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Synchronous fuzzy PID control of crane
double-motors based on improved PSO
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2. Education and Training Center, China First Automobile Group Corporation, Changchun 130013, China)

Abstract: Aiming at the problem of double motor synchronization error in the hoisting process of hydraulic lifting system of heavy crane, the
double motor synchronization control strategy was investigated to ensure operation safety. The dynamic characteristics of the main components
of the lifting system were analyzed to determine the control parameters. And the update strategy of particle swarm optimization algorithm was
improved by introducing the method of storage vector to solve the problem of "too premature" . After that, the improved particle swarm opti-
mization algorithm was used to optimize the parameters of fuzzy PID controller. It was helpful to solve the problem that PID parameters could
not be adjusted online. Based on the cross-coupling control, the proposed control strategy was applied to the lifting process of crane double
motors for improving the accuracy of synchronous control. In following, the simulation and experiments were carried out with the hook inclina-
tion and motor outlet pressure as the control indexes. The results show that the improved particle swarm fuzzy PID control strategy can effec-
tively control the synchronization accuracy of dual motors and have strong anti-interference ability. Comparing with other algorithms, the con-
trol accuracy was improved by about 60% . This study can not only put forward a new method to improve the accuracy of dual motor synchro-
nous control, but also provide a theoretical reference for the design of crane control system.

Key words: heavy crane ; hydraulic lifting system ;improved particle swarm optimization( PSO) algorithm; fuzzy PID; control strategy; dual

motor synchronization control

K AR 2021 —-12 -22
HETH . H WA R R R % BhI5 H (20191006016 HJ , 20180805062 HJ )
TEER N . FM(1985 - ), @, iL T RAMFA, I+, SR TR, FEMNFBES AL AP, E-mail ;linannanl 11@ 126. com



555 1) 25 M AR TG PSO A FE ML, Ik [ AL AR PID 2] A1F 5T - 701 -

0 51 5

e i A | WSS O L R Vi N 1 2 9 A o1 3
T Sh IR SR AL AR T 7 5, DARA AR 7 o AR v ) 2 4
PEFIAREME MR R, P Ik Y [R50 2
SRR E L AR A B AR,

TR R UL 3l ootk 45 ()8, PR Shak i
Mo MU 22, AT S B FL AR, 77 A2 Bl
HE R R, W R A RGN TAEMRE KT 47
DR, T T AR A R s SR s A A
IR PR S R A B, IR i S LAY TAESCR

EEIVEFRGRE 286 AN E &R
Gt LS50 PID 4551 th T IovkSE a5 28k, B A%
RS RERAR, AN RET & 00D A 1Y [ A s il 2R

R, 2 E AT R AT T e (R T R G IR
AR AT 20 0 AR . a3 T AR
T SRR, B T — Tl Rl R ASORY e 2 X 246 42 il B
HUSSIEN M 25 A7 T —Fh 32 45 ik RGeS
PID # 6 Smg , T+ R G iy = RS B A i de s, #
a4 N TR O A 1 7 3, BT T — R SR
BEF g, SCIL T X AU 6 4 W 3k R G ) ) A0
il BT N ST T R A LR A IR e 65 3h 2
R FFFELRG 5 I8 T WU & R P sh 5 D 2 i 2
fili b i T —Fh AR 1 A Al N A Rl 2
Zei) 2210 DL YR Sk B R R G R &
R F VR A IR R A5, 2330 36 1 1 35 I AR PID )
H PPA ] 5 A A 235 o 45 Tl SR ek, X 72 157 B 3R e
T TERATI R,

F T 45 R4 i) O =X T A 2 RS HIL A, 25
T[] 20K 52 30— 5 0 1T AR 0L D) 1 o) e S
R, HRCREAR; 534, Han 2888721458
LT, HEZHCR AT BEUE Sk 454, AE A E A
A E ALY R E A T ALK

