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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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Table 1. The specimens of FCAW

. Welding . Specimen size
Specimen method Welding type LxCxT (mm)
wi CIP groove | 6700120
welding
1 pass test
MH 220%200%12
W FCAW welding 0%200x120
Wy50
y 1 pass groove 202x200%120
Wy100 welding

Notel: Specimen size indication - L: rolling direction,
C: rolling orthogonal direction, T: thickness
Note2: Root gap of W1 - 6mm / Wy50, Wyl00 - 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
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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 35.4 308.3 255

o[t} Table 2+= §4A 2] KS 7144 /d&o|t},
Table 3& W1 H5AIH 9 Hat-&HAFolTE W1 87
%Aliﬂb 1109 9] AR HA 35,4V, HHEHF 308,34,
U EF 25 5kJ/c % Lo 250°C o|5tE LHE
Ao, &4

]

SM490TMC 120mm 7+ 2] FCAW €4 A] W o] 2A=2
gelsl7] 9I5ke] Table 49} o] 1052 AlH-S A5 &
H, W1 -§4FAIAL WMH F-A1A], Wy50, Wyl00 F-AIA|

Table 4. Test list of FCAW

Piece name Test list Quantity

WCh-W1-1 Weld Zon.e.chemlcal .
composition test

WMT-W1-1~3 Weld metal tensile test 3
WT-W1-1~3 Weld zone tensile test 3
WB-WI-1~3 Weld zone bending test 3
WC-W1-WM-1~15 15
WC-W1-BD-1~15 Weld zone impact test 15
WC-WI1-HA-1~15 15
Maximum hardness test in
MH-W1-1~3 HAZ 3
WH-W1-1 Weld zone hardness test 1
WMA-W1-1 Weld zone macroscopic test 1
WMI-W1-1 Weld zone microscopic test 1
Wy50-W1-1~2 ) 2
y-groove weld cracking test
Wyl00-W1-1~2 2
Total 65
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Fig. 4. Weld zone chemical composition and microscopic piece
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Fig. 5. Weld metal tensile piece

i

24 A29H A6 (EH A1S1E) 20174 129 457



SM49OTMC SHF-3H(120mm) ZAj2] 7EAEol g HFCAW)S ol $84 2 ol 4%l et o

e’

2 $MSST WIAY SR AP KS B 0801 24 A2 A AT,
(S) 5 AL 25l A HL 3} 7ro] A
ATEN QAP L galTdo] o E U HE L 9] 14B3 A|FHS Zuslict A|FHE Fig, 63} o] A
o= Us N aT oo = 67 = 1o o= —‘?—Wﬂ%ﬂ%—(—)—in%z%/\]ﬂloﬂﬂ37H‘§‘XHT4°} l:]—
= ZRlsto] 484059 W ofF 9l KS ¥ o] R.E SRls}
5 LA QA FL KS B 0802 245 A= QA E
= A& 5Ho= it

of wat AAIEHTE A% 7] 2000kNT UTMS: A}Jg_a}gg

SAFEE AT HLE Fig, 52} o], KS B 0821 & _
SHEERE LA g, 5sh el ° ok Al A Eak odd s 7St 5% ol (Nital) &

bl j 8
2g42] 914 % F24%, 9 ute} KS B 0801 (34 A
T A

oo AldEHol L 4H T IT= o Al
QIAFAIEH; 9] 10 |EHE 2Fuslo] Wi LT A o)A oo A|FHO &4H FHo|| =E5F0] oA (etching)S A
—;-(: ] u] L]— 15 (! . ‘—H: ik AlSFRAL, 5 22 APl #Hotgt 3 2mm/min®| <
Z7Zlo] vlsEo 2 371 A&]E ,
"4 ‘EL:L o P o . T2 71 a9k Eal, AE QA 0|AE mA R, ek
SAFEE AFAFL KS B 0802 F4 AR IHAIH

=
e of] met AAEEITE AlE7]= 500kNT THsAlR 7|
Universal Testing Machine; ©|3} UTM)E AR5}

4% FRNBE FY) ) 24N B §HRY
4.3 9T PN 9 9 DA WASHE Aato] ZAS Salste] 7R
o ARAL Tefsh 2 BAo Bk

iH%‘MME}.

& - — e 312 2000kN+ UTMI} ZHE o]&3}o] KS B 0832
i ! gj‘f‘* I':L.:_ ZHE —Q—X'] 4 J,]-‘L] /\]'6—] ;LS]/\]S-U oﬂ U:]'FL}- 180° 3;4
AN L 51t A A 5% Lpo|ehg-ol e A8 H o] 84
140 232 140 'F‘ ﬁtqoﬂ E;&E)]—OZ] Oﬂx S /\]/\]6}‘ 2mm/min94 ‘i\‘Ei
e 7H) sielet
W el
_—Remove
: = 4.5 88 F3NY
= >
S » _ _
\‘ Remove %@%’L %‘a/‘]@% S "-‘f—t_o,] /\}:E_L] 01]1;1 X] o) X‘]-Q-Oﬂ
A9] HARFAE Blshe g H2 0= Fick,

Fig. 6. Weld zone tensile 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-W1-1 508.4 585.7 32.96

WMT-W1-2 505.5 591.6 33.92

WMT-W1-3 506.5 589.5 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

Stress(N/mm?2)

