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Optimization of flare landing maneuver altitude for
two-body model of parafoil system
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Abstract; To decrease landing velocity of parafoil system and improve landing safety of payload, a method for
determining the optimal flare landing altitude was proposed, and a study on the influencing factors and calculation
models of relative flare landing altitude and landing velocity was completed. Firstly, a two-body nine-degree-of-
freedom( DOF ) dynamic model of the parafoil system and a coupled aerodynamic characteristic model of flare
landing control were established, providing a more realistic simulation of the motion performance of the parafoil
system under control between two bodies. The velocity and attitude changes of the parafoil system under flare
landing control were studied, and the numerical results were consistent with the results in the literature, with a
maximum error of 8.20% in glide ratio. Secondly, based on this model, with the minimum vertical landing velocity
as the optimization objective, the optimal landing altitude was determined using the time dichotomy method, and
the impact of flare maneuver timing on the landing velocity was analyzed. Then, simulation calculations were
conducted on the optimal landing altitude under different initial conditions, wing load, landing altitude, and attack
angle. The formula fitting of relative flare altitude and landing velocity was completed by the least squares method.
It was found that the initial parameters have a minimal effect on the optimal landing altitude. As the wing load and
landing altitude increase, the landing velocity and relative landing altitude also increase. The attack angle has a
minor impact on the landing velocity, but an increase in the attack angle leads to an increase in the height of flare
landing. The relative flare altitude and landing velocity calculation model proposed in this paper is in goof
agreement with the numerical calculation results, with a maximum error less than 4. 00% , indicating that the
calculation model has good applicability.
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Fig. 1 Schematic diagram of coordinate systems of parafoil-
payload system
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Fig.2 Schematic diagram of parafoil structure
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Tab.1 Parafoi-payload system structure parameters
B b/m %K e/m PIDEEL e/m LR/ (°)
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Tab.2 Initial motion parameters

v, w,/(mes™h) ¢,.0,.¢,7(°)

x,y,z/m

10.5,0,3.5 0,-10,0 0,0, -1 000
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Fig.3  Comparison between model and literature results
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Tab.3  Comparison of main steady flight characteristics between

present study and literature
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SCik 5.25 7.20 0.73
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EN'S 5.31 6.75 0.79
(20 ~30)
TR/ % 1.10 6.30 8.20
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Tab.4 Simulation content

. EUNGE 21
it / b0 0./ /I
U,V W, 0,0, {
Mz O Hy/km
(mes™!) (*)
1 (5.0,0,8.0) (0,0,0) 1~5 3AERGEEARES

2 (10.5,0,3.5) (0,-10,0) 1~5 FaEWHMEH®RSE

AT B T R e AR RS it s BE BN [0
e BE H, 1R EBLaNTE 5 s B e B R AR 1E,
PIhate T 00 A AR e 00 Y 2 B v R A TP A
7.02 mZe Ay ; RN HA R R F 9146 T 00T 94
W Bl B SAR T, 7350108 2. 63 5.1.95 m/s,
X[l — X R ICAMET P TT BT, AR AT R iz 5)
SRR SRR 2 R — W RS A SO TR
SN AN R0 G T 00 B2 R BEAT AR B N e 3
IR REAE 7.02 m AT

7.06 -
7.05+
g 7.04 - .
\D( 74.
% 703} /
&
@ 7.02F W -
—— i E N2
7007 2 3 4 5
Ho/km

BS5 AEMBESHTERSERVGSENENL L

Fig.5 Curve of flare altitude with initial altitude for different

initial parameters
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Tab.5 Comparison of different flare altitudes
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Fig.6 Variation of altitude of payload with vertical velocity
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Fig.7 Influence of wing load on flare control
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Comparison of calculation models and numerical

Tab. 6

calculation results
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Fig. 8 Comparison of calculation models and numerical calculation
results under different wing loads
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Fig.9 Influence of landing altitude on flare control
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Comparison of calculation models and numerical
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calculation results
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Fig. 10 Comparison of calculation models and numerical
calculation results under different landing altitudes
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Fig. 11  Influence of attack angle on flare control
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Fig. 12 Curve of system altitude variation with angle of attack
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Fig. 13 Curve of system altitude variation with vertical
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Tab. 8 Comparison of calculation models and numerical
calculation results
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Comparison of calculation models and numerical
calculation results under different attack angles
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