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Abstract: To solve the deformation problem of the linkage mechanism in the process of retracting and
unwinding the linkage landing gear of the door, according to its motion characteristics, the kinematics and
dynamics models of the linkage mechanism are established based on the D-H coordinate transformation method
and the second type of Lagrange equation. The deformation of the connecting rod caused by the sudden change
of the hinge moment of the mechanism is solved through numerical simulation. To solve the fault problem,
firstly, the influence of the spatial installation position and rod length change of the linkage mechanism on the
mechanical properties of the mechanism is analyzed, the key positions are found, an optimization model
considering the attitude change is established according to the spatial position relationship of the hinge rotation
axis, and the spatial position and attitude of the hinge are optimized by particle swarm optimization, the
optimal installation point is found, and the results before and after optimization are compared. The results
show that after optimization, the rotation speed of the hinge is abruptly reduced by 80.0%, the torque of the

hinge is reduced by 74.8 %, the movement of the mechanism is more stable, and the deformation is avoided.
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Fig.1 Schematic diagram of the door-linked landing gear
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Fig.2 Fault performance of the door-linked landing gear

3 Brifk 150 #r

Fig.3 Force transfer analysis of point B

s Fy R 8 ATl ) 9 0 5 M, O 7 R 5% 3 Y 5K Bl
J1HE s MO EFF R Z N S ;o N ABIE B . T
s g B A IR 232 B SRR ) 2
I3, ooy I3 i SCAE F i B B ™ AR ) 0, T
6] 5 1 T BC, (i 1% BC 45 My /R 3Z2 N J1 , B AF %2
VRN e — 2L g A3 Mt o R, 7R SCHE ST AR T TR
SN IZ B R 3l ) 2 B8 IR NG 2 Bl F
BERE ) ARG LT HEAT B SR i 3 BT, R
i I T R R gt ke O 4
1.2 MBI EEREHEEE

F& AR (1) O B A T B B HILA A% B4R 23 1)
(N W R I R ISR el 2
OA (EF 4y 5I4E 2~ 2 32 KRR 17738 ) 502 B R AT
B oI W ik A S ) 3 SR A R 2
ZF O 8 E O SAE R F RIS oo [\
PO TTIE S 3 5 DE FAT , & E &0 fE 17] e % il
YERELAE T F NG F BN T TR ot o

R A AL A4 T3] 1] e 5738 Bl F A, i A J 38 A b
R OX,Y, Z B D-H A b5 28 e LW g 57 . & 5
Ji7R,0,Z, 5 M S ie e S, 0.X. 80,25
O Z WA TES,OY, i A7 F IR0 E i h 454
PR S o O SR F S0 e 36 AL A R AR IR 4 5
R 1~7. KT IR IE, E S EAS S 1 4 R Ak
b & Base, fff I 5 & % 42 56 2 T ARE R O A
JREB AL bR RE G i R 0.

cos@, ., —sinlf, ,,cosa; ,;
T | sin@,—,, cosl,_,,cosa;,
e 0 sina; .,
0 0

P4 e TII0 Sl =k 7 2 ML i 1
Fig.4 Simple diagram of the door-linked landing gear mech-

anism

5 I LR Sl LA A bR AR A

Fig.5 Coordinate system construction diagram of landing

gear linkage mechanism
D-H A8 bR A8 4 158 i 4T 44> 2 B0k I8 7
ASARAR AL bR 2R Y A2 i
(L) FHABTEAS A bR 29T Z, Bl 7 ] P88 o, T

ZHJ?D?J%JE;
(2) K 4B A~ AL bR R X, Bl 5 10 1R B @, U
Xz-ﬂ??fﬁl%]IE;

() AHSRPI AR R GE Z, i iEsE e ff 0, .,
X B 30 X R A TR SR O R/ Sk A AR T
AR 2R Xl e £

