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Experimental Analysis of Process Variables in Rapid Prototyping Technique by Using
Projection Welding
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Abstract

Rapid Prototyping (RP) technology has helped successfully to reduce time and costs since first emerged in 1986.
Recently, RP using functional materials like as metal have been researched. However RP using molten metal and
brazing material have been struggling to resolve several drawbacks, such as dimensional inaccuracy, poor surface finish
and post finishing because occurring shrinkage and warpage at cooling. So, the purpose of this study is to develop a
new RP technique using sheet metal and projection welding for reducing several drawbacks in occurring RP using
molten metal. And optimum process variables were determined using design of experiment(DOE).

sclee@mokpo.ac.kr

* Corresponding author :

(Received May 24, 2004)

Key Words : Rapid prototyping technology, Projection welding, Design of experiment, Process variables

.M B
FHe A2 Zia e 71eEA, 44
of ml¢ FLg AN AAE AT
=atn ok 7129 ARE AREE
F7ReeR ofFozlen, o& 4Bd Alﬂ#
Zdeg g} old wef #H& 2FPPL C
€ o83l mEn s FHT 3 Al
T g 3T ole AlFRE AFTIRNE %‘?—
HlE d73E 3ok =3 AREe] 4, B

oldle] AAHoZ AE/ME V7S A =Y %“-
-3)

oy 4
4
PN

=
._.mgr._,
=

-{N

)

[o]
A=

N L 1o
;)

He

_l_i!__
73]
Ho

I
o

B N g T
_Oth

o 0 [ b
i oY

),

Azde B4 ol8F AZED REAZDH g
SH&zPol 229 A7 U}, F& ARE VE
o ANFEL TA AZ3} HrPee ohjel, AEe
AR AEG A Boieh e B AFA B

KEIBHREEIE $2346 H29%, 20054F 4R

T ARRE F glemw g mgAol wg Euh A%y
ko] Aol 3}]4?- ZHHE 0|83l AEFES uZ v
qs E A} o] Roix 3 gt

&% A& 2¥HES 7] WE
o2 A5t Zﬂ?sgib_ itk A¥A WHS Stanford
t8l3}t Carnegie Mellon tgllld dAF7sta e
SDM(Shape Deposition Manufacturing)©] It
o] ZFPHL WA oA, ZZ=vHplasma) 5 &

2
o 2
~ﬂ

4 olgsl] B4 YRS & 3 LAY 439
25 Agrt SuEE, CNC d4t, EDM 59 7147t
2& g3t 838 22 A3t A 2BARL

7HEg 7Hggc, of Hhﬁ-f’: 71&9] NC AHlE o] &
g 4 o, &§ 240 A8l W] dEd 34
FA81717F ol Wz Al 53 WEo] IAd
S=

FoA HhS Nd:YAG #Ho|AE o| &3l F4
Hol| IHH o7 LEE (melt pool)S T Fo §

4 mlo

o

153



48 o) 3R g
4 9% =3, 34 AA3E A A8 4 £ NC

Wel ot2(argon) 7ta2 FERERE F
L

?:W?W @J lfﬁi’ﬁ date e ARske 33

°%"17l = %l"%
A e 838 o] 88k 3 F& AT T
UgS ol 2 =
o} 5’4:“1] U]%"ﬂ X B#o|4 (brazing) MBE |
& e 528 HE AR
H Alolefl Belo]d AEE Y
7tdstd AZdte Wigolth. 1
2y o] g iﬁé‘ﬂt Hylold Age] FHgo] W]
gl oAM= AHESIE ol@m, §Ho] & B
gold AsE AR w53 HdEs FE F ok
2 A7 B3 B d7AE ANgd =244 83

£ ol &3l FHUAESS M2 HPHE A&z
F'e A3 REold 39 5o 8% 4 Jema v
I Felel P& A Eok B =Re UA dubde
2 A3He 33 TARFCE A28 A3 F
3P 99EE gk el 3PAFS AR 4

& 3-8 zZAH 87
e 813y F MY, % R, SR, 8HE
71, A9 FA. Ad 1 w”ﬁﬂ‘: ThFet Mg

oA 8 FAe] AFEY. £ £ wde &
B84 FoM 7148 (electrode force), EHAFH
(weld current), £HAI7Hweld time)d] AlolE &
3 AT 4 A= 53 SR HYFE B3
o] folitt. matx &AE AN ﬂ%ﬂﬁ% A
o] F2 IPAFE st FHZH 9 830] o]FA
Al #jokgit

g Z2AMH 888 ol 8F A& 2P T

- .

