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Thick plate is currently widely used in shipbuilding due to the increasing of size of ships, However, its use has increased

welding groove angles and volume, The welder’ s technique must be good enough to improve productivity while preventing

defects, Generally, the groove angle can be reduced to less than a flux—cored arc welding (FCAW) machine setting of 35+5°

requiring fewer welding passes while maintaining high productivity and reduced heat input, Therefore, welding technique can be

prevented by improved mechanical properties and welding deformation, Welding defects such as lack of fusion (LF), lack of

penetration (LP) and hot cracking should be considered when reducing the groove angle for related applications, In this study,

a welding groove angle of 25+5° is verified as suitable for FCAW design and fabrication. The experimental results confirm the

effects on the strength characteristics of FCAW weldment when reducing groove angle to improve the productivity of shipbuilding

industries,

Keywords : Groove angle(ZHA2h). Thick plate(ZH), Strength Characteristic(ZEE-A). FCAW(Flux Cored Arc Welding)

1999; Bang, et al., 2002; Park, et al., 2007; Han, et al.,
2009)of| CHEH X|=5Adel o4t 0| A= QUct S| F==
o| stz ZEiES 2Islo EHA o2 SERZIY AKZ0| 8l
e Zol| w2t cHl@e| gElol Bid=|ofX| U w2}
M SRRl FY £ S4E40| 7=1 Ack
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SdF=e| 4d2oll= # 0I5, 7|8, 2 030 fUo] o5&t
ME BE& THMZE 45°7|F2 2 AlMof HA=o AL, 8%
2 MEH A 3ol U2t HBRE T2 e SHHeR
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(Kim, 2012; Lee, 2014).

=M 3 sl Fofel cieket 87| Sl FCAW(Flux Cored
Arc Welding) 887 [H=2 L0l M1 Xs2pPt E0lsP| IE
of ZiHe s E8=1 Uct LeEoZ FCAW EF7[He
A NMZE= 3545°2 X|H810{ L7 [EF (butt welding)S
off ga| 225X Ut (Yoon, 2011). 7HMZio| Ho™ |LF
(Lack of Fusion)Z&o|Lt LP(Lack of Penetration) 28| 7+

42 Holx|x|2t 82| MXo| HMM S5 50| S0l
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Al =] 8 Pass $71 S7F6 2 &2t ojz) 2 ldel
Iz 8y Wz Z715 =Ict (Hwang, et al., 2010). &=
b B2+ 25 SX Al E712 83F Mikdol six{s| HoX[A|
o, 52+ &2 EQl(slag inclusion)2] 7FsH T =ofx|| =
Ct gk, JiMZto| ZofX|H 87 Pass 7+ 24510 MAKMO|
£old #0hof2| 8 R0 £ == YHT asio] 7[A
X MZEo| slED Y #Y T ofglet 4= oLt
2 g 22 83 Zglo| ws 715M40] =ofrIct (Jeong,
1999; Park, 2002; Kim & Park, 2003).
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Fig. 1 Schematic view of welding defect in narrow
gap

EGW(Electro Gas Welding) 287 %ol CHEH M3l o7 Z=
(Yoon, 2011)& EOIF= H22AM(Figs. 2-3) 7= 7HMZE
35°0i[A] 20° 2 HASI0d (b)=t 20| E=F FHHA0| 2F 40% 0|
A XMZ=|Qdct.

—_—

(b) Groove angle 20°

(a) Groove angle 35°
Fig. 2 EGW cross section at different groove angle

£S5 7hZio] Folrlol| wiz2t 8- F42l o|M=Al0] Fig 3(b)
o Zo| 8872 7|HM HEo| S=|0X|= sakel FA B2
O|E(ferrite)7t 37ItE & %= UCt

Celed 2%7[#o| sh-tol SAW(Submerged Arc Welding) &

_

HIHoIME UETol B2 BP0l MBS Dikshil &5
£ %2 12 3% UUTE £ #8 ojzt Slojof Zo 2
o FEZel 2y JksKo| 51, 53] FBY

F =
Kd2iol He 49 5ol Pass 7t 5435| B7I=22

7
Mot |22 RXISkE Aol E2skct (Kim & Ryu, 2010).

(a) Groove angle 35° (b) Groove angle 20°

Fig. 3 Microstructure of a weld at different groove
angle

GMAW(Gas Metal Arc Welding)2d Al 27 tHHO| 2=H|
= M = of Zojd|7| MAESIX| Slot 112 0| e 4~
QlCt (Jeong, et al., 2007).
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(Kim, 2005).

