UNIVERSITY OF LEEDS

This is a repository copy of Structural design and verification of an innovative whole
adaptive variable camber wing.

White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/155098/

Version: Accepted Version

Article:

Zhao, A, Zou, H, Jin, H et al. (1 more author) (2019) Structural design and verification of
an innovative whole adaptive variable camber wing. Aerospace Science and Technology,
89. pp. 11-18. ISSN 1270-9638

https://doi.org/10.1016/j.ast.2019.02.032

© 2019 Published by Elsevier Masson SAS. This manuscript version is made available
under the CC-BY-NC-ND 4.0 license http://creativecommons.org/licenses/by-nc-nd/4.0/.

Reuse

This article is distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs
(CC BY-NC-ND) licence. This licence only allows you to download this work and share it with others as long
as you credit the authors, but you can’'t change the article in any way or use it commercially. More
information and the full terms of the licence here: https://creativecommons.org/licenses/

Takedown
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request.

eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/



mailto:eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/

S OB~ N

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Structural design and verification of an innovative whole adaptive variable camber wing

Anmin Zhad®, Hui Zow, Haichuan Jify Dongsheng Wen
National key Laboratory of Human Machine and Environment Engineering, Beihang
University, Beijing, 100191, China
PNational key laboratory of Computational Fluid Dynamics, Beihang University, Beijing,
100191, China

Abstract: A whole adaptive variable camber wing (AVCW) equipped with an inngwati
double rib sheet (DRS) structuseexperimentally and numerically studied in this work. The
new design uses surface contact of DRS for force transmission of changeabde wamb
instead of the traditional rigid hinge joint contact. The AVCW design allothe change of
airfoil camber in a real-time process under different flight statesflayind environment
which is of great interest tof Unmanned Aerial Vehicle (UAV) applications.. Numericdliges
show that the used of the varying camber airfoil has better stalled chatictand
aerodynamic performance comparing with the Clark Y and AH-79-100C airfoil. . The flight-
test experiments indicate that the total AVCW carrying the autonodexedopment adaptive
control system (ACS)am further enhance UAV flight efficiency by 29.4% relative to Talon
UAV. It suggests that using AVCW structural can increase the load capaciiynprave
flight efficiency, without increasing the overall structural weight, whiclprismising for

future engineering application to the UAV field.

Keywords:
Double Rib Sheet (DRS), whole Adaptive Variable Camber Wing (AVCW), adaptive control

system (ACS), flight efficiency;

1. Introduction
Modern unmanned aerial vehicles (UAVS) are mainly designed to impraye f
efficiency in multi-environment and multi-missions flight, in which an adaptive variable

camber wing (AVCW) is the most essentjat4]. Traditional AVCW design schemes are
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based on mechanical hinge transmission to accomplish the change of the wihgice&such
scheme, however, suffers many limitatioasthe hinge parts are heavy and the contact
surfaces are point-contact, which results in not only a low operation efficiealsbatstress
concentration prone to structure failure.

Many attempts have been performed to overcome such problems. . In theé, 1980s
mission-adaptive wing technology research was launched by the National Advisory
Committee for Aeronautics (NASA) and the Boeing Company. It was suggestethth
traditional control surface could be replacedabyflexible composite material skin operated
by a digital flight control system, leading to increased lift-drag ratiml delayed flow
separation on the wing surface. However, the complexity and heavy weight cdmsgich
drivers obstruct its practical applicatigs-7]. In recent years, many studies on variable
camber morphing wing have been conducted regarding the aerodynamic and structure
performance of conventional leading-edge and trailing-edge of wings, but thie who
changeable camber wing has not been considered. Stanford et al. investigated the static and
dynamic aeroelastic tailoring with variable camber control, and showed that tige wi
structural weight could be reduced by adopting variable camber continuous trailingegrdge fl
system with improved aeroelastic behavior of the wing [8] . It has been pbaea
variable camber fowler flap aerodynamic performance with a double-sliding tnadleazsed
for general aviation aircraft. The maximum lift coefficient was increased@dg &nd ratio of
lift- to-drag was decreased by 7.58% relative to the reference conventional fowler flap model
[9]. Moreover, some inconstant camber wing structure investigations have bedival§fec
carried out by [10-13]. It was indicated that the variable camber morphing winigh was
composed of corrugated structures, was feasible by considering both numeritafiam
and wind tunnel experimenta results. Furthermdne deformation of morphing skin is
determined by the bending stiffness of the material, which could be studied figxthie
shin stiffness requirement of variable wings.

