%37 54 11 M 2] T =2 Vol. 37 No. 11
2020 5+ 11 A Journal of Mechanical & Electrical Engineering Nov. 2020

DOI:10.3969/j. issn. 1001 —4551.2020. 11.010

IN

REFEHRBERINABEENE

Tk |k R

B AT B
(L. MBI R BE BUBRTRE225% 1)1 350 646005
2. 18 T A T 092305 DU 3 646005

SR <X AW T DR LR IV Bt 5 RS Fr) ZR SR 1 S FEE AR AT S M R ARG A L 3 Y S 4y PSO B35 X35 (1) Bt b A T BR AT LA 2 A 17
WU IR BT AR AR 22 I 11 T8 L6 R R At AT 1M o B e, X B IR R AR 2 s s ) 75X R e DGR A
SR 7 5 RHEGER PSO L ERT T i s SRS, 43 lis AR SE i PSO SR FIUGE Y PSO vk , X &5 [l Bt 4 i SR HLA E AT T 8
WU, BT A BRAIUAG ] B A= i 0% , B0 A R PRl Rl T 1AM . BTSSRI A LUAL GERY PSO B33k, I HT
HERY PSO B30 ZR GEHEUIT H 37 AR ELAT S s A s T LS N PR SR A5 S BRERS B T S1% A

SRR « ] 5 AT TR SRATLAY s SR TR LA s S ROIF UL B PR A
HE 43S THI12;TP273.2 ERARIRAG : A X EHS:1001 -4551(2020)11 - 1317 06

Adaptive robust control of crank-slider mechanism with clearance

XUE Shao-wen', LIN Nai-chang'**
(1. School of Mechanical Engineering, Luzhou Vocational and Technical College, Luzhou 646005 ,China;
2. Luzhou Key Laboratory of Intelligent Manufacturing, Sichuan Province , Luzhou 646005, China)

Abstract: Aiming at the problems of the decrease of system stability, accuracy and reliability caused by the clearance of the crank slider
mechanism, the improved PSO algorithm was used to identify the crank-slider mechanism with clearance, and an adaptive robust controller
was used to compensate for the error generated by the clearance. First, the traditional PSO algorithm was improved from the inertia factor u-
sing a nonlinear decreasing method and the local optimal value was a weighted average method. Then, the traditional PSO algorithm and the
improved PSO algorithm were respectively used to identify the crank slider mechanism with clearance. Finally, an adaptive robust controller
was designed to compensate for the errors caused by the clearance of the crank slider mechanism. The results indicate that, compared with
the traditional PSO algorithm, the improved PSO algorithm has higher accuracy for the model established by system identification, and the
signal tracking accuracy of the designed adaptive robust controller is increased by about 51% on average.
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control
N T U 2 28 R A D T 0 () R 16, 2 2
0 5 7 TR RGIAR AR I A ) ke, 38 Sh Rl
e ‘ T T e A SR 67 TS 5 A A TR Rl
ﬁi*ﬂﬁﬁ%%gzjjlﬂqu,Iﬂ%ﬂgﬁﬁﬁﬁyﬁﬁao Hﬂﬂ: Eﬁﬁ,ﬁ%@ﬁjgqurﬁj @rﬂ@ﬂ‘]ﬁﬁ%ﬁ)ﬁi%%

I Rl /N RIBRAR 2 5 | 2 Bl R S il w4, DA BT 5 ] B 2R 0 A &15&%%[‘1%7‘?@”“ . 2

Y75 HHA.2020 - 03 -24

EETB WmAZE TREANIR I H (19C1594) 3 JH T Al il 5 43 5290 = B 4: 8o 3 (2020K -2018)

PEE BT BEAR S0 (1986 — ), 53 HaR kg =B 5e A, 0, 22 R HLE R 61 2 B sl Ay T AAFSE . E-mail 1945174808 @ qq. com
BEBERAMIE B, T, S TR, fI#4Z . E-mail:nchlin@ 126. com



- 1318 - N i5)

