Journal of the Korean Society of Manufacturing Technology Engineers 31:6 (2022) 381~387

https://doi.org/10.7735/ksmte.2022.31.6.381

e A

A,

A BY 25

J. Korean Soc. Manuf. Technol. Eng.
ISSN 2508-5107(Online)

"m Check for updates

2B O] X| =X MA
, Het=e, ol stEe

Optimal Design of 2-DOF Position Compensation Stage for Machining

Suje Cho?, Dahoon Ahn’, Anmok Jeong®, Hak-Jun Lee”"

“ Department of mechanical engineering, Konkuk University
b Department of mechanical system design engineering, Seoul National University of Science and Technology
¢ Department of Smart Manufacturing R&D system, Korea Institute of Industrial Technology

ARTICLE INFO ABSTRACT

Article history:

Recent, manufacturing industry has demand that a robot milling system with
higher DOF than CNC milling due to an increase in demand for processing
complex and flexible shapes. However, a disadvantage of low surface quality

exists owing to vibrations caused by the low rigidity of the robot. The main
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reason for the low surface quality of a target workpiece is the resonant
frequency of the robot occurring below 200 Hz . To overcome this problem, we
developed a 2-DOF position compensation stage that has high dynamics. In
this study, the stage of parallel kinematics using an L-shaped flexible hinge was
presented and optimized for rigidity higher than that of the serial kinematics
structure. The optimally designed stage through the crab-leg structure was

designed with high stiffness with a moving range of 26.1 um and natural
frequency of 513.54 Hz.
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Fig. 1 Overall system

Table 1 Design target of workpiece holder

Design target

Working range 20 wm

1st Resonance frequency 400 Hz

Gap sensor
x4 cover hole

x4 cover hole

Piezo

x4 Fix hole
Fig. 2 Design of stage
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Table 2 Parameters of variables

Units: mm
Units (mm)
L 40
Hinge part T 5
variables
B 30
Gap 10
Px 61
Body part
; 30
variables Py
Xbody 200
Ybody 170
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CHl: mm Sl mm
0.02813 Z(CH3t 0.02914 ZICH3t
0.02251 0.02331
] 0.01688 L 0.01748
E 0.01125 B 0.01165
0.00563 B 0.00583
Iozma: Iozma;
€491 mm <49 mm
21.27 ZlCHat 21.27 RCH3t
17.01 17.01
] 12.76 12.76
ESSl 851
4.25 4.25
Ioili&' 0 243

Fig. 6 Static and modal analysis: (a) X-axis static deformation, (b) Y-axis static deformation, (c) 1% natural frequency (309.1 Hz),
(d) 2™ natural frequency (315.4 Hz)
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Table 4 Range of design variables

Units: mm
Units (mm)
Design L 20 <L <60
variables T 25<T<175
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Fig. 9 Convergence of (a) cost function, (b) hinge L, (c) hinge T

Table 5 Optimal design results

L (mm) | 442 | 27.5 | 484 | 205 | 324 | 427 | 43

T (mm) | 6.8 49 6.3 42 5.1 7.5 7.5

Table 6 Verifying optimized results

Matlab FEM error

Moving range 25.1 um 26.1 um 3.8%

First natural frequency | 526.7 Hz 513.54 Hz 2.6%
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