(L) FAAE A e bR R LR X, B e A a1y
W Z - B Z 0 R AT TR IE KN Sy A AR
LA D i

o B LR 4SS BRI T i AR bR R
O, X, Y, .z il i VB e A8 fg 5
O, XY Z {72455 B i B ml R

sind;, ,;sina; ; a;cosl; .;
—cosl;,_,;sina;,_,; a;sind, |, (2)
cosa; 1 di
0 1



%2

R A5 R v SRR T IR S LA R o A S e A BT 295

B 2 28 0k — FR 9 AR e n] 45 B I5 2R K S PG
1 5 2 as 3 T R A
ToT Ty Ty T Ty Ts Tro=1 (3)
Ak bR A2 R B AL 5 e B R g AR R L
cos @, +(1—cos@,)x?
Rot=| (1 —cos0,) y;x; +(sin0,)z,
(1—rcos0,)z;x;—(sinb;)y,
AP AN OSHRBEF AR S,i=1,2,,7;
G, R W NS AR B AR BE s, s = ORI B TE SR
AR R T A AR R
A4 38 2o A B AR AT B Y AR e BE T R R
AN DI TE B A =[A0,A1, A0 A ] L BT
VU T EL A 3 Sy i O T 3 I 5 Ak AR AR
A3 L6 4 Bz 3 % 7 B AL % T FR AL Y AR R A
BEWE S ME 0, =(i=1,2,--,7), 8t KM% 7
TR ] S s B 245 B, JT AR 4l L 45 SR T R IS 2L
5B AR AL TAE . iz B S e
FO) =20y ks A da] =0 (6)
TRERAA N KRASE G, FHIATHESAY
W A fe K A% Ml — M, ZEBR S LA A & R L
%% ,BZ,5 AB.BCHEH ,DZ, 5 CD .DE % H ,
B.C.D =34  FZ, 5 DE V47, H 15 3] 5124
CiEEy Ny
Upsp*Upz,
Upc*Upy,
Ucep*Upy, (7)

Upe*Upy,

Upe — Uz,
s a FoR T AR R B 1] B W w, R AB
4 BT 1] i, w27 B AR B AR FR 2 Z 5 1] 2
(AR

O M Vi A8 3 SR WO BE R 6., D) 0.0146,
TR R KN AT AR Y T RORE B AT s . E
Xf B — 2L HEAT SR fif 12 3l 5 B2 T 45 B B — A BUEE X
V7 B 220 2 £ AL L AT A5 ) Ak 3 B b B A
JE A S B [ AR A 1 O
1.3 MBI EEENNEEE

i AL B By 2 A R AT B A ECRE Y E R A
JiE 0, ff1 T B 0, K ff I BE 6, MK G ik 5 45 4
JIE 52 W A7 56, 53 T 38 K32 86 32 1017 0 75 52 4 ST B
SNALKG Bl ) A A AR 38 L A B H 7 kAT
Bl g2 AR, I 2 T R DR G A 4 A R T
D7 AR hiA% B H REUE N RGBSR R G REZ
7%=, Bl

(1 —cos0,)x;y;—(sind,)z;
cos @, +(1 — cos )y}
(1 —cos0,)z,y,T(sin0,)x,

VbS]
T
T:|:R0t((9f,1ny[,2,-) I:.Z',+1,y,>+1,2'1-+1:| (4)
0 1

(1—rcos0,)x;z;+(sind;)y,

(1 —cos0,)yz,—(sind,)x, (5)
cos@,+(1—cos,)z?

d(adT d

) - S(r-v)=m 8

dz(aq,-) (- v) (8)

KP - THRGEIRE; VIRGERG ;¢ WRGEAL
R S UL A TR (LR A B 35 D A 1 T e A
M) 3, BVJ1 R 5 RN E R 5, N OA TT I
F|EF h 1~6,

W 2 e 7 = 4 25 0] 3 e i 2o v F 55 B A #F1F

) RERCEL AN, KT 30 i 32 28 4 45 F 3 A &% o) 7 5
5, Bl
T:Tlmns+Tml:i;(miv?+"iw?) (9)

A, R ARV BUR 5 0, 9 F 1R 50 F 3l 5
JEE O dk 5 S, O R R B TR R B 5 w0, 2R S A 1
R

B B BE R A M G 4 R AR bR AR T R
O HD

T d T
X, = I:I/Bme’ yiliase’ Zil’:a&ejl = HT;._[ 1 [I,', yzy Zi]
j=1
(10)
0, =[ v v 0.] =
T
a(fP e) a(yil"xaw) a(zlha>e)
—, 11
{ at at at (1

6.1
T s = EE 771:‘( U.:z)'i + Uii + "Uff) (12)

H 2] Zpnes Vit i) TS MR IR 0> 22 J50 A6 s 2o
T AT [y 2] 3R SR A AT B F AR AT
[0 0 0] 27 M 3 0 2 R

