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A Study on the Mechanical Properties of Submerged
Arc—-Welded Zone between Different Kinds of Metal

X e ARSI
Kang, Jai Won Kim, Hyung Jong
ABSTRACT

Some mechanical properties of the submerged arc-welded(SAW) zone hetween different kinds of
metal (SS400+SB450) are investigated and compared with that between same kinds of metal

(S5400+55400 and SB450+5B450).

The analysis of the chemical components and observation of the
micro-structure by SEM of the weld zone are also carried out.

And the effect of the stress relief

annealing is examined by comparing tensile strength, elongation, toughness and hardness of SAW

specimens before and after the heat treatment.
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Table 1 Mechanical properties of the base metal

Table 6 Welding conditions for the SAW

. Tensile strength | Yield stress | Songation
Weternal (kgom (kgfm) A
S5 400 (KS D 3503 46.7 30.3 28
SB 450 (KS D 3560) 526 335 24

Table 2 Chemical composition of the base metal

Element ]
) (%) | C | S [Mn| P S | Cu| Fe
Material
S5 400 (KS D 3503) 1 0.16 | 0.24 | 0.73 |0.021]0.008| - Bal.

SB 450 (K3 D 3560) | 0.24 | 025 | 0.8 [0.017(0.003| - | Bal

Table 3 Mechanical properties of the solid wire

. Yield Tensile i
AW’\SAaS:?: 4 stress strength Elor(wgzihon Remark
| (kg/mm) | (kg/mr) >
olid wire(@4.0) 300¢c
T Y| e | sme | o |G,

Table 4 Chemical composition of the solid wire

Element C Si Mn P s Cu Fe
(%) 0.12 | 003 | 200 | 0014 001 | 0.18 | Bal

Table 5 Chemical composition of the flux

SiO+ALOF+MNO CaQ+MgQO CaF

65.2 291 6.7

]

22 gHUMY 9 =H

BHEEA Fig. 13 22 X8 &% 71Esta 48
EES st MBS vl BE AL Table
6ol AT BEEES T34 L. 8
Bel 24L& Fig. 29 Fo] AH(85400+55400), BH
(SB450+SB450), C&(SS400+SB450) &5 3FHF& 7%
st ol

Fig. 1 Double V groove weld with manual backing

Wire
Bead | . Current | Voltage | Speed
Element no. diameter A) V) (cm/rmin) Remark
(mm)
’_;
1 40 380 32 50
2 4.0 400 4 40
Front side
3 40 420 35 35
4 4.0 460 38 30
5 40 410 35 50 gouging
Rear side| 6 4.0 430 35 40
7 4.0 490 39 34
AY §5400 55400
B S5B450 58450
cY $5400 e SBA50

weld

Fig. 2 Sampling of the tensile specimens

2.3 Hyay

(1) {tBa 8=

fagETRel B2 (LB £XE golry] #3kdy
REAE AFASAT. AAHAE FHBM), HEHN
(WMZ), #&%(bond)E AHsden 548 WS
HHAALI 2 FEE F EFENIE ol gstd AAL
g AN

(2) BIRAER

Zk Aol b faEER Wk A Wwge=m
Fig. 35 2-& KS B 0833(Rt7] o1& F5RAK) F
Ao wet ANPRE A2 AFsHPed, KS B
552101 AAT BEETIRARBES AHRetd GIREE,
WefRIREE, LR 5& ZAAT
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Fig. 3 Dimension of a tensile specimen
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Aa AR o A% Fig. 49 2°] 7/HE33A
t}, KS B 5522 Charpy® HBREBEEE &3t 2
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Fig. 4 Dimension of CVN specimen

(5) Ak W|E

BEEEY T RM, BN, BESEY Add =4
& AR AEY A (scanning  electron  microscope;
SEM)o.z #Fay. WEES A& Eod 24
N2 F BRES 9stq g FEEAINL RTE
Held ¢AY FES FASE 249 F DE9)
HEEd EEaa, X200 ez E9ut

3. Zn ¥ #E

3.1 LB o

s RBAY (LaRs BH4ZAFAE Table 790 1
Bhuigch til RESA e LBHs AL 24
gadz Zol7t Betom Mn, Si ¥ Cu & &4#
B Z/lsgn S4%e BESBRAN FAIHA
o}

Mn3 Cu %ol 71 dUde FAG spolojd] v
% Fe4% Mn(20%)7 stolo]l Edo] ¥4 R EE
2 93 TFE Cuwt BESLELE o/ Ao=
Bl Si Go] 718 AL fAl FAHEQL SO
o) BLTREREG 98 Roz AZAY, ZF FUHE
A2 BHe SN Fe B HESLE TARA A
9 AL HAsAh

Bla g AT AL gojols dx ¥FF
o] regth SN LAY shield gass] FHEE
ol COUY CO8 ZAdere] Ta# Zoz dvd
11l

Table 7 Chemical composition of welded specimens (wt.%)

AY BY cH
Element Pasition
(%)
c
wwmz
Si
Mn
P . _ .
BM | 00123 | 00101 | 00148 | 0.0110
| |awwz | o0me | ooww | ooma
S | Bond | 00123 | 00952 | 00075 | 0.0029
BM | 00024 | 00064 | 00034 | 0.0046
T Twwz | oozt | ooeos | oomes |
cu | Bond | 00865 | 00652 | 0.0507 | 00284
BM | 00243 | 00305 | 00342 | 02057
WMZ | 00532 ] 00567 00482
Ni | Bond | 00242 | 00741 | 0.0419 | 0.0872
| | BM | 00345 | 00510 | 00486 | 0.0348
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3.2 Bik Hit

