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Evaluation of Mechanical Test Characteristics according to
Welding Position in FCAW Heterojunction
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"Korea Polytechnic University New Technology Education Center
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(FCAW: Flux Cored Arc Welding)2 T& of3 &H(SMAW: Shielded Metal Arc Welding)d] @3 Eg‘ro]-ﬂ
A5 tite & 19509t & =St FCAWE EE AAOA &3d0] 7Hestal Zgoizd M7t B2 oA ¢
e FES = & U= ARl o] HAaT FEY S, T &40 gol AREEHI Qirh & AFoA= FCAWE
]85t SS400(YHH2-8& AAZ ALt SMAI0AEHTZRE AAZANE o8- T &R 7IAR EAHRIGA
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Abstract Flux cored arc welding (FCAW), which is used widely in many fields, such as shipyards, bridge
structures, construction machinery, and plant industry, is an alternative to shielded metal arc welding
(SMAW). FCAW is used largely in the welding of carbon and alloy steel because it can be welded in all
poses and obtain excellent quality in the field under a range of working conditions. In this study, the
mechanical properties of welded parts were analyzed after different welding of SS400 and SM490A using
FCAW. The following conclusions were drawn. The tensile test results satisfied the KS standard tensile
strength in the range of 400~510 N/mm?2 in all welding positions. The bending test confirmed that most
of the specimens did not show surface breakage or other defects during bending and exhibited sufficient
toughness, even after plastic deformation. The hardness test results were lower than the standard value
of 350 Hv of KS B 0893. Similar to the hardness test, were greater than the KS reference value. The
macro test revealed no internal flaws, non-metallic inclusions, bubbles or impurities on the entire cross

section of the weld, and there were no concerns regarding lamination.
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Table 1. Mechanical characteristics of base metal

and filler metal

Separation C Si Mn P S
SS400 - = - = -
($5275) =0.25 | £045 | =1.40 | =0.050 | £0.050
SM490A — > — > —
(SM355A) =0.20 | =055 | =1.60 | =0.035 | =0.035

Table 2. Chemical compositions of base metal and
filler metal

Yield
Strength[MPa]

=265

Tensile

: o,
Strength[MPa] Flongation(%]

Separation

$S400

(85275)
SM490A
(SM3554)

410~550
=345

Table 3. Welding procedure

Content
- Type of Joint : See Jomt Detail
- Single : [Ol], Double : [X]
- Backing : [O], SS400
- Mat'l class : SS400+SM490A
- Qualified thickness : 25mm
- (Groove) : unlimited (Fillet) : N/A
- Pipe dia range : N/A
- AWS Spec : A5.20
+ AWS class : E71T-1
- Wire Size : ¢1.4
- Brand name : SF-71
(Hyundai General Metal Co., Ltd)
- Conxumable insert : N/A
+ Flux - Electrode-Flux(class)
- Brand name : N/A - Gsa(es)
- Type : CO,
- Composition of gas mixture :
- Flow rate : 20~25 { /min
- Gas cup size : 10~20mm
- Other : NONE
- Min. Preheat Temp : 25mm
UNDER(20T), OVER(50C)
- Mix. Interpass Temp : MAX. 250C
- Other : NONE
+ Current type : DCRP
- Transfer mode(GMAW) :
- Other : NONE
- String/wave : BOTH
- single / multi. Pass(PER SIDE) : MULTI
- single / multi. Elect : SINGLE
- Electrode spacing
Longi : N/A, Lateral
Angle : N/A
- PWHT Temp : 93~104T
- Holding Time : 46~50H

Separation

Joint

Base Metals

Filler Metals

Shielding 99.9%

Preheat

Elec.Character

. N/A
istics

Technique

© N/A,

Post weld heat
treatment
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7S] 7% AiERESel BidE SE-71(01.4),
AWS Specx A5.20, AWS-class= E-71T-12 ARESH
At 8385 B9 E Ysto] €O, (Composition of gas
mixture 99.9%) 7tAE ARESIRCH (B3 20~25 ¢
/min, gas sup size: 10~20 mm), AFFE= I34
(Direct Current Reverse Polarity, ©]5} DCRP)& At
85t9rt. 992 BOTH(*4) ol9low, "t mAjeta]
HAL 15~25mm AASIAU T Single, Multi. passs
ArgstaTt E3E AF Al FHAGELEE 20~50CS
HS2 = MAX. 250C, 3 AF Al 25 93
~104C, TEAFAIZIL 46A17F~50A|17tC.2 3},

A
o

-

ogr

22 FAZFAIQ SS4003) SHTZE AA%
A SM490AS ol-&sto] o]F-8H st 1G, 2G,
3Gl w2 85 AAIE o2 P4 Figs. 1~3°] Hehf
At 1G AXE & FA 25t(mm)oll FEZHE 6s(mm),
Ztee 45°, 3 wFdiE SS400(FA 9mm, Zo|
75mm)E °183dtt 2G oAM= T FA 25t(mm), Z+
T 350, 5 g SS400(F 7 9mm, Z°] 75mm)
£ ol&3l9ch mge g 3G oA 16} BYSHA
o FA 25(mm)°ll FEZHE 6s(mm), ZHes 45°, R