5 R0 0 w,, TS S B
T 455 B RT 1 70 35 5 £ o JEE 6, SR A7) o g A
@J E/‘J ‘vzﬂl (l)z,fjt)\ﬁ(9)i+%:ﬁgiu%%zé\zjjﬁgo

G e S T ) HRE A 4% g T A B
W at (10) B30 B Bk AL AT 2 F HEFF I, B4 4
fies

VZim,gx, (13)

RGOS R 22 BB L, Tl
THEE RS g a1 W 1D &% B sl 0 R B



296 B AU S LR R 2 R CE R B 2 0D %57 %
0 S N 1 O Y v N
M= oSz (14) R P4 R R BB LK LA B ] BB

2
KA Co MBI R o W TEE v B HE,SH
fi 1 20 AT AR, 2 S B R BRE T B fl E EE
B HARBE MR 1R .

x1 SF;NSH

Table 1 Pneumatic parameters

o FEL 3 ER

Zw W/ o/ I HEE R

F I B, R 0,1 A R G AR
IR 0.(i=2,3, -, 7)) R0, B R %L, Al
g s s AR B e R AU A (8) T
d(aT 2t vi=m ()
dz\ 94,
AR v o 2 o A PR R 2 BT R A
FATE 0, 45 H0 18 I 2500 Kos 82 Brit 545 200

A B A AR B 7 S R SR A A5 Bk v 5L

AR Cs  (kgm™) (km+h™) HBLS/m*  2/mm BeEE S R AT S A O S S o A B A R A
ZHH 0.35 1.29 350 0.48  1733.825 PARSIE .
R2 FEHMHREEN
Table 2 Major component mass attributes
Ha 142 P B i 5 i ht /kg (T, ], J.)/(kgem?) B4 J5 AR AR /m
F A 25.954 [3.624, 3.784, 0.806] [—1.286, 6.233, —1.031]
R (2) 0.101 [4.275,1.377,5.248] X 10 ° [—1.368, 6.286, —0.502]
JEFEFF(3) 0.168 [1.216,3.835,3.615] X 10 * [—1.421, 6.291, —0.532]
R (4) 0.218 [1.758,3.145,2.938] X 10 * [—1.575, 6.234, —0.599]
fit 1T 84 % (5) 0.147 [1.633,0.077,1.634] X 10"* [—1.659,6.220,—0.649]
fer1ce) 3.19 [0.265,0.117,0.201] [—1.641,6.040,—0.451]

1.4 MBI EEERESF

ST g ST ALY ) MATLAB 4 8 #E 17
BE 7 LA T SRR 1 B0 R L PR AT R T A 2
A V& S8 de KSR B 0, 112,57, 45 HORN 45 B0t 4
[ Al B AR G2 3h 2 F1 sh 1 2% 5 B oR e , 45 81 2L A
Z % o7 WS f E TS ) 5 S A B N AL T s
A AR B EEAR LA 3z S IO 5 S A 6.7 iR .

Mo & Bz Bt B O R AR LA LBLC AR G
1 WU £ B 60~80° R 1 BE AR AL 5 K, & 7R A Bk
8 Ff 0 T B ) R A K T B 15 T R 0 ) AR
T V1 H iy BRI g R 8 728 A IR )L A A B G IV O R
AT DAH A2, FE 5878 51 A9 g R 28 738 J BK S LA
BEJR N iz ghad B A SURERE IR BT AT A R
JHE 2 1 A 8 B 20 7 AT K DL A 07 e R

250
200} ___ﬁ
150 '_'.';S
c 1wop TTE
®osof 0 ST
& .
OfFs=—=—=___
S SE R e
-50} \\\\ _
e /,’
-100} S~. -7
0 20 40 60 80 100 120

Wk / )
K6 A Boak Mo B b e i BEAE Ak
Fig.6 Change of rotation angle during retraction and release

of each hinge

70
60r

AN - m)
223838

—
=
T

=
T

0 2I0 4I0 6I0 8I0 l(I)O 120
W BE / ()
P72 B WO 72 vh ik O A
Fig.7 Change of hinge torque during retraction and release

of each hinge

/NEE R T IR F 64 Nem 26 A7, 2 88 10 14 AT 45 44 77 A=
I .

