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Design of Envelope Protection Algorithm for Helicopters

Joon Soo Ko* , Sungsu Park*, Kyungmok Kim*

ABSTRACT

This paper presents the algorithm for envelope protection of helicopters. The algorithm

consists of two feedback control loops: inner loop and outer loop. As an inner loop control,

model following control is designed to meet the ADS-33 handling qualities specification by

minimizing the tracking errors between the responses of the actual model and those of the

command filter. In order to implement envelope protection, saturation limiter is imposed to

command channels in command filter, whose limits are computed corresponding to the

envelope limit. Fast model predictive control is designed as an outer loop control to deal

with saturation constraints generated by the inner loop envelope protection and also

imposed by outer loop envelope protection variables. Simulation results show that the

proposed algorithm yields good envelope protection performance.
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Fig 1. Model Following Control Structure
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Fig 2. Altitude(h[m]), Forward(ulm/s]) and Climb
Speed(w[m/s]) Response in Altitude Control
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Fig 3. Altitude(h[m]), Forward(ulm/s]l) and
Climb Speed(w[m/s]) Response in Altitude
Control with Rate Limiter
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Fig 5. Forward Speed(ulm/s]) and
Altitude(h[m]) Response in 10° Pitch Command
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Fig 6. Forward Speed(ulm/s]) and
Altitude(h[m]) Response (Envelope protection)
in 10° Pitch Command
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