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Attitude Control for Typical Configuration of Multi-link Transformable
Rotorcraft Under Variable Load Conditions
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Abstract: The chain-type variant rotorcraft exhibits excellent maneuverability in constrained environments.
However, its flight attitude control becomes challenging and unstable when operating under variable loads.
To address this issue, this paper proposes an attitude control method based on active disturbance rejection
control (ADRC) for the rotorcraft under variable load conditions. Firstly, a dynamic model of the variant
rotorcraft is established with a focus on variable load scenarios, and the impact of load changes on attitude
control is analyzed. Secondly, the coupling between states, load variations, and internal and external
disturbances are collectively treated as a total disturbance, which is estimated and compensated using an
extended state observer (ESO). Finally, flight experiments are conducted to verify the stability of the attitude
control for typical configurations, as well as the feasibility of attitude control under both gradual and sudden
load changes. The performance of PID and ADRC controllers is compared in terms of adaptability to variable
load conditions, and the impact of configuration transitions on attitude disturbance is further analyzed. The
results show that the maximum attitude tracking error in each axis does not exceed 8°, and the maximum
response delay is within 0.3 s. The proposed ADRC-based control method demonstrates excellent stability
and robustness, providing a solid technical foundation for the load-carrying operations of variant rotorcraft.
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Fig.1 Frame of variant rotorcraft
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Fig.2 Aircraft configuration diagram

LS AT AR AR Y o B — A FL AR AL,
IR A HUARTE O LD IR A o T (A 3
TRAT R AR R Y B R AT T aE S R R, Sk
I AR, CAT R A T Ak RS2 BOR N T
R  EUBE B AE AT P S LS R e — A
[ ALl S R T 5 T A1 S B0 AT I 2 e 2 G
L AURE R 8 R Bl A AR U 2 6 T 5 A Oy O
11T O A 308 T 7 A S LAl R B 0 . S BRI
R SRR 3 A T R o B, B RS SRR R .
2, VIR e 3 8l g A SR B BT A 5O 1) A g
¥ ML A A o PRI, R MLE 3 AT AR A
AR QAT P i b AFDGH fiT B 42 ] 2 2% IR T A M e
FLORAT AR

AR PACE B R AT d B9 R AS 2 AR A% R 1
JI7R o

R1 HATHRERAMGTIR

Table 1 Basic components for aircraft
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Fig.3 Experimental system of morphing rotorcraft
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T BRI £ Y B X Ry
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x;(/e))Jrﬂ)x /e)
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Kz, (k)z,(k)z, (& )ﬁfﬁ'ﬂjﬂ/@lﬁyl 4 A

£ RE A SR S e, (B) N RS2 6 fR S
NI AE 5 2 Sk L 88 25 4K
2 (33) 18 B9 ESO WL I A 8, 17 78 W)
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WeHL L H S ) .
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3VGT6, A% Jdas A5 e 3 B4 45 151 14 I & 5T (In-
ertial measurement unit, IMU) BMI088, & 34 3% HJ
SBUS W HLIE I, RATAF 03 1 Rgeth 4 4 3h )
HLHL V3508(580 kV ) 4H A , 4 £H T 4 B0 2 [A] 4K &
35 kg B el RDS3235 56 i 42 . 44l sl 1 LML
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Fig.4 Hardware block diagram
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Fig.5 Software design flowchart
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HORA IZARE T AWk 5 IMU 8, #1 H] Maho-
ny T8 I AR T X o M AL A S R R o R S A ) o 4
P AT WU O HOL S TG T M SR R RS
Bod 5 0Lk a8 5 SBUS #2119 B A5 5 2847 PID
3 ADRC # il iz 5, 5 % i PWM 17 5 19 722 {k
S AL I ME S 0T A% 25 R N B D I ke
PR RATA A

IEAh 70 R R G IR H TAERER 2P kA
A I B2 T D R B GE AT RIE T R AR 55
R I PE AT B R T IMU SRS RS R A il
a5 PWM B b i ReE M AT 55 I I AE 42
T kRGN SERE

R R R R i S B 3 2 T, BMIOSS
¥ JH SPI23#E {5, TIM1, TIM2 Xy JC kil f AL PWM 15
5B E IR

2 CHHRHBRERIESE

Table 2 Preset parameters of flight control software pro-

gram
IR AL B8 SR
APB1 timer clocks/MHz 240
APB2 timer clocks/MHz 240
FAE I W] 45 4 % /M Hz 500
SPI2 baud rate/(Mbitss ) 75
IS TR/ He 500
£f AL H 3/ (bites 1) 115 200
SBUS j# {5 f& 4 s 22 / (bites 1) 100 000

TIM1.,TIM2 i % /Hz 250

5 EXWEWIESHH
90 BB IE R P, TSR AL . 3 e 5 g it

KATAIE 1 (CRIEBESE 3 3 4 )=y ) AT 11 (VB
e 3 3 3 A Ja ) B A 25 B 48 3ok i 114 I B e L 7B 2 e
BRI E AT L RIE, UITHR LB T 525
R 3FR. AT LRV & PID S50k 4 FF
Ko KATERSCHG V-6 ADRC S 84056 5 Fi s .