N TN AL AL R SRR RN ik DB S
UIRGESIALE N NS DR 7S A R e )
TR LE A5 W 7 T 20 B 205 K 2 O A TR 5%
AR R, e BN B ) AR R R B B F
R ) AR A

2 BREHHMHEEXRLEDN

2.1 BRBhHLAFF I BE 51 % m 5 4

R4l 6 Sh ML A A BB 3T, 22 A AT 3R 4R, 3 1k
A& BD 2 350 mm , 76 A5 3% A1 K B 22 b Al i
Bo1:5.3:5.1:1.,5:3.5: 1, 5155 A #5851



%2

SRR, A5 < R 7 AR 11T S LA B O B S A it 297

AR U AL 8 BT i B A 22 A7 AT H 9 (9 22 A WO
RS LA B s A RS E , IR AR B A
b, RALMKIRAFAE H RN ILP A Z AR AR

K8 AT KA M
Fig.8 Rod length change effect

2.2 BINHAREMERWSN

18 ok 9 A 22 2 7 A () AR AR R B T TR i 7 S
T ARG ] Y 22 28 0 B AT S50 , 80 E
A T5 1 WP 9 B o 2 8 B S Bk v 2 s T Y FR
il , 42 e B L (—50,50) mmo

K2 2 XA I E SEBCEE ) M 58 A8 1
Wi 4N 10 s o B ZR0L AL, AR e th Z0F
BA BERBE , 1R e (B2 e 2 3, FLAt v 20
TIFEEARE N B RAER R TS HOL
XF I FE B AR B2, A R 2y oy oz 7 1) i AR
VA K E A2, 07 1) L i B B % K s AR o 58 A

SRR DG, BRI AK Al B TE 1] D B8 ) /DN TS R
X0y, 5 G AAE 5 AE A O, LI T i Ok K,
BB 80 e,y 7 1) i RS

TR A Sy 5 R i B AT 15 5%
W 2253 3 A —62.9 . — 334.4 il —444.4 Nem , E 45,
To\ Vo 2o JT 1) T X6F L 7 A 22 43 9 S 87.6.,82.3
M—42.8 Nom. ZEEKE AR EBUSEAE
VA X AL ) P 5 e i A ) AL A S ) R
Fo E A5 T 0 R A, AR A SR S R R R A O A
N B AT AT o He FoR @SR BUE AR 4R
ML B 3h 5P AR, BEHE ) 58 7% Fe /N B I 6 g
1 fe A

BT R

PO S e 3 B R AR 7 A
Fig.9 Schematic diagram of change of structure installation

position

(b) A-y, offset effect

(c) 4-z, offset effect

(d) E-x, offset effect

K10 BRSNHUIY 2235 B4 S RUB T A RURE 5301 5 Y52
Fig.10 Influence of changes in various parameters of the installation position of the linkage mechanism on torques at points A
and £

(e) E-y, offset effect

£ 120.
7’

87.7

e
92.6

(f) E-z, offset effect



298 BRI MR Rz R (A R B 22 D

3 BNz EaERHiEit
3.1 SHUER
R T ARAEAL Ak i R v BR 2l LA SR A Y £
B 2 S RVRE) A2 ) 1 23 TR L] 56 3R AR FI 8 By 2 A AR
LB CALEMESS AKX, FHILH A (4
P A bR 25U BAR B IR AT .
A gL E
A =20, yo, 20) (16)
ARSBME N E
A = (20, y0,20) T (2", v, 2" )= (21, y1,2,) (17)
B i for BN T
min[ /'(6,)]

f(ﬁz):[f 9y , < 7A21’A22’A23:| -

557 %
AB=B—A (18)
A BEBE T i b 1]k
AB
A=— (19)
| AB]|
B 8 TiE 5 7 n) A
AB X BC
= (20)
| AB X BC||

A BRI R AL, S A K S HLAY
2L SC R 15 A B BCHE B A I A {7 & AE
P AE AL, LA AL 1k Sl AL RS B ik 28 25 AN 1 ] 114 =
EPIREESENN N A Ve U BivE N

0 (21)

A'=(x,y,20)=A+ (2, y,2") = (20, 30, 20) (27, ", 27)
I*L<1~*<1‘*U’y*]‘<y*<y*u,Z*]‘<Z*<Z*U

