Journal of the Korean Society of Manufacturing Technology Engineers 22:6 (2013) 931~936

http://dx.doi.org/10.7735/ksmte.2013.22.6.931

ISSN 2233-6036

iHA MAY Z2|4 33 A Y25 2 22X Fo4As(y d+
AX|$2 UM 27 oA g2

Finite Element Analysis of Large-Electron-Beam Polishing-Induced Temperature
Distribution

J. S. Kim®, J. S. Kim", E. G. Kang’, S. W. Lee”,

H. W. Park™

“ Ulsan National Institute of Science and Technology (UNIST), UNIST-gil 50, Ulsan 689-798, Republic of Korea
" Korea Institute of Industrial Technology (KITECH),KITECH Cheonan Headquarters 35-3 Hongcheon-ri, Ipjang-myeon,
Cheonan-si, Chungcheongnam-do, 330-825, Republic of Korea

ARTICLE INFO ABSTRACT

Article history:

Recently, the use of large-electron-beam polishing for polishing complex metal

Received 16 August 2013 surfaces has been proposed. In this study, the temperature induced by a large
Revised 3 December 2013 electron beam was predicted using the heat transfer theory. A finite element (FE)
Accepted 8 December 2013 model of a continuous wave (CW) electron beam was constructed assuming
Kevwords Gaussian distribution. The temperature distribution and melting depth of an
ras. 3 1 1
Elé/cv:ron beam polishing SUS304 sample were predicted by changing electron-beam polishing process
Finite element model parameters such as energy density and bean.l Velocrty. The results obtalned.us.lng
L the developed FE model were compared with experimental results for verifying
Temperature distribution . .. o1
. the melting depth prediction capability of the developed FE model.
Melting depth
SUS304
.M &2 ke 2 A AL ek, AANL ]88 FH Ho|
a3t 7] HaiMe 34 AAE 45T + e Bde BEs
A2 AW Fhgol FEER BASUA 98717, Yessto] Aol AgEofok I
22 99 59 7gel Bol ASHT ot A2 FAGL Y= B =R WY B U 23 k5T W5l BE LERE
AFEL Fiol BT Bt opyel g%, 14D 7hg-g 2 o AR SN I AE HeFT itk WA TG B2E
FAL Tk ol AESY TS 22 AFR v B JMIE AAe) S4¢ Teskn A4 Age) A8 Alst 2
Aol FHe) BYNA ARAG. LAY, 140 FAY FHL = AFE H8de] UA BEE 548 KT TEOE o
93 A2 AT Yt Aol AAYS 087 FAF FHoI. & 014319 Fourierh AU AHE PHAL Fo] LERAE
AL 043 SH THL A/ NUARE o317 We] ST A%E BAST: siAto 2 W9E 43 5YR 2
A F 9QEAo] whalo] Qo] 1A, 34 2skd Aol 71 A 85t CW (Continuous Wave) WA & o] &¢t Ag&
stk =3, Bas e A AL DAz ool ghad ¢ APea AT vla BAse 4 de) S A5

* Corresponding author. Tel.: +82-52-217-2376
Fax: +82-52-217-2309

E-mail address: hwpark@unist.ac.kr (H. W. Park).

931



J. 8. Kim, J. S. Kim, E. G. Kang, S. W. Lee, H. W. Park

Stk & =Rl A S8 BUL o] §3te] 74 At 43
2 Bd Qe ADRE mste] A4 Bdo] AA| AFel e
ATE BT S FASNGT B & =RoA A%D B
92 olgalel AR 34 A LRI §470], 7HHEY
AN dlZo] st Azgn
2. HARY 2E 43}

2.1 0|2 i

24, Zalv 59 1A BYAN9 GAEE 53] 93t
Fouriers] @A 442 4455 olehe] A& Fouriers] @

A= A4S welFn Qo

Ve (kVT)+q

oT
pC— = (D

7| TE &5, t&

ke GAEE, 12T (2 9 H42 dehith AgATAAN 147
W) 247} A9 E AL Bed 2o e A gls A

o2 7HSith. EE 29 27] 2L Ao JHHs gl
o, AAZAL bt 2o] AAssit.

ox oy N

OE. b N
>

o3t =

o

L

o &

&

=

L of
2

a9
1 AAe duA 9
2. NWE Fhe| 242 020
3. 2709 e o] LEolA
314 Aol 2Ale] HEA o)A @
7oz TReROH, 299 E

CEEREEE S

b

.

&5
o
2.2 Gaussian ZE7|HF FAR] mEl

A2 o) o Aol 7HE 2 oluAE 7K

0.2 FAIA WO WF ofuix] Y7} Hasshe 7HA

o o
o
ot

Mz
et

932

Aol A" AP
Aol a8t 7H-ASH
b % Goldak?] 2d& ALE3lo
FAs ok 9] 41 Goldako] Ak

B3t

} By E
T':E

4)

n& o
\__

2 @A PE JAe) Ao 519,
om 14_ o] UrEME} b o

+%54 A 5L
£ 38,0 b, et BT WSl 978 A9, big 12 slw

290 A58 9§49 AL BES ek, A48

e e Ao 2RE g7t A 949 7t He FE7
Ao A= stk FFass R Y d F45 WAL
O tA<S olEth o|ZHE ol AL tE3t 2
2 2
(z,y) = 5 exp[— %] ®)
9] U] ARE o] gt d &5 FHW 1 4L o
7 2.
8q = Pt = I(x,y)dxbydt (6)
f/ \\
."l \'1,
I.-"lf ll"'." .

Fig. 1 Illustration of the gaussian distribution model
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Fig. 2 Configuration of the finite element model

Table 1 Parameters of the electron beam process

No.| V. &V) | 7(may | 5 umls) | B, (War)
1 30 7.5 0.5 3600
2 30 7.5 3 3600
3 30 7.5 10 3600
4 30 20 10 9600
5 30 20 17 9600
6 30 20 20 9600

Table 2 Material properties of the SUS304

Thermal conductivity (W/m « K) 16
Specific heat capacity (J/kg « K) 598
Density (kg/m®) 8,000
Melting point (° O 1,400
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Fig. 3 Prediction result of the temperature distribution for the
SUS304 after imadiation
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Fig. 4 Cross section view of the temperature distribution along
the x-axis for the SUS304 after imadiation
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Table 3 Experimental measurement of melting depths

Energy Feed Experimental Analytical
density (mm/s) melting depth melting depth
03 > 1 (mm) > 1 (mm)
3,600 W/em’ 3 ~1 0.9
10 ~0 0.1
10 > ] >1
9,600 W/em’ 17 ~05 03
20 ~ 0.1 0.2
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Fig. 8 Experiment device for electron beam polishing
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