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Design and Optimization of the Wheeled Transfer Mechanism with
Movable Claws

XIAO Zhen—qgian, WANG Wen—ge, WEN Dong—ren
(Hunan University, Changsha 410082, China)

ABSTRACT: The dynamic analysis was carried out and the wheeled transfer mechanism with movable claws was
optimized to fit the servo driving system. The paper discussed the design process of the cam mechanism, established the
three—dimensional model, and analyzed the dynamic characteristics of the transfer mechanism through virtual prototype
technology. According to the characteristics of the workload, the cam curve was optimized using the genetic algorithm. The
dynamic fluctuation of load torque was reduced from 7.7751 to 5.6696 N+ m. The dynamic fluctuation of load torque could
be reduced evidently by optimizing the resistance moment, the requirement of servo motor performance was also reduced,
and the synchronization accuracy of the system was improved.
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Fig.1 The transfer mechanism of movable claw
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Fig.3 The three—dimensional models of the cam and the transfer

mechanism

3 fittidiz

FIFH R UREHL AT 45 F ADAMS X246 8 pE 4730 1
S0 AT, ARAS R AN R R LR 4,
FURAETER: | W B b, P AERE Loy A 184
TSR, BB 200 A 14, KL, 5 IR 4355 5
20° , 18N IE S A RS AR i A R TE K 5
20° ZHI—E, MM EE LR 5 A gk B oE 1A
JR AR AL AERS AR B | R R AR, M AP S
) B B TN AR Ak 18 ANl T o 2 8 1 B e A 1 AR Ak
T 9 15.8914~23.6665 N+m, F-2{E 4 19.0778 N-m,
AR NI EE R 7.7751 Nemo 558 17 2% 57 46 19 0% 50
TR E 35, Ik 2 e R, £ iR
BILII A5 F2 RS B AT, X ML PR BB 2R bl .
U, 7E PR R B GR A S5 M AR AR I FTRE T, il ad Ak
IECHLAA SRR A BT KA T R G ) A s i kG
LR o

24.001
21.75H

19.50

BE4E/(N - m)

17.25

15.0 L
0.5 0.553

1 1 1
0.606 0.659 0.712

M TE] /s
K4 i
Fig.4 The load torque
3.1 T EEMBARELY

Xt AU AT B 122 0 A, LB E DE Ak Be it
AT H B PR



92 u

%1

i 20164F-5 J

UnlEl s firos AEAN G IR EEE T IR DL T, (B Xt o
kA ST A B 7 -

F, = le,/(Lcos a) (10)
RE IR F ] EvaR e

M, = F,OKsin[y, - (¢, +¢,) ] (11)
GEREIEIF

OK = Rw,/(w, + w,) (12)
B (6) A (10)—(12), if 5

M, = I“’g““A v, (13)

A (10) 1, AEEFFSE B S B sh i, A2 R
8.332x 107 kg-m’c (1), y AN HLAA 1L 3h
o A3, A Vi Bl RS kAT SOV A% )3
A7 B P T A T 22 G 4 T R I

y

5%

AL x
// B
A()A w‘P / (6]
%0\ FAF,
/ 'y "
B, &7

K5 hEeHLI B oA

Fig.5 Dynamic analysis of the cam mechanism
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Fig.6 The motion laws of cam curves before and after optimization



$378% oW

H IRHC A - ST A HERe B BT St 93

Fref B (14) raesg 09 . Ak a2 JE WA 7,
B B AR AL TE N 16.2450~21.9146 N-m, °F
PI{H K 19.0673 N - m, 1 2% 3 20 18 & K 5.6696 N - m.

5 PR Y T B R AT LU, HAPBIEA U N
W, S BRI T R
22r
~ 21}
=
< 20b
z
= 19}
13
e
17
16 : : : :
0.5 0.5529 0.6058 0.6587 0.7116
] / s
K7 A B 5 AE
Fig.7 The load torque after optimization
4 #iE

H T sh I TR s e e B M AR LR, 1
BHIRDBNIREZBOR, ﬁﬁﬁ%%mﬁlﬁﬂ&%ﬂé@lﬂbﬂ*
KT ol X A ML AT BT, 2 A s
e, s i *%ﬂ,éAﬁrﬁi@M*@%liE’ﬂmjﬁﬁfr
BN AR B 00 3 R D sh s B S A F A,
“’ﬁﬁu%ﬁ%‘r{z&ﬁ%.‘iﬂfﬁnﬁ M5 2 B AL
A B R GERHA IR AL PERE K , 42 = R GERY ) 20
PG o

SE Lk

(1] FEEsR, B BT SRS i I 5 DU Bl i sh Rl iR 5 6
PRI, AL T4, 2009,29(6) : 117—121.
WANG Xuan-yin, CHENG Jia. Robust Control of Parallel
Four—axis Electric Servo Platform Based on Relative Coupling
Error[J]. Proceedings of the CSEE,2009,29(6): 117—121.