&4e thest @u}” WA,

g0} 28 Fe TIAH Az R

0801 739 IZAHEE T3} 2ol FANFEZ
=31 %7 5mme AAANHE A=At

(1) 1.5mm¢ 1mmel STS304 242 Immel
SS400 Bk 71 78 Fol Fvg)

(2) THIE AR 718 AAsl] A &4 tol
(pressure die)?t Z2AM £35S 93 g2ASE ¢
£t

(3) &8 tolZ o|83ld FHE AEHA E7
(projection) & A3 gt

(4) AEALE A&l AFE 3] Yt <A} &
=& AR 92 AuulgEE FAgsict

z2AM 80 9 v e THUSEE £
F, 83N, 715k, Al A, AlEe] 54, &
7191 A, 719 A Sl itk dtdes A
%’ﬁ"ﬂ/ﬂ‘“ 3 Ae] E719| 59} Mgt FaAA Yol F

FoA AYstR Uz FFAFE £HAF B

%1*171}, 718 Sl Hla) &HEH viAlE FFo] B

WHoz Avtn Bt ey £9AF, S,
<
Q(}/ 60

Y

s e}

CLI‘ ™
.___—/—_
.45 |

170

Fig. 1 Specimen diagram of tensile specimen

Fig. 2 Photograph of the pressure die and carbon
electrode
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Table 1 Process conditions for design of experiment
No.1
Weld Weld Electrode " 100 7
. Composition J No.5
No. | current time force of specimen N~
(A) (cycle) | (kef) il T 801 No.9
g ™ No.4
1 8,000 50 352 STS304 =
£ 601 \/N"'G Y?g
2 8,000 55 402 S3400 @ / / @’rf——*"‘”— y e
o 4
STS304 2 401 NoT o2
3 8,000 60 452 +SS400
STS304 207
4 9,000 50 402 +8S400
5 9,000 55 452 STS304 0 10 20 30 40 50 60
6 | 9,000 60 352 $S400 Strain (%)
- _ ¢ . .
7 10.000 50 452 SS400 Fig. 4 Stress-strain curve of tensile specimens
STS304 Table 2 Results of tensile experiments at each
8 10,000 55 352 +385400 process conditions
9 10,000 60 402 STS304 Row number Exp. results (tensi21e strength
‘kef/mm®)
No.
112314 0l 02 a3 (MI;’AN)
No.1 | Ol 0| O| O| 88.58 | 88.90 | 88.25 | 88.58
No.2 { O] 1| 1| 1| 64.80 | 64.57 | 64.35 | 64.57
No3 | 022} 2] 7610 73.95 | 74.94 | 75.00
Nod | 1| 0| 1| 2} 76.00 | 76.35 | 77.40 | 76.58
No5 | 1| 1| 2| 0 87.95 | 88.90 | 89.00 | 88.62
No6 | 1| 2] 0| 1| 64.70 | 65.75 | 64.60 | 65.02
No7 | 21 0] 2} 1| 6585 64.70 | 65.60 | 65.38
No8 | 2| 1| 0 2} 77.35 | 77.35 | 77.40 | 77.37
No9 | 2| 2| 1| 01 8.10 | 88.95 | 89.25 | 89.10
Fig. 3 Result of rapid prototyping using projection Factor
welding array A|B{C|D 690.22
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Table 4 ANOVA(Analysis of vari tabl
Table 3 Supplementary table able (Analysis of variance) table
Variables S \Y FO a
Pr(i)cglss Supplementary calculation Sum ¢
varlables A 6.89 21 3.44| 1042) 0.001
A To... = 88.58 + 64.57 + 57 228.15 B 1.38 2 0.69 208 0.154
o) T 653 4 1ror + sot| a0t st C | 188 2 0% 299 007
current 2. = 09 : : : D |2545.16 2|1272.58 | 3848.58 |  0.000
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. Ti.. = 64.57 + 88.62 + 77.37 | 230.56
S 2561.36| 24
(Weld time) |1 " _ 75" 6502 + 89.1 | 229.12 o
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Fig. 5 Representation of tensile strength in each
factor level
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Fig. 6 Stress-strain curve of tensile experiments

in optimum conditions

Table 5 Optimal processing conditions of RP
using projection welding (tensile test)

. Weld Weld time Blectrode Composition of
Variables | current (cycle) force specimen
(A) Y (kef) P
Onti STS304
PHIUMY 10000 55 352 | (1.5mmx27h+
value
1mmx270)
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