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Application of Rapid prototyping for welding and milling,
and Heat deformation for FEM

Yenwha Ryu*, Woocheon Choi*, Yong-Ak Song** Sehyung Park**, Jungkwon Cho**

ABSTRACT

Rapid prototypmg for welding and milting is a Tiybrid approach that makes use of welding as additive and conventional
milling as subtractive technmique. For two years this concept has been used to verfy manufacturing mald and mechanical parts
successfully In latest new fabrication methods, For example, manufaciuring meld for two sert of materals and shell
[abrication, have becn applied o the concepl in KIST This methods will be an alternatrve proposal in rapid prototyping.
Metal deposiiion for welding causes the part to deform. It is 2 handicap in our proceeding. To overcome this problem. 1 this
paper, we tepreseni an optimal welding path for FEM analysis Eight paths are tried to this and the value of deformation is

average and standard deviation in four points'.
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Then we can compare with 2ight cases and select the opumal path.

&), moving heat source, heat deformation( @8 3 ), FEM(+3- 2
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3.1 modeling

A AL gsE BT 28 RgE T gln
AF 270mm, ¥°] 30mm ¢ FHE o] &It ¥
Y, d714%E node 8 Eolm ;A AAE vF
217171 A&l A€ 150mm, E°©l 10mm 2 HHE
A4 gk % node T 1872 7, element & 1347
A o]H, element = 8 7H2] node & 7+ £¥ F o))
Fol Weke s 3 Ho05 pAFe glon, diy
F4 BEe &3 HARE A &8 80 Ay
3x3mm element & TAE 60x12mm 2] Za}ztE &
Ao olfo] A gldh [ )] = A¥H &
AARLE 29 3% ol =AY A5 12 AL 6
AL9rL3Ae] 458 A HE Aok

Figi(a) 84 =9

B FgAA4 &HE & #AF vz BL 9
mm AZEels tiyEel do) of7le} FEPAY B
2 otz FY9L oldtt & ) 2R 2 9ko] vl
goz Bap g fr) Qo agm, £ o8 T

FHE oA = 288Timm’s )0, o] &7 A
%E}% iR o] AES Fetn dRTHoE F
oj4 Atzsdch AdE A% FH v A%
oA Tt A& ghol 18V o] 1254 & HLdc) =
#F &3 FEE et S48 9498 887
& 81702 step 2% ek 80 70 element 2V
o e step o] F ST 014 2 Fok 0] o
FEu, 490l AVrhe AR 240mm, F R0l
ZHE R AE 12 23 2R AoA B
[200mm/mun ¢k A2 YA AR o, vpRd
g T A sep & HAEE FROR A
ZE 98 60000 28 A2 AR P 2™ 3
L8 Ay 43 A28 By Fr
ol Azl Al g7 A :;a]L HAH o
HEojAe Haide] @A 4A s¥xm @ W3 o
e Az Adn gL =, Yo %— FXE 7
Fog gt ofdel 8 7l A= -%’-loﬂ S
2 A% F7) glou AZEgojda] Axg
g8+ s 43 A28 nyds deadd

]



Case 1

Case 2

Case 3

Case 4

Case 5

Case 6

Case 7

Case 8

5 pl
G

Fig3id) 87+ 4

Fig.3(c) 2

Table 1 2 & 7}A] E£9) 12,6, 9,3 A AH2
vi(z Wk Wal)e] HE A Eoge Hod 5
HAE mm $HE vERRivL A o8 case 8
4 ANFD 12 A Adde] 7 HEo ”ﬁ}ﬂ} v

byt Al A AE case 12 99 73*?' 2 HY
2ro) z;-gg]oh:} we, 97 HEE B o case 4
7} 7 22 42 vehym ¢m, ¥ gase | o