T & 37 &

STV R AR -, s A Rk B H R RS T
(] s (] AU (9 8 T A8 HZ R R 3
K PSRN R 5T 2 s S AR A S AT X LA oD e
BAEAR R A RS T — ol e O R 45 2 R 2 fih
T 501 77 27 R A A AR, R DAy S A Y v 5 2 22—
AT S R] 5 T S B0, Aol A2 A 2 A REAR 4 b S
DUk SR iz s Bl 1 H S0 ST xR R 4 1
HH T o T A R 1 1] B B i [ IR 8 M it
P71, (E R AT 1 B TR B MR A7 A —RE Y
TN 5 PNAS B ) P AR e 0 B JR A, Sy T
I DA e A Bl ) 5 18] BT ATL A B 42 fih Rl 43 50 ) A R
(AR A T S HE s R 45 R T — Rk
fige 2 18] L A RATLAG) 1) Sz ) e 26 1) B A Bk (H
RN SR ST AR A AE AL , NS HER

i L BT B RS R B ] B AR S B
AT EAIRE  (ERX S )7 IL KA A A T3
T BRI R A AR | AR SRR RORG B v SR A
5 FRTEE X B B IR 2EAME AT AT SRR D

B AT, 283 LASCE PRI D T BRI A T2
XIGE TR 52 22 58 8] BRAFAE B B 2 ), Al et Y
PSO SL AT R GEHN, i Sr & 1B AR 2 DR LA AR Y
JHZ F L N R i a8 G RIBR ™ A (R 25 TAME

1 PSO Sk Kl

1.1 PSO &%

B REUAL (PSO) Sk 2 1h 56 [ 1) KENNEDY Al
EBERHART {4fs Boid A4 i i) —Ff 2 T HE R g
MIEAT AR L o R A TR Y R
2z [ 4b T D dEas [l b RSO FREP A N AR,
AL (857 8 143 [ADIR 285 43 30l FH ) 2 X () A1 V()
FOR 5 AR R B SR B IR Pbest, (1) 1M
A R B0 EAALE AT R Gbest (1) Rt

55 0 AL SRR AT AR DL ok
GEEE

P (t+1) = wol (1) + ko, [pl (1) =27 (1) ] +
kv, [ pbest, (1) —x” (1) ] (1)
(e +1) =) 0" (t+1) (2)
Kk, by — 2Tk Lk, € [0,2] 50— FEGIEME
BT we [0,1] e, n—AEAHEG 0 —[ VsV ) o
1.2 pu#R) PSO &ik
1.2.1  WHEF w et

R TR AR Y A SR R S S O 1 & e

SHI 451 BRS¢ TP T w ROZR A 7 1, RI7E 2%

AR A A e s MBS LA, A R B

Loax — L
W = Wy + (wslart - wrnd)( m:( ) (3)

b — AR R, — TR w0 —
BIRATE R T 50,0 — SRORIEAUCEUIN BEHE R T

SHI 25" R w, . =0.95, w,, = 0.4, PSO
AL VERE BT AEE , BIPE R ¥ IR R — iU AE , T2
FRIROUALR R A CAORE 1L, BEAT HE M PR Bl AR R
TH/N SR A PR/ N R P DR A7 T sl
TSSO B2 H AR 10088 Sy 1 3 A 122 [ R o B, i
T ST G 3 R A R 5

TEFOLRIINT, R HE N i 42 S R e 7 AR I
IO B 22 R PR Y 1 R A0 s AR SRS I, O TR
INGE: 0 Ry A A e 7, 1 DXL D iy B e 22 A 1Y
W B

Fi SR LA L 0], A 5 1 R a0 AN PR R
U, TR ARt s ity 2Ok AT 10, 1

+ (wmax — W,;,) <2+

max

p X 1 (4)

ma

K 20, — BHER F e/ ME w,,,,— BV R E
1.2.2  B3RiAmAE p! (1) oAt 3

FEREHUIE R G, 50 PSO Bk, TAEAE
KB T [ — A [, (AR A48 230 A2 3]
TR R T AT — PR, A B R T
Xt R EAE p!’ (1) MBI J7 3, A LA R
o8 B HCE Z A 3400 B g 2R

LR B i R BT B R e el p! (1) S5HE
P BRAH S(X,) SHEATINACE- 25, B

okt = Y 2P ()
lﬁf;ﬂ&>
B, = Y ) pry ()

R (M- f(X)

o M— BRI IR

M AT f(X;) hERIVEIE , A M BCR .

