L 2% Bl 1R

Aeronautical Science & Technology

TR AN CRHL APLA KL
Pl & SEEIL

F/ VR AR TR Y5

LGB TERSE, BRVE Vh4e 710072

2. REHRBEHF s, BRIE V62 710089

W BN ANREEHE—FEA ZRAMEREZE XHEAR, T RE TR A, 1T URE T
LBy M b Fr e bk, T RS CALFRAT 28 18 3 HC B B o7 86 1 A9 KLk 45 9 B, RSO Y 4 £ 30 MUAT B9 RAL P R AT R
ERG ARG AW ABRANR LEF M, HTT —HHFNEFNFE CTRRE TR, FHMNAFFREHEELES,
AR R AR AT R TATRAS AT R R R e L R R . BIE, RO TR AR, B
F B TE S A, R S A T T AL B g B 4PID R 4 2 AR FIALE B A 0 BANLE FIE, F
VARG AT RZ MR EREE i RFEFE AR TR KE, B ERIET it y4 £ 20 AT AL Z 45 4|

Aug. 25 2023 Vol. 34 No.08 57-67

7 % B R

KEEIE): £ WAF; WHPATE S, BER S EHEH; AVKE R4

hES#E V249 HERFRIRES A

BRI AT BRI R AR 4 A B X T[]
FEFL KL, AT B30 AR B o) AL T ) D A
PAFE il CHLBI IR AR e iz gl . AR R G B T HL
PO R, AT B ST R LB R 5 S A RS
AT REMAT AL ESIAF AT LU /AT BRI T )
BLRAT AR B AT fid AL R AT R AL S 05t , (45 TR AT 5L RE RS
TP R AL RATIR L . AL AR R IT R 7 %
W& H A B S, 5T A% O R E T RS P 2
A G A o AEfL S G, AT B SRS R R
[i] B 52 B e — N 2R B A FE BT AT R AT 5
B P AR AR G Z 0] i AALAE B R G , 5 255 &
BN, LR ATHY 2 n] FEPEN2 0 HAT, X
T ESHIAT AT T2 24 T A S AT BB
S N EER GBI, R AL 3R /AT BT
N MR ML RGBT, 2O REIR
B2 B 5 L AALP R BT HLAr N A AHLIE 5
il BEFE N AT PR GEHAT AN E AN

FSEHA: 2023-05-06; EISEHA: 2023-06-17; RFABHA: 2023-07-05

EEME: fisR5E$(20181353014)

DOI.10.19452/j.issn1007-5453.2023.08.008

DT AR A B A0 LA B i B2 27, A AHL I RE
3Bt

ARSCE LGN LA T AT S B vp R AT B 4
il HE AR AR Gt 2 1] B9 A AILSE HL IR, I 28 Lo A R et
T B IFF SR e AR S S RE , AE— AR e AT B
T il H A 2R G AL ) 52 L AR 8 =2 1) 114 SR 3 P A O
& B FF LA NLAL TG —Fh BT i AP B4
A BT LA R AHLAE H A A Bt — 0 e i 3 BEogT (4 12 g
Jithe

1 ENUAFS TR EE
1.1 ERUTFSH
111 2352

2 AT PR, 43 )2 S (v ok ) AT, 3L
HRFT SCAL 5B SR A 32 sh AT, 7E 1% e i B
PR Ge, ©AT BUIE I g (i e ) SR RN AL I
(D% ; B HLAG BRI R GE 772, G2 BT th 2 i M

SIFE#EIL: Meng Xiaobao, Zou Quan, He Huanhuan, et al. Study on the human-machine interaction control system of aircraft equipped with
active side stick[J] Aeronautical Science & Technology,2023,34(08):57-67. Z/N\FE, 30R AT, & . LI FHFFEY KHIBIA

MR OEHIRFHRLJ] ERISFHER, 2023,34(08) :57-67.



