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A Study on Flight Characteristics and Flight Control Methodology for

a Wing In Ground Effect Vehicle
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Abstract

In this study an analysis on flight characteristics and flight control methods for a wing in ground
effect vehicle is made. In order to closely view its nonlinearity a few limit cycles are examined and
related to the characteristics of the linearized systems. Several flight control methods are compared for
the cruise mode with initial height error and command tracking mode of ascending, cruise, and
descending. In comparison performance and the implementation aspects are examined. For the possible
control inputs, combinations of elevator, thrust, and flap are considered and LQR-based output
command tracking scheme is applied in the control system design.
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Table 1. Aerodynamic coefficients for longitudinal motion

k=] b= k=] =

OGE 62om | 5Sm | 37m | 25m

Cx, 012 0001 0086 | 0007 0063

Cx, 0211 0348| 0X18| 04| 049

Cx. 0 0 0 0 0
Cx, 0 0 0 0 0
Cx, 0 ]-000715 | 00085 | 00069 | -00107

Cx, 00081 | 00081t 00081 | OO08L | 00081

Cx, 12080 1203|1243 | 188 | 12483

Cx, -34% | -3813| 3941} 418 | -4583

Cx, -34% -3813| -3941| 418 | 458
Cx, 2858 | 288| 288| 288 | - 288
Cx, 0 003} 0186 ) 024% | 0209
Cx, 098] Q98| V98| 098 | 098
Cx, 0 0 0 0 0

M=01 | 03| 05| 050 052 | 045
Cx,|SM=015] 0516| 06| 06/ | 0683 | 0588
SM=02 | 068 -088| 0871 087 | 0812

Cx, -186| -LA7) -113| 097 081
Cx, €14 €14 61| HU 614
Cx, 0 | 000247 00086} 00127 | 001464
Cx, 1% 1% 1% 1% -1%
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Fig. 1. Phase plane for pitch and height.
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mu=X, u+ X w+X  w

(2.3a)
+ X,a— mgb+ X;h+ Xsle+ Xsd
mw=Zu+Zw+Z - w
H(Z+mUNg+ Zyh+ Zsbe+ Zs  (2.3b)
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Table 2. Data for a wing in ground effect vehicle,
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Table 3. Characteristic roots according to heights,
Out of ground h=625 m h=5m h=375m h=25m
effect
Short -0,7181 = 06728 ¢ | -0.7083 +0.8562 ¢ | -0.6937 £0.9070 7 | -0.6858 + 09507 7 | -0.6865 +(.9262 7
period w=0.9840 w=1.1112 w=1.14 w=1.17 w=1.15
&=0.7298 £=10.6370 &=10.608 £=0.585 £=0.595
-00047 +£01081 ¢ | 00077 £0.2936i |-0.0114 +0.3746 7 | -0.0244 +04183 7 | -0.0503 +0.3985 7
Phugoid w=0.1082 w=10.2937 w=0.37 w=0.42 w=0.40
£=0.0434 &=-10.0262 &=0.031 ¢£=0.059 £=0.125
Spegd -0.0312 -0.0284 -0.0260 -0.0255
subsidence
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La=Mu+Muw+ M, w

+ M, q+ M+ Myde+ My (2.3¢)
f=gq (2.3d)
h=—wt U@ (2.3e)
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—— With elevator via LQR

-+~ With elevator and flap via LQR

- -~ With elevator and thrust via LOR
- - With elevator via fuzzy logic
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Fig. 3. Time responses to initial height error,
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Fig. 4. Control input by fuzzy logic.
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Fig. 5. Height responses in command tracking control

system.
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= With elevator only
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Fig. 6. Pitch angle responses in command tracking ocontrol
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Fig. 7. Comparison of control inputs,
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