ZMEoF 7R 2| ARg=ElE EFolct

Table 1 Shape of butt welding

Thickness (mm) Shape Dimension

(mm)

t<6.0 : 5<3.0
—

) $<5.0

t>6.0 e a<3.0

_ & 6>50°
1

ME7IamE S| ol39 (Table 1) 22 ¥ BF EX|
(torch), Zi=El(contact tip)S2t 22 Y 7|XRet 88 M=
Medslo] Y MAMME 3o siEA obYEl ERIS /X
=] £ M3}t 88% IMZtS sEdE S (yard practice) 2
2 MM BE 3545’ 7|ZCZ WA 511 0 SFHEn M
= S | 518X 1 oL} A 3545° 2 THMZES
451D Qle AlFo|Ct (KR, 2015). WA £ od7tofA 7|Zof|
2 £ 354570 2545°2 Zo=M FHIE 10t

ol 2 3%, 0N AP oF s%e] Bxipixo| 240 nj2 &Y
M A2 2 QHES HAEE S5 A BlS 2xoz 8

FCAW EFF2| 71zt F40|| w2} SEMEAS 2(510] Fig.4
ollMel Zo| FF JHMZIT 2545°2 12t, 48t2] ZAE AR
slo B8R LTSN AES SICE Al ARBS= 2
N MEe zt FHER =M JEE Bo| ARBSElE EH36,
DH36 ZAfo|n X2 FCAW 87[HE 2t S, XEoll 1G
(of2h), 2G(=¥), 3G(Alaeol siEsks AMER (Fig. 5)
B g AAlBICE

Groove Angle,
U

Fig. 4 Test specimen for bending test

gl
ol
>
ol

g bending test), &
HE QIR B (tensile test), 285 SZA|E(impact tes) 2 &
sff S2d S™x|e| MI A H|wsto] 2HEEE It 5
C} (Kim & Kim, 2001; Jeong, 2014). EESH 7iA1Z} 3l pixlo| Z+
2t 8Y FE(oot)F LGS 125l EE2FH0|

CHEH QTR SRS Soff E=3l WS AESIICE

&
g

48 mmt

R 3
T
aRe

525

h_~

2G
GAP : 82 mm
3G
Fig. 5 Section view of weld metal (DH36, EH36)

48t

FEW(root gap)S 8 mme| 7iM saloz J1Z5I9iond
1212l Z29= BfPasst= AMEE 1G (3 Pass), 2G(6
Pass), 3G(3Pass) 2 &M5I 1, 48t A|H2 Fig. 52F 20| 22t
13Pass, 33Pass, 12PassZ EXSINCE Fig. 62 AlEH gl
2 ZEEMAE ARSE AFH AFYAUS LIEKA o2 Al
™ 37|= 400 mm x 600 mmo|c.

ook

Discard 2
Transverse Tensile 3
Side Bend 3
Hardness & Macro &
8
Impact 8| @
N
Transverse Tensile 3
Side Bend 3
Remainder & Discard

400

|

| 400 |

Fig. 6 Test specimen for bending, impact, and
tensile test
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3.2 ZEAIE

SHZifo] N ZeAlEe 285 2ele 7kl oY
(crack) & RPE SotoZ 2RIl (Lee, 2014), 21T A
MMof BsH 7| Z=XQl XIR2E HE EMOZ = Algo=z
Fig. 72 8% I8l AlgHe| salojo] AlgEe ZF J2E 4
JHE MZESIon] Table 42+ 20| E167HE HMZSICH

7
Beads to be

ground flush

Beads to be
ground flush

250 min
Fig. 7 Test specimen for bending test

[ ) =
Zre| EYF T A2 YT MLl aet 7| =Ael
ARE Pe THoR Ylxls ARECR JHMZAUE 26459 ¢l
TUTEHE RISk O =X0] QIoh Fig. 8= 2IE AlRH
2 I - (AWS, 2010; DNV, 2013)0l| H2 &S QT
Ho| g4 8l F2 AlE xFE EoiF1 rt AlFEH2 SHA
Ml &= S22 27510 212E 271 oldef Algs sisIie

AN A|EEH2 Table 20f £0iF1 Uk

50R
Weld
\__+— T/ 1 60

Beads to be | | [

ground flush | | 4 250
I g W Nt 60

6.0 6.0

Beads to be .

