29

()
4
i
Fo

HiRE neE WY $H2AY 4P B A7

dEF-AAST H A

‘ddrista ekl 1A 2
TAdusy 7)A B e
TR EATY FUHTY

P

A Study on the Selection of Fillet Weld Conditions by Considering the Tack Welds

Jun-Young Lee*, Jae-Woong Kim** and Cheol-Hee Kim***

*Graduate School of Mechanical Eng, Yeungnam University, Kyongbuk 712-749, Korea
ty, Ky
**School of Mechanical Eng, Yeungnam University, Kyongbuk 712-749, Korea
***Advanced Joining Technology Team, KITECH, Incheon 406-130, Korea

Abstract

In this study, an experimental method for the selection of optimal welding condition was proposed in
the fillet weld which was done over the tack weld. This method used the response surface analysis in
which the leg length and the reinforcement height were chosen as the quality variables of the weld bead
profile. The overall desirability function, which was combined desirability function for the two quality
variables, was employed as the objective function for getting the optimal welding condition. .

In the experiments, the target values of the leg length and the reinforcement height are 6mm and zero
respectively for the horizontal fillet weld of 10mm thickness mild steel. The optimal welding conditions
could predict the weld bead profile(leg length and reinforcement height) as 6.00mm and 0.19mm without
tack weld and 6.00mm and 0.48mm with tack weld. From a series of welding test, it was revealed that a
uniform weld bead can be obtained by adopting the optimal welding condition which was determined
according to the method proposed.

*Corresponding author : jaekim@yu.ac.kr (Received May 2, 2006)

Key Words : Fillet welding, Response surface methodology, Central composite design (CCD), Desirability
function, Leg length, Reinforcement height, Tack welding
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Table 1 Fixed conditions for the experiment

Tip-to-base metal distance (mm) 20
Torch angle ( ) 45

Gas flow (I/min) 18
Welding wire diameter (®) 1.2

Table 2 Factors and levels for the experimental
design

Coded value (level)
-1 0 1

x]1 |Welding speed [cm/min)| 58 52 46
x2 Welding current {A] | 280 | 300 | 320
%3 Welding voltage (V] 32 34 36

Factor Factor name
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Table 3 Central composite design and experimental
result
Coded variables |Natural variables Response
L . C
NolZi | 2 | | & | & | & | o iongh) i;etlrgg;;ﬁg
1 1-1]-11-1] 581280 32 5.2 0.42
271 ]-1]-1)46|280]| 32 5.55 1.08
31-1 1 | -1 58 (320 32 5.2 2.32
411 1 | -11|46 |320] 32 5.6 3.04
5([-1]-1]1 11581280} 36 5.55 0.18
6 1 |-1 1 | 46 | 280 36 6.35 0.31
71-1 1 1 | 58 |320| 36 5.6 1.04
8 1 1 |46 320 36 6.6 0.83
91-11]10 0 | 58 | 300 34 5.6 0.54
10] 1 0 0 | 46 | 300 34 6 0.86
11| 0 [-1] 0 |52(280| 34 5.9 0.43
12 0 1 0 | 52 {320 34 5.7 1.37
131 0 0 [-1]521300]| 32 5.6 1.14
4 0 0 1 | 52300 36 6.05 0.32
151 0 0 0 | 52 |300 34 5.9 0.73
16| 0 0 0 | 52 1300 34 5.9 0.63
171 0 0 0 | 52 {300 34 5.85 0.76

L =5.873+0.295z, +0.015z, + 0.3z, — 0.064x]
—0.064z; —0.0392; +0.031z,z, +0.131z,7,
+0.031z,z, ®)

C'=0.653+0.161z, +0.619x, — 0.532z, +0.0862
+0.286x5 +0.118x5 — 0.035x, 7, — 0.18z, T,

