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High Efficiency Submerged-Arc Welding of Low Carbon Al-Killed Steels for Low
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Synopsis :

In welding low carbon fine-grained Al-killed steel plates used for tank vessels for low
temperature services, the conventional method uses a multi-pass submerged-arc
welding with small heat input to prevent possible embrittlement in the heat-affected
zone (HAZ). This small heat input, on the other hand, results in low efficiency of
welding. As a countermeasure to this demerit, the feasibility of a deep penetration
welding has been examined using a multi-wire submerged-arc system. Newly developed
processes of one-sided welding (LH process) and both-sided two-pass welding (KX
process) show significantly high efficiency compared with the conventional multi-pass
process, with satisfactory notch toughness in the weld metal and the HAZ. The LH
process can be applied to low carbon Al-killed steel structures for service temperature as

low as -35°C, and the KX process even to the LPG tank vessels for use at -45C.
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Synopsis:

In welding low carbon fine-grained Alkilled steel plates used for tank vessels for low temperature serviges, the con-
ventional method uses a multi-pass submerged-arc welding with small heat input to prevent possible embrittlement in
the heatalfected zone(HAZ). This small heat input, on the other hand, results in low efficiency of welding. As a coun-
termeasure to this demerit, the feasibility of a deep penetration welding has been examined using a multi-wire sub.
mergad-arc system.

Newly developed processes of cne-sided welding (LH process) and both-sided two-pass welding (KY process) show
significantty high efficiency compared with the conventional multi-pass process, with satisfactory notch toughness in the
weld metal and the HAZ. The LH process can be applied to low carbon Alkilled steel structures for service temper

ature as low as 35°C, and the KX process even to the LPG tank vessels for use at —45°C.
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{a) Surface

(b} Cross section

Photo. 4 Solidification pattern of weld metal by three-wire submerged-arc
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Table 1 Plates and welding materials for testing weld joint at inner hull of LNG tanker
Base plate Welding material
[Thick- : " T
jLhie Chemical compesition (%)
Steel ness Y.p. T.5. e ; - 1 Wire Flux
{(mm) | (kg/mm?)|{kg/mm?)| € Si | Mn! P S Ni | Cu ‘ \Y4 ? Al
A 22 29 43 0.09 | 6.30 | 1.30 | 0.009|0.006| — - [ — :0.027 KW-50C
16 33 18 :
B 0.12 | .38 | 1.44:0.013|0.007| — — ,0.039;0.029 KB-110
32 32 47 ! i KW-101B
C 25 36 51 0.13 | 0.29 | 1.4310.011(0.007| 0.23 | 0.14 | 0.038! 0.024
Table 2 Welding parameters for testing weld joint at inner hull of LNG tanker
Welding Thick-! Joint geometl;y I__._ead Tran] Speed Heat
. : I Wire | Cur- | Wire Cur- i
process | "Co° a b o # | dia. rent | olt3Ee dia, renp |'oitege input
{mm} |(mm)| {mm) (mm}(deg); {mm} | (A) {V} | (mm) | (A) (V) |{em/min}| (kl/em)
22 6 6 1¢ 90 4.0 1400 30 4.8 900 45 90 47
KX 25 7 | 6 12 90 4.0 1100 30 4.8 900 | 45 90 49
32 B | 8 16 90 4.0 1300 30 4.8 1050 45 90 58
16 7 - g 90 4.0 1400 k1] 6.4 1100 40 110 47
LN 22 13 - § 60 4.0 1 400 30 6.4 1100 40 77 67
25 15 — 16 | 60 4.0 1400 30 6.4 1100 40 70 74
32 17 - 15 w{ 70 4.0 1400 30 64 . 1100 40 37 140
iy F. side \(’6‘\‘/_“_
f_" )
KX _’: LH _‘-
-y
B. side
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Table 3 Chemical compositions of weld metal

{%)
T Thick-! [ 1 \
Welding Steel | ness C Si Mn P S Ni ‘ Mo | Cu | V¥
process { mm) ‘
1A a2 U ow | ez | 129 | 001z ooos| | 0.6 | 008
kX | B | 32 | 000 | 033 | 144 | 0012 | 0009 | 034 . 0.8 | 007 = 0.026
¢ s o1 02 | 139 | 0on ,""0009' 041 | 046 | 015 | 00%
A | 22 | 008 | 029 130 0010 | 0008 | — | 04 0.6 =
- B_' 16 | 010 035 | 151 | 0015 | 0009 0.27 ; 013 | 005 . 0028
32 | 009 032 | 145 | 0012 0008 . 032 | 0.6 006 , 0024
c 2 | 028 140 0010 | 0008 | 042 | 014 014 | 0023

