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ABSTRACT

Among the various industrial robots, palletizing robots have received particular attention because of their
higher productivity in accordance with technological progress. When designing a palletizing robot, the main
components, such as the servo motors and reducers, should be properly selected to ensure its performance. In
this study, a practical method for selecting the motors and reducers of a robot was proposed by performing the
dynamic analysis of rigid-flexible multibody systems using ANSYS and ADAMS. In the first step, the links and
frames were selected based on the structural analysis results obtained from ANSYS. Subsequently, a modal
neutral file (MNF) with information on the flexible body was generated from the links and frames using modal
analysis through ANSYS and APDL commands. Through a dynamic analysis of the flexible bodies, the
specifications of the major components were finally determined by considering the required torque and power. To
verify the effectiveness of the proposed method, the analysis results were compared with those of a rigid-body
model. The comparison showed that rigid-flexible multibody dynamic analysis is much more useful than rigid

body analysis, particularly for movements heavily influenced by gravity.

Keywords : Palletizing Robot(0| & X Z %), Rigid-Flexible Multibody System(ZH&|-791 ChEX A|AH),
Dynamic Analysis(S%& i), Selection of Motors(2E{ &), ADAMS(OtEF2)
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Table 1 Material Properties

Young’s Poisson’s

Material modulus ratio

Density

Steel 7,850kg/m3 |2.0e+11MPa 0.3
2,700kg/m3 |7.1e+10MPa 0.33

Aluminum

70.178 Max
62.38

54.583

46.785

38988

31.19

23.393

15.595

7.7977
0.00018775 Min

Fig. 3 Max. equivalent(von-Mises) stress of the
palletizing robot
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Fig. 4 Max. deformation of the palletizing robot
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Table 2 Range of rotation, rotated angle and simulation
angle of each axis

Axis no. 1 2 3 4

. o1 |F160~| 0~ |-80~ |-170~
Range of rotation [°] +160 | +75 0 | +170

Simulation angle, R,;[°]| +160 | -75 | -45 | +170

Table 3 Velocity and time conditions used in ADAMS

Axis no. 1 2 3 4
Motor’s rated velocity[rpm]|3,000|2,020| 1,510 |2,000
Reduction ratio, 7, 1249 97.1 |121.0| 50
Max. angular velocity, w
[rad/s]
Acceleration ¢, and
deceleration ¢; time [s]

Constant speed time, ¢.[s] [0.510|0.001|0.001 |0.508

max) 2.52 | 2.78 | 1.31 | 4.19

06 | 06 | 0.6 | 0.2
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Table 4 Max. acceleration torque with and without
gravity, and gravity torque obtained from
rigid dynamic analysis

Axis no. 1 2 3 4
T, r [Nm] [ 33476 | 281.58 | 173.11 | 3.59
T, r [Nm] | 33476 | 63.01 | 52.16 | 3.59
T, 5 [Nm] 0 | 21857 | 12095 | 0
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Fig. 9 Torque and angle curve with and without
gravity for axis 1 obtained from rigid-flexible
dynamic analysis
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Fig. 10 Torque and angle curve with and without gravity
for axis 2 obtained from rigid-flexible dynamic

analysis
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(b) Curve of axis 3 with gravity
Fig. 11 Torque and angle curve with and without gravity
for axis 3 obtained from rigid-flexible dynamic

analysis
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Table 5 Max. acceleration torque with and without
gravity, and gravity torque obtained from
rigid-flexible dynamic analysis

Axis no. 1 2 3 4

T, p [Nm] | 559.03 | 565.52 | 570.02 | 3.71
T, r [Nm] | 362.06 | 64.05 | 7643 | 3.60
T, p [Nm] | 196.97 | 501.47 | 493.59 | 0.11
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Table 6 Comparisons between the specification and
analysis results for axis 1

Analysis | Rigid | Flexible
Results Body Body

Units Motor
Nm |Tpu| 955 | T,/r, | 447 5.90
Nm |Typeq 318 | T,/7, | 166 2.42
W | Poaeq 1,000.0 | Py 1,403.8 | 1,853.3
Reduction gear
1,630.0| T,Xn 502.1 662.9
T, Xn 186.8 272.0

Specification

Nm ga
Nm | T}, |1,165.0

Table 7 Comparisons between the specification and

analysis results for axis 2

Analysis | Rigid | Flexible
Results Body Body

Units Motor
Nm | T | 955 | T,/r, | 483 9.70
Nm | Tpea| 318 | T./7, | 226 321
W | Pieq] 1,000.0|  Prax 1022.1 | 2,052.9
Reduction gear
6250 | T,Xn 4224 848.3
T, Xn 197.8 280.6

Specification

Nm ga
Nm | 7, | 625.0
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Table 8 Comparisons between the specification and
analysis results for axis 3

. . Analysis | Rigid | Flexible
Specification Results Body Body
Units Motor

Nm | Ty | 7.10 | T,/7, | 238 7.85
Nm | Typeq| 240 | T./7, | 138 2.57

W | Pyeq| 750.0 Pl 377.1 1,241.7
Reduction gear
Nm| T, | 625.0 T, 259.7 855.0
Nm| T, | 445.0 T, Xn 150.4 279.9

Table 9 Comparisons between the specification and
analysis results for axis 4

. . Analysis | Rigid | Flexible
Specification Results Body Body
Units Motor

Nm | Ty | 380 | T,/7, | 0.12 0.12
Nm | T,peq| 130 | T./7, | 0.04 0.04
W | Poea| 400.0 | P 25.0 25.4
Reduction gear
T,%n 5.4
T.Xn 1.8

Nm| T, | 44.0

Nm | T, | 21.0
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