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ABSTRACT

A real-time optimal method for integrated flight/propulsion control is proposed. The
project is implemented on the A aircraft powered by two B afterburning turbojet engines.
The maximum thrust, and minimum fuel modes of operation are used to optimize the
quasi-steady-state performance of the engines. In a conventional engine control system, the
engine stall margin is large enough to accommodate the worst-case combination of engine
and airplane-induced disturbances. At more benign flight conditions, the remaining stall
margin can be substantial and maximum performance potential of the engine is not
realized.

The method of this paper uses this excess engine stall margin either to maximize
engine thrust or minimize fuel flow at nominal thrust levels during quasi-steady-state
engine operation. According to flight attitude and environment condition of the aircraft, the
engine operation point is adjusted to make the engine operating at an optimal state, i.e. the
maximum performance potential of the engine is realized while the engine operated within
the safety limitations.

It is well known that aeroengine is a strongly nonlinear system, and it is not easy to
optimize such a nonlinear plant in real time. Determination of the global optimu.n for each
mode of operation requires solving a constrained nonlinear programming problem. In this
paper linear programming (L.P) optimizations method is used to implement the real-time
optimum. A series of LP optimizations is performed. For each optimization, a linear
representation of the propulsion system about the specific operating point is provided by
the propulsion system matrix. Constraints for each system model output are computed to
prevent violation of physical operating limits.

A LP problem is set up and solved to obtain the local optimum under these conditions.
The resulting control changes are then used to compute a new system operating point,
about which the models are again linearized. The above procedure is again performed, and
a new local optimum is obtained. By repéated linearization of the on-board models at each
intermediaie solution, a sequence of control variable changes is generatad, which
converges to the global optimum solution.

The digital simulations show that at a constant altitude of 7km the aircraft accelerates
from Mach= 0.8 to 1.1 the thrust increase is approximately 13 percent. At Mach=0.8, from
H=7km to 9km the thrust increase is approximzﬁtely 9 percent .The minimum fuel mode is
evaluated at Mach 0.9,[1=12km at cruise. The specific fuel consumption(sfc) reduce is

approximately 1.5 percent.
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Semi-physical simulations are conducted and show the similar performance benefits for

the maximum thrust and minimum fuel modes.

Key Words: integrated flight/propulsion control. real-time optimum. maximum thrust

mode. minimum fuel mode. simulation
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