58 i 2t BEE B

Aug. 25 2023 Vol. 34 No.08

ST (a2 B2 ) [ MUAT A S

AT 22 2 AT D A DN T ) R e e, A L T o
R, MIFFERIA T 2RI, & RE A RO A 5%
[ (AR AL U S LD N AN UE U =i 7 B
T3 TCHUAE T 22 18] A AU £ , 6T B4R AT ™ LR AT
(A% LR DAL AR 1) U5 i 4R R G S B e v
T rzEdl s o 7 yRAMUIFF S REmBOA B EE S E0 K

1y BRY IR BL =, W AT i 1o 5955 BH B S MUK
SN TGRS, 25 AT AR AL —E ORI 15T, SR T
PN T BAU R BRI BB 5 LIz 3Pk A%
WRUY S A HET &, T2 SR ] A 2 ) 28 8 52 BRI 1 %
A, AL AT RAR LS KA LIE SRS R T,
RAT 5AT LAE 1 R B AL IR RHLE AR
AT SR BTN 1R

(a) "B AL e

1.1.2 =3I TAE
ASCHFFE N TAERHBCT il E A R i )
Jin e Bk B R C AT SR AL T Rt D 2 TR 5 R AT
SOIESERAGE S o N THRGNT A = s AT TR R B 4 &
2 U7
5 DUFFIRAS A e
IS I i 20
'®“ ™ s i
\ 4
A
T s R

—

il

B v
R EfFF
fRI I ATLAE Y
B2 FshFr A s R A
Fig.2 Working principle diagram of active side stick

AT ARV BT, BRI PR S AT iz Bk
&, 91 BT BORE RS2 B ph AT A8 AR Al R e At
VERITT o JIimE s By S A B a8 g i R il 47 o 2
BB B RS BRSNS AT AT AR AL 14 2
AR RS A RO P RIE 5 o BeshIAT £
SE I, HE A 10 TR e e R 0 B A R, L

(b)A320%)§z‘ijﬂlJ -
Bl b R iR B K

Fig.1 Installation schematic diagram of central stick and side stick
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Fig.6 Simple adaptive controller structure diagram

£ - SINiDEE T kil
{)&(t)—Ax(t)+Bu(t) 9)
y(1)=Cx(1)
P, x(t) e RN CHURE R 5 5 u(t) e RN CHLAE Tl 4
Asy(t) e RPN RE ;A e RVB e R™",C e R"" A
I PR
PR RS, A (10) 4 H
X, (t)=A,x,(t)+ B,u, ()
%ym(t) =C,x, (1)
A ,A e R B, e R*",C, e R"*" JyH I B9 5 5 ;
x,(t) e R ASEHEFIRE KRG, HA n, <n;u,(t) e R
h 275 BB i i AR 4 5 y (1) e R 225 1R i iy
Kig.
BT A AR (1)~ (13) iR

(10)

u=Kzg (11)
z=[e" x! urTn]T (12)
K=[kcm Ky kum] (13)

ks by B BB £ sk, 2 B B e =y, — y N R
FIRERIRZE

SR ARG VRS R R 70 25 805, 73208 15 I T 4
#i B K231 2, o AR B T A3 20 /Y, 13 N
# HH AN (14) TR

K=e7'I' 0K (14)
Ao, L2 [ 38 R 7 A S A X FRE S R, o — A
HHC KPS 1 RGAEI S B RER 2200 T A B

3 A S T AR R By

rsoo 0 0
I =

0 90 0 (15)
0 0 1

o BUHH

o=0.02 (16)

3.2 BiE&n#=EHIg+PID EHIgRT

1 B 19 3 4% o) B A 8, IR S S A P 0 R )
AR E . AN, fa7 B 3 LA ) AT DUR AR B i) 2 5 4
T WTITS S0 B Joe it AR R RO b o (FUR:, ol T A IS DL
A5 38 W WAL N TR IR 2 — R S TR B
P ARG e FEM AR AR BRI AT BEAN S AR
PID #7552 H A LR iz (A 7 i, X %
JE Xy PID F i 75 2R B (9 S 00, 5 T2 B, O HAEARFR
THOLT R RAF A PERE AR PTRE k. A ST T
PID $2 il -5 5] FL [ 2 R4 ) 45 4 I Pl R 4, DARAE &%
GEHERITERE . R RL I E 7 B