M = max(f(X;)) x1.01 +0.01 (7)

2 PRy PSO B B a] Bt AN i

P IRE € AT
2.1 BB AB RIS HPHR R E

AV AT PR AT LA 8 2 B U AU R 5



5511 4

RIS SC, 25+ 35 ) B FHT DS T HR AT 11 3 7 8 42 T O 5

- 1319 -

LR 5 0 AU E, B — 52 0 01— 4
B BLRI B T, i — A 5 7 1 2R G K 4 4 18
U AR, A P P 2o R 8 LB
PSO HEUBLVEE 172 U1 1E, 243525 56 KCHY e /I (A
SR, S S RO R LB R S S
SR L | B

u(k)

W Bl

[ g |

[Psosisp ]
CRE S Sanvs

u(k)—HIAE 5 3y, (b) —FoAn FHAS 5k 30 (k) — T
PAEF 52 (k) — AT HAE 5B R b 5y () — PR AR
ik se(h) —iR 2455

2.2 PHARBISHH TR
AR AR B (20 O A Al B 3 AbTAI L) 7R
FnIE 2 s .

o] - R, x
&2 SrTarp v i LR s 2 ]
O,— e A 0, —EAFH AR, — WA KL R,—& A
KR —ERALA

AU B R TR
R, + R, = R, (8)
Rz R TR A X A Y Bl L AT o3 A, n]
R,cos0, + R;cos0; = R, (9)
R,sin@, + R;sinf; =0 (10)
K2 ,0 AFIB 3 AR SE PR AR I SRALA F A7
TE R RN BEAL R T ) B 0 A7 7 AR GE Y 5 1 T
5 TRV b AR BRI B AR A Rt 2ok T 5 A%, A ) T 55
RBLA L DR, S 7 3 S7 SO0 AR TR AR PR R A HfE
JEE, [a] ik SHe S S50 52, 2 7 SR I ek (9 PSO B3940k

XZHSEGEAT BN

TENUE I T B, 4 O A FI B 3 Ab TR B 73 %
FUZEAT N AR , DU) 3 A 0 AV 1 4 8 0 2 LA [ Sy 78

et A BRI, 8 AR R A0 A SRR A T A, T LS 3 i
AN AT B B P ] 19 A2 AR LA, i Jmas IS (9,10)
RIATHE T i i R, (AR AR, IR T
cosfl, cosh;1rR, R,
[
P, 3] R, F1 Ry A7 AL AL, il 2o FH A%
SRR B AW £ 0, FIEFFRESf 0, BB
2.3 SEHPAREXRHEINE
SRR SR S8 3 R o

sinf, sinf,

HETTEEeR

o it ek
CIRAESS -

T /.

R

EENES a0

EHWYEE 3 h R SR &, PR T T U
0, A 60 [
SR B P RSSO 1 PR .
®1 ZRFEESH

LT S8/ p Bl
L] R,/mm 36. 72
EF Ry/mm 244. 16
LI ECE oY r/mm 4
el 5 HER O e/mm 0.1
it A T m, /kg 0.32
FEFT BT m,/kg 0.175
WP m;/kg 0. 895
HiTAV % Bl 15 J/kg + mm’ 1187.5
HEFF G A J,/kg + mm® 4749.2
T e L A v 4 R /i 0.04
ey SR E R R f 0. 005

1A TR AR MRS £ 3% AT 000 FF i S5 72
MG RAEMIFE N 0. 005 s, B [H]2h 60 s, fikf
BN 5 r/min, B ELEE R 0.3 VIO

e FESEE - 5 R 5 |, 25 a7 55,
FEARAF AR A9 5250 KM

Jr A5 %) S 56 AR 2 A% SR A A o S L R L
DAL, 6, F1 6, O FAEE B

6, = w(0.25V - 0.625) (12)
s V— i F 1 B ) B o F PR AL

Ee¥n A BE S, VT LA AR 2 ARG £ 0, GEATEE ff

0; IFIAIFE R, SR Z A5G 5 o



- 1320 - N i5)

T & 37 &

2.4  ZEEERBRIESHIHATTRE

o [R] B AR T AL 0 S EOIFR UL SR AR

(1) REUthiREL fa 6, EFFHE A 6, IS8 R,
X3 A AR SR AR AT 9 12 000 2H %4 4 i3
B 6, 16, 1Y IESXAE AL AE  ME A

(2) FEHER T 75 B e B2 R e, BT el E 1
PSO %3 SHI'Y Ay — BERhRERLAS M HR 50 b s 45
RIRL 450 D = 2 CRAGIARIEANED) 4T W T
Wk, =k, =20, FEERE.

