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(A Study on the Cutting Characteristics in the Machining of SKD11 by Face Milling)
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ABSTRACT

Wear and fracture mode of ceramic tool for hardened SKD11 steel was investigated by face milling
in this study. The cutting force and Acoustic Emission(AE) signal were utilized to detect the wear
and fracture of ceramic tool. The following conclusions were obtained: (1) The wear and fracture
modes of ceramic tool are characterized by three types: @ wear which has normal wear and notch
wear, @ wear caused by scooping on the rake face, ® large fracture caused by thermal crack in the
rake face. (2) The wear behaviour of ceramic tool can be detected by the increase of mean cutting
force and the variation of the AE RMS voltage. (3) The catastrophic fracture of ceramic tool can be
detected by the cutting force(Fz-component). (4) As the hardness of work material increased,
Acoustic Emission RMS value and mean cutting force(Fz) increased linearly, but the tool life

decreased.

* Key words : difficult-to-cut material, finish machining, ceramic tool, cutting force, tool wear,

tool fracture, face milling
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1. Universal milling machine
2. AB Sensor (18t channcl, 2nd channel)
3. Tool dynamometer

A: Cutting Part

B: Amplifier Part

C: LOCAN-AT Part 4. Custing signal terminal board

D: Cutting Force Acqusition Part 3. Amplifier (x, y, z component)
. 6.LOCAN - AT and TRA

E: Signal Terminal Part “

7.IBMPC 486

8. Preamplifier (ist channel)

9. Preamplifier (2nd channcl)

10. Osciloscope

F: Pre-Amplifier

Fig. 1 Arrangement of cutting test.

Chemical composition ( % ) Hardness
C |Si[Mn| P |S|Cr| Mo | v | (HRC)
SKDI111.4~1610.4 |06 |0.03|003{11~13)0.8~1.2/02~05| 4550,55

Table 1 Chemical composition and hardness of
work materials

Machine Universal Milling Machine
Environment Dry
MA415SNO4R/L-12(KT ¢ 100 mm)
- ® lead angle : 15°
Mill
ing Cutter ® axial rake angle : -7°
® radial rake angle : -5°
Milling Insert | ALOx+TiC ceramic (Inserts-SNGN120412)
Work Material| SKD 11 (150x65x16T)
RPM : 370, 520, 715, 990
Cutting Feed speed (mm/min): 41, 87, 127
Conditions Depth of cut : 0.08 mm
Center milling

Table 2 Experimental Condition
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Second channel AE sensor Tool dynamometer

-«—————— Direction of feed

Fig. 5-1 Wear type of ceramic tool (thermal
Fig.2 Fly cutting and specimen clamping cracks in the rake face, HRC=50,
RPM=520,f=87,a =0.08)

. Fig. 5-2 Fracture type of ceramic tool
Fig. 3 Wear type of ceramic tool

(HRC=45,RPM=370,£=127,a =0.08)
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Fig. 7 The relation between cutting force and tool
Fig. 4 Wear type of ceramic tool wear (HRC=45, RPM=520, f=127,ap=0.08)

(HRC=55,RPM=715,f=87,a =0.08)
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Fig. 6 The trend of fx,fy,fz when cutting edge
breaks(HRC=50,RPM=715,{=127,2 =0.08)
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Fig. 8 The relation between cutting force and surface
roughness (HRC=50, RPM=520, f=41,ap=0.08)
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10 The relation between AE voltage and

cutting force according to hardness
(RPM=990, feed=127, a= 0.08)

600

400 I

300

—®— HRC=45
--©- HRC=50
—&— HRC=55

L I

200 250
Cutting speed(m/min)

L
150 300 350

Fig. 11 The relation between tool life and cutting speed
according to hardness(feed=41,ap=0.08)
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Fig. 9-1 The relation between AE RMS and
cutting time (HRC=45,RPM=370,f~<127,
a,=0.08)
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Fig. 9 The relation between AE mean RMS and tool
wear (HRC=45, RPM=715, feed=41, a= 0.08)



