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Analytical and Simulation Studies on the Attitude Control
System of the Flying Test Bed

Shun TAKEDA, Yuso HORIKAWA, Toshio Ocawa, Mikihiko MoRr1

As a basic research for the design of the Flying Test Bed (FTB)
which is under development at NAL to test the capabilities of the lift-jet
VTOL aircraft on VTOL operations, analytical and simulation studies
were carried out on the attitude control system of the Flying Test Bed.

With low aerodynamic damping, the hovering characteristics of a
VTOL aircraft are very poor. Especially in the case of the lift-jet type
VTOL aircraft, controlling its attitude manually is almost impossible because
of cross-coupling effect by engine gyroscopic moment, and anyway it is
indispensable to control the aircraft automatically.

This report outlines the synthesis and design problems of Automatic
Stabilization Equipment (ASE) for FTB. ASE has two main functions,
that is, cancelling the engine gyroscopic moment, and giving the vehicle
damping and stiffness forces. These control moments are generated by
reaction jets. The sensors are only vertical gyros and the angular rate
signals are obtained through derivative circuits. To improve the reliability
of ASE system and to overcome malfunctions caused by some failures in
its parts, it is redundantly triplexed.

Stability of over-all system was studied by the root-locus method, and
the design parameters, such as optimum gains, were determined by simula-
tion tests. It was assured that the handling qualities not less satisfactory
than those for helicopters can be gained with this ASE system.
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{15 3 Pilot Rating
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12X - TIRE X 1 7: Pilot Rating System #% %, RFIZHET,

Proposed Pilot Opinion Rating System For Universal Use

- -
: . . .. . Primary
Operating Adjective Numerical s s b Can be
conditions rating rating Description ac cg::)ssllg';‘ ed landed
i 1 | Excellent, includes optimum | Yes | ¥$
Normal . 2 Good, pleasant to fly Yes® es
i operation Satisfactory 3 Satisfactory, but with some mi-‘ Yes Yes
; 1dly unpleasant characteristics‘
! 4 Acceprtable, but with unpleasautE Yes Yes
; characteristics
I:))mell:agteiggy Unsatisfactory 5 Unacceptable for nomal operationt Doubtful Yes
i pe 6 Acceptable for emergency condi-| Doubtful Yes
] tion only*
‘ 7 lUnac:ceptable even for emergemcy1 No Doubtful
condition*
N Unacceptable 8 iUnacceptable-dangerous No No
o 9 Unacceptable-uncontrollable No No
operation
. 10 iMotions possibly violent enough No No
Catastrophic to prevent pilot escape

* Failure of a stability augmenter
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