[2] FAYEZ F M. Adaptive Hybrid Control System Using a
Recurrent RBFN-based self—evolving Fuzzy—neural-network
for PMSM Servo Drives[]J]. Applied Soft Computing, 2014,
21:509—532.

(3] FRMT—, 22 30N, TR, S TRU PID 19 2 fal ik AL S
WA AP ARt T2, 2014,22(4) :54—57.
CHENG Si-yi, JI Wen—gang, WANG Zhi—jun. The Cross—
Coupled Synchronous Control of Multi Servo Motors Based on
Fuzzy—PID[J]. Journal of Beijing Institute of Petro—chemical
Technology,2014,22(4) : 54—57.

[4] PAULO F. A Computational Approach for Cam Size Optimiza—
tion of Disc Cam-Follower Mechanisms With Translating

Roller Followers[J]. Journal of Mechanisms and Robotics,

5]

(7]

(8]

9]

[10

—

[1

—

[12

—

[13]

—_
—
~

=

[15]

2013,5(4):041010.

RAMIRO H. B, FORREST W F. Optimizing Cam Profiles Us—
ing the Particle Swarm Technique[J]. Journal of Mechanical
Design,2011,133(9):091003.

AREH BO L. [z shfUg st Sz BT M
BB Toll i ikt , 2008.

Z0U Hui—jun, YIN Hong-liang. Design and Application In—

M]. dE 5t

novation of Intermittent Motion Mechanism[M]. Beijing: China
Machine Press,2008.

PR , 20, i VL. e AR ML T2 B i st
[J]. A% TR, 2011,32(17) : 76—79.
TIAN Xiao—hong, LI Long, CAO Ju-jiang. Analytic Design of
the Pusher in Cigarette Packaging Machine[]].
Packaging Engineering,2011,32(17) :76—79.
PIME, RIS, 5 SO MUARBRBRM. Jb T w5 2 207 AR
11,2006.
SUN Huan, CHEN Zuo-mo, GE Wen—jie. Theory of Machines
and Mechanisms[M]. Beijing: Higher Education Press,2006.
kA3, BRLA. HE T Matlab 42 A g3 THL=S [ A S 40T
B A% TR, 2014,35(17) :91—96.
ZHANG Shu, LYU Xiao—juan. Calculation of Parameters of
Spatial Cam Mechanism in Complete—automatic Binder Based
on Matlab[J]. Packaging Engineering,2014,35(17) :91—96.
W 8. 128 NS AP 5 ) A BT ). DL
S 5HAR,1999,18(1):78—79.
YANG Wei. Discussion on Pressure Angle of Plate Cam

Device

Mechanism with Oscillating Follower[J]. Mechanical Science
and Technology,1999,18(1) :78—79.

WOOK H K, TAE W P. Study of Optimization of the Barrel
Cam in a Paper—cup—forming Machine[J]. Journal of Mechani—
cal Science and Technology,2012,26(9) :2679—2684.
XEECy. T R BN DA B 1 A58 3 S AL R ) RG], B0
f#,2010,31(19) :63—66.

LIU Xiong—xin. Improvement to Regular Pattern of Uniform
Motion for Cam Gear Follower|J]. Packaging Engineering,
2010,31(19) :63—66.

MERMELSTEIN S P, ACAR M. Optimising Cam Motion Us—
ing Piecewise Polynomials[J]. Engineering with Computers,
2004,19(4) :241—254.

B, gk, SE T LS B LB R K E S8R &
$THE,2014,35(7) :44—48.

FAN Ling—qgian, ZHANG Wei. Optimization of Corrugated
Roller Tooth Profile Parameters Based on Genetic Algorithm
[J]. Packaging Engineering,2014,35(7) :44—48.

EWL, T, U, ST IR A I A PID $5
HISHCEEEL)]. 23 TR, 2014,35(23) :89—93.

WANG Jing, NING Kui-wei, LI Ming-hui. Tuning of PID
Control Parameter for Liquid Level of Liquid Storage Cylinder
Based on Genetic Algorithm[]J]. Packaging Engineering, 2014,
35(23):89—93.



