
Edel H A, Schall W O. Concept for a Laser Propulsion Based Nanosat Launch Sysem [ C]//CP664, Fist International Symposium on Beamed
Energy Propulsion, 2003.

[M]. : . 2000.
Humble W E, Pierson B L. M aximunt pay load Trajectories for a Laserpropelled Launch V ehicle [ J]. Joumal of Guidance, Control, and Dynamics,
1995, 18(6) .
Larson C W, Mead F B. Energy Conversion in Laser Propulsion [ C]//39th AIAA Aerospace Sciences M eeting & Exhibit, 8— 11 January, 2001.

s . [C]// ,2004:342—-
347.