Using new materials aan actuator of variable camber wings has received strong
interest. The surface deformation of the UAVs altdyy a piezoelectric ceramic structure was
designed ( FlexSys Inc, U.S), resulting in reduced weight and increased onaisef the

UAVs [14]. Kota et al. investigated a flexible skin covering on the trailing edge afitige



61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

and realized the deformation of the wingdmoothy bending the flexible trailing edge [15]

A variable camber wing was demonstrated by Beihang Univetsityt @.,2009), which used
the shape memory alloy (SMA) as the actuators to change wing camber. It wasethdhat
the average lift of the wing was improved by 20% in the wind tunnel iexgetal [16].A
variable trailing camber wing model was designed and made of SMA materiald go
actuation performance even in condition of external loads was demonstratedrhetically
and experimentally [17]. A novel 0-Poisson's ratio cosine honeycomb support stafcture
flexible skin was proposed by Liu et al, which could reduce power consumption and driving
force [18]. Li and Ang conducted an innovative adaptive variable camber compliant wing
based on a new artificial muscle in [10he results showed that this method could design
airfoils for this morphing wing in a quick and effective way. Some similaksvatso have
been implemented by [19, 20]. Nevertheless, expensive smart materials and rdgatuéty
restrict its wide engineering application.

It is clearly from the review that that although extensive reseaschdeam performed
for the aerodynamic, structure and material of the leading-edge or trallijeg @riable
camber wings, the investigation @whole AVCW has not yet been reportddhis work aims
to develop an innovative DRS structure thatn ealize the change of the whole camber of
wing. 2D and 3D numerical simulations are conducted to investigate the influetioe of
camber change on the aerodynamic characteristics of the changeable airfoiingnat w
different angles of attackA prototype model of the complete varying camber wisg
manufactured, and tested on ground and flight experiments. The flight-test shawit that

employing whole AVCW technology improves flight efficiency by ~ 29%.

2. Structural model of the whole variable camber wing

In orderto define the deflection angle of the variable camber airfoil, a symme#iidall,
NACA 0012,is selected with the chord lengtlof 330mm [Fig. 1(8. A four-section airfoll

is designed to obtain the whole camber change of airfoil in the proportion @£11:2:
lllustrated in Figure 1(a), the four-typical state of airfeithosen to investigate the change
of airfoil camber. The airfoil (NACA 0012) is modified to realizea smooth transition of

airfoil to improve aerodynamics performance. To verify the flow advantapeariable
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camber airfoil profile of 2D, Clark Y airfoil and AH-79-100C airfoil areelected for

comparison, & shown in Figure 1-b.

(a) b))
. WU :
P PN Clark Y airfoil
2-degree airfoil 6-degree airfoil = ( Y
— C____,_\\ c .
4-degree airfoil 8-degree airfoi 1 N AH-79-100C airfoil

Figure 1. Schematic diagram of 2D airfoil: (a) 4-variable camber airfoil profilegband

2-convention low-speed contrast airfoils.

A double rib sheetQRS) structureis invented, as shown in Figuret® realize the
overall wing camber change. The struatutas one side of a semicircular groove, and the
other side of a circular ear, both of which are in closely contactthidavay, the geometry
configuration of the complete wing rib is connected by four double rib shegtxldar that
such mechanical structure design will not increase the weight of the wimgestructure. In
addition, the load transfer between the sections of the wing rib structures isrirexshto
surface contact from the traditional point contact, which could not only avoidsaiblerprd

stress concentration, but also allows the structure to bear greater load.

