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Altitude 30 km W e {Wo, WM' WM,A}

Reached 10 km altitude
deploys variable wings

Environment

data * Rigid-body model
collection . .
* Translational dynamics
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P =go+_Rf(QF
go=1[009.8]T

* Rotational dynamics
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Launch B b : q= Ea) °(, w=]MS

Vertical landing e Actuator dynamics

Ff =y RIFi+F], Fl = [Tg;,0,0]7
Mf =YY" PixFi+M!

where disturbances Fg and Mg
including aerodynamics assumed O.
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 Gimbal model Symbol D T
Foof 5y 52(s ymbol Description.
Ri - RSy(6y)R62 (SZ)RW (6”) P Position vector

5 = ]gl(kpS — de) R Rotational matrix
5 = [5x 5, 5Z]T Force vector

T Moment vector
where 6, = [6r,x6r,y6r,z] is input §,,,

Max thrust
6-DOF ECEF Frame J5t = diag(Jiyy,Jsyy:Jszz) denote gimbal

| . Throttle fraction
| Grawtz . \ moment of inertia, and k,,, k; denote gimbal Inertia matrix
o Lroun servo PD gains
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Mass

" Mass number of Turbojets

' | Ry .._ B « Turbojet model

Description.

Body-fixed frame PR ¢
Earth-fixed NED frame <. \ /g
Local frame of ith Turb "tﬂ\‘
Center of gravity | ' A
Gimbal for TVC "
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'\ Wind

| . where k4, k5, and k5 represent turbojet
Gimbal : }- | Engine ) T
namics —I* Dynamics turbine coefficients

SO~ 0 K|S

| % Turbojet
| “ Dynamics

Spring-Damper Backlash
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Engine Spring-Damping <}
System -2 {==={0- {1
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T=0s T=10s T=20s T=30s T=40s T=50s T=60s T=70s
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Description. I ————— T —— e

Unit quaternion (rotation FRD to NED frame) [-] o= - e T T

Angular rate in FRD. [rad/m] ‘1 La\tera er:)r de;‘Eea:e ) S

Position and velocity in NED [m, m/s] MPC Optimized MPC Difference
Gimbal deflection and rate in FRD [rad, rad/s] Landing error ey, (60s) 1.2430e-01 2.0241e-01 +78 mm, +62.8%
Turbojets throttle state and rate (scalar) [-] Fuel consumption Am(0 — 60s) 1.7537e-01 1.6294e-01 -12g, -7%
Gimbal and thrust command [rad, N] Position error e, RMS 9.8689¢e-01 9.0710e-01 -79mm, -8%

Predict model Model states

X1 = f (X, ug) Xz[qulj58€é]T'
Vi = h(x) y =[wpp]

m\l

g = X QA= Z=TH+78 mm, +62.8%)5H0]

2 =YX Z4A(-12 g 7%}, /X 2Kt
X 2%} ey, (60s) = FES &
QKO dg A}
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	로켓 및 제트 추진 기반 초소형 준궤도 재사용 발사체의 모델�불일치를 고려한 비선형 제어기의 시스템 수준 최적화 연구

