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A Study on the Buckling in Fillet Welds of Sheets

Hwan-Su, Chu

Department of Materials Processing Engineering, The Graduate School,
Pukyong National University

Abstract

The structures distorted by welding—have to be corrected. Since the
correcting process needs a lot of costs and time, it is very important to
minimize the buckling distortion of thin plate welding structure. Therefore the
aim of this study is to investigate the effect of single bead on plate welding
and fillet welding on the ‘buckling distortion. In the single bead on plate
welding, it was found that the welding speed and welding sequence was the
most effective factor on| distortion. And in the fillet welding, there were 4
types of traditional buckling modes, the welding sequence was the most effect
factor on the buckling distortion. However traditional -distortion measuring
method is not considered for the distortion correcting process costs of each
buckling modes, therefore; in this study, the measuring method was developed
to classify the buckling “modes for torsion of specimen and buckling distortion
depend on nodal point. The welding sequence to minimize correcting process
can be determined by the sensitivity of twisted distortion and buckling
distortion in the fillet welding.

Key words : Thin plate, Distortion correcting process cost, Buckling
distortion, Single bead on plate welding, Fillet welding, Buckling mode,

Welding speed, Symmetric welding sequence
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(transverse distortion, angular distortion)
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321 4% A=
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Table 3.1 Chemical composition _and mechanical properties of SS400

(a) Chemical composition (wt. %)

C Si Mn p S
0.15 0.26 0.61 0.13 0.17
(b) Mechanical properties
Yield strength Tensile strength Elongation
(MPa) (MPa) (%)
361 481.7 24




Fig. 3.1 Welding machine(DP-500)
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Fig! 3.3 Schematic of fixing condition(bead on plate)

Fig. 3.4 Experimental setting
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Table 3.2 Experimental conditions

Base metal

Mild steel(150x500x3mm)

Wire

Solid(#1.2mm)

Deposited metal area)

9.02mm”

Shield gas Ar - CO; 20%(MAG), 20 ¢ /min
Backing plate Cu
Welding speed(cpm) 150 120 90 60 30
Current(A) 337 284 222 150 79
Voltage(V) 24.4 22.8 22:1 20,2 184
CTWD(mm) 22.5 20.% 17.6 e (J 13.0
Progressive angle Forehand 15° 0°
Dsp(mm) 30, o

_12_
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(a) N type-distortion (b) U type distortion

Fig. 3.5 Schematic of distortion types for bead on plate welding
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Fig. 3.6 Schematic of distorion for bead on plate welding
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Table 3.3 Distortion motion with torch position on welding

process on free fixing condition

Torch position )
on BM Shape of specimen

Start
Backing plate

50%
Backing plate

End
Backing plate

_14_



) |

Backing plate Backing plate

(a) N type distortion (b) U type distortion

Fig. 3.7 Schematic of distortion motion after welding by the passage
time (2 : just after arc off, MM : after 50s, I : after 100s)

Table 3.4 Distortion and welds shape with various-welding speed on

Dsg

Dy welding speed VI T Distortion
(cpm) (mm), type

30 19.0, U

60 14.0, U

s 90 13.0, N

120 11.0, N

150 12.0, N

30 75, U

60 7.2, U

30 90 72, U

120 6.0, U

150 50, U
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Table 3.5 Cross section, ME and Heat input with various welding speed

on Dsp
Welding Cross section )
D g Cross Heat input ME
3 spee area
" P section ) (J/mm) (%)
(cpm) (mm®)
30 13.01 290.0 454
60 e 1 14.22 270.7 53.1
00 90 15.16 261.8 58.6
120 15.57 253.7 62.1
150 16.24 249.8 65.8
30 12.54 289.6 43.8
60 - 13.79 2709 515
30 90 - 15.46 260.8 59.9
120 14.98 255.8 59.2
150 15.91 251.1 64.1

_16_



—{1+ Free
—"— 30mm fixed

)
®

1
s
N

8

6 i A\A—ﬁ\ﬂ\ﬂ
4 ! 1 L ! 1
0 30 60 90 120 150 180
Welding speed(cpm)
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Fig. 4.1 Schematic of fixing condition(bead on plate)

Table 4.1% 238 z7<& Jehdth £33d4S 902mm’s 24 A%
i, DspE 30mme} oo(free)® o]l 8HEEE WAt 2447 &3 63
t}.

