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Modeling of Three-rotor Aircraft and Its Attitude Based on ADRC

RUAN Xiaogang ZHANG Xiaorui WANG Danyang
( School of Electronic Information and Control Engineering Beijing University of Technology Beijing 100124  China)

Abstract. According to the status of rotorcraft and mechanical structure of three—rotor this paper
analyzed the torque of a three—sotor aircraft and established its mathematical model. Active disturbance
rejection control ( ADRC) was applied to the control of attitude. To investigate the performance between
ADRC and PID series of comparative experiments were carried out. Results show that different sizes of
step signal can be adjusted by different parameters in ADRC and ADRC is more effective and rapid than
PID. ADRC can not only keep the general framework and structure of PID but also has better
performance on filtering and robustness which has important guiding significance in engineering and
experiments.

Key words: three-rotor aircraft; mathematical model; active disturbance rejection control ( ADRC) ;

robustness
0s4 4
.1
; DragonflyerX4

4

DragonflyerX4 Maxon
1 2015-02-03
(61375086) :  “973” (2012CB720000)

(1958—) E-mail: adrxg@ bjut. edu. cn



1462 2016

x F,\F, x
x
1
fili =40 (2)
3
N A Y Fi\F,
(F +F,) 1l =mly +f515 (3)
L, 0 0
N N 3
3
F, +F,+F,=mg (4)
mg ( )
X X~NY~NZ
4
2
#F.0og O 0
1 EF,E: O o O (5)
’ O 0
oF.0 W +F +F.0
2 1
finas /s vy F. =K.’ (06)
L ; 3 K,  F,
F\\F,.F,’ 2
ll\lz\l3 Xy fl :kia)z (7)
3 k; f
XNY~Z
2 XY 2
5
o Fil -kl O
TzaFl"’Fz)lo_Fsl;E (8)
O Al +fE -f5 0
1 Xy
Fig. 1 Threesotor x— view
1
z Sis /o Js
K +h1 =115 (1) 5
2

Fig.2 Three—otor side view



10 1463
5 Y=(¢ 60 ¢)" 4
u( 1) \u(2) u(3) .u(4) 4
u(l) =F, +F, +F, (23)
° u( 2) =F\l, - F,l, (24)
R(p 0 y) = u(3) =(F, +F,) 1, -Fl (25)
[Tlcy  sesy +spsbclr  ses + cpsbey [ u(4) =fil; +f,1; - 1315 (26)
gcasgb coc +sOssp  — spc + cgosHS(//B (9) NN AN AN A
0 s6 spcl cpch ] 3
e cos; s sin
Y Y 3
XNYZ 3
o0 Of.o
0-..0 0O
&g Bﬂ@t( ¢ 6 y) (10)
OF/0 OF.O A >
X~ :
Yoz ( tracking differentiator TD) |
¥=(F -K%) /m (11) ( extended state observer ESO)
§=(F, ~K%) /m (12) 8 ( nonlinear state error feedback NLSEF) 3
. . TD v( t)
z=(F, -Kz2) /m (13)
K/
TD
v( 1)
S v(t)
- . TD v( 1) v, v, v,.
@Z((Flll_lez) +0¢(1y_]z))/1x (14)
6=((F +F)L-Fl+pp(1, 1)) /1, (15) ESO
U= (AL +AL -AE) +0¢(1,~1)) /1. (16)
Il NLSEF
3
'9é=(u(1)(S¢Sw+C¢C¢S,,))/m—g (17)
y=(u(1)(S,8,C,-S,C,)) /m-g (18)
z=(u(1)(C,C,)) /m~g (19)
o=(u(2) +oy(1,-1)) /I, (20)
6 =(u(3) +ye(1 ~1)) /I, (21)
P=(u(4) +0¢(1,-1)) /I (22)
3
3 glp‘ Fig.3  Structure of the ADRC controller
ENY. 3.1

