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AXHAMNERBERAARKETXAB“KATNEARSA
a7 /NA E B K AT 8 SUAV (Subminiature Fixed Wing
Unmanned Aerial Vehicle) 1K & # # = A 50 /1 % . & M & it
KFAHF ATEH G M AN AT TRARNR SN
RR ETEHARABEBH DT

EREH ¥ T AT REBN A ERATRERE &
BTHAN, AXUNACA2145 ER A X ER , UEBFE .,
EABREULERTENRAZE XA EEERKRANE T E
WHASH A RE, FRABBHATT A3 4 M4, XFOIL K it &
8y it v 2 & 89 7+ 5 F2 CFD(Computational Fluid Dynamics)
AMHEHNRAERNA L —BZERF FERACRBNS
HhERFEGECFD AR TEAWRAEE 4 H.
mABRELALEA mAEBREREE BTN EEHREERE
HahE, FRAN TREEETEAMBE . REATHEE
ABEHNKA TMEHEL,BERESEMTHEES B NER; A
CATIAZI iRt BN =Z£ dh@HA A CFDITHE THLE
ZRFRBINBENZRG NS EGCHEEREFMATEER
CATIAfr2 1WA, CFD it EH E A HE H 2 ¥; K16
CATIAgv B A T E RTHER TERETRAREE
A AR ATEFRNERTENR DD RERE
M A EE T
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Abstract

This article has conducted more systematic research on
the questions about low Reynold’s number aerodynamics, the
structural design, the flight mechanics, the flight control and
the navigation involved in Subminiature Fixed Wing
Unmanned Aerial Vehicle (SUAV), which is part of the
project “Flying Robot System Research” financially supported
by National Hightech Research and Development Program.
The main research contents are as follows:

In the aerodynamics aspect, in order to increase lift force
of the Subminiature Fixed Wing UAV under the low
Reynold’s number, based on NACA2415 airfoil, this article
makes aerodynamic optimization on the airfoil thickness, the
position of max airfoil thickness and the airfoil camber with
fast panel methods to compute aerodynamic coefficients, it is
nice consistent with the optimized airfoil lift forces computed
by XFOIL software and CFD, respectively, and aerodynamic
performances of optimized airfoil has improved; The CFD
computations obtain the contours of the airfoil boundary layer
turbulence intensity, the turbulence intensity path lines, the
contours of the turbulence intensity viscosity, the wall surface
stress, the velocity gradient charts, and pressure contours.
According to the above, this article has analyzed the airfoil
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boundary layer under the low Reynold’s number, and obtains
the angle of attack which the boundary layer starts to
separate, moreover, the separation characteristic parameters
accord with the separation theory of boundary-layer; The 3D
surface model of the designed wing has been constructed with
CATIA, and its flow field is calculated with CFD, so that the
wing aerodynamic coefficients are obtained; The coefficients
of lift and drag of vertical and horizontal tails are calculated
out by CFD with CATIA constructed models; According to
the Subminiature Fixed Wing UAV model established by
CATIA, the computations have got the aerodynamic
coefficients, the stability derivatives and the control
derivatives which are used to analyze the static stability, the
dynamic performances and flight control.

In the structural design aspect, first according to the
Subminiature Fixed Wing UAV missions, the total weight and
three-dimensional wing aerodynamic parameters estimated by
the wing airfoil aerodynamic parameters, the wing is designed
with CATIA, and its performances are computed, results
indicate that the wing satisfy the mission requirements; Next
the fuselage has been designed with CATIA based on
equipments loaded in fuselage, flight control and navigation
system, the fuel oil and the recycling parachute, the fixed
way of the engine and the fuselage, the connection way of
wing and the fuselage and the connection way of landing gear
and the fuselage, and so on; Then according to the analysis
and the induction about tail wing structural styles of the

—_———
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existing airplanes and UAVs, the tail wing structural style is
chosen for SUAV; Furthermore the entire flight vehicle’ s
solid model is constructed with CATIA according to its
structure; Finally this solid model is analyzed by CATIA
analysis functions, and gets the flight vehicle center-of-
gravity, moments of inertia and products of inertia and so on.

In the flight mechanics aspect, the static stability is very
important for flight vehicle, the present article illustrates the
concept of the static stability, and infers the condition of static
stability, according to the inertia and aerodynamic
parameters of this SUAV, it can be judged that the SUAV is
longitudinal and lateral static stable; In the flight vehicle
dynamic performance aspect, this article introduces in detail
the flight vehicle rigid motion equations and the small
perturbation linear motion equations, as well as longitudinal
and lateral state-space equations and the motion approximate
equations, and has got the exact and approximate solutions of
motion, the results show that they are all stable for
longitudinal mode, lateral mode, rolling mode, and Holland
mode; The transfer functions not only express the flight
vehicle dynamic characteristics, also are important basis of
the flight wvehicle control, according to the stability
derivatives and the motion equations of the Subminiature
Fixed Wing UAYV, the transfer functions are inferred.

The flight control and the navigation system are the basic
guarantees of realization the flight vehicle attitude stability
and navigation. Based on the analysis and contrast of
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compositions and functions of the existing small UAV flight
control and navigation system, microprocessor has been
chosen, and hierarchy architecture and composition are
proposed for flight control and navigation, According to the
above, the hardware system of flight control and navigation is
designed and manufactured. First the flight control and
navigation of the SUAV are realized by the PID algorithm,
then the fuzzy auto-adaptive trim PID controller is studied
and designed based on the servo PWM to enable the fuzzy
control to be able to realize on the microprocessor; By
cylindrical projection elementary theory of the map
projection, this article proposes and establishes the navigation
parameter computation principle based on the map projection
theory, and the method of judging turning direction
depending on the north azimuth error of set flight route, and
establishes navigation method based on the north azimuth
error, the judging method of waypoint arrival, and route
track method based on plane analytic geometry.

In view of the designed Subminiature Fixed Wing UAV
hardware and software system, test and debugging are carried
on the attitude control and ground navigation. Finally, the
flight tests are carried, and realized the anticipative goal.

In brief, this article does research on some key
technologies of Subminiature Fixed Wing UAV. The low
Reynold’s number aerodynamics involved in Subminiature
Fixed Wing UAV has been conducted more systematic
research with the aid of CFD, the structure of Subminiature
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Fixed Wing UAV is designed, the analysis results indicate that
the static and dynamic characteristics all are stable, the
attitude and navigation controls are realized according to the
flight vehicle transfer functions and the map projection
theory, respectively, the Subminiature Fixed Wing UAV
realizes autonomous flight based on waypoint navigation.

Key words  Subminiature Fixed Wing UAV, Low Reynold’s
number, Stability, Map projection, Flight control and navigation
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