—0.31zyz4 9
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5~6o Uehidch. ola8HTHLe thEs FHoR
o}z <A W Hl=gAe] e 29lo] &3] o
Bl QA @ AUE FFo] 22 e EFo] gl
durdo g HEsHs o) $22 0.058 Agsd v
2 F(9, 7 0.05)=3.68°] €t}. o] & F FF
29 Fzkat vlms) B W Fygle] FRiEc 3og ®
A2 BT folsitks AL & 4 ok

7} IR i AAAS) e 0.964, 0.9842
723 & WEol 96.4%, WAatEol  WEe] 98 4%7}
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dale mdojgtn & & JAD. 9 IARY 4

(8). (9 dgHid] e SHUE A3 F2 32

Table 5 Analysis of variance regression model of leg

length
source of | Sum of { Degree of | Mean of 7 F
variance | squares | freedom | squares 0 1(0.05)
regression| 2.005 9 0.222 120.815] 3.68
error 0.074 7 0.010
total 2.080 16

Table 6 Analysis of variance regression model of
reinforcement height,

. . source of | Sum of [ Degree of| Mean of F
499 FAH(F test), BBAF(coefficient of multiple variance | squares | freedom | squares i (0.05)
determination, R?)°] <l&iA #a & 4 g regression| 8.678 | 9 0.964 |47.340] 3.68
ER] FRRCAM Fye IAYTATT 2349 error | 0.142 7 0.020
. ] total | 8.820 | 16
FAZY vg( =002 Jehlol, of go| aw i
Table 4 Analysis of variance table
source of Degree of
. Sum of squares Mean of squares £y F(a)
variance freedom
_ . _ SSR MS,
regression SSR=0"X"y—n(y)? k MSR=~—— -JIF}}E Fk, nk-1:a)
error SSE=y'y— ' X'y nk-1 MSE= 71_:9%
total SST=y'y—n(y)? n-1
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Table 7 Factors and levels for experimental resign
(welding on tack weld)

Coded value (level)
-1 0 1
x1 |welding speed (cm/min}| 58 52 46
x2 welding current (A) 250 270 290

Factor Factor name

x3 welding voltage (V) 31 33 35

Table 8 Central composite design and experimental
result (welding on tack weld)

Coded variables| Natural variables Response

Ty | 23| & & & (leg llgngth) (rei}?;?gcsgem
-1 |-1]-1] 58 |250]| 31 5.35 0.72
1 [-1}]-1}46 250} 31 5.55 0.98
-1 {1 (-1 58 (29 31 5.25 1:39
1 1 1-1146 {290 31 5.95 1.69
58 | 250 | 35 5.7 0.37

Z
S
Ry

||| |dlw| D]~
t
—
[
—

1

1 (-1 146 250 35 5.75 0.73

-1{ 1| 1|58 ]290] 35 5.65 0.70

1 (141146 (290 35 6.7 0.36

-1 |10} 0|58 |270] 33 5.95 0.39

107 1 [ 0| 0| 46 |270| 33 6.05 0.52
11( 0 | -1f 0 [ 52|25 | 33 5.75 0.73
1200 | 14052290 33 5.85 0.86
13y 0 0 |-1} 52270 31 5.55 1.08
140 [ 0 [ 1|52 |270| 35 5.75 0.83
1510001521270 33 5.9 0.53
1600} 0| 52]|270| 33 5.9 0.63
170 [0 052 /)270]| 33 5.85 0.66
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L =5.871+0.21z; +0.13z, + 0.19z, + 0.13823
—0.062z — 0.21222 + 0.188z, 2, + 0.025x, 74
+0.075z,75 (13

C'=0.636+0.072z, + 0.148z, — 0.284z, — 0.2z>
+0.141z5 + 0.297x3 — 0.083z,2, — 0.068z, 4
- 0-178I2.’1I3 (14)

9 FHA(13), (149)=FE EIEAEE Tables
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st
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(58, 256.2, 33.78)c19, o] wo B sAEIrE
0.7170]t}. o] HAZANA <28 ZHWE(L, O)=
(6.00, 0.48)°1x, AZHEE %3

