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The Development of a Sliding Joint for Very Flexible Multibody Dynamics
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Abstract

In this paper, a formulation for a spatial sliding joint, which a general multibody can move along a very
flexible cable, is derived using absolute nodal coordinates and non-generalized coordinate. The large
deformable motion of a spatial cable is presented using absolute nodal coordinate formulation, which is based
on the finite element procedures and the general continuum mechanics theory to represent the elastic forces.
And the non-generalized coordinate, which is neither related to the inertia forces nor external forces, is used
to describe an arbitrary position along the centerline of a very flexible cable. In the constraint equation for the
sliding joint, since three constraint equations are imposed and one non-generalized coordinate is introduced,
one constraint equation is systematically eliminated. Therefore, there are two independent Lagrange
multipliers in the final system equations of motion associated with the sliding joint. The development of this
sliding joint is important to analyze many mechanical systems such as pulley systems and

pantograph/catenary systems for high speed-trains.
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N1 C N2 N3 N4
Spherical joint Spherical joint
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Y !

f
ZJ——OX

Fig. 4 Numerical example for sliding joint
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Fig. 5 Y-Acceleration of rigid body A

o}-§-% | Ae} v}t Table 1 & A &3
ol d B AEEH= AolEe EHAE HAF
Rom, Fig. 4 olA A= EAHO Y& B
ZAZ n#stRqch. AolELE FHAZH 15
Zojolw A s W 942 FANAT Aol
B9 o E4dL& FHZE(spherical join)E T4
3t agla ZA A E ZNEEE MR Aol

2g @t o3 et

8 rr K

Fig. 5 £ A EdolXd =dd st 1 = F9
AAHAE o, AA A yUHF MEEE FuEd
odlA AGE 2 A ANATHY] vAste BAF
I Aot

AMZFNA & Kol HAAHoZ wlg u|
<3 AARE 2ds A% 5 AUt



1130 AZH - AYE - HH e - F7]okn} - Ay

N2

Sliding joint Spherical joint

Link

25kg
Y
+ K=2000
0.05m C=50
K = V=l mis 2 X
Ball
Fig. 6 Numerical example for sliding joint
40 T T
------ 2D Sliding Joint

30 | — 3D Sliding Joint |
3
2 20
g
g R
S 10t-4
< 2
L)
2 . l A ﬁm,-;v\. A,
£y VYW
> 10

N
)

0.5 1 1.5 2 25 3
Time (sec) i

Fig. 7 Y-Acceleration of ball (rigid link)

52 Aol fI& SH0ol= FAA

Fig. 6 2] Al E# oA R AolEL ue}
olFdte EAE 7 ZA, g4, ouy a4
Az neide B9 ARE U] % =g
o Z7IGHE RAFa Qith AqrA Aol &9
EAXE Table 1 I FYsle Faink)7} =5
HE o]g3 B 2 AAHAEE o4& o
Uy gAAZ neE F9-9 94 A5 (Young’s
modulus of elasticity) = E=0.2 Gpa, ¥o}% vl&4
4~(Poison ratio) V=03 olx HAdHL 7 wie 7
°|7} 0.03 m A Aot} FnZ YHE R
FEE olgstd @4AME ud 4% 10 Y
H 948 SH(mesh)dtn 5719 HAA Az
£ Tt Ao AMgstAk Fa3vk Aad bz
BE o] &% divy B4A=Z neg F$E 2 A
99 g4z FEdE.

Fig. 7 dlX+ 93& ZAZ 13l & 3¢
(bal)d] y BT IS RE 2 A oy xiIE
g8 AYATS} Wz nelFy Yok
AT & F ARl 4 AFo|

2 9A3n ek

o At alw whe

3D Sliding Toint
40 T g T

—_— Ri.gid Body Coordinates
= Modal Coordinates N
""" Absolute Nodal Coordinates

[
(=3

[N
S
Aw—

Lid
JUW

o

Y-Acceleration (m/sec 2)
S
——

<

N
RS

0.5 1 15 2 25 3
Time (sec)

Fig. 8 Y-Acceleration of ball (flexible link)

0.5 T T T
j\ ===+ Y-Position
\ ~—— Z-Position
= 0 \\ //
E
: \//
E-o.s
3
£
g
© gk T T S ——
182 04 06 o8 1 1z 14

X-Position (m)

Fig. 9 Global position of ball

Fig. 8 A€ HAE #A, P=x8E 0|4
A, AQZAHFARE o]&¢ Uvy Bz
5t 3 2 SElo|JdRUEE o] &3t a4
A B y w3 IS EE uluste BT
ok 1.5 & o]F oA A HI A3ty Aol
Holzd, ol HAE HAA= 2dxd 3
HEA|2He] B4 mjf o2 AlgH)

Fig. 9 A& &lo|dZAE ] dig 3449 A
4 U] 98 PAE AAE meista 2o
FASHN X9 23Fgoz 42 1 mis 9 27|