%jti%-/fﬁ Yk%’& tmax = 2’00 sWhax = 0‘ 6 s Wi = O' 4 ’
XN BE PR f ()
f) = = 1 (13)

Z]C[yl —f(ui,ﬁ)]z

ey, — RAEEIE 5w, ,0) — FERSEOY S
C— KT 0 MHEGu,,0— FFHRARGE N A SEG
E— HbrR%EL

FEIXILE FLf () B {E0E5, 1 2 /)N DU o
K, W T2 T RE AT, R 225

(3) Fwtn itk MARRAL (S ~ 7,13) H,3F
SR A N (R, A A B SRy iRt A Phest, (1)
2 el Gbest, (1) ;

(4) 2 BRI B2 A A v ARO6 R MR HEA T HE Y
FERRHEA(1,2) ST Hr AR Y 3R R

(5) HCHE 3o o T00 B, 1A I B R f ()
AR 5 24565k ARFN K + LARARE B JEE R/ (v) <5 %107,
E < 107 B 45 18R, DL s 08l ;

(6) N R ML ER(3)  JEF R, #47T F—IRiE
(A= Pee o UE T 3 N Y AW € G R
O T R AT A 2R R S BRI , AR R R, A%
FHREE Ry MRS 4L
2.5 PHAZERASH

W SEHEE IR E R, AUEFTKIE R, 1CA
A1) i BRESARE R, AR LA,

KSR PSO S 8090 A ) 25 5L 0 S 45
XFEL AN 4 FTR o

4 FTLAE SR FHEGEE ) PSO BT HER A9 B
NiFE Ry {7 FLAE S5 S iy i A9 T SRATLAA 1 32 Bl T
() AR Ak R AR S — B o (R 2 7 W B 1) f 3z B 3T
o BB O 1% 25 I K, TR B R E T 228
0.314 026 mm, &b FAFRMEEZ M.

REECHERY PSO B3k DL R AR 3k | 2 2 [
iR A% Ge i PSO B85k XoF 25 8] Bt il A 1 R LAG 154 7
HER ARG PSO B3k v i) Ja 3B e AR 1 A 45 6 O vk

---------- SELE R |
— BHEMIPSOFFIRGE R

R F% s/mm

0 2 4 3 g 10 12
th 45 £ BE /rad
K4 BRREEFRSI S RN

MGG T A T4 T B w SR FHE(3) B BR
Iz Ah, HoAt SR 5 etk i PSO SRR —3L,
SR PR A 58 1 5 vk B 45 B A b 25 2R ik 2
Jis o
F2 WEEXITLE

PG L afiss Ji% HEARKEL
(NGRS 0.024 7 0. 008 9 125 ¥k (Wesh)
SO 0. 007 6 0.002 1 60 7k (WE)

12 2 W1 PR PSO B33k BRI R ™ A 1 1R 22
AR, e SR HT it (4 PSO B3k AU PR, ik
SEE W AL TSR PSO ik

Pk, 55k AL G019 PSO S AH L, SR A i itk
(4 PSO S83 X8 55 [H) Bt i Av 3 BRALAG A T 90, OS2
B B B Ol e

3 A Ial Bl AR T AL B S N
1o 42 A

3.1 HENEBEH=SENIZIT
Sh A B 1) Bt R T LR ) S RO R 2R AL O
B RGN -

i = f(x) + MW(x) + G(x) (u+ F(x,t)) (14)
o RASAE B s u— P AR B o f () — FEAEHT
Mg M— i e R ;6(x)—g,(x),,8,(x);
W(x)— RGAELEH M F IR E T F(x,1) — RS
ARB R PERIA