S, HETER X S AL B - R 1K [R5 4 il 4 BE
LRI BT 7 s W A AE— A B

KL , 283 75 2 2% A BF9E ORI 6T L BT X
JEAR BARZENE B AR R o5 it — 2L e AR
PRG35 [ 204 RS B, % S B oo 14 19 3l A Rtk kA 7
AT 3 B H — I T ol g RO AL (TPSO ) B AL Ey 3k
B PID Fa i S , 5230 PID #2 h S R0 sh AL IE 5 [H]
AF, 3858 SR A4 il 30 00 34 [ A 4 o R SR ik
T BRI A SY , JF 5 HA S L A T X5 L A, DAY
B UE BT FH 7 2 A R

1 BT RGERIE gh 3SR ot

1.1 EARZEMRIFE

EH T Y AL R T R S8 i A 45 A A
(] ) HE SR LA S B B kg D S
FAU AR, 1 R,

B 1 REHL DA T RSG5
1—HE Y MM 2— B R 3—EF Dk 44—k
B 5B A ;60— 4D

P 1 ] L S T 3R G S FR P 2 A ST 1Y
A IR O B, TE REP ARSI 8 R T R 58 i
s TAE ; R AT M 2R I, Y I 28 AR 38 2
TAE & 53k 3, &l g5 LM 5 3K 4 6 58 i
R TAE ;A8 i 55 i HE SRS AR 1 985 R A
REAS AR S I HE I, NI EACAS HE A S 3R i gt ik, SN
G,
1.2 EEFESHT

KT BT TE R G0 S A R, T X [ 2
P RS B S80S S R AT A, DA A o () 26 1 ol 245
B HIFE bR, 1 B O e ) T AT AT
1.2.1 RAELZHEHME

At A ) HE R ER A TR R R A e T
il R AL R — RS R LR S, AN IE 2 B

14T Iﬂ_“

K2 R A5
PET 2 v, 0 e A2 i T I 1) A5 A% sk, P it
AR EIMEL 0 26 e s 1% ZE n A7 iz 8l i s 28 i R
R AR ) 300 R o e, A% e A R R RN i
T BEZ D ;s [R]E FE AT A i R b, T
it B 3K (0 5 s/ ) R TSR T B
UL R AL 1 i i e R
dvy, V, dPy
di +,8T' ds

CiPp - (Cu+C )P, +Q,, =4 (1)



- 702 - L H

thZ Vh2 dPhZ
dt +E T d 2)
Q) , Qp—HE RGBT V), , V,,— IR AL
HEHE RN B0 B S B P P — R G 18] 3
(IR T15C,, C,—RIRELIN S R 80GA—TH 28R A
HOTAETR ;B — T AR A TR AR
WL 2E 0 P A 5 RE D
d’x, dx,,
=mhf? +§$+Khxh +F (3)
S, — 1 95 ST i K, — e TP RO
E—MMBEVEBILE B8 x,— 16 SEK T 7 6 1 (5 F—

Chi,Phl - (Chi + Chc)PhZ - th =A

A(Pm _th)

TG FEZBIIMAET] .
1.2.2 REIEH) A3 ARk
(IR iR SR
d’x, dx, .
m, e +M§:/\il—)\4x,, -K x, (4)

A m,— 8 BT A o, — O w—PH e &R AL
AU I a5 5 K, —45 ) 5 A I 5 45 i H O
AR IR
1.2.3 ZTERHEHFHHH
A R R R
D =k0 (5)
K. D, — B MR b, — 2 R R 0—%
IR BRI
RS TR .
Q,=kbw,-C,(P,-P,) -C,P, (6)
Ko, —ZBHEHE;C,, C,—EHEEN It 5
P, P, 2w AHE MR,
1.2.4 RELAFHEHFME
W ik i i 2T R
Vv, dpP,
48 dt (7)
KD, —HikHER 0, — ik ¢, — ik At
RV, —SIRAER P, — ik ik O KT,

2 Pl A5

2.1 RFEEZE

B HERL (PSO) 25 T SR & 1 s R Ak
IO , FEH SRR T 3 AN W R R A A
SIS~ B AT A B

PR T BAER— N 4E23 18] 1 i 1) B, 1% «
v ARFHRLT 0 B 2S )7 B AR B, I AE ¢ 220, kL1 1Y
TR b ] LA T

v, (t+1) =wv, (1) +er, [ py(t) —x,(t) ] +

dé,
Qm = Dm W + CmIPL +

T 12 %395
chZI:pgd(t) -2, (1) ] (8)
w0, (0 +1) =2,(1) +0,(1) (9)