713 B2 FRAE Bo] Frl HEAIE case 1 9]

¢ 3, case 57F 7H A bk 8 AR A

o

-34%-

fw v vley o wheE of ek 42, 1 55
e F EE, RoR &3 oMY 45 nE 3
BE ws B oW & O AR case 1,3 9] ¥
Wk M=) case 2, 4 Bod AFHO Hye] 2H
o o] yow| TFEJRAE o WE A2
o 2 L]E}L"T—] EE 7 2og A2g A
case 1. 2 R0 2 o8 AR2E 448 case 3. 4
7 0.imm ol4 o wEol AEkA Yol wol oA
& A A 30%e] o2+ el HE U
F 7 REEA JdeElve sa28E o 5 dr)
ATh7} case 7.8 9] case 5, 6 BT} v Hoaol W A
S E o o Hda A 4E S case
-8 9] A9 Hy WygoMes T YEEE &
Ael ARy #FEAC oA E g gE
case 1~4 o] Hlal 4 W& YL B Fri
12 6 9 3 Hg |=E=@z
04648 |01456 02524 [02587 |04 |0133s
04872 (015631 |02630 [02635 [02905 | 00920
05270 (04008 | 02931 |03447 [e3el4 | 01355
04631 |04711 |02975 |08 0394 |0 1145
04085 {02582 |02445 | 02694 |02051 | 0469
03592 (03332 02750 (02882 | 03130 |007H
04127 [03799 [02977 02724 03407 | u.0688
03500 {03897 [03865 |03047 |03327 | 00776
Table.l ¥ vl A ZHel| 2] u3 Pare] s

st EEas

-0 00025
0,04 393

10205
000072

000033

Table.2

ko]

table 2+ case 4 & ul. u2
arelth. o 710l ul, w2xy HE) I3
3 wjg FArie & F7F ol 1-}‘312]
ez FAE B2 A2 2t v
HEHo=z w2 4 el A Ag
w3 #Eke] $d 94 t}.

g
ok

o



g g BE A4 4 ¥ s T
TEdony fdgk: 9ARLn 7R FYG
g, dA F9E A HFHoeR AbE AYE
e e BT A A A E AF
ol Az opncr fesideE 42 2Ry S0
i}l BE 5 AL weYisle o gl
i Bred ASE gl 294 2 &
Feig A glow, olF FL5ozd FEH HE
3}, shell A2 F3 A4 a2l 848 8 E
of il 2 HE Al vk o F oF %
T} oghell WAL Aoz HEH g
Bol avkEel g4 dsg FEEE d2A4T E
ko] o]F ool gk LEA, 8 Fe] 1] 7l
Aalzbd el dlElA dlol Auries ATk
A7 #e 8 7 2 FEE dAs D 24
a9 dRHS aAstEn &3 A2 utE g

SAe vFd go] 28 JE 5 U

2. EEe A 124, 64 Wk WMol 34, 9
Al owpakel Wl R o A

olulek ARo ZE WAzl B B,

St §3E Agol BEAAI B He} Ank

ol sl ARz %e W f7g ¥ 4%
H3 Wi D % TRon PNy ARI
ase 5 b 74 A% 87 Az desgc

BE TR A%, 2EHAE A

doEs £ 7 ARE Boy
o #u, Aerdud b3 2 Add 94 o

Aisgk vhAly 3 Y S dHE 99 F
A AZER A gk ALgsty 99 W

FATEWE =T pp.o40-944, 1998,

I-p Kruth, MCLeu, “Progress in Additive
Manufacturing and Rapid Prototyping”, 48" CRIP
General Assembly, Key note. 1998.

American Society for Metals, “ASM Metal Reference
book™, 2th edition, 1983,

ASM International, “ASM Handbook™, Vol.2, 1993

. Thermophysical Property Research Center, Purdue

university, Thermogphysical property of high
femperature solid materials, 1967.

L.Troive, M.Nasstron. M.Jonsson, “Experimental and
MNumerical Study of Multi-Pass Welding Process of
Pipe-Flange Joinis”, Transaction of the ASME, Val.120,

1998,