90\6\1/1



1464 2016
3.3
8
Dél =%
H : [F.Cl =X,
0. (27) o -
Hzn—] =zn @
Dén :f( 2 2 zn) [PC"_I =% (32)
(27) G =k o x) b
limz;(¢) =0 i=1 2 n (28) Uy =,
v( t) T>0
ft =% ~Y
o =« 0 _, _
1 2 =% Bore
H - 12
0. (29) Ezz =23 — B e, | Tsign(e,) (33)
n-1 =%, :
= 0
e, =y fm —o(0) mfy /') EEH =z, =B, le, 1" “sign(e,)
! w(y 1) Lz = —anllelll/znilsign( e;) +bu
limx,(2) =0 i=12 -+ n (30)
le, |*sign( e,)
f fhan(x, x, y h) /5! lel <6
— B2 fal(e a 8) = (34)
=y lel“sign(e) lel >8
Bao = hx, fal
Ly =x; +a, P =24 Y
O o 0.
(o = Vd(d+8lyl) Oz =2, —Byfal(e a §) (35)
O . d.
2 = %o +sign(y) (a, —d) /2 [F2 =% —Brfal(e a 8) +byu
Sy +9) by d) +ax(1~fg(y d)) = —Bufal(e a 8)
Uhan = —ya/dfsg( a d) —ysign(a) (1 -fsg(a d)) * Bor ~Boz ~Bos o 10
(31)
th Y
3.2 4
fhan(x, x, y h) *
PID PID
fhan( x, x, y h)
c than( x, x, y h)
X, cx, than(x, x, y h). I,=0.43 kgem’ I,=0.55 kgem’
cvyh, c 1.=0.97 kg*m® m =3.8 kg
’ v h, 4 .
Matlab ( 5 ~16)



10

1465

PID

4
Fig.4 Three rotor schematic of ADRC

5 3°

Fig.5 3° pitch angle step response curve

6 3°

Fig.6  3° roll angle step response curve
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Fig.7

Fig. 8

Fig.9

Fig. 10

7 3°

3° yaw angle step response curve

8 10°

10° pitch angle step response curve

9 10°

10° roll angle step response curve

10 10°

10° yaw angle step response curve
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11 30° 15
Fig. 11 30° pitch angle step response curve Fig. 15  Sine signal tracking
12 30°
) 16 30°
Fig. 12 30° roll angle step response curve
Fig. 16  Yaw steering 30° white noise test
30° 30°
1 ~3( )|

13 30°

Fig. 13 30° yaw angle step response curve

14

Fig. 14 Square wave signal tracking

1 10°
Table 1 10° attitude angle ADRC parameters

Y Y h,

12000/8 000/ 23 500/24 000/  0.002 3/0.002/

5500 30 000 0.001 2
@ Bon B
0.2/0.2/0.2  0.18/0.18/0. 18 3/3/3
B c a
0.1/0.1/0.1 1/1/1 0.5/0.5/0.5
Bos h 1/b,
0.2/0.2/0.2 0-002370. 002/ 0. 43/0.55/0.97
0.002 5
PID PID

Y71
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30° 1

PID
2
2 3
Table 2 3° attitude angle ADRC parameters
Y Y1 h,
8 000/4 000/ 8000/8 000/ 0.001 2/0.002/ 3
2 638 6 000 0.001 2
(¢4 Bor B 4
0.2/0.2/0.2 0.18/0.18/0. 18 3/3/3
1) c a
0.1/0.1/0.1 1/1/1 0.5/0.5/0.5
Bos h 1/b, 5
0.2/0.2/0.2  0.0023/0.002/ 0.43/0.55/0.97
0.002 5
3 30° 6
Table 3 30° attitude angle ADRC parameters
Y i h,
7
26 000/25000/ 90 000/80000/  0.0012/0.002/
15 740 39 600 0.001 2
« Boi Bo
0.2/0.2/0.2 0.18/0.18/0. 18 3/3/3
1 c a
0.1/0.1/0.1 1/1/1 0.5/0.5/0.5
Bos h 1/b, 8
0.2/0.2/0.2  0.0023/0.002/  0.43/0.55/0.97
0. 0025 9
5
1) PID
10
2)
3)
PID

PID
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