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Abstract Our research team is developing a 6-DOF manipulator for narrow workspaces in press forming processes,
such as placing PEM nuts on the bottom of a chassis. In this paper, kinematic analysis was performed for the position
control of the manipulator, along with structural analyses for position accuracy with different payloads. First, the
Denavit-Hatenberg (DH) parameters are defined, and then the forward and backward kinematic equations are presented
using the DH parameters. The kinematic model was verified by visual simulation using Coppelia Robotics' virtual
robot experimentation platform (V-REP). Position accuracy analysis was performed through structural analyses of
deflection due to self-weight and deflection under full payload (5 kgf) in fully opened and fully folded states. The
maximum generated stress was 22.05 MPa in the link connecting axes 2 and 3, which was confirmed to be structurally
safe when considering the materials of the parts.
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Fig. 1. 6-DOF manipulator for work in narrow space
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. 3. Simulation of inverse kinematics
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Fig. 6. Geometry of developed robot
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Table 2. Specifications of integrated drive module

Axis  |Gear Ratio| Motor power M;;( ;:::’:n Weight
1 1:100 200 W 186 N'm 1.15 kef
2 1:160 200 W 297 N'm 1.15 kef
3 1:100 200 W 186 N'm 1.15 kef
4 1:100 200 W 66 N'm 0.72 kef
5 1:100 200 W 66 N'm 0.72 kef
6 1:100 200 W 66 N'm 0.72 kgf
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(b) Fully opened state

Fig. 9. 2-states of robot arms

Table 3. Mechanical properties of Aluminum 6061

Property Value
Modulus of Elasticity 68.9 GPa
Poisson’s ratio 0.33
Tensile yield strength 276 MPa

Density 2770 kg/m3

Table 4. Mechanical properties of simplified motor

Property Value
Modulus of Elasticity 200 GPa
Poisson’s ratio 0.30
Tensile yield strength 250 MPa
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10. Boundary conditions applied in numerical
Analysis
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(b) Fully opened state

Fig. 11. Deformation results of robot arms under their
self-weight
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Fig. 12. Deformation results of robot arms under
Skef load

Table 5. Deformation results of robot arms

Deformation (mm)

State
Self-weight Skgr load
Fully folded 0.089 0.200
Fully opened 0.339 0.677

(MPa)
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17.168
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9.8442
74039
4.9629
25219
0.080906 Min

Fig. 13. Equivalent stress results of the link between
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