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Influence of Longitudinal Static Stability on Pitch Attitude Control Quality of
Micro Air Vehicle

CAO Hongyu, ZHENG Xiangming, ZHU Xinning, XU Hongyu
(College of Aerospace Engineering, Nanjing University of Aeronautics & Astronautics, Nanjing 210016, China)

Abstract: The fixed-wing micro air vehicle (MAV) is characterized by low speed and small moment of
inertia, which make it susceptible to significant changes in angle of attack due to atmospheric disturbances
during flight. Subsequently, the angle of pitch oscillates under the restoring moment of the angle of attack,
and the longitudinal static stability has a certain impact on the pitch attitude control quality of MAV. To
enhance the pitch attitude control quality of MAV, this paper first proposes an evaluation method for MAV
pitch attitude control quality under different longitudinal static stabilities. The method defines the variance and
range during angle of pitch’ s oscillation to represent the pitch attitude control quality. Subsequently, aiming
for optimal control quality, the control parameters of the MAV flight attitude control system are adjusted
under different static stabilities. By studying the variation law of optimal control quality under different static
stabilities, the influence of MAV longitudinal static stability on pitch attitude control quality is obtained. The
results indicate that there is a certain nonlinear relationship between pitch attitude control quality and
longitudinal static stability. An increase in either longitudinal static stability or instability will intensify the

oscillation of MAV pitch attitude under atmospheric disturbances. MAV with longitudinal neutral stability
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exhibit optimal pitch attitude control quality.

Key words: flight dynamics; fixed-wing micro air vehicle; longitudinal static stability; pitch attitude control

quality ; atmospheric disturbance
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Fig.1 Influence of static stability on attitude control quality
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2 MBS

RATHRIMATEZ B sh 25 S B A R B R
S S A 30 R A R TRAT B A SRR S Al kAR

SN R E R . RAT RGN I R M R
kxR

gi—xwm( (3)
7 :;(.g =z.,/c, ;M =/, x5z, 590
HEOSESE SR ENERE,
MAV VP 5 sk . Co MMM M 2%, C R
T RE. R RE R E K, 8 R
K,=x,—x., (4)

A 30 MAV 2 1] # AR E ME 04 050 AR 58 S
O B RSB, 3 [R] AR SO0 A B e & R AR
&, G 1) J A B 0 R 5 B S s B 2 AR L TR
53 A A [ F0 7 B BT R A b R S 8cn % 1R
R H B S8 XFLRS H A E 3], %
TAL L B MAV 507 B ARG AS B E W E 5
0 BELJE 5 50 ¥ Bl =2 386 K, 4 N7 e T B o Bl 2
KL B JE Fe /)N 3k 5 B MAV B3 £ 75 52 3 4 30
J A A S R I P B2 ) T A 300 A TR B R AD £
W T ER A 5 00 B ARAS

P2 RATHE ] R G 2 5 0 A0 22 25 45 ) 1 i 42
6 R A B 4y R 0.84% . 4.21% .8.43% Ry
MAV Jife 7l — 72 58 B 1 R0 3E 0 L A5 20300 5 040
1 It Bt ) A8 1 A 1 EC S SR A& 3 R . p L 3]
WLTE RIS T L MAV 0 £ 85 % A 45 2 N T

x1 AEELLEBAEHHNE CITHERSNE
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for different center of gravity positions
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Fig.6  Calculation model of attitude control quality
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Fig.8 Computational grids for flow field simulation of
MAV
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Table 3 State parameters of MAYV in the trim state with

different centers of gravity positions
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B/em JE/Y0 xR /) B fAE/C) (mes D)
4.00  19.66 11.71 495 —11.36 13.88
5.00 14.94 10.69 523 —8.95 13.59
6.00  8.43 9.40 547  —6.21 13.40
7.00 281 7.86 562 —3.26  13.31
8.00 —2.81 6.12 568  —0.22  13.35
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