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Experimental Study on Mechanical Characteristics According to Shielding
Gas and Welding Positions in FCAW of SM355 Steel
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Abstract - This study experimentally evaluates the mechanical characteristics of welded parts of SM355 steel according to the
welding position and shielding gases of FCAW (Flux Core Are Welding). The welding positions 1G, 2G, 3G are considered and
CO; gas and mixed gas(Ar 80% + CO, 20%) are considered as the shielding gas. Specimens are fabricated by welding SM355A
which is a rolled steel plate for welded structures. Various tests including tensile, bending, hardness, impact, macro and
non-destructure tests are conducted. It is confirmed that all test results satisfy the KS standard. Based on the test results, CO, gas
can be replaced with mixed gas as the shielding gas for FCAW of SM355 steel.

Keywords - Flux cored arc welding, Shielding gas, Welding positions, Mixed gas, CO, gas, Mechanical characteristics
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Table 1. Mill Test Certificate and KS Specification of the base
material (Manufacturer: POSCO)

(a) Mechanical properties

Tensile test Impact test
YP TS EL V Notch
[MPa] [MPa] [%] +20°C[J]
SM355A 377 534 26 194
KS Spec. =345 490~630 =19 =27

(b) Chemical composition

Chemical composition

C | Si | Mn| P S | CEQ | PCM
(%) | (%) | (%) | (%) | (%) | (B) | (%)
SM
3954 | 016 | 035 | 1.39 | 0.012]0.002 | 040 | 0.26
KS | = | = | = | = | = | = | =
Sepe. | 0.20 | 0.55 | 1.60 | 0.035 | 0.035 | 0.47 | 0.27
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oNAE EI7FAR BRAZEA(CO: 100 %) e &
A(Ar 80% + CO» 20 %)Z AF&5}%HFig. 3). 57}
A0 820 25 ¢/min°]1 7Y =F 20 mmE AFESIR
o &A= 16, 2G, 3G 37HA] AHA| 2 AR5k
AlAHE A F Qlo] A2oA &8 FPst e, 3
o SH2E+= 230 °C °]st= SH3IH AR FEi= B=
J(Direct Current Electrode Negative ; DCEN)S %-8-5}

(' o r&
4

475

: g

i g
”ﬁ?aH o
g

8 g

Fig. 1. Specification of the welded structure

Fig. 2. Welded structures according to the shielding gas and
welding positions

(a) CO, 100%

(b) Ar 80%+CO, 20%

Fig. 3. Shielding gases
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Table 2. Welding procedure

Separation

Content

Joint

- Joint Type : Single Bevel Groove
- Backing : m Yes o0 No

- Backing Material : SS275

- Root Opening : 6mm

- Groove Angie : 45°

- Backgouging : o Yes m No

Base
Metals

- Coupon Type : Plate

- Material Spec.: KS 3515(SM355A)
- Material Group : Unassigned

- Thickness of Test Coupon(mm): 25

Filler
Metals

- Filler Weld Process(es) : FCAW
- AWS Spec. No. : A5.36

- AWS Classification : E71T1

- Diameter(mm) : 1.4

- Manufacturer : HYUNDAI WELDING

- Trade Name : SF-71

Shielding

- Flux: N/A

- Gas: Co2/Ar + Co2

- Composition: ( CO2 100% )

( Ar 80% + CO220% )

- Gas Flow Rate({/min): 25

- Cup or Nozzle Size(mm) : 20

Position

- Position : 1G/2G /3G
- Groove : Single Bevel

Preheat

- Heating Method : Propane Gas

- Preheat Temp. Min.(°C):
(20.0< T <38.1mm : 10°C)

- Interpass Temp. Min.(°C): 100

- Interpass Temp. Max.(°C) : 230

A - A - 8%

A = ZHAE Bl e F443 &R A= Fig. 40 UE
Wdoh &7 AMAS HE 45 S A-E5tho], HH
Al (backing plate)?} W= (end tap)S X5l &4
= AAISHATE & AAE R AJA §HF 2 Table 3
off et et

(a) 1G

(c) 3G

Fig. 4. Joint shapes according to welding positions
(R:Root, F:Filler, C:Capping)

Table 3. Welding conditions according to welding positions

Electric
Characteristics

- Current type: DCEN
- Transfer Mode(GMAW): N/A
- Others : None

Current | Voltage | Speed Heat
mput

Position | Layers .
(A) V) (cm/min) (i)

Technique

- String or Weave Bead: Weave
- Interpass cleaning : Brushing
- Multi or Single Pass : Multi