.10
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Table 4 Plates and welding materials for testing weld joint at tank of LPG tanker

Base plate Welding material

.Thick* T Chemical composition (%) ‘

Steel ness Y.p } T.5. ; Wire Flux
| (mm) kg/mml)\ kg/mm—) C Si | Mo | P 5 Ni @ Cr Vv Al |

. am i e
le’ ‘ | |

D o —0.06 | 0.27 | 1.40 10.011|0.006, 0.24 | — — |0.021| KW-50C

‘ 20 32 ‘ i : i

""""_‘ Tz | e l _ 51" I KB-110
Sy T e i oe——| 0.09, 0.28 | 1.49 |0.010 0.005| 0.27 | 0.16 | 0.031|0.025 KW-101B

s TTm T s ] _ ‘

Table 5 Welding parameters for testing

weld joint at tank of LPG tanker

Thiéi(i-. Joint geometry * Numbes Welding parameters ** } Heat Cooling
Welding | ness | 7 A Wire T P time from
process to e b —’VBJ, &2 of d;: Current| Voltage | Speed | input 800° to 500°C

{mm) i (mm)i{mm)|{mm)|(deg)| Passes | (mm) (A) (V) |(em/min)  (kJ/cm) (s)

90 | 40 90 | 26 | ?
12 4 0 4| a 2 - Co120 % . —
90 438 700 | 40
1 T - o a - N T -
;90 i 40 . 1000 | 30
16 4 | 4| 8 2 —— et 38 63
: 90 4.8 900 | 45
KX v et — - — —
| : : 90 . 40 | 1100 | 30
L2 -5 5 10 2 T 105 43 55
‘ 90 48 950 | 45
‘ ' 9 4.0 | 1100 | 30
25 7.7 1 2 90 49 46
| i 90 4.8 950 45 !
2 | - 6] 6 [0 2 3z | 50| 30 . 40 | 23 -
. 6 | — 1 9 7|50 3 32 © 550 | 30 - 37 27 37
M I - . . " e
o2 | 13 7 - %0 4 3.2 550 | 30 37 27 -
. 25 | 6 | 14| 5 90,50 8 3.2 500 | 30 35 26 -
12 - 5 7 &0 2 40 | 6200 30 3 29 78
MH | 20 © - 12 8 | 60 3 40 | 650 | 30 TR " 41
| = s _ : el S R |
|25 -8 17| 50 4 4.0 650 | 30 3 0 3430
* i, I side ++ ML, MH ! Gouging at finishing side
/S T Inter-pass temperature : 100°C
A_ggr)\ B. side

— 43 —
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T Y, HRMOEBRT L 7 L EWELZ

BfR L (i

IFRLich a, REBRT 7»—20 T —70iEER

mTiE, ABiEd 3B/kd/em 2L 72
FEi4) & BkI/em iz L7

T) m2FEE LA,

a4 (LIT MH
%4 (LU ML ER

BRI L T, TEL T
bf’\aif"ﬁmf‘? 100°C & Lf._

Tabhle 5 |- CA®ERL+BTHEEL 2 ﬁi‘?‘k*\
Z T HEIEN C Taoo—soo( B 0 30 W %
100°CI % B bW Tl 720 CTsoo—sen (4 ABE
e L, ML, MH, KX#Z&algizsmL w3

