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Development of 3-Component Tool Dynamometer for Evaluation of
Machinability in High Speed Machining

Myeong-Chang Kang*, Jeong-Suk Kim"', Deuk-Woo Lee , Ki-Yong Lee Jeong-Hun Kim™"

ABSTRACT

Recently high speed machining is being studied actively to reduce machining time and to improve machining
precision. To perform efficient high speed machining, evaluation of high speed machinability must be studied
preferentially and it can be identified by investigation of cutting force. To measure cutting forces in high speed
machining, dynamometer which has high natural frequency was newly designed using 3-axes piezo force sensor.
For newly designed dynamometer, calibration is conducted with sensitivity of force sensor modulated and proper
preload and interference force are investigated experimently. Also, cutting force signals of newly designed
dynamometer are compared with those of conventional one in high speed cutting experiment and its superiority is
confirmed. Then using newly designed dynamometer, high speed machinability is evaluated about cutting force and

tool wear in various cutting conditions.

Key Words : High Speed Machining(21%7}%), Cutting Force(¥2}8), End-Mil(1="2), Pre-Load (<I3b),
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(7}3-4d), Interference Force(7Hd 2)
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Table 1 Natural frequency of conventional and

newly-designed dynamometer

Convention
1.74 kHz
1.42 kHz
2.11 kHz

New-design
9.12 kHz
15.6 kHz
9.2 kHz
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Fig. 2 Calibration results of newly-designed dynamometer
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Table 2 Sensitivity calibration of newly-designed dynamometer

Axis Before calibration After calibration
Feed -8.05 pC/N -7.68 pC/N
Radial -3.88 pC/N -3.68 pC/N
Axial -8.08 pC/N -8.01 pC/N |
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Fig. 3 Output of newly-designed dynamometer

according to variation of preload
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Table 3 Experimenta! conditions

Tungsten cabide End mill,

Tool ¢ =10mm, z=4edges
Workpiece Die material (STDI11)
Spindle revolution 2,000 ~20,000rpm
Feed per tooth 0.05mm/tooth
Axial depth 10mm
Radial depth 0.1lmm
Sampling number 100EA/tooth
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Table 4 Cutting conditions

Spindle Feed Axial | Radial
revolution per tooth |depth| depth
(rpm) (mm/tooth)| (mm) | (mm)
Variation of |2,000~20,000
. 0.05 10 0.1
spindle rev. (step 2,000)
Variation of 10,000
0.01~0.11} ~ ”
feed per tooth 14,000
10,000
Tool wear test 0.05 4 ”
14,000
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