semicircular groove

\" -
circular ear piece

Figure 2. Double rib sheet structural model.
A schematic diagram of an innovation entire wing strudsipgesented in Figure3, with
a total surface arezf 0.5nf. The model is composed of wing rib, skin and wing spar, which is
similar to the wing structure of general aviation aircraft, without ticeease of additional

weight except for the actuator. The wing rib model is composed of four tepsirsy



111  structural se@dns, which include the wing leading edge section, wing trailing edge section,
112 wing mid-section and the wing mid-aft section, respectively. The overall wing caimege
113  is obtained by the relative rotation between the wing rib structurmsgcCompared with
114  traditional control mode, the variable camber wiragn change the complete wing camber
115 when the state and conditions of flying are edriThe test experiment of the whole
116  changeable camber wing on the grousdshown in the supplementary material. It is
117 known that conventional aircraft is designed to reach optimal performance chstiaste
118 only for a single mission. However, changes in the flight states and flighbemant of
119  UAV are inevitable, and the traditional fixed wing structure could not achieve & mul
120  missions optimal flight. . The design of AVCW shall address this issue by allowing inmeal-t
121 change of wing position by the active control eys{ACS). In this way, the airfoil of the
122 wing is always adjusted to the optimum state based on different fliglets sdatd flight
123  environment. It is expected that comparing to the variable leading-edgesrcavimy or
124  variable trailing-edge camber wing structueenploying the whole AVCW technology could
125 improve further UAV aerodynamic characteristics and flight efficien@ssshown by both

126 numerical modelling and flight experiments below.

skin

wing spar

wing-trailing-edge section
Aving mid-aft section
wing mid section

wing leading edge section

127
128 Figure 3. Variable camber wing structure model

129

130 3. Numerical smulation

131 3.1 D grid generation and boundary conditions of AVCW

132 A C-type structured grid is adopted in the ICEM CFD 15.0 [21] to discretize ahefiitld
133 around airfoil two-dimensional model, as illustrated in Figure 4. The compwhtiomain is

134  selected to be big enough to avoid the influence of far-field boundary conditions on the flow



135  characteristicof the model. The mesh extends to 15L from airfoil surface to ahéeld
136  boundary, i.e., the boundary lengghl5L from upstream, downstream, the upper and lower
137  boundaries respectivelyFrigure 4(a) shows the structured grid for the integral calculation
138  domain, whichis divided into two parts: 1(airfoil) and 2(far-field) for the inreamd outer
139  mesh, respectively. Figure 1(b) and 1(c) show an enlarged view of thié @iofde and the

140  quality of the grids 0.76~0.866.

(a) 151 (b)
o
g
15L 21 i
‘ wall 2
velocity inle€” = & >1
2
141 |
142 Figure 4. Schematic of the computation mesh and boundary conditions
143 The far-field boundary conditions are set as follows: the inlet boundary is thétyeloc

144  inlet; the upper and lower boundary is the no-slip wall; and the out bguisddefined as
145  pressure out, shown in Figure 4-a. The Reynolds nuisigérenby

pLU,
y7]

146 Re-

1)

147  Wherep , 1 ,U_and L are air density 1.225 kgimair kinematic viscosity coefficient

148  1.7894x 10° kg/(mgs), the free-velocity 18 m/s, and the chord length of airfoil 0,33m
149  respectively.

150 Based on the equation (1) and above constant, the Reynolds nigndadéculated as

151  406508. The drag and lift are parallel and perpendicular to the far-field free stream. The

152  corresponding lift and drag coefficierdrtbe given as

F

153 C=—2— 2

' 0.50U2S @)

154 C, =L2 €))
0.50U2S

155  Where C, is the lift coefficient, C, is the drag coefficient, S is the area of the witkg,
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and Fy are the drag and lift, respectively.

In order to ensure grid independence, four types of mesh with different gridydanesi
employed to investigate lift and drag coefficients for a 2-degreelatoivn in Figure 1
with the angles of attack of 6 ° and 10 ° respectively The simulaiuits in Table 1 show
that the differences of drag and lift coefficients are within 4% &etatypes 2 and 3. With
further increase of grid cell density, the difference can be reducedess than 3%.
However for the consideration of both simulation accuracy and simulation timeatosstr
the grid density of type & chosen in this work.

