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This paper describes the design of a 4-axis SCARA-Type robot in the form of a scalar robot for the loading and unloading
of workpieces in machine tools. The 4-axis dedicated robot is a 4-degrees-of-freedom robot consisting of a joint 1, 2, 3
motor and a 180° rotating gripper made up of a horizontal gripper and a vertical gripper. It was designed in a scalar shape
that is suitable for machine tools, and the size of each link and elbow was determined through structural analysis. Through
additional structural analysis, the deflection of the end center of the workpiece fixed to the horizontal gripper and the
vertical gripper was designed to be within 0.1 mm, and based on the design result, a 4-axis SCARA-Type robot was
manufactured, and the basic motion characteristics of the manufactured robot were tested. As a result of the characteristic
test, the manufactured 4-axis SCARA-Type robot operated smoothly, so it is judged to be adequate for usage in loading

and unloading the workpieces in machine tools.
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Table 1 The specification of joint 1-3 motors

Power No.ofre. Reduc. Torque Mass

Motor  Model [W] [rpm] ratio [Nm] kel

1 MR32 0.5 250 100:1 180 7.3

2 MR32 0.5 250 100: 1 180 7.3

3 MR20 0.3 300 100:1 53 2.7
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Fig. 3 Structural analysis result of 4-axis SCARS-type robot

Table 2 Displacement of the end points (D and @) of the center
line of the workpiece obtained from structural analysis

Measuring point Direction Measured value [pum]
X 2.5
) y 92.7
7.3
X 26.3
(@) y -66.5
0.5

Table 3 Displacement and stress of link 1 part obtained from
structural analysis

Displacement Stress
Direction [um] [MPa]
Start P. End P. Min. Max.
X 0.29 4.06 -0.40 -2.01
y -1.23 -13.7 0.11 -0.72
-0.02 0.08 0.05 -1.31
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Fig. 4 Displacement and stress of link 1 obtained from structural
analysis

Table 4 Displacement and stress of link 2 part obtained from
structural analysis

Displacement Stress

Direction [nm] [MPa]
Start P. End P. Min. Max.
X -7.51 -9.14 -0.46 0.57
y -28.72 -46.19 -0.11 0.31
0.18 0.11 -0.09 0.28
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Fig. 5 Displacement and stress of link 2 obtained from structural
analysis

Table 5 Displacement and stress of elbow 1 part obtained from
structural analysis

Displacement Stress
Direction [um] [MPa]
Start P. End P. Min. Max.
X 3.12 4.62 0.01 -0.12
y -13.60 -26.01 -0.01 0.01
z 0.11 0.21 -0.01 0.04
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Fig. 6 Displacement and stress of elbow 1 obtained from structural
analysis

Table 6 Displacement and stress of elbow 2 part obtained from
structural analysis

Displacement Stress

Direction [nm] [MPa]
Start P. End P. Min. Max.
X -3.19 3.39 -0.06 0.01
y -47.09 -58.59 -0.02 0.01
0.32 0.44 -0.05 0.01
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Fig. 11 Simulation result of the manufactured 4-axis SCARA-type
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