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Analytical Study of the Determination of Distance between the Laser Heat Source and

Tool for Laser-Assisted Machining
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Laser-assisted machining has shown its potential to significantly improve product quality and
reduce manufacturing costs; additionally, laser-assisted turning (LAT) and laser-assisted milling
(LAM) have been studied by numerous researchers. A research study on the determination of the
distance between the laser heat source and the tool for laser-assisted machining, however, has
not yet been attempted; we conducted such an analysis by using a finite-element method and
heat-transfer equation. The results of this analysis can be used as a reference for the
determination of the distance between the laser heat source and the tool for laser-assisted

machining.
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p = Density [kg/m’]

T = Temperature [ C]

k =Thermal conductivity [W/mm-C]

t = Time [sec]

h = Convective heat transfer coefficient [W/ mm? C]
C, = Specific heat [J/kg: C]

T, = Surface temperature [ C]

T,, = Ambient temperature [ C]

V; = Laser feed rate (mm/min)
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), Laser heat source (20| %] &), Thermal analysis (ZH4d)

V, = Tool feed rate (mm/min)

P, = Laser power (W)

d; = Heat source diameter (mm)

y; = The distance between laser beam and tool (mm)
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Fig. 1 The distance between laser beam and tool
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Fig. 2 Simulation model

Table 1 Analysis condition
Block size (mm) 100mm*20mm*20mm
Laser profile diameter (mm) |3mm
Laser feed rate (mm/min) | 200mm/min
AISI 1045steel | 80W,100W,120W

Laser power | Inconel 718 | 80W,100W,120W
Silicon nitride | 100W,120W,140W
Convection coefficient 8W/m>C
Thermal load type Heat flow
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Fig. 3 Thermal conductivity according to temperature
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Fig. 4 Specific heat according to temperature

dolA 4 T HH AYs AA4s57I
sl wolA odd FHxAe wE AR A
A= BAH L s

HE A4S Fig. 1014 Xao s d9 o]&o
wel S APt s 99 By s g
olal7] sl AISI 1045 steel ¢ W 2%
(Transformation temperature) A}o]E 7]FO 2 o]
A EH (W) Adssin.

AISI 1045 steel ©] o]d®(Annealing) 2=+t
550C ol/Folm, 730TColA sty dojdrh o]
23 HE udste] ¥7Fe 2ATTE HEsde
o, Zlo] A2l &S 80w, 100W, 120W= 3}tk

Inconel 7182 &-§ &% W7} 1210 ~ 1344C
, A B flo] AFSHEE HAAL F
2= W9E 524~870°Colth. wekA d2bA)
2 Z%E 3133} CBN(Cubic boron nitride)
A3t a, A od4E &% 850CE 7|+
3o 120W, 140W, 160W = A A3}l 1112

[0 o 1o ¥ O

okl AslatAE 2% YSIAIONS F3 A
9] &% (Glass transition temperature)$! 920~970TC &S
Z3 3HA] =WYSIAION Glass®] %A (Viscosity)f+
ToR Aslqts YA At FRod)B A H
A= EHElipel TR He felder
Aol HAR, G AA ] WP HAsHA
ZE=t) 01213 ZA|(Rid body) AS5S 3t AAE
2 2ldl AA CBN QIMES ZHAANL 7F3H
Atolef Al & FHEFEo] G, wEA &%
%7} <13 YSIAION Glass FAlo] #4317 = of
Aspara JGApe] Augo] EkelA LASA =
a1 A2y FE o] njgo] ghAagt e

o3t A& nydte] FFE CBNOZE A3I8
on, o4 2% g 1300CE 7|Fo® &
140W, 160W, 180W = 3ato] 2 a}ich.

o

3.3 A&t

Figs. 5-791% #lolA &¥d m} ol &
I FF Aol AFAYE Tyl 9 M A
2 BoFr. d9o=2HE 1.5mm¥ 11719 F
S o] 252 79

Table 20 i= Z}Zhe] AAlo] w2 ol &2
312 d9 TSN FT7A FH2AA T (Minimum
distance) 1.5mm, % %+7 2](Middle distance) 7.5mm =
FH A8 (Maximum distance) 13.5mmolA 9] &= &
Table 20 YEFH LT}

Fig. 82] AISI 1045 steel © 4 80W, 100W, 120W ]
oA dY¥} FT Atolol AT 1.53mmelA %
7F 60% ©’d A sheE RS Rl 4 Q) AISI
1045 steel®] 7% dlolA &2 sow, A7 zolA
LLE 51549TCo|H, A8 £xE 111.23C, F
PAZAAE 7635CE A HATE Hol A=
100Wl A9 HAAAAN 5% 616.86C, T3¢
A SEF 1199C, HUAZANAE 8481 TE &
AE ek "olA o] 120Wel A$ HAA &
EE R21.68CTE 7 A ugoew, F3AE &
L= 142.79C, HuiAE 2%E 93T o2 BAE
Atk o] AL HAAY 57 YT =ol e}
LSRR 100W st EH S FAshs Ao Frh

100w @lolA g9 g AZlE A
1L5Smm= FASH, 7 7HEAE do] HAis)
Ha 2Ao] JlejAlE nRE uUAE F3e
AISI 1045 steel 7}&S -&0]&FA 3o},

Fig. 92| Inconel 71894 120W, 140W, 160W =i
oA ¥ T Atolo] A 4.5~6mmollA %=

R



SR USSS|X A 32F M 8= pp. 699-704

August 2015 / 702

AT0W
Temperature
Type: Temperature
Unit: °C

Time: 10296

BI0.52454 Max
17685
769.84237
67685
25685
42685
32685
22685
17685
12685
8685
1685
4685
2685

22 Min

Fig. 5 Analysis result of 100W (AISI 1045 steel)

Fig. 6 Analysis result of 140W (Inconel 718)
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Fig. 7 Analysis result of 160W (Silicon nitride)
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Table 2 Temperature according to power
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Fig. 8 Temperature according to distance from laser
heat source and power (AISI 1045 steel)

1200

1
—=— 120W,
1000 ] s 140W|
\ —a 160W
S o800 b
I3
E
T 600
2 N
2 400 '\\\%\§§
200 i isgil 47 =
L
0 1
0 5 10 15

Distance from laser heat source (mm)

Fig. 9 Temperature according to distance from laser
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Fig. 10 Temperature according to distance from laser
heat source and power (silicon nitride)
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