Table 4.1 Experimental conditions
Base metal Mild steel(150x500x3mm)
Wire Solid(#1.2mm)
Deposited metal area 9.02mm*
Shield gas Ar + COz 20%(MAG), 20# /min

Backing plate Cu
Welding speed(cpm) 150
Current(A) 334
Voltage(V) 244
CTWD(mm) 22.5

Progressive angle Forehand 15°

Dsg(mm) 30, 100, oo

_20_



43 43d 2% 2 1 &F

BASEI MESS 4R B/ s WL Fadn )
g owe $8%5E9 150cpmos &30 AAHT Table 42% 747
ol we g Ague) Pud, P9, §§EE, VLS Y
o Figd2el Dgpol We Wdere aelzZz dehod. vssd dag
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ol ¢ ZHA © Aoz MWl

Table 4.2 Cross section, ME, heat input, and distortion with
long and short distance fixing

S Disto-
Dsp Cross section Section [Heat input . “ME Ftion
(mm) area (J/mm) (%)
(mm’) (mm)
30 15.91 251.1 64.1 5.0
100 15.64 257.6 614 9.5
0 13.01 2498 65.8 12.0

_21_
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Fig
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Fig. 5.1 Schematic of fixing condition(bead on plate)
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Table 5.1 Materials of insert and distance of steel bars for fixing

condition of base metal

e DSB Backing
Condition () Insert(6mm) plate(6mm)
Steel bar only 30 N/A Cu
Heat insulated 30 N/A Insulator
Heat conducted 30 Cu Cu
Table 52= A3 A5 yepdlith 712 &8 271 4439 L3ty +
L9 FRW o] Sk,

Table 5.2 Experimental conditions

Base metal Mild steel(150x500x3mm)
Wire Solid(g1.2mm)
Deposited metal area 9.02mm”
Shield gas Ar - CO; 20%(MAG), 204 /min
Welding 'speed(cpm) 150
Current(A) g
Voltage(V) 24.4
CTWD(mm) P2.5
Progressive angle Forehand 15°
Dsp(mm) 30
Steel bar only
Type of fixture Heat insulated
Heat conducted

_25_



53 43 2% # 1 &

Table 532 T&Ale] dd=Rxd we WP A iz Jdd, &
TEE, 49 WIdFS YeERAL, Fig 525 754 ¥ WHIFS o
Bl Atk @< (heat insulated) 75, 2~® vl &4 (heat conducted)T
& For W] i & dEdEFe nlzsinds ddde] &
He FEAE AgeE WEge o8 gasdnh Ju Li §7¢ GTAW
SHAN &4 T 41T vE Hol COIaE BAAA 4395 F
FAA HMEFS grigow Eurt o 2 ARdeMx: WEEEs
w=A shr)9E] A=t 28 ulEY S s w2 S ARES)
of &£4& Ry COt=E WZAZ|= ARt ¥z &0 HolA
AP Fo gaFdol 22 Ao dokdn

Table 5.3 Cross section, ME, heat input, and distortion with various

fixing condition

Cross Disto-
Type of C ) section |Heat input ME .
; ross section e rtion
fixture area (J/mm) (%) (mm)
(mm?) m
Steel
1591 251.1 59.2 5.0
bar
Heat
15.71 253.8 62.6 4.8
conducted
Heat
_ 15.62 248.3 63.6 6.0
insulated
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Distortion(num)
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Steel bar Heat Heat
conducted  insulated

Fig. 5.2 Distortion with type of fixture
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— ®

Fig. 6.1 Schematic of symmetric welding sequence

Table 6.1 2% =745 vebdoh 339 4S 9.02mm’2 a7 A
i, DspE 30mm$} co(free)= o] SRS WS 247 &1s
.

Table 6.1 Experimental conditions
Base metal Mild steel(150x500x3mm)
Wire Solid(¢1.2mm)
Deposited metal area 9,02mm”
Shield gas Ar - COz 20%(MAG), 202 /min
Backing plate Cu
Welding speed(cpm) 150
Current(A) 337
Voltage(V) 24.4
CTWD(mm) 22.5
Progressive angle Forehand 15°
Dsp(mm) 30, 100, co
Sequence Contor first
Ends first

_30_
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Table 6.2 Cross section, ME, heat input, and distortion

Disto
-rtion

(mm)

5.0

3.5

ME

(%)

64.1

538.6

60.9

Heat input

(J/mm)

251.1

245.8

249.7

Cross

’)

(mm

Weld sequence | Cross section [section area

1591

Sequential

16.01

Ends first

15.05

Center first
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Table 7.1. Welding condition of fille;t welding
Base metal (150X500X13\/£11;r11, S ort500x3mm)
Leg length 5.25mm
Welding speed(cpm) 90
Current(A) 315
Voltage(V) 25.2
CTWD(mm) 20
Progressive angle Forehand 25°
Teaching point 0.5mm
Dsg(mm) 103
Same direction : SD
Sequence Opposite direction : OD
order Ends first : EF
Center first : CF
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Table 7.2 Welds shape and distortion with various welding sequence

Weld shape el B~ S NP
oD 43 32 5.2 2
SD 5.3 52 41 2
EF 55 8.4 7.0 3
CF 32 75 1.7 4
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