NS A R EANMIAT I C DL APLSE W R S

61

B 7 F & S i +PID il 4544

Fig.7 Structure diagram of adaptive control with PID control

LR HE R, T LA R BR34BT
4t PID 5 1f R G AR 73 o AR T15 458 PID 453 R 4t
7B 19 2 07 PID 428 i AT g B2 T 4 Jg 4, o PID ¥ 73 W]
DA 7 B 3 N R R s Ay, 9 AT RLBERS T 5 A
KMo XRS5 i T R G Re S S AL 4t PID #H &
GEXE LA ST P 10 R GE A

23 W2 PID A SRR

k, =44
ki = 0.4 (17)
ky=0.9

4 NINZEEFHRSIRT
4.1 NNZEESR

AL B ] 2R G & B Tl AR 4 43 b oI
BT ST, Bl A2 0l 55 AN BB Al @b A Bk
JEREE AT AN R G 2 MRS HAR RS A OC R
B, RAT UGB Sl T A 2 R A AR CALR
BAFE T EAME B SRR AR BT AT
HAESS  ABA O ©A T2 4 s il A R g W E s WL 55
BLZE M55 SEB RN B A AT 3 o el Bt ol
T, AT O AR TEUI AR ) B A T AR RS R S il
KEEET o DR K PE D s 2 Gk, B — R /AT 3
IR R GRS 50 6 R 50, 5 TR AT
R G

ML B PN 0 AAILSE B AT LAY S U s s 2R
g, o, U s R U248 /AT BRI Y
FR R GEAEA A o [RIE A T2 B 55 1 58 B =X, ik D
P s A AT R rp AR P €A T R AT R AT
(1 TARRAS, M s i R —Fh AT LRI i3S A
RGLW R A T 2, B AE TS5 RSO A3 48 w4
il 25 300 AR S IR = g o A5 2 A ML 58 B A

UK

4.2 HERBEANZEEHRSAIRT
4.2.1 FRETY AN H AR il 58

BEXTHACRRAR B0 T A LSS ELAR ] ) B, AR SCHR H IR IR
R NMLAE HAEHIEEH , Al 8 i o AEZIF IR AHLAC B
PR, LR R A 2 il AT LR TR
A7 SR AT A 55 N SEBR RA RS ) Dl 2240 KL, g 45
ISyt g ESAT . ESFF A s 3l i 1) kAT
PARHES AR AT B A5t 97, IS 58 "R AT B A1 5
R I FHE A BRI, AR IE =,
PEHRALIE AR L

55

TS
|

R

B
ERWFF
a4 o

)
. 5% ®HL
| MERG — (i)

il

&5
S BRI T
s 43 (W)

K8 FFIBB AN FAE IS
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Study on the Human-machine Interaction Control System of Aircraft Equipped
with Active Side Stick

Meng Xiaobao', Zou Quan?, He Huanhuan', Fan Xue', Xie Rong'

1. Northwestern Polytechnical University, Xi’an 710072, China
2. Chinese Flight Test Establishment, Xi’an 710089, China

Abstract: The human-machine ineraction control of active side stick, as an important and widely used technology, not
only can reduce the workload of pilots, but also improve the aircraft performances and safety. To address the issue of
potential loss of aircraft control in the event of failure of aircraft actuators, a parallel human-machine interaction control
architecture was developed for aircraft with an active side stick. A novel interaction approach was designed for the
active side stick to not only transmit control commands, but also provide tactile feedback to the pilot regarding the
flight status, enabling rapid perception of aircraft failures and appropriate actions. Simultaneously, an autopilot control
system was designed with an adaptive controller, and an improved adaptive controller with PID controller was
developed based on this foundation. A fuzzy control mechanism was employed to dynamically allocate the human-
machine control weights, providing a more flexible and precise control method for interaction between the aircraft
system and pilots. Finally, the effectiveness of the designed human-machine interaction control method with the active
side stick was verified through simulation.

Key Words: active side stick; aircraft actuator failure; adaptive control; fuzzy control; human-machine interaction system
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