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Table 2-2 Material properties of cemented carbide tool

Table 2-1 Specifications of CO, laser P20 used in experiments (at room temperature)
Rated power w 1000 Young's modulus GPa 548
Adjustable power range = W 100 ~ 1100  Fharmal conductivity W/(mK) 418
Beam mode TEMog Specific heat J/(kgK) 251
Adjustable on time range ms 0.1~999 . 3 %168
Adjustable off time range ms 0.1 ~999  Demsity kg/lm Jed &

Coefficient of linear expansion K Rl
Transverse rupture strength MPa 1910
Poisson's ratio 0.21

CO, laser

| Laser pulse signal

CO, pulse
laser beam Digital memory
Main amplifier
Tool T
I .
High pass filter

A

- - —

J » Preamplifier

S
- -

AE sensor Spring

Fig. 2-1 Experimental setup Fig. 2-2 AE signal flow
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Peak point of CO, pulse laser
laser beam power beam irradiation

region
Rake face

Cutting edge

Laser beam radius
d/2 =025 mm

Flank \

Thermal crack —|

Long-distance .
microscope Cemented carbide
tool P20

High-speed video camera
(9000 frames / s )

Fig.2-3 Experimental setup of high speed video camera
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Rake face

Cutting speed = 300 m/min, feed rate = 0.3 mm/tooth, depth of cut =2 mm,
width of cut = 30 mm, cutting time = 6 ms, non-cutting time = 70 ms, number
of cutting cycles = 5770, tool material : cemented carbide P20,

work material : S55C

Fig. 2-4 Thermal cracks in milling

Laser power O = 183 W, &= 0.20, on time /,, = 10 ms, off time /5= 99.9 ms
number of irradiation cycles = 9, tool material : cemented carbide P20 '

Fig. 2-5 A thermal crack due to CO, pulse laser beam irradiation at cutting edge



Laser power O = 183 W, £=0.20, on time 7, = 10 ms, off time 7= 99.9 ms
number of irradiation cycles = 2, tool material : cemented carbide P20

Fig. 2-6 Thermal cracks due to CO, pulse laser beam irradiation (Internal irradiation)
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O=173 W, £=0.20, {5, = 30 ms, off time /5= 99.9 ms
number of irradiation cycles = 7, tool material : cemented carbide P20

Fig. 2-7(a) SEM image of thermal crack observed by high speed video camera

Leon = log=
30 ms | 99.9 ms

@)
=]
J

Laser beam

Fig.2-7
. ()

Fig.2-7

(1), ()

X Crack

Off L3¢

9(

x -

600

800

Time ¢ ms

Fig. 2-7(b) Time chart of laser beam and crack initiation crrespond to Fig. 2-7(a)



01 -001 .276333SEC- 11487
Laser beam irradiaton region
(0.5 mm)

Rake face

=

SO00OFPS

Fig. 2-7(c) Before irradiation (f = 0 ms)

01 -881§253GOUSEC- 1127°¢

S000FPS

Fig. 2-7(d) During first irradiation (# = 23.3 ms)

01 -001 .244444SEC- 11200

SO00FPS

Fig. 2-7(e) Immediately after first irradiation ( = 33 ms)



01 -000 .841000SEC- 7568

SO00FPS

Fig. 2-7(f) Immediately before crack initiation
(t =435.3 ms, 20.5 ms after end of fourth irradiation)

01 -000 .B40888SEC- 7568

S000FPS

Fig. 2-7(g) Immediately after crack initiation
(t =435.4 ms, 20.6 ms after end of fourth irradiation)

Fig. 2-7 (h) Image of difference between Fig. 27-7(f) and Fig.2-7(g)



01 -000 .685333SEC- 6238

SO0CFPS

Fig. 2-7(1) Immediately before crack initiation
(=581 ms, 37.4 ms after end of fifth irradiation)

01 -000 .885222SEC- B257

SO00FPS

Fig. 2-7(j) Immediately after crack initiation
(t=581.1ms, 37.5 ms after end of fifth irradiation)

Fig. 2-7(k) Image of difference between Fig.2-7(i) and Fig.2-7(j)
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Fig. 2-8 Typical AE signals during CO; pulse laser beam irradiation
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Fig.2-9 Frequency of AE signal against its delay after stop of
laser beam irradiation (Internal irradiation)
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Fig.2-11 Effects of 7., on number of irradiation cycles N,
to thermal crack initiation (Internal irradiation)
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Fig. 2-14 Effects of both 7, and f,, on N, (Internal irradiation)
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Fig. 2-16 Thermal cracks due to CO, pulse laser beam irradiations
(Internal irradiation)
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Fig.3-1 An analytical model of temperature rise and thermal stress of cemented
carbide tool due to CO, laser beam irradiation (Internal irradiation)

Table 3-1 Material properties of cemented carbide tool
P20 (at room temperature)

Young's modulus GPa 548
Thermal conductivity W/(mK) 41.8
Specific heat J(kgK) 251

3
Density kg/m3 12.3%10
Coefficient of linear expansion k! 5.2% 106
Transverse rupture strength MPa 1910
Poisson's ratio 0.21
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Fig.3-2 Dimensionless temperature rise 7 at center of laser beam irradiation
region against dimensionless time ¢ (Internal irradiation)
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Fig.3-3 Effects of 7o, on maximum temperature rise 7., atlaser

beam irradiation cycle of thermal crack initiation
(Internal irradiation, correspond to Fig. 2-11)
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Fig. 3-5 (07)max and both time 7and position z corresponding to (Gi)max
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t0 [(01)max)max @gainst Q (Internal irradiation, correspond to Fig.2-11)
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(b) SAM image on rake face (c) SAM image below rake face
(z=0 um) (z=12um)