2 =AEE AN AAANE ZHE Table 8 ¥
Fig. 59 2v. SIREE % BRR#EET 84 92
ste] A, B, C8 RF HET dedr Fotadon,
EO%E RREE & AL 25 ZasAv. BEH
of elste] FIREME R RRREES Hebd AL #ult
B &xZ Jtdste B¢ BEENC H4HD AF
o] &ik¥o vehd Az AZEr

REghol e 2% ZEsF W SS400 wakst
REET ZolA doltom, ole B & #
FEFS fEihc] MR LE o) MES Ehol Al
of BT EMes W3E HEQD Ao A
EE IFEEAA Rl doluA] ¥ AL d HF
o] §-ata gtoloj g} FAlo] F4E Mn R Sif] &
&ILF7E BHEAT Mot mEet fiEE Mo
= vtd A%z Qg

o]s} o] YEEEMEM:, PURE, BARE, FRITHE
54 & H(dilution) ol {EEEERS By vEH %

& HAE AL FASH.

Table 8 Result of the tensile tests

Material Tre';?ritem (kéfﬁ‘“‘) (kg-grf./?ﬂr) Elor(\gjtion

g | S5%0 | NSR 450 | 491 276
ss400 | SR 430 | 470 295

La | B0 | NSR 470 | 544 258
sB50 | SR 468 | 495 26.4
$S400 | NSR 455 | 500 26.8

C¥ | sgas0 [ sm B2 | 477 27.0

+ SR : Stress Relief Annealing

* NSR : No Stress Relief Annealing

Yield siress { kg/mnd )

(a) Yield stress

B
Type

60 J—
O NSR
SR
50 d

|

0

Tensile strength { kgifmm’)

A B c
Type

(b) Tensile strength

4o QNSR
asR

30
£
5
™ 20 r
[+
5
w

10 {

]

Type
(¢} Elongation
Fig. 5 Change in the mechanical properties
by the heat trestment
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2% U39

4 2AE BESBRETS HE e g2 HEo B
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Aol THE GExFEd S EEAL FET
HAAzgon uAsd Rk &A387] 94EQ
Roz Hergc}.

s AF e FE EXE AWEA BEH
g 37 & duRc R dEdAM BT BE
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HHEe #&k7} vJeld Aoz A7
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Table 9 Result of the hardness test

Distance from weld center line and hardness(Hgs)
Material Treatment

C 2 4 6 8 10 12 14 16 18 20
NSR 880 | 8387 89 878 | 854 | BO2 | 758 | 778 | 770 | 752 748

A" 88400 + 55400
SR 852 | 858 | 862 | 852 | 836 | 768 | 750 | 765 | 768 | 756 75.0
NSR 908 | 912 | 922 | 916 | 902 | 876 | 802 | /85 | 79.0 | 778 758

By 5B450 + 5B450
SR 896 | 902 | 906 Q0 88.2 87 79.1 762 | 782 | 768 756
NSR 870 | 879 | 892 | 882 | 862 | 812 [ 772 | 780 | 776 | 758 754
SR 857 | 860 | 862 85 81.8 79 772 | 776 | 774 | 755 75.2

cy 55400 + SB450
NSR 870 | B94 | 808 | 888 | 874 | 836 | 792 | 780 | 784 | 774 756
SR 857 | 866 | 872 | 868 | 840 | 828 | 791 718 | 780 | 772 76.0

Hardness {He)

Distance from Center Line (mm)

Fig. 6 Hardness distribution of the SAW specimens

3.4 #HE Hi

VEAE IR, BEEE, fdd A% F3 54
Table 10 9 Fig. 7% ;. S8AA #EHE =
S A BMPEK HERE M Be A
Bl ©@4 FFHFel Bn, AFHENAN =4 ¢
AMEEE A3 L2HUolE KA 2 A #
oFgt x o] st #jEo] AHskd wWEUd Re
Hag

BE#M(CR)Y HELBT mRES dAde= A
d3 BRY FUAE Fo=, ERF HE 9olojg
IR WS B m e} Az BRERY o) e &xE 7}
dEo] FHifdel AT, 24HY Hke LEEE
Al m@Ele] A (normalizing) ¥ &k e ML E
HE F MAAZ FHE Aoz AZE,

Impaci value { kgt-mim?}
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Table 10 CVN Impact values of the SAW specimens

Impact value (kgf-m/en)

Stress relief

Test material Non-stress A
) . annealing
relief annealing (625, 1hr)
55400 WMz 14.1 14.6
Al + HAZ 126 12.8
S8 40 oy 186 187
SB 450 WMZ 11.8 14.6
BY + HAZ 98 12,0
SB 450 [ gy 138 137
o BM 188 189
A
SS 400 HAZ 102 10.6
CH + WMZ 13.4 14.6
ca |SB 40 [Thaz 92 108
BM 136 13.6

HAZ

WMZ

HAZ

Fig. 7 Distribution of the CVN Impact value
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Fig. 8 Micrographs near the weld zone
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[ A Type } [ C Type ]

[ B Type ]

4

[1] Weld metal zone

[11) Grain grouth zone

[N Recrystalized zone

[IV] Base metal

Fig. 9 Microstructure of the welding joint
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Wik
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{CTyDe]

(A Type ]

[ B Type }

[} Heat affected zone

[11] Base metal

Fig. 10 Fracture surface of Charpy impact specimen
(SEM. x200)
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