] de ’ézﬂ %k
€ (L, O)=(6.05, 0.42)°lt}, & & o
X & 5 U

Figs. 5~6& €3 £%(z,)7} 1(¢ =46 cm/min)
d o, A7, Agd dF A 3= 5 gz

Table 9 Analysis of variance regression model of leg
length(welding on tack weld)

source of | Sum of | Degree of | Mean of F F
variance |squares | freedom squares % 1(0.05)
regression| 1.477 9 0.164 |[8.562| 3.68
error 0.134 7 0.019
total 1.611 16

Table 10 Analysis of variance regression model of rein—
forcement height(welding on tack weld)

source of | Sum of | Degree of | Mean of F F
. 0
variance |squares | freedom squares (0.05)
regression| 1.839 9 0.204 8.368| 3.68
error 0.171 7 0.024
total 2.010 16
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(b) final weld bead with varied weld condition

Fig. 9 Photographs of weld bead

54 =

BWha ok BREFFHIA M HIET} ol
A% $HU=E Q7] A3 AFY o) AYR A4
sz PPEE AN,

o] 34 21¢ 7] N3 JVAGAS 49F o
& FAPIAYRL o183k 21 JARDL Ao
B, 7ol gg el SR B BAEs A
239) 7% F,=20.815, Ss0ldl A F, =47.340
& Jehilo] $834E B Tdske TdYS 899
ok E@ Mol e WE A S F,=8.562,
9ol 4% F=8.368% vehiel 7ol 91
W Hoke 3UEs} @olAt mdo] felRT &
1t

AR} BREPE FFE AHEHA A2 83

384

278 3 OS dE @ AA @S vwsid
S ASson, 3 7R 32U TR E

S A%, 7HEvlEst Qe Relde 4aa 5
Azole 22 0.6mm, 0.3mm A= zte]7} Uy
$320E g A& 24e HAAIRE dele 7t
ARAME 4339 qidzol/t #ddS 8 + ¢l
At

il

]

o
rat

1. CH Kim, S,J Na : A Study on Horizontal Fillet
Welding by Using Rotating Arc(I), Journal of KWS,
21-3 (2003), 40-45 (in Korean)

2. M.H Kim, Y.G Choi, H.S Shin, M.H Lee, T.Y Lee,
S.H Lee : The Inference System of Bead Geometry
in GMAW, KSIA, 5-2 (2002), 111-118 (in Korean)

3. J.8 Son, I.S Kim, C.E Park, I.J Kim, and H.S
Jeong, Development of Experimental Model for
Bead Profile Prediction in GMA Welding, Journal of
KWS, 23-4 (2005), 41-47 (in Korean)

4. R.H. Myers and D.C Montgomery, : Response Surface
Methodology, Process and Product Optimization
Using Designed Experiments, John wiley & Sons,
inc, 1995, 208-278

5. D.C. Montgomery, : Design and Analysis of Experiments
(2™Edition), John Wiley & Sons, inc. 1984, 340-368

6. S.H Park, @ Design of Experiments, Minyoungsa,
2003 (in Korean), 453-504

7. H.S Park, T.H Kim, S.H Rhee, : Optimization of
Welding Parameters for Resistance Spot Welding of
TRIP Steel Using Response Surface Methodology,
Journal of KWS, 21-2 (2003), 76-81 (in Korean)

8. D.C Kim and S.H Rhee, : Design of an Optimal
Fuzzy Logic Controller Using Response Surface
Methodology, IEEE Trans. on Fuzzy systems, 9-3
(2001), 404-412

9. G. Derringer and R. Suich, : Simultaneous Optimization
of Several Response Variables, Journal of Quality
Technology. 12 (1980), 214-219

10. E.D Casttilo, D.C Montgomery, and D.R Mccarville, :

Modified Desirability Functions for Multiple Response
Optimization, Journal of Quality Technology, 28—3
(1996), 337-345

Journal of KWS, Vol. 24, No. 5, October, 2006



