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A Study of Weldability and Welded Joint Performance on the Gas Shield
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Abstract - To figure out the weldability and welded joint performance on the FCAW of SM490TMC 120mm, several specimens
were manufactured and 10 kinds of experiments were implemented. The result of the weld zone chemical composition test, weld
metal tensile test, weld zone tensile test, and weld zone impact test has satisfied the KS. Especially, the weld zone tensile test
result shows the base metal fracture, which means the weld zone performs enough required performance. In addition, the results
of the weld zone bending test, hardness test, macroscopic test, microscopic test, and the maximum hardness in HAZ were
showing that the FCAW weld zone has fine quality.
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SM490TMC 120mm7}A| 9] &84 9 =
7] $1s, @dolA 71 Wol AREE AL Q= EE A7 AR
A LS 243 21T o} FLH(FCAW) S THe-
5}o] Table 13} Zo] FAIAE A2Fs3iet.

Table 1. The specimens of FCAW

. Welding . Specimen size
Specimen method Welding type LxCxT (mm)
Wi CIP groove |6 700x120
welding
1
WMH FCAW pass et 520x200x120
welding
Wy50
] I pass groove| . 200x120
Wy100 welding

Notel: Specimen size indication - L: rolling direction,
C: rolling orthogonal direction, T: thickness
Note2: Root gap of W1 - 6mm / Wy50, Wyl100 - 2mm
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Fig. 1. FCAW W1 specimen
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Fig. 2. FCAW WMH specimen
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Fig. 3 FCAW Wy50, Wyl00 specimens

W1 -8HFAAE Fig, 17} 2] 120mm $2h& 30° w[d
B(V)og Jfdstel 1RE LA shoiTt,

WMH A A= G a3 = AES 2lal Alzbstal
t}. Fig, 29} Z+o] SM490TMC 120mm ﬁlrxH(220mm(L) X
200mm(C) X 120mm(T)) =7to]] FCAWS ZH8-3) 125mm
Zlo]& 1Z(one pass) &-sto] A 2Fs}3ic,

Wy50, Wyl00 FAIA= yE S8+ E AES el A%
3F.oH, Wy503 Wyl00-2 217t o] 8 &5 50°C, 100°C
2 Askginh. Fig, 33+ o] FAH| Lol 200mmo| 1L
OFt 60mmE XF o2 2AE 30mme y& o2 7415l
:/_E 1:1,9_7(4 0 /\1/\] ]_93\1;]_

3. 88X R 8-NY

FCAWO|| ARE- &A= AdlEsa4el SF-71(1.49)
oln], KS D 7104 a7} ijoLgﬂgOP 1 729 719 o}9 87

ZgaFoA, 90N/mm’F &7}
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Table 2. The mechanical properties of welding material

Yield Tensile . Charpy
Elongation
Name| srength strength %) absorbed
N/mm?) | (N/mm?) ° energy (0°C, J)
SF-71 390 490 22 47

Table 3. The average weld specification of W1 specimen

Welding Pass Average Average |Average heat input
method voltage (V)|current (A)| capacity (kJ/cm)
FCAW | 110 35.4 308.3 25.5

oJth. Table 2= E4A 9] KS 7|74 ol

Table 3 W1 8-35AIA <] Bt 8- Aot W1 84
AAlE 110%19] S AR F51%Y 35,4V, BatAlF 308,34,
Bt HeF 25.5kI/em, ST 250°C olskE §75}H%
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SM490TMC 120mm 734 2] FCAW &3 A] W o] 2452
sklal7] $15}0] Table 49} 20| 1052) A HE AZalgo
o, Wi $AEAA} WMH 2414, Wy50, Wyl00 EAI7]

Table 4. Test list of FCAW

Piece name Test list Quantity

WCh-W1-1 Weld zon.e. chemical |
composition test

WMT-W1-1~3 Weld metal tensile test 3
WT-W1-1~3 Weld zone tensile test 3
WB-W1-1~3 Weld zone bending test 3
WC-W1-WM-1~15 15
WC-WI1-BD-1~15 Weld zone impact test 15
WC-W1-HA-1~15 15
Maximum hardness test in
MH-WI1-1~3 HAZ 3
WH-W1-1 Weld zone hardness test 1
WMA-WI-1 Weld zone macroscopic test 1
WMI-W1-1 Weld zone microscopic test 1
Wy50-W1-1~2

y-groove weld cracking test

Wy100-W1-1~2

Total 65

oA % 6549 A BB AT, GHA B o34 EA
Fomb §HY HAE W A% FY - 54 A= o)
a5 uolAREANE, SAFEE QPNE, AGFE
HUAEAY, y3 RGN EES DAt

A A9 54 2 Aol FaFe mAE A
o] it} ol fE Eelske AS HH O = gt

SR S EAIEHS KS D 1652 TH B 73] Anpa
WA PR oA W of] ek Wi S-S AIA1Y &
24 Yol A 23mm(L) X 13mm(C) X 23mm(T) =7]2]
SHA| FE = Y35ttt AlFHS Fig, 49 o] A

o] 17441 o)A AF oA,

200

< Rolling Direction

Collection Site 23 93

1/4t
30

120

30
1

|
|
L, g
P,
I/
4
51
23 23
1T
gl | A | |

Fig. 4. Weld zone chemical composition and microscopic piece
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Table 6. Tensile test result of weld metal zone

