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Fig.1 Coaxial high speed unmanned helicopter prototype
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Fig.2 Block diagram of model of high speed unmanned helicopter
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Fig.3 Block diagram of longitudinal flight control in low
speed flight mode
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Fig.4 Block diagram of longitudinal flight control in high
speed flight mode

IRV 223 2854 Tl LA AV 7 3 25 42 10 Sy 1A [ i, SR L ORFARD
£ R Lo A ) B 1 AREAD £ R 38 Y BR A Ao AV A
P SR £ A5 TR LA e M2 i i 4
L B FHERE

0= K, (0,-0)+ K, [(6,-0)dt+ K,y cos (1) + 0,

(7)

0, = Ky (0, -0+ 0 (8)
2, 0, N A SR E 1G4 5 0, A A A 3y
BEH R 19 AL AR K, K, K, FIK,,
TIERSEGS, i T FEREHLVE

A LR 0] AR 23254 0 g A [l B, e A e L
FE R PLEE I, G iR AR A N R 4 o et P ] N R %
A TR A i 7 e ke 0 B 4o 1) H Y

0, = K, (h, =) + K, [ (h, ~hyar (9)
ALK, Ky WEERESH

e AT T e R ) L A A N B,
B 2l LB, AR S P 4E 2o

hy, =K, (h, —h) (10)
KoK, WEESE

F T R B B ELFHHLBC AN A 4 0, B AR
i R R AR S I 1) R B o R B ) e R A

T R PLAE I, 4 R PR R
or = KV‘cpp(V -V)+ Kinpf(ng = Vodt + 8, (11)

KK, Ky, FETIEES 5 8 AT PR
2.1.3 1P RATELL

T PR R B T B 7 40~50m/s AT RATREE,
PIEBPNUY LR Z 51, BN AH50 i 2 1l 38 1B 4L
LB T4 . S PR R R ) R R TS AR
Pl AR R B AR R o
FC SR, G R4 T B R ADUAL (AR, 58 i P B RA 145
il BEASEBR UL S iR

R AR

! ety

on T
i e i
A

1 BIHBL

AR

K5 G AR AT I HE IR
Fig.5 Block diagram of longitudinal flight control in transition
flight mode
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Fig.6 Full process flight simulation results
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Longitudinal Control Design and Verification of Compound High Speed
Unmanned Helicopter Based on Optimal Allocation

Cao Yuyan, Jin Xin, Peng Yongtao, Wang Lin, Wang Yunhe
AVIC Xi’ an Flight Automatic Control Research Institute, Xi’an 710075, China

Abstract: The unique configuration of high speed helicopters results in complicated maneuvering in the transition
mode and difficulties in the control system design. A full flight mode control system was designed for a compound
coaxial dual-rotor high speed unmanned helicopter, providing a theoretical basis for the safe flight of high speed
helicopters. The mathematical model of unmanned helicopter was built by the block method, and the control strategy
of transition mode was designed. Based on the classical control theory, the longitudinal flight control law of low speed
mode and high speed mode were designed. In order to improve the rapidity of position response in low speed mode,
parallel control structure was directly adopted, and position command was introduced into attitude channel. In high-
speed mode, flight path angle was introduced into the pitch channel to compensate the loss height. For the control
allocation problem of transition mode, considering the influence of speed and control surface responsiveness
respectively, the optimal allocation weight was designed and solved by the weighted pseudo inverse method.
Simulation results show that the designed longitudinal flight control law can effectively and reasonably assign different
control variables in transition mode and realize smooth transition flight.

Key Words: high speed helicopter; flight control; control strategy; control allocation; transition mode
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