K p, (8) g () —t I 204 A B P it 4 )y d5e £
fift s d—Y IR FII4EE, H d = 1,2 Ny o—hi F 1
PERE s ¢, 0 — R BT B9 22 T I 55y r,—[0,1]
Z [B] 3 5) 43 A R BRI
2.2 MHMFHREL
TEB S FE b, PSO Sk Gy B A il R
(UL (57 " R A B8 52 B S ] DR) O 5 2 %o i
Tyl
WAL 0 MG & X TR R AT
B SR, WA
0=p, - x;
xR0 TEAH R I 20O AL
FEAFA 1) 2 AR bk 3 R 6 TR 1 B
M HEATECHE , 97 Ok 7 48 RV i e o B
[m] 7, B
wlv, (1) +¢,r,0 +62r2<pgd(t) -x,(1))]
v, (t +1) =5 0[v, (1) +e;r, (py (1) —2,(1)) +
Czrz(Pgd(t> -x,(1))]
2.3 ET IPSO Hy4R#) PID =
&4 PID 4= HISSHI TR B T2 (B2 S HORREAE
LR, FIr AN P L 32 31— e BRI A AR HE B AR
FHT PID 20 S8, T LARHD R GE R S48 874
AT A AR AR R 22 BB AT R e S B, (HU A8
RIREI I E A2 B RS, ELe RS R
K TIPSO X SR J e Bt AT LAl , W] LR R 2 =
RGWSGHE | DO PID 38 170K ), Hp Ak 4
TR RS,
(PR S 8, 460 18 N B PR AL 2 2]
ERCCAR/ €O TR RINE UL G DALY 2 V¢!
(2) 5351 BT 3 0 B (i a2 T IR A
A FEAS B0 A I i 25V R 0 A3 1o B 8, % A 28
HEAT R ;
(3) HEBEACE I (8 ~ 1) BHTRL T 24K
(4) BT 5E e, FHIRE T 1 2% T 45 FR o) A5k 45
il g P SR B BRI BT AL, 45 1 2% 2 BURE 68 S i)
S T4 Ak
(5) FUBTLE LA, W JE 2 A s SR DR A, 65 D) 40k
SEHHRL T S8
SEARE R Rk R 22 e Filfin 228K ec
NPT SR AE i (k) ke, R R e S
N i H 2 ARSI 5 R FH RSB R DU ST, AR 4

(10)

(11)



555 1) 25 M AR TG PSO A FE ML, Ik [ AL AR PID 2] A1F 5T - 703 -

A it 5 PID 62K, RN R ZE LA 1P-

SO AP PREL, TR T3 I B, IR AR 10 3al A B

TR, SEBUG R PID SHU0IL, IR = R G,
IPSO 4] PID il g% JEHL 4N 5] 3 Fios

E

EC | BeibhivREF:
[—>

%@WtJ K| K| K,

(1) * e
—l
- L’{ d/dt

3 IPSO #ofy PID 57l 2% e 3
3 fiEr

3.1 BEHAXNRSH

TEZ W Eik A0y #E  Jr 2Urb, B A B imiAT
(%) SR iy X A A 32 DA T R 28 SR A5 4 ) 7 e
(g1 o BN L T A EREX (S E o By eiil B i
AR 7 2K J5 2 MRS A R — 15 55 AR 256
B 3= R iR A i 25 B AR A BRI e A i 4 o
J7 2, A B[R AL e B Y

28 SR A ) = iz R R O R B b sz gk
IR ARG AL, BRI, 2B H LA SRR
R 7 = o R DL AR SO PID 42 56 5 W iy
T EEA Sk FRE R RS0, ik 4 s,

e[ Bo_| dot TR
Bt | k| K| K,
0) *’@ el ec u(?) ()

it u(?) »(0)
KUBIPID fifiles — | il RS T

L_@ BOWIPID s — FHDk
0
l ®
- T ATk
A eV ec u'(t) (1)
wmie | K| K| K

E| EC l::‘ WK T RESLS
4 3 A R P il A (A
R T BRI R W A A I AR T R G
ZEA S B R , 24 2R S-function PRELS S R T
BEEYE  7F MATLAB/Simulink 155 th %1 6 T R 48