E FHERAE W Aol digk B9 wMYES
HaFn 9o B zU&T 9oz F49
AFel & Fd=HD Y& ¢ + Aok

2
2

le]

o Mo &

—

M Ro¥s Roem
k4

6. &

rhu

=RAME Aol Zol wl§ HA
& oot tEAA2gel 5T W, Y &
4 A4 94T 5 9

BHQ GE2AFAS ANZHe) 3 A st

o b o

—_



ox X ol
Bl

u
o

o

2% 3ol Jg

2
o
e

Al
I (pantograph)?} 7 A 7| o] E (catenary cable)= /3
He ndd3d AW A (current collection system)
59 324 593 Y HBol Jhestt.

el
—%, =

i
o

2

(1) Wang, Y. M., 2000, "The Transient Dynamics of a
Cable-Mass System Due to the Motion of an Attached
Accelerating Mass," Journal of Solids and Structures,
Vol. 37, pp. 1361~1383.

(2) Al-Qassab, M., Nair, S., 2003, "Dynamics of an
Elastic Cable Carrying a Moving Mass Particle,”
Journal of Nonlinear Dynamics, Vol. 33, pp. 11~32.

(3) Siddiqui, S. A., Golnaraghi, M. F., 1998, “Dynamics of a
Flexible Cantilever Beam Carrying a Moving Mass,”
Journal of Nonlinear Dynamics, Vol. 15, pp. 137~154.

(4) Hwang, R. S., Haug, E. J., 1990, "Translational Joints in
Flexible Multibody Dynamics,” Journal of Mechanical
Structures and Machines, Vol. 18, No. 4, pp. 543~564.

(5) Sugiyama, H., Escalona, J., Shabana, A. A., 2003,
"Formulation of Three-Dimensional Joint Constraints Using
Absolute Nodal Coordinates," Journal of Nonlinear
Dynamics, Vol. 31, pp. 167~195.

(6) Seo, J. H., Jung, 1. H, Han, H. S., Park, T. W,, 2004, “Dynamic
Analysis of A Very Flexible Cable Carrying A Moving
Munltibody System,” Transactions of the Korean Society for
Noise and Vibration Engeering, Vol. 14, No. 2, pp.150~156.

(7) Huston, R. L., Passerello, C. E., 1982, "Validation of
Finite Segment Cable Models,” Journal of Computers and
Structures, Yol. 15, No. 6, pp. 653~660. i

(8) Winget, J. M., Huston, R. L., 1976, "Cable Dynamics —A
Finite Segment Approach,” Journal of Computers and
Structures, Vol. 6, pp. 475~480.

ks 1131

al

o 2UE Ag

(9) Kamman, J. W, Huston, R. L., 2001, "Multibody
Dynamics Modeling of Variable Length Cable Systems,"
Journal of Multibody System Dynamics, Vol. 5, pp. 211~221.

(10) Shabana, A. A., 1998, "Computer Implementation
of the Absolute Nodal Coordinate Formulation for
Flexible Multibody Dynamics," Journal of Nonlinear
Dynamics, Vol. 16, pp. 293~306.

(11) Escalona, J. L., Hussien, H. A., Shabana, A. A,
1998, "Application of the Absolute Nodal Coordinate
Formulation to Multibody System Dynamics," Journal
of Nonlinear Dynamics, Vol. 16, pp. 293~306.

(12) Yoo, W. S., Lee, S. J., Sohn, J. H., 2003, “Large
Oscillations of a Thin Cantilever Beam: Physical
Experiments and Simulation Using Absolute Nodal
Coordinate Formulation,” Journal of Nonlinear
Dynamics, Vol. 34, pp. 3~29.

(13) Mikkola, A. M., Shabana, A. A., 2003, “A Non-
Incremental Finite Element Procedure for the Analysis
of Large Deformation of Plates and Shells in
Mechanical System Applications,” Journal of
Multibody System Dynamics, Vol. 9, pp. 283~309.

(14) Shabana. A. A., Yakoub, R. Y., 2001, “Three
Dimensional Absolute Nodal Coordinate Nodal
Coordinate Formulation for Beam Elements: Theory,”
Transaction of the ASME, Vol. 123, pp. 606~613.

(15) Shabana. A. A., Yakoub, R. Y., 2001, “Three
Dimensional Absolute Nodal Coordinate Nodal
Coordinate Formulation for Beam Elements:
Implementation and Applications,” Transaction of the
ASME, Vol. 123, pp. 614~621.

(16) Bonet, J, Wood, R. D., 1997, Nonlinear
Continuum Mechanics for Finite Element Analysis,
Cambridge University Press.

(17) Kenneth, H. H., Thornton. E. A., 1995, The Finite
Element Method for Engineers, John Willey & Sons.

(18) Shabana, A. A., 1997, “A QR Decomposition
Method for Flexible Multibody Dynamics,” Technical
Report No. MBS97-2-UIC, Department of Mechanical
Engineering, University of Illinois at Chicago.

(19) Haug, E. J., 1989, Computer-Aided Kinematics and
Dynamics of Mechanical Systems, Allyn and Bacon.



