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ABSTRACT

The demand for industrial robots is proliferating with production automation. Industrial robots are used in
various fields, such as logistics, welding, and assembly. Generally, six degrees of freedom are required to
move freely in space. However, the palletizing robot used for material management and logistics systems
typically has four degrees of freedom. In designing such robots, their main parts, such as motors and
reducers, need to be adequately selected while satisfying payload requirements and speed. Hence, this study
proposes a practical method for selecting the major parts based on dynamic analysis using ADAMS. First, the
acceleration torques for the robot motion were found from the analysis, and then the friction torques were
evaluated. This study introduces a constant-speed torque constant instead of friction coefficient. The RMS
torque and maximum power of each motor were found considering the above torques. After that, this study
recommends the major specifications of all motors and reducers. The proposed method was applied to a
palletizing robot to verify the suitability of the pre-selected main parts. The verification result shows that the
proposed method can be successfully applied to the early design stage of industrial robots.

Key Words : Palletizing Robot(O|& X} Z%) Dynamic Analysis(S2 &ll4Ad), Selection of Motors(ZE MZ),
Constant-speed torque constant(& <5 E I AHF), ADAMS(OHE2)
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Fig. 1 Initial posture of a four-axis palletizing robot

Table 1 Maximum angular velocity and reduction
ratio of the pre-selected motors

Axis no. 1 ‘ 2 ‘ 3 4
Maximum | N . [rpm] 3000 2000
angular
velocity W; _max[rad/s]| 2.42 | 3.14 | 2.62 [10.47
Reduction ratio, 7, 1/130{1/100|1/120| 1/20




Z o]AA B&e Fo BF AAS AT A M - IEUIAVEEEA A9, A12s
Table 2 Range of rotation and the rotation angle of Q
each axis -E - Wi max
Axi 1 2 3 4 £ ‘ ‘

15 no. 8l | '; Time(s)
Range of | -160 ~ 0~ 40 ~ | +170 ~ § t, t. tg! | |
rotation [°] | +160 +75 +10 -170 ,_‘_"—5’6;’,1. | |
Rotation s ot 1 1
an‘éle ] 0 +75 -40 0 3| (50% Duty Cycle) Teye |

£ (100% Duty Cycle)

Motion for axis 4

Motion for axis 3 ,Q

Motion for axis 1 / h—/\

Fig. 2 Posture and Constraints of 3D model for
dynamic analysis
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Table 3 Constant-velocity time for the desired
rotation angle of each axis

Axis no. 1 2 3 4
+100 +50 |+170

Desired rotation angle I2,;[°]

Constant-velocity time ¢.[s]/0.522(0.217/0.133{0.083

Table 4 Time and maximum angular velocity used

as input data for dynamic analysis

Parameters Steps
Time[s] 0 ~ty | ~te |~
1 0 0.2 10722 0.922
Axis no. 2 0 0.2 [0417]|0.617
3 0 0.2 [0.3330.533
4 0 0.2 |0.2830.483
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Fig. 4 Angular velocity and angular acceleration
for each axis used in ADAMS
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Table 5 Peak torque and RMS torque for each axis
obtained from the dynamic analysis

Axis no. 1 2 3 4
Peak torque
T [Nmj |1409.7| 5821 | 2177 | 164
RMS Ny | 460.1 | 2233 | 98.1 | 64
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Table 6 Comparisons between the specifications and
analysis results for axis 1

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

Parts Specification Analysis result Parts Specification Analysis result
Max. torque Peak torque Max. torque Peak torque

T Nm] | 143107 Nmy | 121 Tpo Nm] | 38 17 Nm) | 09
Rated torque RMS torque Rated torque RMS torque

Motor Tru,ted [Nm] 477 rms [Nm] 39 Motor Tru,ted [Nm] 1.3 rms [Nm] 0.4

Rated power 1 Max. power 3.8 Rated power 0.4 Max. power 02

P’ru,ted [kW] P]r)ud [kW] ’ P’ru,ted [kW] ’ P]r)ud [kW] ’
Allowable Peak torque Allowable Peak torque

1 1 1 1

Reduction| oraue 7y, [Nm] 630 Theat/ 7y [Nm] 73 Reduction| toraue Ty, [Nm] ’ T a7y [Nm] 8
gear Rated torque RMS torque gear Rated torque RMS torque

Tq'r [Nm] 1’165 Tr'm,s/ Tg[Nm] >07 Tqr [Nm] 21 Tr'm,s/ Tg[Nm] 8

Table 7 Comparisons between the specifications and
analysis results for axis 2

Parts Specification Analysis result
Max. torque Peak torque

Tmax [Nm] 14.3 T‘peu,k[Nm] 6.5
Rated torque RMS torque

MOtor TV'(I,tl"‘,d [Nm] 4'77 V ms [Nm] 2'5

Rated power 1 Max. power 20

P’ru,ted [kW] P]r)ud [kW] ’
Allowable Peak torque

625 650
Reduction torque ga [Nm] pf‘/l]s/r [Nm]
gear Rated torque RMS torque

T(l"' [Nm] 445 Trms/rq[Nm] 250

Table 8 Comparisons between the specifications and
analysis results for axis 3

Parts Specification Analysis result

Max. torque 71 Peak torque 20

Tmax [Nm] ’ T‘peu,k[Nm] ’
Rated torque RMS torque

Motor Tru,ted [Nm] 24 rms[Nm] 0.9
Rated power Max. power

P’ru,ted [kW] 0.75 P]r)ud [kW] 0.6
Allowable Peak torque

625 240
Reduction torque ga [Nm] pf‘/l]s/r [Nm]
gear Rated torque RMS torque

Tq'r [Nm] 445 Trms/rq[Nm] 108
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