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ABSTRACT

In this task, the tool dynamometer design and manufacture, and the Ansys S/W structural analysis program
for tool attachment that satisfies the cutting force measurement requirements of the tool dynamometer system
are used to determine the cutting force generated by metal cutting using 3-axis static structural analysis and
the LabVIEW system. The cutting power in a cutting process using a milling tool for processing metals
provides useful information for understanding the processing, optimization, tool status monitoring, and tool
design. Thus, various methods of measuring cutting power have been proposed. The device consists of a
strain-gauge-based sensor fitted to a new design force sensing element, which is then placed in a force
reduction. The force-sensing element is designed as a symmetrical cross beam with four arms of a rectangular
parallel line. Furthermore, data duplication is eliminated by the appropriate setting the strain gauge attachment
position and the construction of a suitable Wheatstone full-bridge circuit. This device is intended for use with
rotating spindles such as milling tools. Verification and machining tests were performed to determine the
static and dynamic characteristics of the tool dynamometer. The verification tests were performed by
analyzing the difference between strain data measured by weight and that derived by theoretical calculations.
Processing test was performed by attaching a tool dynamometer to the MCT to analyze data generated by the
measuring equipment during machining. To maintain high productivity and precision, the system monitors and
suppresses process disturbances such as chatter vibration, imbalances, overload, collision, forced vibration due
to tool failure, and excessive tool wear; additionally, a tool dynamometer with a high signal-to-noise ratio is
provided.

Key Words : Cutting Force(E4+2), Tool Dynamometer(3TS=34]), Strain Gauge(2 E2I 21 H|0[X[), Whiston
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Fig. 2 Model structure of an tool dynamometer and
tool holder
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Fig. 4 Force Sensing 3d Model

Table 1 Properties of stainless steel grade 304

Properties Values
- Density 8000 kg/m*
- Poisson ratio 0.3
- Modulus of elasticity 193,000 N/mm>
- Tensile strength 515 N/mm?
- Yield strength 205 N/mm?
- Hardness

201 HB
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Fig. 6 Locations of Stress Gauge Attachment for
Force Sensing
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of Z, and (c¢) channel of Fc
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(a) mesh model
Equivalent Stress
Type: Equivalent (von-Mises) Stress
unit: MPa
Time: 1

2018-09-13 2= 614

23.012 Max
20455
17.898
15.342
12.785
10.228
7.6709

== 0.00016186 Min 10000 (mm)
2500

(b) X, Y-axis stress values

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1

2018-09-13 2% 616

2.8253 Max
2.5114

8 0.00012413 Min

(¢) Z-axis stress values

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1

2018-09-13 2% 617

6.0492 Max

™ 0.00023698 Min 100,00 ¢nm)

25.00

(d) Fc axis stress values

Fig. 8 Photographs of an experiment

(b) front panel
Fig. 9 Design of LabVIEW Program
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Fig. 10 Photographs of an xperiment
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