- Number of Electrodes : Single

Root 240 28 31 13
1G Filler 260 32 35 16

Capping | 260 32 34 15

2284 AAE o=

84 AHAE o B71(16), £ (26), £H(G) & 3
g neEstgon AL 4% SHTHoR
8L SASHATE 87 AAE ¥E PAL Deby

Root 200 28 24 14

2G Filler 220 28 44 8

Capping | 220 28 75 5

Root 200 26 16 19
3G Filler 220 30 14 34
Capping | 180 26 10 28

=08 = A36H Al 2(EH A 188%) 2024 29 63
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Table 4. Types of tests for validating the mechanical
characteristics

KS
Test type Test contents i st
Tensile test | 1 onsile strength, yield - ¢y g4
strength, elongation
Bending test Defect occurrence KSBISO 5173
Hardness test | Vickers hardness test (Hv) | KS B 0893
Impact test Toughness KS B 0809
Check for defects in the
Magcro test heat affected area KSD 0210
Non-destructive | Phase Array Ultrasonic
test Testing (PAUT) KSBISO 4761
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Fig. 5. Locations of specimens for hardness test

Fig. 6. Locations of specimens for impact test
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Tensile test - CO2 Gas
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500 ¢
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5
S 300
®
200 |
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100 + Sample 2
Sample 3
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Stroke[mm]

Tensile test - Mixed Gas

Sample 1
Sample 2
Sample 3

0 5 10 15 20 25
Stroke[mm)]

Fig. 8. Tensile test results

A - A - 8%

T

N

QLT A EE S fARE ABS Holk
& % glov] wetd gAY APPE BE F4
oF 2= 9lth. A9 MR AAFELE Table 5of 1]
sholth. 8RS BB 7hA0] ojg A7)
£ 1% m]9kel 22 Bl stgon ok SHTE

ST <
i o wo ¢,
o

N

—_—

]-o

(b) Mixed Gas - Ar 80% + CO: 20% (1G,2G,3G)

Fig. 9. Tensile test specimens

Table 5. Tensile strength of each specimen

. Tensile Strength (MPa)
Welding
position Base CO2 Mixed Fracture
material Gases Gases location
550 547
1G 549 549 base
material
551 544
548 551
2G 534 547 542 base
material
548 546
542 548
3G 544 551 base
material
546 546

=018 = A 36 A1 2(FH A|188%) 20248 24 65
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[ Bending test results]

(a) CO: 100%

Mixed Gas
[ Bending test results]

(b) Ar 80% + CO: 20%
Fig. 10. Bending test result
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Table 6. Hardness test results

Base HAZ Welded

Welding [Specimen|
position|  No. | (), |Mixed CO» [Mixed CO» |Mixed

1 151 | 153 | 197 | 230 | 182 | 203

1G 2 153 | 153 | 204 | 246 | 184 | 202

3 152 | 151 | 255 | 262 | 193 | 203

1 148 | 152 | 221 | 190 | 190 | 225

2G 2 149 | 150 | 251 | 197 | 196 | 220

3 151 | 151 | 272 | 226 | 181 | 208

1 153 | 152 | 187 | 185 | 167 | 185

3G 2 154 | 152 | 197 | 205 | 169 | 190

3 153 | 152 | 226 | 260 | 174 | 190

Table 7. Impact test results (20°C)

vgfslgifeg X?ffgf sl Mixed[J]
1G 132 126
ﬁif; 2G 139 126
3G 131 131
1G 107 213
HAZ 2G 105 169
3G 228 251
1G 127 140
;AVeetlz;il 2G 123 134
3G 101 137
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(b) Ar 80% + C02 20% - 1G, 2G, 3G
Fig. 11. Macro test results

Table 8. Summary of mechanical characteristics of welded
steel according to the shielding gases

Test results

Test Wel'd'ing KS Spec. CO: Mixed
method position Gas Gas

1G 490 550.0 546.6

Tensile test 2G ~ 547.6 546.3

3G 630 5440 | 5483
1G

Bending test 2G Acceptable |No defect|No defect

3G

1G Less th 218.6 246.0

Hardness test|  2G o | 2480 | 2043

3G 203.3 216.6

1G 107.3 213.6

Impact test | 2G| Morethan 27J ) T 69,0

3G 228.6 251.3
1G

Macro test 2G Acceptable d}aigct dg’:ct
3G

16 No No

PAUT 2G Acceptable defect | defect

3G

A - A - 8%
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