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Study on hang glider type small unmanned aerial vehicle

1. [FL®»IC

) M2 T E M O B RE(L, B O/ NAE
BIOMEM LI L 0 fEfEICRIH SN D L H1c7 o T
T RIS LD ZER, AE, SRR S #ES
NEL ool F-, REREME L CORA LR
ENTWD., AN 22T I R & [ e BRI
Koy &N, FAESLCERT D &L EERE N &
D2 RS T RE 2R AR X LT D L,
TER OB e 27 28 hER IR 2 038 L B8, ERTT T
+orThAELEITIE, BEREE A WZIE D D kel
MOETHEATHD EB2 5.

AW TIE o hBmmfEE b H, MENEETH S
NTTTA B —EBEIZ L0, BECTIHIIHT
0, FOREERLE BRI OWTEL L. -8
MEDT=DIZ, RO VWA a2 b — /N —
Wby, EOBEEMARETD. N T T4 F
— CIRELEBEOMIC A 2y R br—/LN—
WA D HEEZEBLTHDLHN, SEOE/ETIEIZON
AR TS . EOBEIEE L AR A0 22 T 2R D BB
TN DT & 13570 0 fem ) DSBS AR EE kA7 L
BN LML EHERITICE L CWND EEZLNS.

A TSRS FREH SN FEEON 77T A
A — D FEBRE & FEIT 2 R A B e L, R A
VBT 2720 ETF L LTZ. 0%, BLBEEEL
BRUBREEZRFL, MEETALEZHN T I b
—a UVEITV, RATIERE A MERE L 72,

2. BIARETIL
2.1 NG54 45— (i)

INUT T T A =13 R ISR & A i OB
BHIER R D120, MZEHOETET LV TRET S
IR A D 5. ARETIE, L@ 77544
—DEHETNEZBEASEDLIL TN T T T A H—
DORE OEBMEZ RIS 5. FTOR 1 ITEHKE T
T4 F—OHERE SR T

Table 1 Differences (airplane and hang glider)
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Fig. 1 hang glider (Hiway demon)

Table 2 Specifications of the actual plane

Pilot mass my 80kg
Wing mass m,, 31kg
Total mass m 111kg
Wing area S 16.26m?
Wing span b 10m
mean aerodynamic chord c 1.626m
Sweepback angle A 27.5deg
Dihedral angle r ldeg

Airplane Hang glider
CG Position
None Existence
Shifting
Stability
Wing Pilot, Wing
derivatives
Wing Rigid body Flexible
Control
Surface Control bar
device
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Table 3 Comparison of longitudinal derivatives

Experimental Estimated
longitudinal
value value
Cr, -0.179 -0.3
Ca, -1.466 -1.9
Cx,, 0.675 0.409
Ca, -2.396 -4.55 Fig. 2 model plane
Cn, 0.172 0.321
Cm, -0.281 -0.169 Table 5 Specifications of the model machine
Cx, 0.176 0 Pilot mass my, 406¢g
Czq* -0.08 -1.55 Weight in the X direction m, 60g
Cmq* -1.11 -0.891 Welght in the Y direction my 140g
Wing mass m,, 103g
4 LY RERIS, M T OERTTRZ EMAEIT, #iE Total mass m 509g
ARRICEE & LVME 3 SEDETHY —
” H%%L%i{ L ﬂ_jf: 7% Cup L 1L:C,&) ’ Wing area S 0.1626m?
WA 7o Ze g L IX R B CHh D, T EH EIRERICHE
HAENTIEDT AT MM 6.15 L/hEWZ LT, Wing span b 1m
T R AR—=2 « =8 LIZ WD EBRKTE Z
r BELIS EBRAELLEX Sweepback angle A 27.5deg
LD,
Table 4 Comparison of Dihedral angle r Odeg
lateral and directional derivatives
lateral and Experimental Estimated
o 3.2 ELBEHE
directional value value
N RNA Ty hinay b a— o8 —% D CTEET B
Cy, -0.226 -0.195 VI ITA =R EAMET BT, EOBEENE A
Cl _0'322 _0.111 %% l/f:. E‘L‘%éﬁ%*glim@@éﬁ%&{?ﬁqém@i
d DBV & B - H I OB & B ET SO =B )
Cny* 0.0275 0.01802 BN DY, TN EBBRICHERT 2. M34i2Th
Eho A
Gy, -0.0326 -0.000974 R E T
Cuy, -0.930 -0.907
Cnp 0.0568 -0.0682
Cy* 0.0004 0.0360
G, 0.326 0.317
Cnr* -0.0578 -0.0533
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Fig. 4 lateral CG Position Shifting mechanism
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Table 6 Definition of the amount of CG Position
Shifting by the control device

