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Cutting Force Measuring System Using
the Load Cell for a Milling Process

E.G. Kang', S.J. Park’, SJ. Lee’, H.D. Kwon™"
ABSTRACT

This paper suggests another system for a cutting force measuring tool in a milling process. Generally, tool
dynamometer is taken into account for the most appropriate cutting force measuring tool in the analysis of cutting
mechanism. However, high price and limited space make it difficult to be in-situ system for controllable milling
process. Although an alternative method using AC current of servo-motor has been suggested, it is unsuitable for
cutting force control because of small upper frequency limit and noise.

The cutting force measuring system is composed of two load cells placed between the moving table bracket
and the nut flange part of ballscrew. It has many advantages such as low cost and wide range measurement than
tool dynamometer because of the built-in moving table and the low cost load cell. The static and dynamic model
of the measuring system using imbeded load cell is introduced. Various Experiments are carried out to validate
both models. By comparing the cutting forces from a series of end milling experiments on the tool dynamometer
and the system developed in this paper, the accuracy of the cutting force measuring system is verified. Upper

frequency limit is measured by the experiment of dynamic characteristics.

Key Words : cutting force (22}3), measuring system (&7 A28, milling process(23H 7}1¥), loadcel(ZE
A, tool dynamometer(& - H 7)), ballscrew(& 2= 3H)
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Fig. 2.1 Simplified model of the measuring system
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Fa
,"‘ Fr : Resultant Force
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a F's : Load Cell Force
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Fig. 2.2 Force-deformation relations between load
cell and bolts
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Fig. 2.3 2 D.OF. model of the measuring system
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Fig. 3.1 Experimental setup of static characteristics

Table 3.1 Specifications of sensors

Rated Capacity 100kgf
. Rated Output | 3mV/V £ 0.5%
Strain guage - -
Non-linearity 0.03% R.O.
load cell g peatability | 0.02% R.O.
Company Bong Shin
Range 10[kN]
Rigidity 1.8[kN/u m]
Piezo load Threshold < 0.01N]
cell Linearity %FSO <t 2
Hysteresis %FSO < 1
Company Kistler
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3.4 Result of dynamic characteristics with jig
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Fig. 3.8 Experimental setup for comparison of cutting
force between load cell and tool dynamo-

meter in machining process

Table 3.2 Conditions of cut, tool and workpiece

[T ] Axial Depth ¥ * Radial Depth
Fig. 3:93) 2mm
Imm 8mm
L Yo s 16mm
Fig. 3100y 2mm
Fig, 3.10(b) 2mm 6mm
- B 301008 - 8mm
o6 Fig 3A00) 16mm
AU Spindle - 600rpm
- Fead Ratg 90mm/min
# of Cutter Flutes 2
Tool Cutter Diameter 16
G Coating Type TiN
7 Workpiece., SM45C
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force between load cell and tool dynamometer
in machining process for Ag=2mm
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