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Abstract: -

We developed the dynamic solver including the pre-processor with GUI, kinematic/dynamic solver and the post-processor.
This can support to analyze the flexible body dynamics as well as the rigid body dynamics. Because almost robot system
has the multi bodies including some flexible bodies, multi flexible body dynamics is very important. In the paper, we
carried out the vibration analysis of the flexible beam using the developed dynamic solver K_Sim and compared it to the
commercial multi flexible body dynamic solver.
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I. INTRODUCTION

The mechanical systems such as a robot, a machine tool, a vehicle and so on generally have multi bodies and multi joints.
It is important to predict the motion and the interaction forces during the stage of the system design. Dynamic simulation

for the flexible multi-body system is carried out including the deformation and the stress.

There are many researches about the dynamic simulation methodology for the flexible multi-body system.[1]-[5] We also
developed the dynamic solver including the pre-processor with GUI, kinematic/dynamic solver and the post-processor as
Fig. 1.[6]-[7] This can support to analyze the flexible body dynamics as well as the rigid body dynamics. Because almost
robot system has the multi bodies including some flexible bodies, multi flexible body dynamics is very important. We
have performed the dynamic simulation of the substrate handling robot with the flexible end-effector using the commercial
software.[8]-[9] In the paper, we carried out the vibration analysis of the flexible beam using the developed dynamic

solver K_Sim and compared it to the commercial multi flexible body dynamic solver.
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Fig. 1 The developed dynamic solver K_Sim

1. Modeling Of The Robot

Fig. 2 shows the substrate handling robot with the flexible body. It’s end-effector was made of CFRP material because
the robot end-effector has to be light. The robot model is simplified as Fig. 3 for the dynamic simulation and all
components including the rigid parts, the flexible parts, joints and motions are represented as TABLE 1.
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Fig. 2 The substrate handling robot with the flexible body
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Fig. 3 All parts of the simplified robot model for the simulation




Journal of Advance Research in Mechanical and Civil Engineering (ISSN: 2208-2379)

TABLE | The lists of the parts, joint and motion

Base
. Shaft
Part(Rigid) 7 Table
Link 1,2,3,4
Part (Flexible) Hand 1, 2
Part (payload) (w/wo) Plate 1, 2

Revolute Joint

Translational Joint

Bracket Joint

Spherical Joint

Universal Joint

A NN OWWININ

Motion

The robot base is fixed on the ground and the shaft is connected to the base by the translational joint to moves vertically.
There is a revolute joint between the shaft and the table. There are some more revolute joints among the table, the link1,
the link2 and the handl and the structure of the opposite side is same. Some revolute joints have to be converted to the
universal joint or the spherical joint because the table, the linkZ1, the link2 and the hand1 is composed by 4-bar mechanism
and it must have the available DOF for simulation. Fig. 4(a) is the designed template with only rigid body and Fig. 4(b)
is the designed template with the flexible body. The control template is also composed as Fig. 5.
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(a) K_Sim_Modeler template with only rigid body (b)K Slm Modeler template with the flexible body

Fig. 4 K_Sim_Modeler template of the robot

.jvau:um Rigid_control ksm [E=2Ecn ===

m m?"l u"ﬂ vl [ B R B R PR FR R FRR 0 B m“ﬂ

Vaccum Rigid Control

Ground . -Bracki

v 1\DynamicsModel £ Control

Fig. 5 K_Sim_Modeler template with control

The hand1 and the hand2 are modeled as the flexible body components as mentioned above and they are analyzed as the
simplified flexible beam model as Fig. 6. One side of the hand is fixed on the rigid link and the other side is free. If there
is a plate on the hand, the distributed mass are applied to each element.
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Fig. 6 The simplified model of the flexible beam

I11. Analysis Of The Rigid Body

The designed model template is applied to the solver and the dynamic simulation is carried out on the various conditions.
The motion plan used in the dynamic simulation was based on the motion in the real manufacturing line. We looked into
the vibration of the end-effector and compared the results with the one of the commercial solver as Fig. 7. The result for
the position and the torque is almost similar and K_Sim proved to have good performance t
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Fig. 7 Comparison of the result

IV. Analysis Of The Flexible Body
As the next step, the designed template with the flexible body is also applied to the solver and the simulation is carried
out. Fig. 8 shows the static simulation result for the flexible beam and it is proved to get the exact result.
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Fig. 8 Comparison of the result
The dynamic simulation is also carried out and the condition at the dynamic simulation condition is same with the one at

the rigid body simulation. We could obtain the vibration of the end-effector as Fig. 9 and its validity is proved with the
comparison with the commercial software.
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Fig. 9 Comparison of the result (Dynamic simulation)

V. Conclusion

We developed the dynamic solver including the pre-processor with GUI, kinematic/dynamic solver and the post-processor
in the previous research. This solver can support to analyze the flexible body dynamics as well as the rigid body dynamics.
In the paper, we carried out the vibration analysis of the flexible beam using the developed dynamic solver K_Sim and
compared it to the commercial dynamic solver. The motion simulation for many kinds of the flexible multi-body systems
can be conveniently performed with the developed dynamic solver K_Sim to analyze the motion, the interaction forces,
the stress, the deformation and so on.
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