BTl SS400(F 9mm, o] 75mm)E ©183Hck

45°

_ —~ _
SsS400
5o 5.
1 )N a e ° }'
SMASOA
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Fig. 2. Horizontal position(2G)

651

| I I '

Fig. 3. Vertical position(3G)
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A9 AN AFAE A= Tables 4~60] UEr
Witk 1GoIME 457~461 MPa, 2GoIAE 476~
480 MPa, 3GoAE 466~469 MPal & Jehtom,
Figs. 49} 7ol Z- AN AT ATg Jg=a v}
ehfjgled, KS #2 A4 E M9 (400~510 MPa)S
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Tensile Strength (N/mmz)

KS standard 1G 2G 3G

5 B3 Y A deole EA7 gl ZeE o Pie. 4. Tensile test result
ig. 4. Tensile test results
ot ¢
3.2 =AY Zut
Table 4. Tensile test results(1G) _
A9 AAE FRAIE Aif= Tables 7~9° Ut
Specime Width Thicknes Areas Ultimate |Ultimate Type of Witk KS B ISO 5173(‘1—4\—2]1& L7H 9] oy A|d-
n No s Tensile | Unit -
B9 A%) Wl Wt Asue e, 39 A w
H B ae= T
No | ol | il |ty | 20 | Sues Falre & of efgolt et 200) 78 Gelsisich. A
: (1G~3G) 7 47§ WE(F 1270 AB) F 162 3G
Ductile,
No. 1 | 20.11 | 2454 | 4935 | 2256 | 457 | Base A Z¥ZF 1708 0.5 mm2] Open Discontinuity7} @43
Veal  gigiont, of AW 34 F WA AR U9 vehd
No. 2 | 2018 | 24.26 | 489.57 [225.657| 461 | (SS400) ﬁﬁé g g2 AZ A B dato] YehA|
okolth AZZF oz AAHY To|r ZE3F Q1AL Uy
S 9k Ao Wekslnl, SHARIONE S8 o)ol
Table 5. Tensile test results(2G) gleo slolalol).
Specime Width Thicknes Areas Ultim‘ate Ultim-ate Type of
n No S Tensile | Unit Table 7. Bend test results(1G)
N -~ (o] 9 Load | Stress [Failure &
° o o | ] (kNf] | [¥/mm?]|Location Specim Type of Bend Result Remarks
N
Ductile, on e
No. 1 | 19.96 | 24.47 | 488.42 |234.419| 480 Base No. 1 Open
Metal — Discontinuity :
No. 2 . 0.5mm
No. 2 | 20.00 | 2452 | 490.40 |233.250| 476 | (SS400) — Trag“g“; Side | pcceptable
No. 3 end Test No Open
No. 4 Discontinuity
Table 6. Tensile test results(3G)
Specime ! Thicknes| i Ultimate|Ultimate
0 No | Width s Areas | dle | Unic | 17Pe of Table 8. Bend test results(2G)
9. | Load | Stress [Failure & )
No (mm] | [mm] | fmm?) [kNfl  |[N/mm?]|Location sei ei\?r(r)l Type of Bend Result Remarks
Ductile,
No. 1 19.91 23.57 | 496.28 [220.069| 469 Base No. 1
Me[al - |
No. 2 Transverse Side A bl No Open
No.2 | 199 | 2423 | 482.18 [224.612| 466 | (SS400) No. 3 Bend Test ceeptable Discontinuity
No. 4
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Table 9. Bend test results(3G)

Table 11. Hardness test results(2G)

i SM490A

Spe(l:\llm Type of Bend Result Remarks 0

en No Sosition Base Metel HAZ

No. 1 Open 1 2 3 1 2 3

Discontinuity :
No. 2 | Transverse Side 0.5mm Resuit 164 165 165 270 278 284
Bend Test Acceptable
No. 3 end les No Open Weld Metal 55400
. A e eta
No. 4 Discontinuity Sosition Base Metel HAZ
1 2 3 1 2 3 1 2 3

33 gEAlgI:{I .7=_:'J_l|' Resuit | 194 | 193 | 193 | 186 | 181 | 178 | 156 | 154 | 153