Table 1. Mesh independence study for variable camber airfoil at Re=406508 and angle of

attack of 6 °and 10 °

Angle of attack 6 ° Angle of attack 10 °
Type  Number of cells
C. o C. Cq
1 15000 1.1152 0.78951 1.3125 0.4352
2 39500 1.1387 0.08078 1.3413 0.1447
3 88000 1.1806 0.08352 1.3822 0.1421
4 250000 1.1625 0.08452 1.3652 0.1435

The normal velocity of boundary layer is very substantial in the adjaceoil a@gion
and the boundary grid Y spacing value set is critical to calculate the flonofi¢he: near
wall region. In this study, NACA Y+ wall distance estimation onliseadopted, and the
height of the first layer grids calculated to 0.000128m. The universal computational fluid
dynamics solver employeid the Spalart-Allmaras model (SA) [22]. In order to obtam
analogy wind tunnel tests condition, a no-slip boundary condition of the airfoil susfac
applied.

3.2 3D grid generation and boundary conditions of AVCW

The unstructured grid is adopted in the ICEM CFD 15.0 [21] to discretize the flwv fie
around the three-dimensional model, i@sshown in Figure 5, with a size of the
computational domaiof 20Lx 10Lx 10L in the X, Y and Z direction, respectively. According
to the demand of meshing refining in the region of the wing, the prisnpgraineters are
employed. The reference signs 1, 2 and 3 in Figure 5 represent the veletitpressure

outlet and symmetric boundary conditions, respectively.
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Figure 5. Symmetric computational domain grid and boundary conditions
To verify grid independence, four cases of mesh densities are adopted taectmapift

and drag coefficiest Based on 3-degree of the variable camber of wing in Figure 5(b), the
Reynolds number (Re) is calculated as 406&8G8gles of attack of 6° and 10°, respectively
The numerical results are summadzn Table 2, which indicate that the differences between
cases 2 and 3, and between cases 3 and 4 are less than 2%. To achieve a relatively high
resolution of grid, the mesh of casésaitilized for the present numerical simulation and the
total number of cells and nodes are 36062701 and 4527750, respectively.

This step allows us to obtain more accurate estimations of the flow charasteristvell as
to make a preparation for flight test. Four types of whole variabigbea wing aircraft
models are selected, which are defined as 1-degree wing model, 3-degremadgliglg 5-

degree wing model and 7-degree wing model, respectively.

Figure 6. Four models of the variable camber wing aircraft. (a) 1-degree wing model, (b) 3-
degree wing model, (c) 5-degree wing model, (d) 7-degree wing model (D: Hplaof

Table 2. Research on grid independence for variable camber aircraft at Re=406508 and angle



197 of attack of 6 ° and 10 °

Angle of attack 6 ° Angle of attack 10 °
Case Number of cells

C Cq C Cy
1 15000000 0.682 0.11051 0.826 0.4362
2 36062701 0.629 0.10458 0.778 0.1320
3 58500000 0.635 0.108352 0.786 0.1421
4 85250000 0.621 0.108452 0.782 0.1315

198 4. Aerodynamic performance of AVCW

199  The flow characteristics of flow field of changeable camber wing are compuitiedwo-

200  dimensional and three-dimension incompressible continuous equations. Accordiagiér-

201  Stokes (N-S) equations, a series of numerical simulations are performed tiiedentdnitial

202  conditions to investigate the aerodynamic performance of the variable camber aaidfoil
203  wing, as below.

204

205 4.1 2D aerodynamic characteristics

206  Based on the research purpose, four kinds of design variable camber airfoil aggesvoft
207  conventional airfoil are selected, as described in Figure 1. The @fnateack varies from 0°
208  to 25°, of which simulation results are shown in Figure 7-9.

