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Kinematics analysis on radial envelope forming equipment for
thin-walled high-rib cylindrical parts

Jin Qiwei, Zheng Fangyan
(Hubei Key Laboratory of Advanced Technology for Automotive Components, School of Automotive Engineering,
Wuhan University of Technology, Wuhan 430070, China)

Abstract: The kinematic analysis on the position inverse solution, singular configuration and work space of radial envelope forming
equipment was carried out, and the kinematics model of six-link three-degree-of-freedom parallel mechanism was established by the
closed-loop vector method. Then, the singular configuration was solved by Jacobian matrix, and the work space was solved by position
constraint conditions. Furthermore, the kinematic characteristics of the six-link three-degree-of-freedom parallel mechanism were re-
vealed. The mapping relationship between the position of driving slider and the posture of envelope roller was established to obtain the
expressions of displacement, velocity and acceleration for the driving slider, and two types of singular configuration for parallel mecha-
nism. Finally, the influencing factors and constraint conditions of the work space for the mechanism were analyzed, and the work space
of the parallel mechanism was solved. The kinematics analysis of the radial envelope forming equipment shows the feasibility of the cur-
rent configuration and motion parameters. When the swing angle y of moving platform is the smallest, the parallel mechanism obtains
the maximum moving work space. The above research provides a theoretical basis for the motion control of radial envelope forming
equipment.
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Fig. 1 Radial envelope forming mechanism
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Fig. 2 Radial envelope forming equipment configuration

(a) Arrangement of envelope roller

(b) Overall configuration of equipment
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Table 1 Equipment technical parameters
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Fig. 3 Schematic diagram of six-link three-degree-of-freedom

parallel mechanism structure
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Table 2 Trajectory parameters of motion platform center
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Fig. 4 Kinematic analysis results of sliders

(a) Displacement  (b) Velocity
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Fig. 5 Displacement curves of sliders and difference curves between results of ADAMS simulation and MATLAB calculation

(d) Displacement difference curve of slider 1

(a) Displacement curve of slider 1
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(b) Displacement curve of slider 2

(e) Displacement difference curve of slider 2

(c¢) Displacement curve of slider 3

(f) Displacement difference curve of slider 3

J=A"B (11)
=K a;=A,-B,; bi:Aiy_Biy; ¢,=A.-B.; d;=a, -

[ B!, + (—sinacosB) +B), + (—sinasinBsiny —cosacosy ) +
B’., + ( cosasiny — sinasinBcosy )] +b, + [ B, -
(cosacosB) +B’, + ( —sinacosy +cosasinBsiny ) +B’, -
[ B’i .

u

( cosasinBcosy + sinasiny )]; e, = a; -
(=cosasinB)+ B; - ( cosacosBsiny ) + B’ , -
(COSOLCOS,BCOS'}’ ) } + bi . [ B’iu . ( - sinasinB) + B/L-r .



170 B & A 549 %
(sinacosBsiny) + B, (sinacosBeosy) ] +¢; « [ B, - F, b, 0 0

(_afﬁ)+if. (~sinBsiny) +B., -g—irﬂi?y>1;¢;= R P P "
a, * '+ (cosasinBcosy+sinysina ) +B;  +(sinacosy-

it LB, nBcosy+siny Y rl Lo o s

cosasinBsiny ) ] + b, [ B, -
sinasinBcosy) + B’ + ( —sinasinBsiny — cosacosy ) ] +

¢, * [ B} (cosBeosy)+B], + (—cosBsiny) ],

4 NEAZ B @AM TR
i)

AT SO S M s BB AT U RS, MR A
PR Z S E B By 225k 9 5 Bk R S R, DA
LRI AT S, XTI S, a=8=
0, x=0, JFHIRE S Z M6 & T Z0oY F i xf
PR, AIfRIEET A 5 B 5500k .

( = cosasiny +

E, b, ¢ f
A =Es|=by o f (12)
Es bs s fs

K. A, AT b, o f R, B, KT b, 1)
FilE; E.= (b, ¢, f), WHEi=1, 3, 5; F, =
(b, 0 0), F,= (0 b, 0), F.= (0 0 bs),
M det(A,) =0 Mok det(B,) =0 Wor s
[ RS, AU L& K A4 5%
SHAERE B, 5, det(B,) =0 JBSr &R,

(14)

M b,=A,~B,, K, % B, BT KA
LA
(Aly - Bly) (A3y - B3y> (AS) - Bs;) =0 (15)
LEEHUIA L 3 X AT KA S S B,
AR IR AT AR A 6 R, Sk iz 4 AL
B, BAEREKSh AL A, PRIIE 3 XA
I H T Iz S A AL

by~ by bs=0

(a) %M1, 2 EH T3 i

(a) Connecting rods 1 and 2 perpendicular to motion plane

©
Ke #LARAIE 1
(b) A3, 4 FH Tiazh ¥

Fig. 6 Singular configuration 1 of mechanism
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