—51"C{Z 517 M~ #)v % —% Table 6 (-,
Efa i oo THRIE T8z US.C.G Mg

Table 6 Absorbed energy in Charpy impact test at —51°C for steel ) and E

Welding Thick- \E 51 (kg m) *
Steel ness - -
process { mm) WM : Bond HAZ 1mm | HAZ Imm
16 5748 ' 97~29 | 104~33 | 17.2~167
5.3 5.7 7.2 : 16.9
KX - p
20 11.5~8.7 | 189~9%5 | _9.9-35 ! 18.9-17.0
9.7 15.5 6.4 ‘ 18.2
D —_— :
| M1-66 | 137-20  144-110
ML 16 11.1 8.6 13.2
7.0-5.5 16.2~3.3 12.5~58 18.2--2.2
| e
MH 20 6.2 115 1 8.8 7.7
L P -
12 15.7~10.3 4.2—2.6 | 49*22 S 80~-31
‘ 13.7 3.2 : 3.0 54
16 15.5-105 | 45-3.7 ° 44-30 | 16557
12.5 4.2 i 3.5 10.0
KX e
20 123~86 . 53-33 4.0—-34 10.0~4.0
98 1 4l 3.8 6.4
95 11.2~8.2 : 4.2—34 6.6~31 | 6932
94 3.8 5.3 5.0
12 ___ 6.8-34 14.1--6.1 & 17.2~-10.1
4.6 10.3 . 12.5
4625 | 5.0~34 50~20
E 16 15 3.9 3.8
ML
20 34~30 ¢ 5.3~19 43-1%
! 13 3.2 2.8
‘ [ I
5 | — | 101=58 | 132-52 | 32-20
: 7.5 8.5 2.5
12 10.8— 9.8 9.1—-31 33~18 6720
10.2 6.2 24 39
17.6—16.7 39-29 ¢ 29-25 14574
MH ? T 33 1 27 11.8
\ N
ys 179164 53740 | 50-38 | 50-27
i 17.0 i 4.5 i 4.4 3.6

max.~ min.
, max.mmn.

ave.
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WY 2E5ERHELE RS Table 7 2R T,
Table 7 (25T O, AFRELIZABTHS

A, A FTTHAS CRAME X EREE ORI H Y
T2 1.8~28kgm B {iA E 2T BEETHY,
R ema s nwiigl vz 5, Table 6, 7 A0
b I N W H Rl A AN
(1) —HEfrnz, Ko FIEOMEER T AR EA
KECIYMEIM TS 5, Table 7 T ¥
TR T A ® > F, HAZ 1mm o) 85452 MH (35
kI/em) SyREONEGEGSIZFHIEL, Zaodh
& PEFRFEMI Tl ML o 25kJ/ em YR B ABEF
Ewd, LaLl, KXTEMHLIYKARTSHS
ZLodrh s T, WTHORETL T L
T3,
(2) #HETENC AT 2 HAZ 3mm (2o Sk,
KX, MH, ML @l F L, ML T3 ABEHY)
B Ldr b s 3 ESRoOS S RS 2 e L
LI Eahs,
(3) EfLn Limo{ke DENIIS A HAZ ¥
T RT3,

(4) Ni-Mo &7 4 4 FHv7: E k- FOBE SR
i, MoR7 4 v TiglEL 72 DM FO T U
L THEIZTEA TvWa,
(8) LPG > rmiEfhiEe LT KXEnd- &
L3 CHTEY, ¥XTHOHET US.CG. § %
FRETE B f@ﬁﬂ)T%’ s R I
ALY DAE TG

SRS 5 B R I‘L_{); 1, T’\’C@fﬁ?&&'
(7L7»(}~ A A ORI - T
b, ZAHWMAOMIETEET SHIZIL, ﬁﬁﬂmﬂéﬂlm‘%}

LOiiEsEdic k> THESE0RXR{EE 4 2
ZEE 2REAEOBEAEL SIS, AN
fLrzas s L TTERSA 4 BB 7 o
AL FEZLILDY, hERENME 20K
OWMTE, i EEEr A CLEIE OB
BhE LR IERERRL EATEL Y
}:. Tr T4 P BAMKIELOHEBARE L
b2 LT CTaoo—500 2 BMA LT L, 3-1 THRETL
290D, ZRRERROMKRILEES 2aER
BRI T 5, L2at- T, H FUnEsg
OFGILEFIET S0, BIEARLTE LT
AFL L TR RIC L v AR EFE S
LToBERL 25,

KX iz 35kl/em e MH LD LK ABTHLIC
Lk s d, K F, HAZ 1mm {7 & O Feic
FT T2 Hh, i Phote. 6 (2R s
ToM S WAL L iz KX FEDIT S A4

{a) KX (43kl/cm) (k) MH

(34kJ/cm)

Photo. 6 Comparison of microstructure of
weld zone by KX and MH
processes (steel E)