ground flush
‘ 250 min ]

Fig. 8 Test specimen for tensile test

Table 2 Details of tensile test specimen

Position Specimen | Thick. Grade | Numbers
No. (mm)
(1@ DH36 2
12.0
G (1) EH36 2
(FLAT) (1)(2) DH36 2
48.0
(M) EH36 2
(3)(4) DH36 2
12.0
G (3)(4) EH36 2
(HORIZONTAL) (3)(4) DH36 2
48.0
(3)(4) EH36 2
(5)(6) DH36 2
12.0
3G (5)(6) EH36 2
(VERTICAL-UP) (5)(6) DH36 2
48.0
(5)(6) EH36 2
3.4 A

Al2T| SHART|E o|&siM M=o eldg molske Al
o2 ZMe| 7AN 4EES met & 2 Atk (Jang & Kim,
1994; Lee, 2014). Alg! 22 MgollM A8 A= SHo|
= 3241 gol| w21, o|E Sall EollLiR], 2%, ofH
S LISIZICE SHARHEE Afzu| V-Lcx| AlRiHoZ
[XCE. Fig. 92 22 FollM AldES aHF(5101 Fig. 102] &
oz HMZSIACE

ol o

>

0

_F| L ]

I

_!__

[

I -
B

i
——17

I

S N
|

=)
6]
®
@
(@

- At The Center of Weld o
— On Fusion Line

82

)

)

— 5mm From Fusion Line In HAZ )

— At the Center of Weld(ROOT)  : (®)

Fig. 9 Collected location of specimen for impact
test
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45 |
\V/
% I 2mm 10
225 225 10
55.0

Fig. 10 Test specimen for impact test

Table 3 Details of impact test specimen

Position Specimen | Thick. Grade | Numbers
No. (mm)
(1)(2)(3) 120 DH36 3
1G (1)(2)(3) EH36 3
(FLAT)

(1)(2)(3) 48.0 DH36 3
(1)(2)(3) EH36 3
(4)(5)(6) 120 DH36 3
2G (4)(5)(6) EH36 3
(HORIZONTAL) | (4)(5)(6) 48.0 DH36 3
(4)(5)(B) ’ EH36 3
(7)(8)(9) 120 DH36 3
3G (7)(8)(9) EH36 3
(VERTICAL-UP) | (7)(8)(9) 48.0 DH36 3
(7)(8)(9) ' EH36 3

3.5.1 =@ Al 2ot

DH36_48t/12t,

Fig. 112 DH36_12t % DH36_48t Alof| CHsH X Hiig
HoiFE Ae2M S0 =€, LF ¥ LP ZElo| TS| gk
et EFUL dd=EIEE o + ok 48te] Zol
33Pass 0| AlS =HAS0ME 7HHH ZollM LHlsk= LF &
e LY SHR| T

(a)DH36 12t
Fig. 11 Macro Etching of DH36

(b) DH36 48t

3.5.2 QIF AlY Azt

DH36_48t/12t, EH36.48t/12t ZAel BFF JHdAU=
25150 TERSES Tt SAsio] QIEAIES AAISIICE
CHEAQl DH36_48t2F EH36_12t2| Al&Zol| thal|AM Table 5,
6Ol EEBIICE AlEEToIN BE AlFHOIM 8 & 5
HoR DRSO TEIS U JMRAE 26578 WHE A
SHe| BHOISTI S8 4 2
Sick, SIERITE AT 275l HONPaZ EHSlE ZE

=t

Table 5 Results of tensile test(DH36)

EH36_48t/12t Aol SHF JWdzE
25+5°%f| kA sks mlolst| 915109 Table 42 CHEXQl i . Size(mm) Tensile
s 28l 5 Folol ofsh wistozE 20| Specimen Thickn strength Fracture
off s M AlES =8l = & foh P2 240l 3 number Width > location
mm olAje] B Zglo] AR LCh ess (Nfmm)
1 48 25 613 R?Q'I'SAI\EL
Table 4 Results of bending test 1G
- BASE
Specimen
DNO. 1G e 3G 2 48 25 622 METAL
Side bend BASE
DH36_48t (4PCS) Pass Pass Pass G 3 48 25 631 METAL
Side bend BASE
4 48 25 628
DH36_12t (4PCS) Pass Pass Pass METAL
Side bend BASE
2
EH36_48t (4PCS) Pass Pass Pass G 5 48 5 635 METAL
Side bend BASE
EH36_12t (4PCS) Pass Pass Pass 6 48 25 636 METAL
JSNAK, Vol. 53, No. 6, December 2016 477
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Table 6 Results of tensile test(EH36)