Ko/ (0,) iz gl 18 SR AF 8 A fUBCHE /1
A2, r(0,) R A BCaE s AR it 2, A™
SHAIE A BRI ALE 2"y 2 A B AR bR
BABHLO) ) MRS TR,
3.2 EFnNFEHEENREZEMCEMRLTE
B 1 Bf {4k (Particle swarm optimization,
PSO) & —F 40 5 B 00 & 09 05 A= 5k, B i 3t
] BT R R ) SRR D TR B R R
5y F TARSC AR50, PSO il 78 D 4% Al 4
R @ NAKF DL B AR E KN AR
W 325 AR 07 R BB, DA 5 4 J) e LA o
CIREES AR A= T (I
X, =(2u0, X s Tip) i=1,2,-,N
V,= (v, Uy +**s Vi) i=1,2,-,N
20 A A R R
z;(t+1)=x,(t)+v,(t+1)
i=1,2,-,N; j=1,2,-,D (22)
v (t+ 1)=wv;(t)+cr () [ p,(t)—a,(2)]+
cors (1) [ pg ()= 2,;(1)] (23)
K RoRBE REL, o ROR MR 22 R4, ¢,
RN RZBr Mo, B O~1 0y REALEL . X
W H AR RE S (o) B S /M 5 AR Y FiTE
KAWL E R Ps=(P,y, Py, -+, Py), BA KL
T M S AT R B R E N Pe=

(Pos Py vees Py)e MURLT 4 24 B 3
i\l ,+1 21

st ] P Sl IDZ ()
. (t+1)  fla(e+1)<<f(p. (1))

(24)
P o RS B o AL AL H R (E A A S

AR AR DR R O A AR AR AR R .
B A i AR dn B 11 s

ik
[ =R ~7)i2 320y EAS B ek ekt f e f |
[]
[ #wBR162055LTR |
¥

[ MBS AR B AR G, ), 2), IR TR R |

t=1

[ mERQ2-2)MAE S E TR
| #EEﬁfC(M)ﬁ%?ﬁ'Ji%ﬁjEfé’lﬁﬁ%ﬁt{E |
| J‘Eﬁﬁiﬁ(zs)%?ﬁ‘rﬁﬁﬂﬁ |
| ?ﬁﬁ'ﬁiﬁ(22~23gi&ﬁ1ﬁﬁﬁ%‘r |

[ VA 2 R R
Fig.11 Flowchart of PSO algorithm

TERL T HEP ALk h B E o JE— A H 2
S8, 2 o BOR Wi ] T 22 R38R, B2 i 18] =)
PR, PR R B A 2 5 AR A —
UOE A RER T T — A RAFLE Ny

S — /()
) T W) T 1) = [
e w, +(w, — w,) g flx) =T,
w, S(a))<fu,
(25)



%2

R A5 R v SRR T IR S LA R o A S e A BT 299

Ao w, 70 518 e K /N BE AU, £ 5
U ARURE 5 R I JE L £ 2 55 2 R ARURE 1F
P8 AR, f (20) R 3 c AR 56 i kT Y
M E AR AR DE AR AR R RO 24 5, B R 1
FEE R S, R 3R

®3 PSOEHSHILE
Table 3 PSO control parameter settings

ZH A
AR iG] 100
I RERIREL 0 50
WA B E o, 0.99
i KAPEAE w, 0.9
F/MBYERE o, 0.4
I ES
TR 2E S R e,

MR 2505 B A MATLAB 8% 4 #2350,

15 31 2 B0 ) 9 00 40 % A R AR B /N 1) e R Ao
) A T AT S W =g 1 I A ) Gt
(2, y",27)=(17.9,41.73, 44.88) mm, 5 1 1L 7l #%
e i ok 86.01°, B i 23 [V B ANAR 55k 55 0 Ak i
Je ff o 66.66°, 153 2 A BEHE LK TS 32 3h X L a0
Bl 12(a) s A i 2P R AR b, A B 26 0Ok i
Frh R S L Bl WA RAR A . B A
200

— kAT
- - fifkiE

o 150r

E

s 100F

=

i

= 50t 7

0 rd

0 20 40 60 80 100
WA EE / C)
(a) Comparison of angle change of point 4
before and after optimization

70
— PLALH]
60f - = fifela

50t
40t
30t
20t

ARJI5E /(N + m)

101

0

0 20 40 60 80 100
WO BEE / ()
(b) Comparison of torque change at point A
before and after optimization