Table 7 Evaluation of notch toughness of steel E for various welding processes

Plate " Bond HAZ 1mm HAZ 3mm | Through HAZ
thickness -- - - |
(mm) | KX | ML MH KX | ML | Mi | KX ML | MH| KX | ML | MH
12 Al O O el Ol x| O | OCla|la|] O x
16 Ola| -, 010 - |Cla] -0 a]| -
20 olololo]a ol x'olo]| x| x
25 Ol | OO | OO0l C | x a0 x| a
A M -
Classification L+ Minimum value=2.8
A Average value 22.8 and minimum vaiue=1.8

by v E-si{kg-m)

" =238 or "

=18

,45 —_
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{bLTeZniznTh ), MHABALZDEZRGE
DENE—FTHanorL, KX ETiarti
Db — Pk 4 VI 5 2 X, B
EREEARE NI E L EAEMICERLLEE
Zhhb,

7, KR 7 A HAZ Smm (UiED Y /v
F et —{Bi AR, HERILIE, T4h5
C Tsoo —s00 DEADNEI VI FIRT 3 AEMHH5,
ISR T =7 A b, =T MR A B,
S B AOEAIERER TS24, 2K
RETARERTOGHEE S LS (T BiEEL
T, W7 254 OB LMD wiusiEs
Bl k¥4, Zov2 ks, Table 5 T 800~500C
OHEEERO ks KXi#EX L & LBEHLET
=7z,

BLEerk 5iz, HAZoHET 4 & > F g
L B MR & Tl PR L R
FEREA AL, ATEICH L CIRHRE i T &
BNABEHEA BB LTI 2 RMEEE G
TELZRABRBEIGREL D, LT, I
BHETLD XL FEIROBIEEY LT, HeF
g BEEMmAMI ML CEEEE L VREZA
BME L) LPARBEEAEE LR, yroa THER
JEME T ABRBRL OB HGER & 7 2 KX i
FETHL EERTTLILE,

XL EEFE L, HAZ O (23 &0

TONEEIE T 2 B8 R A (L AT
RIEE CDF U T 28RN LS T RORM
EZLSIE, EME T KX BT EH R
Il 2B S, EELOME Y B RS R
Fig. 10 Th 2, #olto : 7oiligs -4+
Photo. 7 {Z77%, Z1LE Tofikrn TREN
5L, MM E B2 TL R FE LW
HAZ lmm {F# O 4 0¥ — (313 F A FEHE
Loy, HAZ 3mm {0 Tofiiiz CTsoo ~500 9
Az L T L2, Lzdia T, TERBE
U s AR 2 100°~200°C (o abe T 4uir, LY
Bz O R e ML b AT E D,

CTMH) =5 (5}
44 58 97 128
T T T T
20r
WM
E 5k
‘__-}‘f HAZ 3mm _ - ~—a
s e
@
- //:___—-’(' ~~~~~~ ki:md
5| At HAZ lmm "%~ _»
——— g ———v———® ~x
| 1 L
0 109 200 300

Initial plate temperature {°C)

Fig. 10 Effect of initial plate temperature an
Charpy V-notch impact strength in weld
zone by KX process (steel E 20mmt)

Photo. 7 Comparison of HAZ microstructure of weld zone by KX process for
initial plate temperature of 20°C and 200°C {steel E 20mm!, 43k})/cm)
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PERAEMT Iz g L T2 B el Tk, S50
HEFTHEZ L LEFLFL(AETE S,
ZhE I IR AR e L
RIMZ G EFEE V25,

4. &8 & &

LPGH:, LNGHN-HGSLAKRETL I ¥
L F O ER TG 1 o 1S T
ARSI B B e KX, LH o %
L, LUTo#Eima it s iz,

(1) KX Kidh-E LR i g (
iy 7nERICLERATE, Y
TR ERETRHE,

(2) LH#:xL, ABLIE —40°C % LNGHS S

—51°C) LPG
L HEFE LT

vV RREH BRI CERY A s a5,
(3) fEHETIE, 72¥ 2IEABES 25k em 12 &
RLZNABREFEETL, HAZ oRiEc LPG
AL I A RREL R L 2 B Aaha,
(4) HAZ n{RiS8ME # BERT 21203, Ko MR
B L ABBFRRRS w25, FhLy
LGB LA FRIERIZ 3T L 800°~500°C o4 )
MizRIzT sl AN THE,
(6) KX ikiL, &> FibfBiz ot LidlEgtL sk
FLABLN LNARBIENMEETL, Mg
WXL ABBEHLDBRY L 70252 52 Fa,
RET L XL FEOEIBIC RO L - 72,
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