FEE1 XFm=(14) Posi RS, B AF7EIE
SEHMEP = PO = Q"X > 0 iR K, 7] UAfFS

P(A+BK) + (A+BK)'P + %PP +

XN'N+0Q <0 (15)
W) 3 S R A



5511 4

RIS SC, 25+ 35 ) B FHT DS T HR AT 11 3 7 8 42 T O 5

- 1321 -

TZY(q"j,‘jr,ér>(9+u1>_K5+u2 (16)
i g— WHRABLES s g— IRV EE 5 q,— BIRRYTHE
YA 5.q,— SR 09 18 B BT 5 q,— S B2 B T e sk
& A—diag[ A,---A,] > 0;K—diag[K,---K,] > 0;

GGy - AQsd,—iy — A qsq—q — qusT— S Y () —
B ) A P B L e [T e 3 B— 5 R S 1R
DI F 25 R PR3 R G MR R 1
o u, i w, A
L R LB ST
ol Y'sl+ g, palsl+e
K1 is— g + Agsp, po— SEHRE 0 SHNR T4
jj%E Tq E/‘JJ:EL;S] s jtﬂ: 0 E‘Jﬁ%&o
1 SR B A S R AT LR N

b = £(44+94+94+9-9) (18)

PEA(16 - 18) ,ZH 12 MATLAB rh4i5 1 AH )Y
A M-Function pRECCA:, ik A F] Simulink 54 T i
H s AR 28 5 P A7 S 50 %) A o LS Y B 2
B, rT IR AR P U RO FR(E 0, = [6,,0,] =
[6.53,2. 17 ] I BRAGIIERNIL Sy ¢, = 36. T2c0s(6.531) +
244. 16c0s(2. 17t) s I BB UG E N O rad/s , HI 4L
41 rad,

F 3 1 R A A 1 SO E N K = diag (30,
30) ,A = diag(4,4) ,p, =6,p, =10,e, = &, =1,

BB A A TR AR B BRI 3 7 o
ARG EAER, i S PR .

K5 AaE R B

T S G TR A ) 4 B B R T, A AR TR B
A T SRATLAG SR G s A e b, I AR R =R s 1Y
THRIT T HAE S, B
6 O0<st<m
-
0 w<t <27
3.2 ERERKRSH
A S A S, DB AR T BB Y
FEHRIBOER A 6 FiR
MEL 6 W LIE H
HY T 1 2257 5 A ) 4 1 A (45 5 ) Bt A7
T HRHLA 2R G R 22 28 A, WA BIC BE EE P, Fe iR

(19)

—— R B
] I B 2

REME

ith A A BE /rad
B 6 fahl s xt b

ZEMEOR Y 2 mm FEARN 0. 98 mm; #24i (1915 5 B ER
W T 51% 7247, A B T R GRE PR A 2%
.

PAEZERRIA 2 BT 1 E D 5 4 il 0 o
B2 e 7 [V BT A T R ML) 2R 8 ARG A K

4 ZERIE

B X ARG R ] R 5 | A ) 3R e R T K
FIAT SEPEFRAR A 1) 8, 28 4 i T B Y PSO Bkt &
[ia] B A e AT LA R A T T AL, Il i B T 7 A )
25,07 FH IS B R S R T T RME

FEFRLGERWT

(1) 54&5: 004 PSO BkA EL , 78 X6 2 a) B il 47 T
AU S BT R G HER A 05 B2, R ek B9
PSO B3 1T LA 4 b fin s 2 A5 A, 8 v ki R e R
FRPRG E , F R T 8 <7 A 0 R 92 00 455 S £y 4 22
Jib T B L 22 P9 5 1 FH G ) PSO Bk A T R G
WAL GE R B 2 LB 1 A T 5 S, X6 TR S s o
FLA BEmp N A, R 52 2% A B H 2 46 1) A 42
HET R L

(2) T4t 1) [ 3 7 45 42 ol gt o [ By >F 7y i
ZERMEE T I AR 2 1 AT, WS TP, 4 11
155 BREHS  E3R  T 51% A2, R Ze A& ik
B R G IR 2ZEAMERR A T B vk

S 2% 3k ( References) :

[1] SALAHSHOOR E, EBRAHIMI S, ZHANG Y. Fr-equency
analysis of a typical planar flexible multibody system with
joint clearances [ J ]. Mechanism and M-achine Theory,
2018(126) :429-456.