209 Figure 7 shows that the aerodynamic performance greatly affects the liftciemeffi
210  owing to the change of the airfoil camber. The lift coefficient gradually iseseavith the
211 increase of airfoil cambeat the same angles of attack, whiadnbe observed in Figure Ih

212  addition, it @n be discovered that the cambsrbeneficialto enhance the lift performance
213  when the angle of attack smaller than 15°. With further increase of the angle of attack, the
214  lift coefficient gradually decreases, whichayncause flow separation due to the unsteady
215  vortex of the near airfoil surfac&herefore, 15° corresponds to the critical angle of attack in
216  the numerical results. In general, the variable camber airfoil has a stall angle o&edifaaut

217 15°andis larger than those of the Clark Y and AH-79-100C airfoil,gadiimproved lift

218  aerodynamic characteristics.
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Lift coefficient:Cl

Figure 7. Lift coefficient distribution of 2D different variable aitfoand angle of attack

Drag coefficient:Cd

Figure 8. Drag coefficient distribution of 2D different variable airfoils and angld¢aifiat

Cl/Cd

Figure 9. Pole curve of 2D different variable camber airfoils and angle of attack
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From Figure 8, it can be seen that the drag coefficient of airfoil also iesr@dth the
growth of the angle of attack, which mainly owes to the exce&§i%eamber for the design
airfoil. It also means that further modify variable camber aiifoileeded in future work. As
shown in Figure 9, while the angle of the airfoil cambermaller than 4-degret,is in favor
of enhancing the ratio of lift to drag. Compared with Clark Y and AH-79-100@ilair
appropriate airfoil camber design strengthens aerodynamic performance. Howeyeratbe
initial camber angle of airfoil deteriorates the aerodynamic perform#tnisemainly caused
by laminar-turbulence transition around the airfoil, eventually leadingldcreased lift
coefficient and incre&sl drag coefficient. On condition that the numerical simulation results
in this work, 18 angle of attack is recommended to apply for the design variable camber

airfoil.

4.2 3D aerodynamic characteristics

In order to validate the aerodynamic performance of varying cambmg im three-
dimensioml configurations, four types of changeable camber wing are chosen and computed.
To enhance the efficiency and accuracy of calculation, the variable camber wiradt airc
modelis simplified to a half model, but the tad included. As shown in Figure 10 -11, the

camber change of wing has a significant effect on the aerodynamic perfermanc

1.6
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1.4 - e 3-degree
5-degree
124 v 7-degree Y
5 1.0 ~, it
3 o
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Angle of attack « (unit:°)

Figure 10. The effect of lift coefficients with different 3D wing camber and angle ckatta
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246  Figure 11. The effect of drag coefficients with different 3D wing camber and angleaf atta
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248  Figure 12. The effect of the pole curve with different 3D wing camber and angle of attack
249 Figure 10-12 show the lift coefficient, drag coefficient and pole curve distibaf

250  variable camber wing from -2° to 20° of angle of attack, respectively. @@dpwith 2D

251  numerical results, the trend of the curve distributiensimilar. Adjustable camberaa

252  effectively control lift coefficient under three-dimensional winguaitons. However, it is
253 noteworthy that there are a few distinctions here. First of all, theasiglé of attack of the
254  entire variable camber winig about 18°, greater than the result from 2D simulation in
255  Figure 7, whichis mainly due to the impact of the tail and the overall layout on the flow

256  characteristics of UAV. It also can be seen that the lift coefficient is smaller ceenpdh the
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airfoil numerical results (Fig7) and the drag coefficierd similar (Fig. 8 and Fig. 11) in the
range from 0° to 20° angle of attack. Figure 12 shows that when the cartiyeer than 3-
degree, reducing the camber of the wimg ticrease the ratio of lift to drag. Taking into
consideration the above-mentioned error factors, two-dimensional and threeidimaén
models of the calculation resultarche used to as a reference for design and flight test of

AVCW UAV.

5. AVCW aircraft manufacture and ground test

In order to verify the flight advantage of the complete changeable camberamirgectric
prototype modeis manufactured with take-off weight of four kilogranhs.the design of the
entire varying camber wing aircraétwidely used Talon UAYX-UAV fat fixed-wing aircraft)
fuselageis adopted for the purpose of easy comparison and reduced error of production.
Two experimental prototype models are built, one of wigcthe combination of the Talon

UAV fuselage and the whole variable camber wing (see Figure 13a), and thesatier
unmodified Talon UAV fuselage and wing (see Figure 13bis temarkable that the above
variable camber wing design parameters are identical with Talon UAV. Wihg detail
parameters are shown in Table 3.