B ERL AT B, L RIAS BN R 1 s,
*1 HESH
SR A Bl SR A Bl
& /?HPW,'%%)E 1200 | SRAEHIA/Hz 50
ikfER/ (mL - 7)) 160 EAREL 100
TR A R R R
J(mL - 1) 135 BT HE 15
HEEHLE D EEN 120 R AN 0—1 000

3.2 BMMEKHFEE

S DV B BRA 5 7 & Gt A A5 2 5 B 45
A 52k AT PID 589 Fuzzy PID 59515 3| 1Y 45
AT, e 5 PR

1.4

| == PID
== Fuzzy PID
=== [PSO Fuzzy PID |

UEEREES

1.0 1.5
t/s

El5  HABERAE S B

MELS WTLUE t 7E 3 Rl 5L, 1PSO Ptk
BB PID 42 i 530k e 2 Sl B P BRI /)N | B R PR
AT A5 WL 3K [ 2B 4 il K
3.3 m#IAGE

) K [ 20 0 S o2 ffT 4% K 0 A i — 3
I, FEA)T B (B 45 4 T A LR A 3k AR ] D T
DLRE B 6 07K A e bn A T AT

R TAEF50HT, 268 PR AN 22 48 00 R K 8 AN —
B 4 EESF B S5 A — 2 WA E, &'
o =5° i EIE] R 8 s, 437l >R FIBR PID 45 1 IPSO
BR PID #5204 705 BLXF EE, 45 SR A& 6 i .

- B PID Y
— IPSORLHIPID

t/s
Bl6 I fiifn iy Eas 5

HI 1l 6 AT R [ A I s 4660 0 £ 32 47 ok
AN, ELARGREPA, R A A BRI B
Z X JE TR RGAEAE sl P sh At (H AR 5L
I

PR ) 5 vk S e A RS B A0 4R ] (R
PID #5356 7E 3. 8 s iR 2P, 17 IPSO B PID 45
Hl SR AE 2. 6 s IRBIPAT, HLHR % 18 5 /0N

AT UL, TPSO BER PID 42 i 5w HL A AR b Ay 42 il 34
0 TRIERG B R

4 IR
S TR B AT R R LR



. 704 - L )

R R TIR S Y

X ik LR A R 22 0, 208 4 77 A — S 1
Wi s, 5 R B E MR, - RBU BRI A E A R gt
IR I A —3, T MW A A s h A SR
&I PR B A O R R S TE bR
HEATRIESE ) A 22 15 = 42 il 42 1l i ) F 2 itk 2 1
SEHES  SE TR S H Ik i e — 3k,

RITE 3200 t B AL FE AL L #E1T, FH MATLAB
Xof Jer A AR ) 20 o 8 B s R A 7 G, A s R 1
RERE DB TR 88 5 I a8 SURSOR] 1~ 45 F ] 5 AEA0 A0
W], I sh 2S5 % PID S5,

EH K 16 8 B RE ST RE , EE R
LR 11 A3 ) e s s R R 35 MPa 19 R ) A& s
Sy ITEZS OB 180 ¢ AP T30 T AT, IR 45
5 R B PID 4 ] SR W SRAR () 45 A T L

TN RIS R i 7 FiR

10
st
<
=
&
R4t .y
H — FBGk
L ‘ — B SR
o
0 10 20 30 40 50 60
t/s
(a) Fuzzy PID#:H)
10
8 L
£
S6r
5
mAr — BHDA
— HAB A
Pas
L
0 . . . . .
0 10 20 30 40 50 60

t/s
(b) IPSO Fuzzy PID# i

F7 240 T i
L 180 t T8 T AR B A R Al 8 Bivi

30

25 F
c20f p°
=
15 |
R — BBk
Hiop — BIBD®

sk

0 4/ 1 1 1 1 1

0 10 20 30 40 50 60

t/s
(a) Fuzzy PID 54

AR5 AR

T i %3946
30
25 ll
g 20 ‘ ‘
S ‘
Q15
= — Bk
oo — EE T
5t
i
0 L N L N L
0 10 20 30 40 50 60
t/s
(b) TIPSO Fuzzy PID# il
B8 ME 180 t T.HL T Al R
ARSI