SRR AEe YEET 5498 o U4 &F
o wzt debxich. 84 Aol A= dadae] o
T HAGFORE HA| H=t ol YWHEoR AHxTt
eAagge] F7tol wet vlFste] S7tel] HiiEelH, &
AF HIAA AE7F 400 Hy olito] ¥ #Yo] whyd
gEo] &t} mEkA KS B 0893(&F g 1
A% AE)olAE 350 Hy olst= Agtsta et =}
A ATAF A= Tables 10~129F Zo] YeRi]
1, o] Figs. 5~7% Zo] IHx2 Yehfiglch. 16
Ao M AEAES g A3 SM490AS] HAfHLolA]
= 156~157, EYFRNAE= 212~222, SS4009] =
AR A= 226~235, QFAFFolAE= 160~162, 82
FERAME 186~1899) AT YeRGT) 2G ZHA
Al X% B8] s AEARS g AT SM490A]
DARAAE 164~165, FIFFRAIAE 270~284,
$S4009] HA|RA L 178~186, FFRAALE 153
~156, 8% FERME 193~1949] A7}t Yeht
o} 3G AAlA S-S FE tiste] AAES g
A3t SM490A9] HARAAE 146~154, BYTFHA
£ 164~174, SS4009] TA|Fo|| = 233~249, BF
FHROAE 165~169, 82 F&HoAE 212~2189Y
A7t YeRgth ole EEF KS B 08939 #4X91
350HvET 22 glog mE AAloA 835 A5
AEt ¥5gt Ao wEh

Table 10. Hardness test results(1G)

SM490A
Sosition Base Metel HAZ
1 2 3 1 2 3
Resuit 156 158 157 212 215 222
Weld Metal 55400
Sosition Base Metel HAZ
1 2 3 1 2 3 1 2 3
Resuit | 189 | 186 | 188 | 235 | 229 | 226 | 160 | 162 | 160

653

Table 12. Hardness test results(3G)

SM490A

Sosition Base Metel HAZ

1 2 3 1 2 3
Resuit 154 146 147 164 168 174

Weld Metal 55400
Sosition Base Metel HAZ

1 2 3 1 2 3 1 2 3
Resuit | 212 | 214 | 218 | 249 | 236 | 233 | 165 | 169 | 166

Standard: 350

I SM490A
. SS400

Hardness (Hv)

KS 1G 26 3G

Fig. 5. Hardness test result(base material)

400

Standard: 350 BN SMA490A

. SS400

300

200 1

169
1545 167

Hardness (Hv)

100 -

KS 1G 2G 3G

Fig. 6. Hardness test result(heat affected part)
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Standard: 350

300

215

1875 1935

Hardness (Hv)

Ks 1G 2G 3G

Fig. 7. Hardness test result(weld metal part, SS400)

3.4 SZANY Bt

SM490A(EH +2& P73 KS D 351590 Ak
21 FAAE digh 7|E Fho] BAIEo] lout, SS400
(et 728 4A72A)E KS D 35039] E=9] 7]&0]
FAEo] QA gtk A FAAIY A= Table 13
¥} Zro] YERH UL, ol Figs. 8 € 994 o] Ijzg
e At

1G AHAloA 8348 Fiol gt SAAEARE Y
R Zoltt. §S4009] FPFRolM= 163), 162],
164], SM490AE 144], 152], 166], ¥2F&Ho| =
164], 170], 160J& KS 714k 27]5ct & 2o = Yet
St

2G AAolA &3get F2o] digt SEAAEAE Y
Bl Zlojtk. SS4009] FFFRolA= 166], 153], 150,
SM490A= 194], 184], 179], &5 oAE 152],
149], 153]& KS 73t 27J50k & A= Yeyth

3G AAolA B3ggt F=ol gt FEAEIE Y
Efll Aolrh. SS4009] EFFFolA= 124), 120],
144], SM490A= 181], 190], 186, R2-F&F o=
76], 76], 59I2 KS 7|&gk 27]/Hct 2 FAoZ UeRitt

Table 13. Impact test results(1~3G)

Type Spe;l;nen I;&ZO%) SII-\I/IIZZ9(0]3‘\ Weld Metal
No. 1 163 144 164

1G No. 2 162 152 170
No. 3 164 166 160
No. 1 166 194 152

2G No. 2 153 184 149
No. 3 150 179 153
No. 1 124 181 76

3G No. 2 120 190 76
No. 3 144 186 59

654

1856
R SM490A

3 ss400

150 o

100 o

Impact (J)

50 4
Standard: 27

Ks 1G 2G 3G

Fig. 8. Bend test results(theat affected part)

164.6

Impact (J)

Standard: 27

KS 1G 2G 3G

Fig. 9. Bend test result(weld metal part, SM490A)

3.5 IE=AE 21}
Figs. 10~12% W22 4] A[@ 23S ek o]
o thas 2AAEe 2R geo] B2l Ao
B 24390 45E 8eros WASHE Roltk Al
A3} g% Adde] 24 AAE 5o Begol ¥H
w7 g} euldloldl 50| et gl T A ko
2 F9% 2A4HE ekl 22 ST 5 ot

S Sl

Fig. 10. Welded part macro test result(1G)
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Fig. 12. Welded part macro test result(3G)
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