F£3 MTESH

Table 3 Aircraft parameters

S8 V(e
ML BT 3 12400,/ kg 4.2
AR g/ (mes ?) 9.8
HiE 24/m 0.6
Tt 1 Z R/ (Nes ?) 5.3X10°
A R AEL £/ (Nos ) 1.1X10°
%4 PIDS¥
Table 4 PID parameters
ZH i 7 IR 1 IR
k, 1.8 2.0
k; 0.001 0.000 1
ky 0 0
i 11 B 200 150

£5 ADRCE#H
Table 5 ADRC parameters

B2 B H
T, 0.15
be 1.5
B 0.8
B> 30
Bs 1000

5.1 PID 5 ADRC & 745 il M Kz 3238

WA AT A A5 A BUE dR AR AR R, 8
T ARRTEE RATAR L RS, B 68 RATERE M
ol B TR ) 25 B SRR S

(a) Configuration [

(b) Configuration II
6 22 Pl e b AT S 88
Fig.6 Attitude control response flight test diagrams

B 75E 8RR T WF g IR 1 54
T T A A3 B H . W 7 (a) (8 (a) fif
N, TE PID S E 0T A0 A0 R V& e 38 38 14 1% B AR
JE A 25 78 10° LA N, Je i) B A8 SR AN 8 38 0.6 s 4N
K 7(b) . 8(b) I, £ ADRC EE#HI T, 0 A



55 6 1] BT, A A 2 AT B AT 28 AR s A o 1093
40 40 :
"ﬁlmﬂﬂ: 05s ﬁﬁﬁ%
R : 10°
_ 20 i Dﬁﬁjﬁf_. 04S ﬁgiﬁﬁ 50 _ 20 T
m 0 ' ® 0
® & _
201 — RS AE 20 — RS AR
_40 1 1 1 I_ %’Ki%@ﬁg 1 1 _40 1 1 1 1 1 1 _ggq_{‘%?‘l}ﬁﬁ
0 2 4 6 8 10 12 14 16 18 20 22 0 2 4 6 8 10 12 14 16 18 20 22
t/'s t/s
(al) Pitch channel (al) Pitch channel
40 40
20l MR IER : 0.6 R 7° 2 AEmE: 3° fEmE: 5°
PR I w0
& ® 20
w20 - —BBERSAE [ — RS AR
0 — A L PBER: 055 | — s
0 2 4 6 8 10 12 14 16 18 20 22 0 2 4 6 8 10 12 14 16 18 20 22
t/s t/'s
(a2) Roll channel (a2) Roll channel
(a) PID attitude control response (2) PID attitude control response
20 20
— B AE — WS AR
_ 10} — SR ~ 10f — TREARE
® o} -0
-20 1 1 1 1 1 1 L 1 L L =20 L L L L L ! ! L L L
0 2 4 6 8 10 12 14 16 18 20 22 0246810/121416182022
t/s irs
(b1) Pitch channel (b1) Pitch channel
20
20 faRE R 10
10+ ~ 10 =K
w0 B O
® ot — B Loy —hmEsan
5 e — LPREERR
ol TamESEE Y
0 2 4 6 8 10 12 14 16 18 20 22 0 2 4 6 810121416 18 20 22
t/s t/s
(b2) Roll channel (b2) Roll channel

(b) ADRC attitude control response
7 s aa il g N %) L S (R )8 1)
Fig.7 Attitude control response comparison experi-

ment (Configuration 1)
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(b) ADRC attitude control response
8 e ga il i N %f LE S (R B 1)
Fig.8 Attitude control response comparison experiment

(Configuration [[ )
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Table 6 Attitude control response comparison

WORE A BB %jj‘(’% kA /s
A PID 7 0.6
g 1
ADRC 1 0.15
A PID 10 0.5
H I
ADRC 1 0.1

5.2 PID5ADRC fiFEEREET L

BEOOFTRAT i Y A R SR ), B T T
W5 VIETESR ) J1 40 Js i PID 5 ADRC % il #% £
B . DLW Sl ) A Jms S ), SE g X L T PID
i 4% 5 ADRC 45 i # 75 ff 10 5E B v i) e 1 3
B, 43T T PR MEAL S B AR 5 ESO Al i £
FE R ERRG B HE IR A5 T 25
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Fig.9 Angle and angular velocity tracking response (Configuration I)
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Fig.10  Angle and angular velocity tracking response (Configuration I )
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Table 7 Angular velocity tracking comparison

. B RAmEmEmE |,
op7 e e R AT AE /s
PID 10 0.7
IETEEES
ADRC 2 0.1

5.3 PID 5 ADRCTH T LESRE

WA AT A 45 A BOCE R SR A o, 8
TR AT AR BT LI R G, TR T A
B 1 M I AR 4t “AT58 . K 11(a) (b)) 43
SJER T RATERAE L e 3 1A Jm T, g PR A%
I A7 AR B SR O, B 11 Ce) () Al R T
KATERAE VIEBERE 2 I3 A0 Ry T, 48 far B8 A2 F0 48 o

WA 52 R I
BeAk, s 11Ca) (o) s, FiHH 400g fiFf 7K i
: i

(b) Configuration I
load gradient

(a) Configuration I
load mutation

{(c) Configuration II (d) Configuration II
load mutation load gradient

Bl AR AT Se
Fig.11 Variable load flight experiment diagrams
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Fig.12 Load sudden change attitude tracking chart
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Fig.13 Enlarged view of PID under sudden load change
(Typical configuration)
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Table 8 Load sudden change attitude tracking
W EHIERER BORME w2/ () BORIE /s
PID 5 0.5
ADRC 2 0.1
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Fig.14 Load gradual change attitude tracking charts
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