250 —
. Size(mm) Tensile J i
Specimen Facture 1 A +
: : strength : *
No. Thick. | Width | (n\/mm?) Location 200 — o $ .
BASE g
hoe % 601 METAL 5150 —
16 BASE E
- +
+ +
2 12 25 610 VETAL E +
5100 —
BASE 2 . 1 . .
< i
e 3 12 25 604 METAL
50 —
BASE
4 12 25 615 Location
METAL ] + Weld center [ ) ‘ F/L+2mm Root
L 4 Fusion line A F/L+5mm
5| 12 25 603 BASE 0 ' ' L '
METAL 1 2 3 average
3G BASE Specimen Number
6 12 25 610
METAL (a) 1G
) i 250 —
353 54 Al &t i
[ ]

DH36_48t/12t, EH36.48t/12t 2Xe| &FF Mz 20099 | i
2515°0] BHET ollLX| 242 H|wsiRich AlEZnt & Hel S ) )N 4
48tol| 510 DH36 (Fig. 12) X EH36 (Fig. 13)oi| Chst At ?150—

MEZ A2 S4AIY Zofe| 5455 olHXIE LEfH Z0| s J !
ok RE AWE 0Co B5E 2EoiM Agg Rk M3 £ | T .
T z7dol 22 £2Rlel 4TS MBS 40 AnjE B0l 2E £ |
A8 ol SESAZICH 1
50 _ + + - +
3 AL P . Location
4. %&%_—.T %Ao-l Al%' + ‘Weld center o.c e F/L+2mm Root
L Fusion line A F/L+5mm
0  — T T T 1
C o . 4 5 6 average

S ddel J7|= Rl d2EE ¥ 8F PassToll Specimen Number
o] 2D, B YRYo| 242 BFTe| WZHTI| Soix] (b) 2G
oy, B|=7} 2T mo| Fsld Ak JB{o2 BxE40
2%, 55| si=wo| Nst 8aFae| 2| Mspt FaH=2 2507 N
2 Djridof st Fovt 2esict & 22 A0 MES ] +
2 W7oyl e X Q9 9 8RiEso| A5z ols) 200 -
0f BHpYo| WslaE SHAHS YXsp| YelMe 2% = s T, .
Qleizel M BI9IS Meisfof Sict 2 AES DHIGZ Cis B 150 — ?

M OINWMZE 2545° Ao RER X L Xolof| tist = E .
gl oln 2 FAUTSNES BAsI % |
=100 —
4.1 8235 QEAH i
50 — " . +

DH36_48t = 22| & F=5 QIEAEE 2810 Mol g Location
A-I x<||)\|;|- l:lH:Ho” 7<3|.OC| O|_|, XN olojzk= _IE4;|- =Z2EH EA : ;Veldcelnter : Ztimm oot

or = o — (=] =co= Lef — = usion line +5mm

0| 22X '='D ” :Hou oo 51;4:_;_'_ 0 | | | T | |
Alglo| FX0|E22 ZXY(48t) T2l 60%7HA| 8FE ol 1 7 8 9 average
2 Fig. 14413 AIEES Mz f3/slof Alzlg 43 siich 8 Specimen Number
o a2t 20KJ/Cm, 25KJ/Cm, 35KJ/Cm 2} JHMZE 2545°2 (c) 3G
355" el Zp 1704 & 6742 AlEE MASICE Fig. 12 Results of impact test(DH36_48t)
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250 1
F
T A
200 —
° A
D T ? ° *
- .
%b 150 —
= .
= 1 *
)
=
5 100 —
=
2 i *
50
* + i *
- Location
+ ‘Weld center [ ] F/L+2mm [ | Root
0 <& Fusion line A F/L+5mm
| I | |
7 8 9 average
Specimen Number
(a) 1G (continued)
200 —
i °
°
160 — 7'y ° L4
! : ) 1
e -
9 120 — "
£ = "
= . [
=
2
= -
E 80
< -
40 —
- Location
+ ‘Weld center [ ) F/L+2mm | Root
0 < Fusion line A F/L+5mm
| |
4 5 6 average
Specimen Number
(b) 2G
160 —
A F 4 A
- ° ° .
°
120 —
= +
= 3+ +
=] 1 * .
] .
=
= 80— .
>
-E L | L |
2 -
= L ]
<
40 —
T Location
+ ‘Weld center [ J F/L+2mm | Root
& Fusion line A F/L+5mm
0 T
7 8 9 average
Specimen Number
(c) 3G

