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Fast Design and Verification of Flight Control Law for Small Compound UAV

TAN Si-yang
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Abstract With the in-depth study of VTOL aircraft, the design of its flight control law has gradually become the focus of re-
search. The rapid design and verification method of the flight control law of small compound UAV is studied. First,a small com-
pound VTOL aircraft layout is proposed. Then, the mission profile is set up and the flight control law is designed based on it. The
model of flight control law is built based on MATLAB/Simulink platform while the model of aircraft ontology is built based on
Amesim platform. The flight control law algorithm is validated by modeling and simulation,and the fast iterative optimization of
flight control law design scheme is realized by analyzing flight performance simulation results. Meantime, the fast design and veri-

fication solution can be used as a reference for the joint simulation and analysis of control systems and controlled objects in other

aerospace fields.
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Table 2 List of variables and parameters
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Fig. 3 Control logic of four-rotor motor speed
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Fig.5 Control logic of deflection angle for fixed-wing

Xof T [ R SRS ) D) g 3 AT A A B0 g, W LA [ S LA
AT R RGN L 3 4 i 25 T B S 3T AR v e 5 Y
TEHLE AR ZS AICH AR B, 5 3l D e 3 Dy RATL R R T L 58
CHLRPETE T AR
2.3 HEF&

MATLAB/Simulink - & /& — F f& % T 2h & R 48 (A 35
HERG BHARMRA RS AT A MEGEE oW
P4 B AL 7R T EUR I i R A A B
g, Bl R T HAE R LIS PID &4 25 19 B shii 4y &
SH k. A XHETF MATLAB/Simulink - & # 8 1745 Hl
AR, 57 B4 i 32 B @A K PID 2,

Amesim P G & —FE X ZE B GRNE R ARG EK Y
15 B 6 .7 & BA& ST 23 75 M AR B A HE TEHLOS B R
R 28 S8 ) AR R SRR R 94 SRR 45 A R AT A
RO L B Bl 0 G g M 0 L 5 TR 28 AR 3, AR SO F
Amesim V& , I FH L2575 M AR Y P2 $4 R AS PR A5 A, 58 A
B4 X G A

L MATLAB/Simulink 24 & #& 8 4, #] Ji Simulink I
Amesim Z [B) (35 F4 2, g A7 22 ) AR 2L 1 TROLAS (A A 1
) PR R I 45 0 L 38 3 % TR R 4 0 A ) L S R TR AT
s A o P R R T 5 B TE

3 MEEARXT AN RITE BB RER T

BT UL SR 52 0N B A A ST B AT 4 ] A ik
Frd it .
3.1 B

T 2.2 RSP ATHES 0F E G SO0 A PL Y o R AT
A, OB AR S AR IR 6 TR . AT 4 A A A R Wi b A
A HIBRIAG S S A AT SR 5 SR AR 19 AT o 88 VR JEE L 6
B A ATIRE SR &1 — R 0] AR R
Kty e 3L R AL P A A S [ 3 D A A AR T

—  eplEEs [ ———— 1
A B 55 | miRedl |
‘E‘

RAEIRA i : ] (2 | i |
| e LT e ]
¢ " mameel L | |
8 LA S N I el Ly
9 t | ' |

L1 7 ) ve—

TR L | |

1 smas o _ _ _ _ _ J
[&1 6 fa ) B 1 10 B R R
Fig. 6 Architecture of control algorithm
T MATLAB/Simulink - & £ @ 3 40 19 425 ) 2 851 11,
wmE 7 s,



654 Com puter Science 1 HEHLEF%:  Vol. 47,No. 11A,Nov. 2020

Transfechn

TakeOffPathSet
akeliitathoe | Plus H PID(s) H TS 0.92%u+0. 08

[0,1]  LocalVariable

AircraftAltitude —D
Constant Switch

| A*T7#(u/1000) T e, *g/1000 }—¢

LiftF’
iftFromQuad Plus [ Solve || RevToCtrSig >
o \
| kg }_f Algebraic Constraint ®—>_| >=50 _@
Gravity AircraftAltitude EngineSpeed
—
LocalVariable Switch

O

RollSetpoint Plus o] pme) E i

®—+ RollPID [-30,30]  [-60,60]  RollGain AileronDeflection

RollSensor
PitchSetpoint Plus N

PID(S _.E_./
< : ) 4 PitchPID [-20,20] [-50,50] PitchGain ElevatorDeflection

PID(s) _—/Q 4

@—+ YawPID [-40,40]  [-15,15]  YawGain RudderDeflection

PitchSensor
YawSetpoint Plus »

YawSensor
K 7 T MATLAB Simulink V& # @ K 45415
Fig. 7 Flight control model on MATLAB Simulink platform
3.2 A% % 3 PID i 25l
ARSCR T PID $4 il 5 B D e 3 e L 4 5 LA 1 1) Table 3 Parameters of PID blocks
. PID # 3 P 1 D
il . PID JEEE Y :
Eil REARMT AL 4% i PID A 3 2 1 1
Hy—p+1-Ltyp_—N 12) AWAAG PIDHE 3 L5
’ 1+Ni 7 E A PID A 0.02 5 0.1
S Bl 98 % PID # 3% 0.5 0.1 0.2

Pl B rh  PID WS AT E R E LA,
MATLAB/Simulink # ] %4 T ARt 2 & 2508 4 MBS ST AP CITHE Gl EHEKIE

TH., R PID T T B S R 2, 8 7N o N - o o N NP NN
T3 RUTA PID Tuner LI RTSSR BT, W § P e BT o ST BLIF IR 10 4 50 0 52 SRS 3r
— : e B0 AIE , 75 B 7 B G
i IEF Amesim -7 R R Il A TR P 42 ROHLAR PR
12 - - T T T brs
. 3 R FHUB RHLAS A R AT B S B O i
s LLE R U R BL L T L ) R TR R L R 4
':éo,e SRR 9 Fros .,
g
< 04
" |r1|
0 : : : : {
T &R ] | ] %%&*ﬁ? ‘é“}f;/*??”
& 8 PID Tuner PrigiiE 2 |
Fig. 8 Parameter debugging by PID Tuner L
a7 2L B A A 43 BT 75 5 45 SRR R 46 PID 4 B 1 5 80 B O /RS AR A BB BB ) R G A

Fig. 9 System architecture of small compound UAV

ARAH , sk 3 g,



s

NV A TR AL AT 4 ) A R BT M Tk

655

ST RGHM L TE Amesim PRI T3  CHLAKEAL, 5
MATLAB/Simulink 3 i 45 54 5 i, 47 P FRER & 5 2

AL BRI 46 CAT S B B AT RS D48 & JOR 5 i
84,k 4 73,
F 4 UTRED RIS LT RS

Table 4 Switching instruction for flight state and attitude
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Fig. 13 Pitch angle tracking curve in cruise phase for

fixed-wing mode
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Table 5 Flight performance simulation results of small compound
VTOL aircraft
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