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Modeling of a stratospheric satellite and the orbit control based on
hierarchical models
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(The Seventh Research Division, Beihang University, Beijing 100191, China;
Science and Technology on Aircraft Control Laboratory, Beihang University, Beijing 100191, China)

Abstract: To implement the flight of stratospheric satellites along latitudinal orbits in atmospheric circulation, the
longitudinal trajectories of the stratospheric satellite must be controlled. First, the 6-DOF dynamic model of a stratospheric
satellite is established based on the Lagrange dynamic formulation for the longitudinal trajectory control design. Because
the input/output linearization method is not applicable to this model, the whole system is decomposed into three cascaded
subsystems based on the flight-control mechanism of the satellite, i.e. the rudder controls the stratosail, the stratosail
supports the tether, and the tether drags the balloon; and then, three separate controllers are developed for each subsystems
to achieve the trajectory control of the balloon via the rudder. Simulation results demonstrate the effectiveness of the

proposed controllers.
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Fig. 1 The stratospheric satellite system
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y(t) = [(Pa — Pg) tanh(10t/t, — 5)]/2 +

(Pa + Pg)/2,
o Py, Pyl oh sSA, BIAR B . AT 45 6 2 40
y*(t) = =500 tanh(107%t — 5) + 500.  (21)
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Table 1 Simulation parameters

mp = 4430 kg
mg = 90 kg
gt = 9.718 m/s>

mr = 22.5kg
gB = 9.694 m/s?
gs = 9.740 m/s>

LUBEE =
pp = 0.00846kg/m>®  pg = 0.00846 kg/m>
Sg = 6496.3 m? Sg = 6.05m>
1 =15000m m' =2215kg
Jyz = 226.9kg - m? zoa = —0.686m
ToR = —3.43m B = 44040N

Cix =0.5 Cgc = 2rrad ™!
ey
BIZH Cro = 2nrad ™! V35 = 30m/s
V20 = 5II1/S

BREREFSHIB B kqy = 0.02, kp1 = 0.0001
SIS SE kax = 0.4, kpo = 0.04
WPLER Rl s 25 kaz =4, kpg = 4
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WIHME: 2(0) = Om, y(0) = 1000m, 2(0) =
35000 m, «(0) = Orad, 3(0) = Orad, ¢(0) = Orad,
(0) = 30m/s, §(0) = 0mys, 2(0) = Om/s, 4(0) =
Orad/s, 3(0) = Orad/s, ¢(0) = Orad/s.
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Fig. 2 The results of orbit control
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