FERTR LT, A ) SR s # A A = | I S abs i
FEEAT (0 [R] 20K B 5 (H 5808 PID 5 i AH L, IPSO 45
B PID 45 e m 3 | @) 2 ik 2 ) A BRBETE 54, — 5
B R ) i 26 7E 25 BN CR 0. 31 MPa, #2 HilK B2 42 /5
T 57.6% ;i 24172 180 t I Y25 1K J1 0w 224X Ky
0.79 MPa, kG R T 62.5%

RIS R RPN, A B
PEGF A5 R AL
5 gk

AR R T R AR L A DL K S F
SERRE R, AR s [RD AR 0RE BE B AR, X ke AL
TR G R G ) A T T 5T, 08T TR TR %
BRI, LA E 1 AR bR S 500 YR RES IR AT T
Mok B T —FRhIET TIPSO BURERS PID #5151k 64
HAHFRENL ARG ; DL s A ik b
F 7 Rl b , R B F 28 SR A s il 5 Rtk AT 17
DB ANRIEISE . AT DU AL

() RF R ER fRL )G, e K &
U], kG A < i R Y B

(2) D ELZ5 W 1PSO #4541 S ms H A7 #5351 R
A e B B B RE S

(3) B 780 B UE T 0 A5 R IE M, Bk b
e g i 2 T 58 S5 R TR A e R 25

B TR R A RS B e R RIOCR AT A LA
T HAG AR T 60% iA , ik 5] T3, A 3L
Ik [ A il ) BRI TR %,

FEIRIG DR B0 £ AN 5 SR B TIOR3k 1
O SR A il Fehn , 200 T 0% i Fe LA (1R 22
DLRAR 2223 () s AR 0 | Rl e (e S AL T R i
G 27 B — e R, (F#£% 712 7)

2. AT PSO SR E AL IK R AR PID BTS2 [ )], AL TR ,2022,39(5) 700 -704,712.
LI Nan. Synchronous fuzzy PID control of crane double-motors based on improved PSO[ J]. Journal of Mechanical & Electrical Engineering, 2022,39(5) ;700

-704,712.

(UL T#) 2435  http . //www. meem. com. cn



<712 - ML B T %39 %

[10] CHEN Hong-sheng, NIE Hui-hui, WANG Wen-xian, et al. W ,2011,12(5) :512-519.

A novel neutron shielding AA6061/B4C laminar composite [15] M5 fd, St 37 BE 4 R K = e HLAon 1 A 5 v FH

fabricated by powder metallurgy ; “SPS-HER” [ J]. Journal [J]. 2a& AR 2012, (1) :158-159.

of Alloys and Compounds,2019,806:1445-1452. [16] Z=mute w90 18,55 HIPSN P& T/ 0L T
[11] 208, Woma, 2 B, % /INERE R N BEREPEHT FIHTIE IR ST [ 1], e PHER S R i, A R B

Vi e ELAE e SR A o [ 7] il HR S ALK ,2019,683 J,2019,183(6) :165-172.

(5):108-112. [17]  BERAS, KRR MR T B8 K k[ T]. b T3 &3
[12]  Pey & WA R AP R LBt [ D], KA. A ,2002,23(3) :12-15.

KIFH T K% ,2016. (18]  AARBL, JulRHT . & shAIL AT 37 s o A2 o R 245 40 DN 7
[13] P&, 2% i, Z254r, 45 WEThHT S 498 CBN 37 & FE[I]. HUAHIE ,2020,58(4) :2.