0 0.05

| | i
A ey e

0.1

—WMT-W1-1
— - WMT-W1-2

WMT-W1-3

0.15 0.2
Strain

0.25 03

Fig. 12. Stress-Strain curve of WMT-W1-1~3

Table 5. Chemical composition analysis result (unit: %)
Piece C Si Mn P S Cu 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 i i 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)

460 =2 =3 A29d A6z (Ed AlISIE) 20179 124



BE AYBRES FATA shtio] Yofor], SF-71o]
ohe s, A, AARS KSE wEsGh Ea,
2 ABR FEE, QT ANLY AL AP 2
o} £5) QEEst gl vt 2 AW ATEAN: 19

=0
ol ig #eEfriEo] dA%t Ao
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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
(120mm) above 490~610 above )

Table 8. Tensile test result of weld zone

. Welding . Tensile strength
Piece method Failure mode (N/mm?)
WT-W1-1 508.0
WLwi2 | Feaw | Dose metal 519.2
E— breaking
WT-W1-3 517.4
Average 514.9

(c) WT-W1-3

Fig. 13. Breaking mode of WT-W1-1~3
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= Fig, 137} 20| W mAjmwio 2 e, waje) gl
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545 ON/mm’o.2 8224 o] ol7tEol
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Ao & vhtEth 3k, 8450 AT mAjo] o1}

T Br} o} KS 33H2] ¢l 490N/mm® B} =4 Ueh
2QAHLS Z2HE| WBjsle A0S WebE) Figs, 14~16
o AHHY SY-HYE Tt wAel §HRE, 4
ool F2kgt AEg Q1A 0 ]E 3l 7=t grolck. 4
ZAil= 24 (Base Metal) 7} -&2=F<(Weld Metal) ¥ &€
FR(HAZ) o vl Z=7h @& Zlo] gelEar glom], F9
L g JE BT AT 2,

i

500 T P
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100 — - WT-W1-1(Weld Metal)

- - WT-W1-1(HAZ)

0 0.02 0.04 0.06
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0.08 0.1 0.12 0.14

Fig. 14. Stress-Strain curve of WT-W1-1
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100 — - WT-W1-2(Weld Metal)
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Fig. 15. Stress-Strain curve of WT-W1-2

Stress(N/mm?)
w
o
o

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

- - WT-W1-3(HAZ)

[¢] 0.02 0.04 0.06

Strain

0.08 0.1 0.12

Fig. 16. Stress-Strain curve of WT-W1-3
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Table 9. Bending test result of weld zone
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Table 102 €737 SF—71 2 SM4909]| T3t AkZ 3] S<=0]]
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Table 117} 2O, Figs, 18~202 AFE 3] S0 2|9t 24
TE-E0] Ho| &k Aot}

ST FAANE A, SRAFEH(WM) T AFRT] S0

Piece Bending type | Test result Remarks
WB-W1-1
WB-Wl.p | | ransverse 0K No crack
——Iside bend test
WB-W1-3

(a) WB-W1-1~3 (Before)

—m~

(c) WB-W1-2 (After)

No.2

£
-

No.1

(b) WB-W1-1 (After)

No.3

(d) WB-W1-3 (After)

HAJ=20°C, 0°Co|lA= 47 O]NOIL]' —20°C, —40°C, —60°C
oM<= 47J ofsto|th, BYFF(HAZ) 2| AF=3] F=pofld
Table 10. Charpy absorbed energy of KS™M®
o Experimental |Charpy absorbed .
Division tenperature (°C) energy (J) prece
SF-71*! 0 more than 47 -
SM490B*2 0 more than 27 | V notch
] rolling
SM490C*? 0 more than 47 | girection

%1 KS of SF-71: KS D 7104 (2012)
%2 KS of SM490: KS D 3515 (2014)

Table 11. Impact test result of weld zone

Pioce Weld zone result of the temperatures (J)
-60°C | -40°C | -20°C | 0°C | 20°C
weawiaw | 5 0 | eon | ar6 | G0y
WeWHA | oo | sy | 6200 | @01 | G0
wewsp | (88 e | oo | o

Fig. 17. Bending test result
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Fig. 18. Transition temperature curve
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Fig. 19. Transition temperature curve

Temperature

of HAZ

462 dr7yrzels] =27 A29W A6E(EE AI51E) 20179 124

100

oes

%
o 90

= 80
) /-
70

60

50

40

Brittle Failure Rate (%)

30

e

20

-60°C -40°C -20°C 0°C 20°C

Temperature

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

Hg. 20. Transition temperature curve

of BOND zone



A= 20°C, 0°C, —20°C, —40°Co|A= 47J o]AtolL}, —60°C
O] L= A of| A= 47J o]stolt}, EH E=(BOND) 2] AF
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—60°CollA= 47J olstz Uelylt), 2o ER §A 5o A2
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Table 12. Maximum hardness test result

L2
. Welding | Max hardness (Center)
Piece method (Hvs) max hardness
v (Hv5)
WMH-W1-1 259.1 240.7
WMH-W1-2 | 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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Table 13. Hardness test result of weld zone

Weldi Weld joint
Piece CME| Measuring 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| 195.9 | 162.2
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(a) Upper hardness distribution (3mm)

HAZ Base Metal

e W]V\/‘nf Wﬁ'\,\/\w

Base Metal  HAZ Weld Metal

(b) Middle hardness distribution (60mm)
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Fig. 24. Hardness distribution of FCAW
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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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