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The problem of optimal spatial turn of a spacecraft (SC) with fixed endpoints of trajectories is
considered. We use the SC’s mathematical model with a quaternion representation for angular
coordinates [1, 2[:

Tin(t) = (Jo — Jy)wa(t)ws(t) + M(1),

Tais(£) = (Js — J ) ()ass() + M (D),

Jaws(t) = (J1 — Jo)wi (t)wa(t) + Ms(t),

%o(t):: 0.5 [~wi(t)A1(t) — w2 (t) Aa(t) — ws(t)As(t)], (1)
Aa(t) = 0.5 [ (o () + wa(D)ha(t) — wal) e (1))

Ag(t) = 0.5 [wa(t)Ao(t) — ws(t)Ax(t) + wi () As(2)],

Ralt) = 0.5 [wa(t) Mo (t) + wal)As () — wi (H)Aa(t)],

where w(t) = (wi(t), wa(t), ws(t)) is a vector of a SC angular velocity; A(t) = (Ao, A1, A2, A3)
is a quaternion (SC angular coordinates); Jy, Ja, J3 are a SC’s central principal moments of
inertia.

An admissible control (moment of external forces) M (t) = M;(t), Ms(t), Ms(t)) must satisfy
the constraint of an ellipsoid form:

0.5[MP(t))J1 + My (t)/Jo + M3(t)/Js] < do. (2)

It is required to determine the optimal control M (t), satisfying the limitation (2), which
transfers the system (1) from given initial state w(ty) = wo, A(tg) = Ao to a desired final state
w(T') = wr, A(T') = Ap within a time interval [ty, 7], and minimizes the objective functional

T
(M) = / MR/ M3/ T2+ M)/ Judt — in 3)

to

The problem (1)—(3) is solved using the quasilinearization procedure [3] and the method
suggested in [4] for solving a linear quadratic problem with constraints on control values. The
proposed algorithm is represented in a form convenient for computer-aided implementation.

REFERENCES

[1] Levskii M.V. (2010) Contolling space vehicle reorientation with minimal energy integral. Automation and
Remote Control, vol. 71, no. 12. pp. 2518-2533.

[2] Levskii M.V. (2011) Optimal control of reorientation of spacecraft using free trajectory method. Cosmic
Reasearch, vol. 49, no. 2. pp. 131-149.

[3] Bellman R., Kalaba R. (1965) Quasilinearization and Nonlinear Boundary-Value Problems. American Else-
vier Publishing Company, Inc., New York, 218 p.

[4] Aipanov Sh., Murzabekov Z. (2014) Analytical solution of a linear quadratic optimal control problem with

value constraints. Journal of Computer and Systems Sciences International, vol. 53, no. 1, pp. 84-91.