The processsof UAV manufacture and assembly are demonstrated as follows, which are
presented in detail in the supporting material.

(1) The changeable camber wing pardesigredin AutoCAD software, (2) The wing rib,
wing spar,DRS structure, skins and other components are cut by laser, (3) The variable
camber wing and the fuselage are assembled, (4) The steering gear, motor, dadtery
adaptive flight control system are installed, and (5) The whole AVCWattirtestingon

groundis completed.



281 : __— i
282  Figure 13 The flight testof whole AVCW aircraft and traditional fixed-wing Talon aircraft, (a)

283 AVCW UAV, and (b) Talon UAV
284 Table 3 General parameters of the electric prototype model
Item value
Wing span / mm 1718
Wing area / 0.5
Take-off weight / kg 4
Fuselage length / mm 1100
285 It is worth noting that the variable camber wing structan@ade of light aircraft wood

286  structure, with thickness of 1Imm, 2mm, 3mm respectively In additiorskihearranged in

287  away liking overlapping fish scales to obtain a smooth aerodynamic shape. Itoarekch

288  the flexible flight for changeable camber wing aircraft, the adaptigatfiontrol systenis

289  developed based on the PX4 and Mission planner secondary development. In the case of the
290 ACSis not equipped, the expense of the whole variable camber wing prototypeisieds|

291 than 500 $. The production and fabrication costs of AVCW UAV can be significantly
292  reducedn the future during mass production.

293

294 6. Flight-test validation

295  Noticeably,it is of great significance to verify the validity of numericahsiation results, the

296  effectiveness of the performance indicators in design and reasonability d@irstrutesign

297  among flight experiment. Thdrg an X-UAV fat fixed-wing aircraft and a nearly similar
298  constant wing camber aircraft based on the AVCW UAV adjusted b @& are chosen to

299  for the flight trid result. First of all, the equivalent configuration parameters of UAV are
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adopted Besides, two identical standard 2000 mAh batteries, battery charger andtepltm
are prepared before the flight test. In the same flying state, includanghstine of 20 meters
per second and uniformirline, a 10-minutes flight tedt carried out. The voltage of the
batteryis obtained based on the results of five flight experiments for everaiéphodel.
However,it should be noted here that the voltage of the battery before thedlithtV and
the battery are fully charged for repeatability experiment. The results intheatbe average
voltage drop of 5 flight trials for different aircraft protypies0.8V and 0.78V, respectively.
The above flight-test results are in good quantitative agreement. In genematigeable
camber wing desigis considered to be believable.

To analyze the real-time flight characteristics of AVCW aircraft, gn@mups comparison
flight-test experiments are conducted, in which one group of flight experimetiteafy/CW
UAV and X-UAV fat fixed-wing aircraft, and the other group of tests are AVOA and
constant camber state when the camber of the variable camber wing &rdedfbed as 3-

degree, one of which the AVCW aircraft flight tespresented in the Supporting Material.

7.1 Experiment 1

The experimental systeima comparative trial between an X-UAV fat fixed-wing aircraft and
an AVCW UAV. Flight tests are attained with the following procedEnestly, two 5000 mAh
4S batteries of the same model, battery charger, a voltmeter and tranpmitegr control
(Futaba T4YF-2.4GHz transmitter) are provided. Usirtglibrated voltmeter, the voltage of
the batteryis measured to 16.4V and 16.5V, correspondingly, wischtilized to provide
power for the AVCW UAV and X-UAV fat fixed-wing aircraft. Before thepeximentis
performed, théACSis debugged, and three types of flight cruise models are set.

