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Analytical and Simulation Studies on the Height Control System
of the Flying Test Bed (Part 1)

By Shun Takepa and Tadao Kal

As a basic research for the designing of Flying Test Bed (FTB) which is
under development at NAL to test the capabilities of the lift-jet VTOL aircraft
at VTOL operations, analytical and simulator studies was carried out to examine
the height control characteristics of the VTOL aircraft. Main difficulties of the
height control problems come from a large time constant of vertical thrust
response, inherent low damping of vertical motion, and a lack of adequate sensing
devices for height and vertical velocity. A pilot is required to have special control
techniques which make 7> 1 sec where 77 is a lead time constant of pilot
transfer function Eq. (2). These techniques place high task upon the pilot to
continue VTOL operations.

To overcome these deficiencies, the FTB is equiped with a stability augmentation
system (SAS) for the height control as illustrated in Fig. 4. Functions of the
system in normal operation are represented in Fig.5. A feed-back of combined
signal of vertical acceleration and velocity term, which is achieved by choosing
the time constant 7>=-10 sec, eliminates undesirable effects of large time constant
of vertical thrust response and introduces a quasi damping term in the system.

Root-loci of the FTB - SAS - Pilot system (Fig.10) show such favorable effects
that the pilot can control the system regardless of the value of 71,and a matter

of concern for the pilot is an upper limit value of the loop-gain

i KK“L’ and }—K%g}i’ , as illustrated in Fig.11.
1-KKa 1- A
These results were confirmed by simulation tests illustrated in Fig. 13, and accor-

ding to the pilot’s opinion the controllability in case of | KKa [>>20 was almost
the same as that of light helicopters.
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1 Height control system block diagram (without SAS)
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3 2 Root-loci of the height control system (vehicle+ pilot, without SAS)
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4 FTB height control system
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