K12 JeALHi s 452150 L

Fig.12 Comparison of results before and after optimization

SN T G e KA R 1Y 90.6 (7)) /s FRERN T
18.1 (°)/s, B MK 1 80.0% . AL RS 1 45 %F L 4n
K 12(b) 7R A B0 5 H ok B K 64.216 Nem
[ #) 16.194 Nem, F % 74.8% . AL R W&, 1
bGP A, IR . AN s B i R
IR B ARG 25 A F 1 e B 1 - AR R AT L Bk A T
1) %

BeAh et gt B 5565 27 S 800 Fr te g T n it
F s AT, 7600 Ak 8B 25 (o) o7 B i), 5 A
FAOUAAR L, [ B 2l 72 O Ak B 25 (R & 34 A b
T FL Al e 2 2 25 T A5 B A 1 P AR AR

4 & it

B X 7 AR T IR SR 194 i o e 3 5
SRS HCR IEAT T RN B A, 045 S R R AL
AT TRk, A IR

(1) X Tz s LRI 3, Bk f 5 ) 8
EWRFZHNA PR, BRI HERAL, FEHLE
AN | VAR B A E AL RERS O LA B S PR RE

(2) TRV AU I B b, 4 )07 8 A 28 25 R 0
is S PEREA B E R [ A4 = A R T B
G BB ML Az B P RS S BEE 0 W R %
% A S A R A

(3) i F A AR AR 4 AE [ RN S5 — 2R B A% B H 5 2
AL T 2 Al S LA ) RO O EORERY IR 45 5 1 ik
Ak AT AL B R — B YL s g s e 5
% I AL B B — s i T

SE

(1] BB . TCHLE 7 280 1T Sh AL BT B U PE T 50
[D]. B nt: M s AR KA, 2017,
XU Jinjin. Design and air tightness of aircraft landing
gear door linkage mechanism[D]. Nanjing: Nanjing
University of Aeronautics and Astronautics, 2017.

[2] W oesi . WOk 4 ITHR S LA 50 [T ). B AL,
2017(14): 73,95.
YANG Guiqgiang. Research on the linkage mechanism
of the nose landing gear door[J]. Science &. Technolo-
gy Vision, 2017(14): 73,95.

[3] =FmRE, mAed, L8 I RE M8y ]
FEPESHTLI] ML= B H R, 2023, 34(5) : 80-86.
XIN Fukang, LEI Huajin, WANG Pan. Reliability
analysis for drag parachute lock mechanism of aerody-
namic deceleration system[J]. Aeronautical Science &.
Technology, 2023, 34(5): 80-86.

(4] 252 T, g, 55 R AU AR 3L
BB T 0L T2 O BT S [T 0% TR L 2023, 14
(4): 85-93.



300

BRI MR Rz R (A R B 22 D

557 %

[5]

[6]

[9]

[11]

[12]

FENG Yunwen, HE Zhiyu, TANG Jiaqiang, et al.
Dynamics simulation research on fault conditions of de-
flecting to airflow flap mechanism of civil aircraft[J].
Advances in Aeronautical Science and Engineering,
2023, 14(4): 85-93.

RIS . A AL v SR BIHLAA F) 32 Sl D) RE T A P A
S5 ER5EID ]I AR AR, 2019.

WEN Congcong. Research on modeling and simulation
of motion functional reliability for aircraft landing gear
lock mechanism[D]. Shenyang: Northeastern Universi-
ty, 2019.

B B SRVGIE , (AL, 25 oz 2l T 45 K4 18] Bt o 00 o4
DIRGEPNL S & R R AR g RSN Siin= S WIRARIN ¢ o
H5HA, 2016, 35(6): 833-839.

XIAO Yulin, ZHANG Xizheng, SHI Caihong, et al.
Analyzing impact of kinematic pair structure gap on res-
cue robot’ s retraction mechanism and improving its de-
sign[J]. Mechanical Science and Technology for Aero-
space Engineering, 2016, 35(6): 833-839.

TR BE/IME AL AF S R R TSR A 5
PELTL WUR S HUE, 2023, 51(8): 165-170.