WA [T]. MM 51 ,2016,300(2) :81-83. [19] Ztak, JRaot, B . —FH TR BN 2 T RE/N
[14]  FREEVE, ZMEIN, O, 55, D78 2 b A 28 IO 85 4K BRI T [ T]. ML TR 4% AR, 2021, 50 (8) ; 240-

T PERe R 2 [T ]. AT TR0 . A AR 242.

(4mEE.H B

A5 AER:

FRIFGR Wbk, SRERMS 45 K/MEASEIE AR MBI REERTIE T 22 ()], HLIE TR ,2022,39(5) :705 - 712.

YAN Zhao-kun, YAO Xin-gai, GUO Rui-peng, et al. Process of magnetic honing for long and small diameter stainless steel tube surface[ J . Journal of Mechan-

ical & Electrical Engineering, 2022,39(5) .705 -712.

(UL T#) 2435  hitp ://www. meem. com. cn

(3% 704 W)

BRI, e S Z2 B R b, 28 5 W 2 255 75 JE DR
ar TE AP 015222 DL AN 2 2a S IR I R LA$R
T RGP TG B

S % 3k ( References) :

7

(1] SKIRBI. JET CMAC B4 1 649 XL D 3k 7] A6 F AR W5
[J]. HUR S5 ,2019,47 (14) :163-166.

[2] DONG L, ZHU C. Distributed control strategy for large-scale
hydraulic synchronous lifting systems[ J ]. Proceedings of the
Institution of Mechanical Engineers Part I. Journal of
Systems and Control Engineering,2018,232(3) :213-222.

[3] #k B KREEWEERINEY RS SRES L3
HRIE T D] AR s E O, 2016.

[4] GOHARRIZIA Y, SEPEHRI N, WU Y. A wavelet-based
approach for diagnosis of internal leakage in hydraulic actua-
tors using on-line measurements|[ J |. Fluid Power Net In-
ternational ,2010,11(1) :61-69.

[5] CE M, WU Q X, JIANG C S. Disturbance observer based
robust synchronization control of uncertain chaotic systems
[J]. Nonlinear Dynamics,2012,70(4) :2421-2432.

(6] HAHTHI, UL T, BAJF3C, 4. WU AR A 25 19 2% 3 2 7]
AP ST EVREL )] AL TR, 2017,34(11) :1229-
1234.

[7] HUSSIEN M, HAMIDIA. J. Speed control of hydraulic mo-
tor system with swash plate DC-controlled pump [ J]. Ad-
vanced Materials Research,2012,403 .4828-4840.

WNERT , I AE , BAEER , 45, FE T RO A i A L 1
FEWE SRR 2RI (1], HUAC AR, 2021 (11)
58-60.
BT, ek e, i TRE, 4. 3T [ A N A Y R TR fR) R
e G R IRF AR [ )], WUE 5 5),2020(7) :163-168.
Z210) £5. AL B TAE G WU T ik R A0 P i SR e i 52
[D]. Z &5 el k2021,
LONG Ming, HU Ai-min, GAO Zhi-gang, et al. Velocity
and load characteristics analysis of pump-control-motor hy-
draulic drive system[ ] ]. Advanced Materials Research,
2010, 139(141) :947-951.
T A AR AR Tk RETER LRI,
TAESRI,2012,29(1) :4146.
2 B et QAL BT AMESim A9 K MY F AL
T RG] B HLIK, 2015,36 (6)
214-216.
seakse gk K. T bR TR LB PID #H S50
A J]. HEHL TR 5% ,2020,41(4) :1035-1040.
RSk, 25,8 B, %5 SOt Aok T REOS AL 1 AR IR
BOWIPES RGEATFFE[ T ]. B0 LI, 2021 ,42(5) :65-67.
TR, SCbelE. 7 U R R DA A TE R AL 26 45 ) R
SGOroR[T]. A S ML, 2021 (3) ;78-84.
Z/ME, TR St PID AR E L R
HILT]. 2 5 &AL, 2020(1) :55-60.
TARSE WHEE . FF 1PSO MR EIL T EFE R LK
TR PID ¥ 5E [T ]. ML T /2, 2021,38 (5) : 623-
627.

[#miE:H ]