actual plane Model plane
(Surface) (Control bar)
m m
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Table 7 Theoretical derivatives of model plane

lateral and
longitudinal

directional
Cr,, -0.604 Cy, -0.195
Cy, -1.9 C, -0.160
Cx,, 0.409 Cn, 0.0180
Ca -4.55 Cy, -0.00273
Cm, 0.321 Cu,y -1.05
Cmn, -0.169 Cnp -0.0682
Cx, 0 Cy, 0.03605
Czq -1.55 G, 0.317
Cm, -0.891 Cny -0.0533

FREOHERR & el 9 2 &, B RRBRIC IV 72 SE R
OB TH 572D, IZIER CMETH D, Lo LA
L7zl b MEBERKIT TWDHTeD, ZhoiEso&h
ETLTND.

3.4 HERIHODES)
3.1 8 & v AR O EB) R A R

u X, Xu Xq -W, —gcos,1ru 0
W Zy Zy Zg+U, —gsing||w 0
Ul = + d. 3.1
a M, M, M, 0 1 ox * D
6 0 0 1 0 g1 1o
[é’ Y, Bt We Y, — U, gcosh, gsinb,][B 0
pl o[l Ly L, 0 0 ||p| |Ley
r|=|N, N, N, 0 0 |["[+] o |6yB2)
¢ 0 1 0 0 0 |l¢ 0
) 0 o 1 0 0 1y 0

Jb & BRI o0 SN AR U TR 2 2 T TR E
TIUICE > TELTFHDOD R TH D,

Wi, R THE O N ko2 EMER S % H kot
fbLi=b o (Bl Z2Eah FRRICRAL, I8EEE
B35, £, MOREEELET 5. 10.8m/s TEHMR
1THAT OBIBIZEB W T, HEOBELBEHEEICL > T 5
M, lem BiFICE S Y 2BE S & X ORRISE
ZX 5 1Y EE FICERYT— RBRRLET



0, SEPECBE L CIEE# I By, 2, A
LOBE TTINESCHE A LTS ZEHK 12 2
DI AR 2L <, FEFICRZERERZEEZD
N5, HEREC,, ORE SRERITIT RV EE 2
HHt:kK;é%@TKﬁﬁmtofwék%k%
na. £, 2v ha—A =05 EOB B ICE

FLZ Itk 2B LB LEHZ L2 OND.
10
E o
-10
2 4 6 8 10
10
=
= 0
-10
0 2 4 6 8 10
20
= 10
2
= 0
-10
0 2 4 6 8 10
5
Fo
-5
0 2 4 6 8 10

time [sec]

Fig. 5 longitudinal response of model plane

0 5 10 s - = |
= 0.05
g D
= o0 T
o rﬂ"-"ﬂ’
-0.05 ‘ | |
0 5 10 15 0 s |
| )|\ : ‘
— 0.2 — \
S _—
£ / ~
=, B
0 5 10 - - ik ]
0.4 B
= — e
= -
=02 -
a ~
i !
0 5 10 T
— 3 /-/-M‘W &
22 =t
= T
= ,./
[ ) — 7 7 | |
0] 5 10 s - L |
time [sec]
Fig. 6

lateral and directional response of model plane
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Fig. 7 Configuration of the experimental system




Table 8 Components of the experimental system

group part component Details
Brushless motor E-MAX CF2812
Thrust Propeller GEMFAN EP 10x6 (1060)
ESC Sunrise Model 20A PRO SBEC 3A
Steering Servo motor FS90R
Aircraft
Battery Lipo battery KYPOM K6 7.4V 850mA 35C-70C

Flight controller Pixracer

Control device

RC receiver Futaba R3106GF
Additional sensor GPS Ublox NEO-M8N
GCs PC Desktop PC Ubuntu 18.04
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