Table 4 displays the details of the experiment conditions, including the onoidel is
12m/s, 14m/s and 16m/s and cruise tisi® minutes. In a similar flight environment, this
contains the flight altitude, atmospheric temperature, atmospheric humidity dod,aétt.
Noted that five flight experiments for every aircraft protype model aréedaout and the
batteryis fully charged for repeatability experiment. The flight-test resultgealethat the
mean voltage drop of the battasyl.2V in the adaptive flight state. Whereas fa X-UAV

fat fixed-wing aircraft under the same flight missions, the volthge is 1.7V. Table 4
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Comparison of flight test of adaptive camber aircraft and Talon aircraft

Number of \oltage Dissipatiwe

Test Aircraft type Cruise setting
Tests drop energy

5min, 12m/s

Test 1 AVCW 5 5min, 14m/s 1.2v 21600000J
5min, 16m/s
5min, 12m/s

Test 2 Talon 5 5min, 14m/s 1.7v 30600000J
5min, 16m/s

Based on Test 1 and Test 2, the complete changeable camber wing in flegitile fl
conditioncansave electricity about 0.5V relative to the X-UAV fat fixed-wing afcrit can
be estimated that the whole adaptive variable camber flight improvesghieetiiciencyby
29.4% compared with X-UAV fat fixed-wing aircraft under the samehflignission. The
whole AVCW technology breaks the constraints of energy and power systems for craise tim
The application of this technology may promote the technical revolution in the fighsdf f
wing UAV, which is of great significance to the development of the UAV industry and has

high scientific research value.

7.2 Experiment 2
The experimental system setting and results are presented in Table 5. Effdusflaght
performance for the comparative experimehtthe whole AVCW and 3-degree constant
camber wing areénvestigated. Based on Table 5, two 2000mAh batteries of the uniform
capacity are applied. The cruise velocity of Test 1 and TesaBout20 m/s under the same
flight states. It should be noted that five flight trials for ptgpe model are performed and
the batterys fully charged for repeatébexperiment.

The experimental results are shown as follows: WhE8 is adopted, the cruise time of
whole AVCW aircraftis longer than that of fixed wing camber at 3-degree. Because the UAV
is equipped with ar\CS, it canachieve real-time change of for wing camber during the entire

flight to accomplish the minimum flight drag. It can be observed that the geshdiv the



351 averageruise time of the whole AVCW wing and 3-degree fixed camber wing are 45 minutes
352 and 35 minutes, respectively. Compared with the Table 5, a conclusion can be drawn: adding
353 theACSto UAV can increase the flight efficiency by 28.6%.

354

355  Table 5. Comparison of flight test of adaptive camber aircraft and 3-degree constant wing
356
357

358

Number Power supply
Test Aircraft type Cruise setting Cruise time
of tests

Test 1 AVCW 5 2000mAh 20m/s 45minutes

3-degree constant
Test 2 5 2000mAh 20m/s 35minutes
camber wing

359 7. Conclusions

360 In the paper, an innovative double rib sheet strudtupeoposed to control the position of a
361  whole camber of the wing by a relative rotational motion of the DRS gramwaat surface.
362  Numerical simulation is applied to investigate the effect of varying caaitieil and wing
363  on the aerodynamic performance of UAV. In order to realize further #igberiment study,
364 the whole changeable camber wing prototype model witlA@B is manufactured. Two
365 groups of controlled flight-test experiment are conducted to demonstrate aerodynamic
366  performance benefits of AVCW UAV. The following conclusions can be disvn

367 1) An innovativeDRS structureis invented, which accompligisthe change of thevhole
368  variable camber wing without increasing the overall structural weigheofing except for
369  the actuating device.

370 2) The load transfer mode of the new design of variable camber wing strisctuoove

371  surface contact, which allows the structure to reach enormous capacity for loads.
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4) As compared with Clarky’ airfoil and AH-79-100C airfoil, adjustable camber airfoils
have shown better aerodynamic performance aneédtdibracteristics.

5) The flight experiment (experiment 1) results show that comparisdn thét design
scheme of traditional fixed wing of Talon UAV, the whole AVCW technologyroves
aircraft flight efficiency by 29.4%.

6) Using the experimental setup and peogs described in trial 2, the results show that
adding theACS to UAV improves the flight efficiency by 28.6%.

Further study is necessary to explore the appropriate number of wing rib sextdn
investigate the effects of the relative rotation angle between diffegetibns on aerodynamic

performance of the whole AVCW UAV.
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