Fig. 13 Results of impact test(EH36_48t)

(a) 20 KJ/Cm for 25°

26°£5

I 300 1 300

Fig. 14 Collected location of welding metal
specimen for tensile test

AlEHE IHT- (AWS, 2010) e BFE EHESEfS| )
2} Fig. 1652} 22 sAloz A4 o| ORI SHES ZF &AL}

oo —l o

g 1714 BF elol ABES HFIHC

L

-

Diameter L P R
12.5 mm

50 mm 60 mm 15 mm

Fig. 15 Test specimen of welding metal for tensile
test
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CkS Tabl

SEasd u= e 1 g
Ch QEZEel ez ZF Mg 7X(el Lt 2EIE
25 566 N/me, SFSZE 486 N/mmel H|WsINS ©f HAA
oz =7 L2 FE5HUHES Wit e AR eI

Table 7 Results of tensile test(welding metal)

Tensile Yield

Specimen number | strength | strength Elorzog/a)non
(N/mm?) | (N/mme) °
1| 25°(20KJ/Cm) 579.35 472 .42 19.75
25°(25KJ/Cm) 599.09 520.14 27.25
3| 25°(35KJ/Cm) 580.63 497.76 28.50
Average 586.35 496.77 25.16
35°(20KJ/Cm) 564.77 502.34 30.50
35°(25KJ/Cm) 543.95 466.05 28.00
35°(35KJ/Cm) 528.04 456.74 32.00
Average 565.94 485.91 27.67
Rule Requirement 566 486 22

-------

Fig. 16 Test specimen of welding metal after tensile

test
4.2 5% ZHAE
&

Fig. 17 Collected location of specimen(welding
metal) for impact test

DH36_48t = 2Rl of 82 g% SZ4AIE dolle =/l
HT Buttering2 AlA ok &4 155 kJ/CmollM Z|CH
o

2 MG g 2
37.2 kJ/Cm Q¥ == SHSIUCE AlH XMZER2 Fig. 17

-
k!

i

XM AlHEE MFoto] Al
KJ/Cm, 25 KJ/Cm, 35 KJ/Cm Z} 74MZi =
B ZH 17 Z18712] AlHE MABIFCE ZE AlEHS 0°Cel 2
—20C 2E= 250{A] Al S

o s
[Sx=j! 12 45

&
=

SXE% 54AIgel Znt 7F2 CFS Table 82t 2ot EE
b

ALHO| F2F AP et = 2ot 42 U 5 Ut

Table 8 Results of impact test(welding metal)

Specimen 25°
number 0°C -20°C
1 27 13
35 2 20 11
(KJ) 3 22 20
Average 23 14
4 24 15
25 5 29 13
(KJ) 6 22 15
Average 25 14
7 27 21
20 8 27 17
(KJ) 9 26 18
Average 27 19
5 Z &8

= ATE Sofl oM FCAW 7oz AlSE = StV |E
£ WMZEE 3545°0M 2615° F20] mE 855 4
AR S510 2M3IGIcE Bd =Moo #8520t &2
DH36, EH36 ZME thstol 7 HalAld, lgA, S4A

22 Sl 872l 2dES TAIGIo] JWMZT 2545 CisHod
A=

1) B85 oEAge ST SeldiblM T AlgHe| Zol =
EHol= o o etz 20| 3 mm Ofale| 7 L=
Zelo| 2rliskR| polch ek Y £ tiHollM 7|8, 2
= 50| LIEIA] gt EFB0IM deshl 8Hol =
of U= A2 2ol o = et

2) ETT ATAY 2t M2 2645°ARH 25 SHolg
F7F M0lM HA| Bk 486 MPaS &35 BRet HeS %
= 7oz 30| &

4) DHISMEO| THet REX 8F Kol xjol7t 82134
BYTO| et QAR 2T} 1T Yot FEUT BE M

= =
20IA EEI e 1Y, ST Oldez | Lot

o
ok LS 2RISk, S4ARel Zat 8 dEYol *
s
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