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A Fuel-Optimal Control Method for Hypersonic Vehicles in the Ascending Stage "

Lin Yujie Han Yanhua'

(College of Astronautics, Nanjing University of Astronautic and Aeronautics Nanjing 211106, China)

Abstract Aiming at the problem of fuel-optimal control of hypersonic vehicles (HSV) in the ascending
stage, a trigonometric regularization method is introduced based on the optimal control indirect method.
This method makes up for the shortcoming of the indirect method: The derivation of the first-order opti-
mal necessary condition for complex optimal control problems is cumbersome, singular optimal problem
is difficult to solve and the optimal control is unsmooth. Aiming at the problem of divergence due to the
improper initial costate variables guess in the two-point boundary value problem (TPBVP) transformed
the indirect method, the continuation method is introduced and improved. The method uses the solution
of the simplified problem as the initial value of the continuation, and through solving a series of TPBVP,
approximates to the solution of the original problems. The simulation results show that through the a-
bove methods, the fuel-optimal control problem of HSV in the ascending stage under the complex model

can be solved reliably.
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Table 2 Parameters of the simulation

Parameters Value
U e/ N 9.2x10°
I,/s 3% 10%
m,/kg 3x10"
¥o/m 1x10*

v,/(m-s ) 250
yi/m 410"
v /m 3.4%10°
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Table 3 Settings of the continuation parameters

Parameters  Interval  Step size Duration of each step
ky 0—>1 0.2 Nearly 5. 6 s
ks, 0—>1 0.2 Nearly 5.9 s
ko 0—>1 0.2 Nearly 7.2 s
k, 0—>1 0.2 Nearly 6.9 s
ks 1—>10 1 Nearly 5.5 s
kg 1—>10 1 Nearly 4.2 s
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