ZHANG Lei, XUE Xiaowei, HOU Zhili. Analysis and
improvement of signal conversion device stuck fault[J].
Machine Tool &. Hydraulics, 2023, 51(8): 165-170.
MATTHIEU P D, XAVIER R, BRUNO S. Integrat-
ed optimal design for hybrid electric powertrain of fu-
ture aircrafts[J]. Energies, 2022, 15(18): 6719.
Frofe e SRR A BRAER AR R G R WAL SN I
PEfe i it [T ). MmO s K K27 2 4k, 2014, 46(2) -
292-296.

YIN Weilong, ZHANG Dawei, SHI Qinghua, et al.
Optimization of transmission mechanism with cable net-
works for morphing trailing-edge[J]. Journal of Nanjing
University of Aeronautics &. Astronautics, 2014, 46
(2): 292-296.

BTIR, M SRR 4 RIS 2 ERTT I Bt
58 1w 2B AL TT] ML C R 27 4k, 2024, 60(15)
113-122.

ZHAIT Guangqing, XIAO Hong, GUO Hongwei, et
al. Multi-wing transient differential deployment mecha-
nism design and optimization of dynamic parameters
[J]. Journal of Mechanical Engineering, 2024, 60(15):
113-122.

T, m L B RALRAT ] 4 8] U FF LA 1311
Sl ] BT Sl , 2023(2): 136-139.
WANG Baofeng, GAO Fei. The design and optimiza-
tion of a RAT door spatial four-bar mechanism[J]. Ma-
chinery Design & Manufacture, 2023(2): 136-139.

WU G L, CARO S, BAI S P, et al. Dynamic model-

ing and design optimization of a 3-DOF spherical paral-

[14]

[15]

[16]

[19]

(20]

lel manipulator[J]. Robotics & Autonomous Systems,
2014, 62(10): 1377-1386.

YE Ruigi, LIU Ziming, CUI Jin, et al. Modeling and
improvement for string-based drive mechanism in in-
sect-like flapping wing micro air vehicle[J]. Applied
Sciences, 2023, 13(24): 13209.

TIAN Baolin, GAO Haibo, YU Haitao, et al. Cable-
driven legged landing gear for unmanned helicopter:
Prototype design, optimization and performance assess-
ment[J]. Science China Technological Sciences, 2024,
67(4): 1196-1214.

R UL XU, I SRR R ML g A LA i
T Bz =g LT BB = 50K, 2020, 39(9)
1313-1322.

LI Bochao, XIANG Zhongxia, LIU Chuanba, et al.
Mechanism design and kinematics analysis of elbow
joint rehabilitation robot[J]. Mechanical Science and
Technology for Aerospace Engineering, 2019, 39(9) :
1313-1322.

20, AT, 20 BT 3-DOF 1T 2RIFBRALIE 132
B oy B 5 ROE AR A6 [J/OL]. #L L T2, 2024
1806-1815. http://kns. cnki. net/kems/detail/33.1088.
th.20240604.1105.002.html.

LI Xingrui, LONG Yougiang, JIANG Feng. Kinemat-
ics analysis and scale optimization of a new 3-DOF
1T2R parallel mechanism[J/OL]. Mechanical and
Electrical Engineering, 2024: 1806-1815. http://kns.
cnki. net/kems/detail/33.1088. th. 20240604.1105.002.
html.

P, B4, BOKNI . B = H AR M ] RN R
DURZE AL, 2011,

YANG Jingning, ZHAO Xiaojun, ZHAO Yonggang.
Theoretical mechanics course[M]. Wuhan: Wuhan
University Press, 2011.

2 TR SRAZ e, 4 3L T B SMA R AE S iR 4ibL
a0 P AL 53 [T PE L Tl K2 241, 2023, 41(3)
510-517.

LI Peng, YIN Juanni, ZHANG Jiaolong, et al. Opti-
mal design of cubic star SMA linear actuation unlocking
mechanism[J]. Journal of Northwestern Polytechnical
University, 2023, 41(3): 510-517.

KHEMILI I, ABDALLAH B A M, AIFAOUI N.
Multi-objective optimization of a flexible slider-crank
mechanism synthesis based on dynamic responses[J].
Engineering Optimization, 2019, 51(6): 978-999.
XIAO Qimin, LIU Liwei, XIAO Qili. Study on parti-
cle swarm algorithm and its application in mechanical
design based on MATILAB[C]//Proceedings of the
3rd WSEAS International Conference on Computer En-
gineering and Applications.[S.1.]: World Scientific and
Engineering, 2009.

(% #t: LHER)



