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Analysis of Moving Heat Source for Laser Assisted Machining of Plate by Feed Rate

Control
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Currently, many researches are carried out for laser assisted machining, which is one of the
important fields in materials difficult to process. However, a prediction of heat source is difficult
because of moving heat source. In this paper, a thermal analysis of laser assisted machining of
plate by change of heat source size is performed, and preheating temperature by adjusting the
feed rate is controlled. It was recognized that the maximum preheating temperature increases
according to the decrease in heat source size, and feed rate need to adjust as high speed. The
results of this analysis can be used as a reference for preheating temperature prediction in laser

assisted milling.

Key Words: Laser Assisted Machining (210|X 2% 7}3&), Laser Feed Rate Control (2|0|X 0| &4 T

Temperature (Z|C} 2T)

1. M8

o] A K27} (laser assisted machining)<-
ANgE delA 99 T Adsta Astd
g A Jhedelth HolA Havhee H
HE Vb, HAa @ AFN, e FdA o

Aoz ofe] JhFiokd AE&WLr U1
oh i mgk o2 d o2k FHER A3 Hel
HE7FES WA 7hgoll A mlg- 3 of
AFUal ok’ ey #elA ®EzbgelA
ddo] o3ty wEel ddol g &Zo]

Jr A
do ox

I

O ol @ BAIE AAs] 8 A9 64
2E oZ o U@ ge A7t 5

TR T R S

#
ar

[}
[e]
X

k=3
=

ZH), Maximum

Rozzi 5 °& A4 oA Bz 713olA
7be F ZW2RE dS5s] fe FAs e
AxbetGlom, gelA iAE Abgste] F4g
# dS5E ¥ 2=E a4 39 Kalyon
S0 ol Bx ThgelA Aftdste] e ®
He 2xE FAAor Alteta BANE Al
etgleh Ahn 5 e dlolA B Thgel A 3
24 dMe A8, 99 Ade zdste] A
2 ddF sM7IHE ekt 2 A
5 P2 A we golA olsdde A
il FH& 2ol 2EE At

A o8 Az dgolA = e 49
(milling)ad AlFo] wWol a7¥a o 1oy

dds= Felo Wt

e
o

| olFolA= Adatat &



rot
i

Yal
Of]

st3|X K| 28 H 12 3 pp. 1341-1346

December 2011 / 1342

g, ¥ 7}%11*1h H7tdo] o] Fo |7
o] e Z7)7F wgshA HH 2%

1'31
p
2

= FHy o)A BEIIFAA 949

A~ = 2

E
o
o
-9,
Ll
rfo
k1
M
b
it
)

>

Homy J»
)

A e

rlo

& fo ¢ o Lo
’ i, o

Retessly

N

2.1 ofM =HE

Fig. 1 & & )Xo AL8d fabes nds
Efith d9do] AuUrts ey REe A
2 4 9Fs 7] "o v (mesh)e] =7
0.25mm = AAsATE. o] ArtE HREo
Ade disiAE W4 2715 Imm 2 473}
3, YA BEL smm 2 A4S

)

%anTm{oL

|
] A A e
e R T et T Jf‘l! T N N R
Jﬂ'mﬂﬂm"ifmmllmml AT, llf;:f Hiei J!nnlmr Ty
':a1’1rf!mffJmrf!'JHrriJIrriJJlfffJJIrriJm'ffaJ1lfJmfifimI'lJﬂF:i‘jmfJﬁ'frrilJfMJ:frﬂ':’ﬁ'l‘ﬁJJflllﬂ?‘:h‘

lfJ.I'l'fflJ.I']'flJJ.I'I'fflJ.I'I'flJJ.I'flllJ.I']'I'lJJ.I']'lflIl']'I'lJJl'I'lflJ.I'lI'lJJ.I'l'llJJ.I'lI'lJJ.I']'lfJJ.I'lI'HJ.II'!HJ.I’!HHH'HH’?&

Jlf:fJm!JJmJJJlrumtrmrrmmmm|m li'llJlﬂJJJJ']I'lJIlFllJIﬂi'lJJli'lﬂ.lﬂHJﬂfll e
LG ’ 2l i ( l'
. In--\

au

Fig. 1 Analysis model
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Table 1 Analysis conditions

Material SM45C
Laser power 317W
Laser feed rate 20mm/s
Block size 30mm x I15mm x Smm

Table 2 Property of SM45C by temperature

Temperature | Thermal Conductivity | Specific Heat
[K] [W/mm-K] [J/KgK]
200 0.014 518
400 0.017 540
600 0.019 564
800 0.022 583
1000 0.023 603
1200 0.025 622
1400 0.027 620
1600 0.029 618
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Type: Temperaturs
Unit: °C

Time: 2.5
2008-05-02 23 11145

1438,5 Max
1357.2
12358
11345
1053.2
918
205
2817
627,83
526,49
425,15
382
222.48
12114
19.804 Min

30,000 (mim) \‘/I\n %
— —
7,500 250 4

(a) Reference analysis

A: Transient Thermal (ANSYS)
Temperature

Type: Temperature

Unit: *C

Tirne: 1.2

2001-10-03 2% a12

1427.7 Max
12517
1075.6
890.54
72248
54742
371.36
105.3

19.244 Min

(b) Present analysis
Fig. 3 Comparison of analysis results
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Fig. 4 Laser assisted heating by square beam
(3x3mm)

Fig. 5 £ 2x2mm ¢ €9 ¥ 2= ved
o 5er%Et 2135.6CZ 3x3mm 2| 427w
o oF 16w ettt

A: Transient Thermal (ANSYS)
Temperature
Type: Temperature
Unit: *C

Tirme: 1.25
2011-10-03 25 5:52

2135.6 Max
19005
16655
14304
11954
96033
72528
49023
255.18
20.128 Min

e P P o P e L B e e e e
17088
12843

850,68

Temperature("C)

43301

73783

Tim;é
Fig. 5 Laser assisted heating by square beam
(2x2mm)
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A: Transient Thermal (ANSYS)
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Fig. 6 Laser assisted heating by square beam (1x1mm)

Fig. 7 Temperature distribution in cross section of the
plate
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Fig. 8 Laser assisted heating after feed rate control
(2x2mm)

A: Transient Thermal (ANSYS)
Termperature
Type: Ternperature
Unit: *C

Time: 2 05e-002
2011-09-10 2% 419

1373.9 Max
11013
10227
85273
68277
512.82
342,87
16146
-148.89 Min

ﬁiﬁmeWWMmmwmmmwww

gy S———

o 2082
Time(s)

Termperature(*C)

Fig. 9 Laser assisted heating after feed rate control

(1x1mm)
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Table 3 Maximum temperature of laser feed rate control

Heat source Feed rate Final
size[mm] [mm/s] temperature[ C]
3x3mm 20mm/s 1350.5C
2x2mm 90mm/s 1352.1C
IxImm 1000mm/s 1373.9C
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Fig. 10 Temperature distribution in cross section of the
plate after feed rate control
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