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Axial Stage Separation with Close loop Attitude Control of
a Small Solid Launcher

SUN Ping, LIU Kun
( College of Aerospace and Materia] Engineering, National Univ. of Defense Techmology, Changsha 410073, China)

Abstract: A low-cos small solid launcher using both lateral jets and gird fins for is attitude control purpose was designed.
Acoording to the layout of the vehicle, ths paper designed a cold separation scenario to which a close-loop attitude control scheme is
introduced. Based on the descripton of the separation process, dynamic and kinematic equations were built. M eamwhile the ejector
piston model, retre-rocket model, aerodynamic model and attitude control model were also established. The collision detection method
was discussed and Morte Carlo simulation was introduced to deal with the uncertainties. Simulation results show that the proposed project
can not only reduce the attitude deflection of the vehicle but also avoid interstage collision, so it provides a possible choice for the stage
separation of ths type of vehicles.
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Fig. 1 Assumed launch vehicle configuration Fig. 2 Geometrical configuration of interstage 1- 2

1
1.1

) , 36 000m, 3.0

2
1.2
) (1)

: (2

1.3

150ms




, , , 250ms
, 2. 5, )
2
2.1
3 Oxbyh ] 02 0?
, 0 L b
, 0
(%0,%0), 02 O (x0+ l1cosO, yo+ l1sin@) (xo

— l2cos0, yo — [2sinf) , O

3 4
Fig.3 Stage-separation dynamics Fg. 4 Collision detection between stages
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Fig. 5 Fow chart of collisbn detection
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Fig. 6 Simulation results
, Monte Carlo

iddle R, Kelsey R, Elson , et al. Operationally Responsive Space Is Here Now Using Minotaur Class Vehicles esponsive
[1] Riddle R, Kelsey R, Elon M W al. O iomally R ive S Is Here Now Using M1 Class Vehicles[ C]// AIAA 3" R i
Space Conference, Los Angeles, CA, 2005: 1- 14.

[2] Frikk W, Guerci], Horais B. Responsive Air Launch| C]// AIAA 2™ Resporsive Space Conference, Los Angeles, CA, 2004: 1- 14.

[3] Hudson G C. QuickReach™ Responsive Launch System| C]// AIAA 2™ Responsive Space Conference, Los Angeles, CA, 2004: 1- 5.

[4] . [M]. : , 1996: 97- 99.

[5] Kreeger R E, Walker N R. Supersonic Axial Stage Separation of an Unguided Rocket [C]// 15" AIAA Applied Aerodynamics Conference, Atlanta,

CA, 1997.
[6] Bianchi S, Bormet M, Alessandro Trippi, et al. Vega Launch V ehicle Propulsion Systen —an Overview of the 2004 Development Status| C]// 40"
AIAN ASM K SAE/ASEE Joint Propulsion Conference and Exhibit, Fort Lauderdale, Florida, 2004