. Yield strength Tensile .
Piece (N/mm?) strengt? Elongation (%)
(N/mm”)

WMT-WI1-1 508.4 585.7 32.96

WMT-WI1-2 505.5 591.6 33.92

WMT-WI1-3 506.5 589.5 31.14

Average 506.8 588.9 32.67
KS* more than 390|more than 490| more than 22

% KS of the welding material (SF-71): KS D 7104

700

600

[
Q
=]

T
E
£ 400
=
Z
2 300
5
wv
200 —WMT-W1-1
100 — WMT-W1-2
| | !
(s == B WMT-W1-3
0
0 0.05 01 0.15 02 0.25 03

Strain

Table 5= A4 gt E A& 2y} 2 LAY (SF-71) Fig. 12. Stress-Strain curve of WMT-W1-1~3
Table 5. Chemical composition analysis result (unit: %)
Piece C Si Mn P S Ni Cr Mo \" Nb B
WCh-W1-1| 0.06 0.59 1.24 0.011 0.004 0.02 0.01 0.03 0 0.01 0.02 0
K™ less than|less than|less than|less than|less than|less than ) ) ) ) i )
0.20 0.90 2.00 0.030 | 0.040 0.50
KS™ less than|less than|less than|less than|less than ) ) ) ) i i

0.22 0.55 1.60 0.035 | 0.035

%1 KS of the welding material (SF-71): KS D 7104
%2 KS of the base material (SM490): KS D 3515 (2014)
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Table 7. Tensile test result of SM490 TMC 120mm"!

Yield Tensile . . .
.. Elongation | Yield ratio
Devision | strength strength %) %)
(N/mm?) | (N/mm?) ° °
Rolling
direction 350.3 545.0 62.5 64.3
(120mm)
KS 285 and 23 and
490~610 -
(120mm) above above

Table 8. Tensile test result of weld zone

1di Tensil h
Piece \:/nZtil(:ldg Failure mode enz\}c/:ms;f)n gt
WT-W1-1 508.0
WT-Wi-2 | FcAw | Dise metal 519.2
_ breaking ——
WT-W1-3 517.4
Average 514.9

(c) WT-W1-3

Fig. 13. Breaking mode of WT-WI1-1~3

W - B A Ay

hS3 ™= o

ox

= Fig, 133} o] M mAjupcho & yepyftt, B9 Q1
AAEE 545 0N/mm’e2  §aE40
588, 9N/mm*(Table 6) Rt} Wo} majojA] migto] QJojut
Ao gkt E SR AR EE 2Ao) A7
T KT} Yo} KS 318k ¢l 490N/mm’® Hof & Lhel

=Y

AL 285 W35t A o2 AdE) Figs, 14~16
2 ARl Se-uRE 2ol Al g3a%, 2
o] RAT AEAOIAE B 24T golt, 2
A3}= TR (Base Metal) 7} -82245(Weld Metal) 2 €%
FHHAZ) O vl A7t @2 Zo] El=aL glom, dY
L $AT4 e FUT FTE 2,
600
500 — s
T 400 |/ ol
£
2300
£
& 200
—WT-W1-1(Base Metal)
100 — - WT-W1-1(Weld Metal)
- WT-WI-1(HAZ)
0
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Strain

Fig. 14. Stress-Strain curve of WT-W1-1
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Fig. 15. Stress-Strain curve of WT-W1-2

Stress(N/mm?)

—WT-W1-3(Base Metal)
100 — - WT-W1-3(Weld Metal)

- - WT-W1-3(HAZ)

0 0.02 0.04 0.06 0.08 0.1 0.12
Strain

Fig. 16. Stress-Strain curve of WT-W1-3

e

22 A299 A6BE(E A1513) 20179 129 461



SM490TMC =

5.4 $HY FUNY

Table 99} Fig, 17:8 §45¢] #3419 Axolch, A7 4
oS AAIS At Fig, 17(a)9 2ol 7] AlRH BE §
Aol BAMT 2ol FAE WA ool 5
A% 23} Fig. 17(6)~(d)9 o] B5] el o} FAe
wAElA) glglet,

S(120mm) ZAe] FHAAECLEHFCAW)S o4

Table 102 847 SF-71 Y SM4909] T3l Ak 23] &
dA)9] KSZ ekl Zo[tf™ gHn SANY
Table 113} 220, Figs, 18~202 AF29] &
9] Flo] L& FAlo|ck

