Journal of the Korean Society of Manufacturing Technology Engineers 32:4 (2023) 189~197

https://doi.org/10.7735/ksmte.2023.32.4.189

(( Best Paper of This Month ))

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

"m Check for updates

UMY MBS S8 HALHES 712 HUT sHMo| B T
DUE =S, BHI

A Study on the Improvement of Machining Precision by Applying Input Shaping
Method to Machining Center

Kang-Ho Ko?,

Dong-Wook Lim®, Seong-Wook Hong®"

“ Depatment of Mechanical System, Gumi Campus of Korea Polytechnic
b Department of Mechanical Engineering, Inha University
¢ Department of Mechanical System Engineering, Kumoh National Institute of Technology

ARTICLE INFO ABSTRACT

Article history: Recently, machining centers have been actively adopting high-speed positioning
Rec?lved 8  June 2023 systems to enhance operational efficiency and productivity. This study focuses
Revised 8 July 2023 on applying input shaping techniques to a machining center to improve the
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machining precision. Simulations were performed using a minimal impulse
input shaper on a two-axis stage, considering its anisotropic characteristics. A
Keywords: comparative analysis was performed to assess the effectiveness of input shaping
Input .slllapmg o by varying the material, feed rate, reduction ratio, and depth of cut. The machined
MaChfnTng precision specimens were measured using a digital microscope, surface roughness tester,
Mac}.unlng C?nter and an image dimension measurement device. Successful experiments were
Multi-mode input shaper conducted to demonstrate the improved processing quality of the machining
Circular interpolation center during combined linear and circular cutting processes. Both the
simulations and experiments confirmed the significant effectiveness of the
proposed method in enhancing the machining precision of the machining center.
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Fig. 1 Vibration system model for the 2-axis stage system!'!!
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Table 1 Simulation condition for combined linear and circular

cutting
Parameter Unit | X-axis Y-axis
Natural frequency Hz 46 131
Length of linear interpolation mm 20
Radius of circular interpolation mm 20
Accel./Decel. time ] 0.05
Maximum velocity mm/s 100
200
Velocity reduction % 40
(% of maximum velocity) 1
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Fig. 4 Velocity profile with Vmax = 100 mm/s and 40% velocity
reduction during circular interpolation

T
04 1.0

— Unshaped X
200 4 —— Unshaped Y
= Shaped X
~—— Shaped Y
150 4
z
£
.g. 1004
Z
o
hel
]
> 504

0 T T T
0.4 06

Time ()

08

Fig. 5 Velocity profile with Vmax = 200 mmy/s and 40% velocity
reduction during circular interpolation
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Fig. 6 Velocity profile with Vmax = 100 mm/s and 1% velocity

reduction during circular interpolation
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Fig. 7 Velocity profile with Vmax =200 mm/s and 1% velocity
reduction during circular interpolation
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Fig. 8 Track of circular motion with Vmax =100 mm/s and 40%
velocity reduction during circular interpolation

& BOjET QARgo] 7P 2 A2 o] $& % 200 mm/s, A&
A &5t oA PPl HEH BEE A2 0.3546%
= UEHgI QA2 o457t S7Hel wet AZIth: A
= ¢

Ageoldst $U% 2402 AR HAY e JegES
7\‘]—36‘ = A AASI9

3.1 AEEx|

Fig. 9= Al%lo] A% 3% 4

2] HAGATE (ATH2lof, VX500)

Table 2 Simulation results for combined linear and circular
cutting process

Circular Reduced
. ulat Natural velocity | Maximum | Orbit error
interpolation !
distance | Teduency (% of velocity rate
(Hz) maximum | (mm/s) (%)
(mm) 4
velocity)
100 0.0270
40
20 X+ 46 200 0.1075
Y13 | 100 0.1051
200 0.3546

Fig. 10 Photos for the experimental system: Jig+workpiece
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Fig. 12 Process to transfer the original command to G-code
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Fig. 15 Adjustment of squareness using a dial test indicator

Fig. 16 Face milling process for the upper surface to ensure the
surface flatness
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Fig. 21 Comparison of cutting width for SM20C specimens under
three different conditions: unshaped, shaped with 40%
speed reduction, shaped without speed reduction
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Fig. 22 Comparison of cutting width for Al6061 specimens under
three different conditions: unshaped, shaped with 40%
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Fig. 23 Surface roughness measurement setup with a precise
positioning stage
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Fig. 28 Radius of a circular arc in Al6061 Vmax100 mm/s Z-0.05
mm (units: mm)
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Table 3 Comparison of measured radii for SM20C specimens

Depth Measured radius (mm)
Feed rate of cut — p—
s h ape ape
sy |y | Unshaped | Covimax | 0.99%Vimax

0.05 18.350 18.518 18.308
Vmax100

0.10 18.373 18.401 18.417

0.05 18.175 18.391 18.693
Vmax200

0.10 18.013 18.411 18.382

Average 18.228 18.430 18.450

Table 4 Comparison of measured radii for Al6061 specimens

Depth

of cut
(mm)
0.05
0.10
0.05
0.10

Measured radius (mm)

Shaped Shaped
0.6%Vmax 0.99*Vmax

18.429 18.434
18.377 18.356
18.449 18.465
18.360 18.446
18.404 18.425

Feed rate

(mmy/s) Unshaped

18.348
18.153
18.182
18.004
18.182

Vmax100

Vmax200

Average
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