Laser power QO = 176 W, on time /o, = 10 ms, off time fo5 = 99.9 ms.

number of irradiation cycles = 10

Fig. 3-8  SEM and SAM images of thermal cracks due to CO, pulse laser
beam irradiations on rake face of cemented carbide tool P20
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Fig. 3-9 A thermal crack on rake face of cemented carbide tool P20 due to
CO; pulse laser beam irradiations
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Laser beam irradiation region
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(b) Cubical model with a spherical minute pore

Fig. 3-10 Analytical models to evaluate thermal stresses of cemented carbide tool P20
due to CO, laser leam irradiation on its rake face
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Fig. 3-11 Dimensionless principal thermal stress distributions on a spherical minute
pore and its neighborhood due to CO, laser beam irradiation
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Fig. 3-12 Effects of dimensionless spherical minute pore diameter d, on
dimensionless maximum 1st principal thermal tensile stress [(G})mpax]P

on the pore (x,=y,=0,7=15=54X107)
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Fig.3-13  Increase in dimensionless maximum Ist principal thermal tensile
stress (O0])max due to a spherical minute pore (Internal irradiation)
(d,=0.002,%,=J,= 0, ,= 0.004)
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Fig.3-14  Effects of both laser beam on time ., and laser power Q on maximum

st principal thermal tensile stress [(07)maxPmax 8t CO; laser beam

irradiation cycle to thermal crack initiation for cemented carbide tool
P20 used in experiments (With a spherical minute pore, d;, = 1um,
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Table 4-1 Material properties of cemented carbide P20 and TiN cermet
used in experiments (at room temperature)

_ Modulus of Poisson's| Thermal conductivity | Transverse rupture | Coefficient of liner
Material elasticity GPa | ratio W/(m-K) strength ~ MPa | expansion  K-!
Cemented X106
carbide P20 548 0.21 41.8 1910 52
TiN cermet 412 0.20 293 1620 7.6
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Fig. 4-1 Shape and dimensions of workpiece used in experiments

Table 4-2 Cutting time [, and materials of workpieces

b mm fon MS Material
10.0 24 S50C
20.0 4.7 S50C
30.0 92 S45C
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Cutting edge

| Rake face

Tool : TiN cermet , cutting time 7, =4.7 ms, non-cutting time /o= 65.3 ms
cutting speed = 250 m/min, feed rate = 0.3 mm/rev, number ob cutting cycles = 333

Fig. 4-2 Typical thermal cracks on the rake face of a TiN cermet tool due to
interrupted turning
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Tool : TiN cermet , cutting time 5, = 2.4 ms,
cutting speed = 250 m/min, feed rate = 0.3 mm/rev

Fig.4-3 Effects of both 7, and 7,5 on number of cutting
cycles of thermal crack initiation N,
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Fig.4-4 Effects of both 7, and 7y on number of cutting
cycles of thermal crack initiation N,
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Fig. 4-5 Cross sections of workpieces used in experiments
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0.2 mm .

(C) toffz 11.3 ms (d) toff= 30.3 ms

Tool : Cemented carbide P20, cutting speed V' = 400 m/min
number of cutting cycles = 1000

Fig. 4-6 Tool rake faces after interrupted turning
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(face milling, tool: cemented carbide P20)
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Fig.4-9 Tool rake faces after face milling
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(a) Dimensions and cutting conditions of orthogonal cutting
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(b) An example of finite elements near tool rake face

Fig.5-1 Analysis model of orthogonal cutting
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Fig. 5-4 Temperature distributions near tool-chip contact area
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Fig. 5-5 Analysis model of thermal stresses due to cutting heat
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Fig. 5-6 Principal stress distributions near tool-chip contact area
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Table 6-1 Material properties of coating membranes and substrate (at room temperature)

Thermal Specific Density Modulus of Coeflicient of Poisson's Melting
Material conductivity | heat elasticity linear expansion ratio point
W/(mK) T/(kgK) kg/m® GPa K K

AlpO3 38 712 4.0 X106 363 8.1 X10° 0.26 2323
TiC 30 503 4.9 372 8.0 0.19 3473
TiN 25 555 5.4 255 9.3 0.2 3223
Substrate ) 113 209 139 617 4.7 0.21

(Cemented carbide)

pum Tool surface

TiN 05 ]

AIZO3 4.5 .

TiN 05 1027,

TiC 4.0

TIN 30 1V

: A
Substrate

(Cemented carbide)

Fig. 6-1  Dimensions of coating layers of tool used in experiments

(a) Number of irradiation cycles = 4 (b) Number of irradiation cycles = 5
Power O =284 W, ¢=0.05, on time o, = 9 ms, off time o5 = 99.9 ms

Fig. 62 Tool surfaces irradiated by CO, pulse laser beam



On time fo, ms

£=0.05

Number of irradiation cycles to surface melting NV,

Fig. 6-3 Effects of on time fon and laser power O on number of irradiation
cycles toward surface melting N, ({og=99.9 ms)
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Laser beam irradiation region Thermally
insulated region

0.25 |,2'25 mm
/ Tool Surface
oD / — TIN 0.5
10 A1203 4.5 3 Thermal contact
2 ?I(\:I 2 g - resistance layer
1 .
TIN 3.0 0.1 pm
R Y Substrate
- N Thermally (Cemented carbide)
insulated boundary
(a) Dimensions and boundary conditions (b) Dimensions of coating layers

Fig. 6-4  An analytical model of temperature rise and thermal stress of coating
tool due to CO, laser beam irradiation
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Fig. 6-5 Effects of R and 4! on maximum temperature rise 7, on laser beam
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Fig. 6-6  Temperature rise distribution below tool surface at peak point of laser
beam power (7 =0 in fig. 7-4)
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