SRR FAAY 2, §AFEWM

O"1El*1

B0
Ak
Foolvi et 24

WA 3] AR25] Feol

wheb] SEPH120mm) O] A, A SHANE YR 20°C, 0°COAE 4T ORI, ~20°C, ~40°C, ~60°C
we|obd Bl Rlolu o] WAsHA] kot AR RO A olAl= 47J ofsto|t), AYPFF(HAZ) FEY| A= ] F5of|u]
S-S gud Ao g s
Table 10. Charpy absorbed energy of KS/M®
Table 9. Bending test result of weld zone L Experimental |Charpy absorbed .
Division tenperature (°C) energy (J) piece
Piece Bending type | Test result Remarks o P &Y

WB-W1-1 SF-71 0 more than 47 -
— #2

WB-W1-2 .Transverse 0K No crack SM490B 0 more than 27 | V notch
——— Iside bend test rolling

WB-W1-3 SM490C*? 0 more than 47 | girection

%1 KS of SF-71: KS D 7104 (2012)
%2 KS of SM490: KS D 3515 (2014)
-’ﬁi Table 11. Impact test result of weld zone
No.1 P Weld zone result of the temperatures (J)
iece

(a) WB-W1-1~3 (Before) (b) WB-W1-1 (After) -60°C | -40°C | -20°C | 0°C | 20°C

10.2 13.9 32.2 77.0 118.8

-W1-WM
g ' WE-WI-W (84.9) | (79.3) | (69.5) | (47.6) | (30.9)
4 14.8 70.2 82.4 166.7 | 198.9

-W1-HA
we-w (89.8) | (75.8) | (62.0) | (28.1) | (20.3)

No.2 No.3
: WC-WI1-BD 14.4 449 89.9 117.5 | 1455
(c) WB-W1-2 (After) (d) WB-W1-3 (After) (88.1) | (69.4) | (52.8) | (22.3) | (12.6)
Fig. 17. Bending test result Note () is brittle failure rate (%).

135 I L] 90 270 ‘°‘_ 9 ] 90 135 g a 90
_ 120 F 80 - 240 9 .~ i 80 _ 120 K 80
;élos 70 % gzlo 1 \a. / 70 % ;éws T 70 %
g 60 20 % '4;120 ] 20 % ‘g 60 40 %
© :(5) i: © 60 ;. 2 ° 20 1 § »

15 o 10 30 : 10 15 b i 1 ; 10

1—/3/ 0 /{ i ! 0 /E
? 60°C _40°C 20°C 0°C 20°C ° -60°C -40°C -20°C 0°C 20°C -60°C -40°C -20°C 0°C 20°C
Temperature Temperature Temperature

= Charpy Absorbed Energy(FCAW) e Brittle Failure Rate(FCAW)

Fig. 18. Transition temperature curve
of weld metal

= Charpy Absorbed Energy(FCAW) e Brittle Failure Rate(FCAW)

Fig. 19. Transition temperature curve
of HAZ

= Charpy Absorbed Energy(FCAW) e Brittle Failure Rate(FCAW)

Fg. 20. Transition temperature curve
of BOND zone
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Table 12. Maximum hardness test result

. Welding | Max hardness L2 (Center)
Piece method (Hv5) max hardness
(HvS)
WMH-WI1-1 259.1 240.7
WMH-WI1-2 | FCAW 288.6 236.2
WMH-W1-3 291.3 282.9
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Fig. 21. Hardness distribution of WMH-W1-1
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Fig. 22. Hardness distribution of WMH-W1-2
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Fig. 23. Hardness distribution of WMH-W1-3
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Table 13. Hardness test result of weld zone

Weld: Weld joint
Piece CCME| ) feasuring line  |hardness (HVS5)
method -
Max Min

3mm from the top | 219.6 | 169.2

WH-W1-1| FCAW Middle (60mm) 216.8 | 1723

3mm from the bottom| 1959 | 162.2

< 230
2 220
3 210
£ 200 \AJ
190
£ 180
T 170

Base Metal HAZ Weld Metal HAZ Base Metal

(a) Upper hardness distribution (3mm)

210
g 200
190
5
& 180
g1 .,J\/'/V\/\nf

Base Metal HAZ Weld Metal

HAZ  Base Metal

(b) Middle hardness distribution (60mm)

240
S 230
Z 220
@ 210
2 200
B 190
£ 180 J\/\A

Base Metal HAZ Weld Metal HAZ Base Metal

(c) Bottom hardness distribution (3mm)

Fig. 24. Hardness distribution of FCAW

Fig. 25. Macroscopic test

(a) FCAW, x100

(b) FCAW, x500

Fig. 26. Microscopic test
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Fig. 27. Y-groove weld cracking test
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