(2]t Fv, XU, iz 3 @0 e BT th AR SRR 2 sl R Y



- 1322 - N i5)

P 37 %

[3]

[7]

[10]

)] HLHE TR ,2017,46(4) :91-95.
AMIRI A, DARDEL M, DANIALI H M. Effects of passive
vibration absorbers on the mechanisms having clearance
joints [ J ]. Multibody Sys-tem Dynamics, 2019,47 (4 )
1032-1037.
QIAN M B, QINZ, YAN S Z,et al. A comprehensive meth-
od for the contact detection of a translational clearance joint
and dynamic response after its application in a crank-slider
mechanism[ J ]. Mechani-sm and Machine Theory, 2020
(145) .274-281.
ERSIN D, DELICE D, IKER L, et al. Analysis and robust
position control of an electromechanical con-trol actuation
system[ J |. Transactions of the Institute of Measurement
and Control ,2020,42(3) :628-640.
CHEN Y, SUN Y, YANG D. Investigations on the dynamic
characteristics of a planar slider-crank mechanism for a high-
speed press system that considers joint clearance[ J]. Jour-
nal of Mechanical Science and T-echnology, 2017, 31
(1),75-85.
BRI, ARG, A i, 2. BRI R 18] B A 25 18] B L
MEhAFEPE [T ], WK 24l To2 R, 2020, 54 (2)
348-356.
SRR, T W, X0 o A, A ORI i TR A 5 ] B
BRSO E ()] k8l 5 b7, 2019,38 (11) 1 132-
139.
A B T8,Br 2 [AIBREREHE fih DX I R A - %
VAR ) AL e S8R A 73k [T ] P22 5238 R 52441, 2020, 54
(3).41-48.

PINREH , R P, B I Dl e AL 3h i &5 TR BRALAG Y

A5 A=
BEARSC, TS B TR AR D bILAS 3 R s e (U] B T2 ,2020,37(11) 1317 - 1322.

XUE Shao-wen, LIN Nai-chang. Adaptive robust control of crank-slider mechanism with clearance[ J]. Journal of Mechanical & Electrical Engineering, 2020,
37(11) 1317 - 1322.

(11]

(12]

[13]

[14]

[15]

[16]

(17]

[18]

o [T]. ik sh 5w, 2014,33(23) : 160-164,
183.

PR H, TR, 4 B i i LA 18] B B
ASEBEAT R AR [T]. db o B TR 4 % 4, 2017, 37
(1).15-18.

CCAIG W. REYNOLDS J R. Ortaldo. Natural killer a-
ctivity ; the definition of a function rather than a cell type
[J]. Trends in Immunology, 1987 ,8(6) :172-174.
EBERHART R C. KENNEDY J. A new optimizer using par-
ti-cle swarm theory[ C]. The sixth international symposium
on Micro M achine and Human Science. Japan:[s. n. |,
1995.

SHI Y,EBERHART R C. Empirical study of particle swar-
m optimization[ C]. Proceedings of World Multiconfere-nce
on Systemics, Cybernetics and Informatics, America; [ s.
n. ],2000.

SHI Y,EBERHART R C. A modified particle swarm opti-
mization[ C]. IEEE. International Conference on E-volu-
tionary Compuation, America:[s.n. |,1998.

W PRAE, BV, /NIRRT SRR 1 2 ) B it A
HHHU B AL ST [T ]. HLIRAZ 3y, 2017 ,41(7) : 126-
129,159.

SHI Y,EBERHART R C. Fuzzy adaptive particle swarm o-
ptimization [ C ]. IEEE. Int. Conf on Evolutionary Comp-
uation, Seoul , Korea ,2001.

BERGHUIS H, ROBBERS H, NIJMEIJERS H. Experiment
comparison of parameter estimation methods in adapt-ive ro-

bot control[ J]. Automatica,1995,31(9) :1275-1285.

[ 4w - 5 BRAE |

(ML T ) 2435 : http : //www. meem. com. cn





