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Development of High-Quality Narrow Gap Submerged Arc

Welding Consumables for Cr-Mo Steel
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Synopsis:

In a narrow gap arc welding process with a one-run-per-layer tech-
nique, the toughness of weld metal greatly depends on that of as-
dendrite structure. The increase in carbon content and V-addition
have beneficial effects on improving the as-dendrite structure tough-
ness by refining the bainitic lath sub-structure and increasing fine
carbo-nitrides which have precipitated uniformly within the y-grains
after PWHT.

Two types of narrow gap SAW consumables, i.e., the high C.V
system for excellent-toughness Cr-Mo steels and high C-V-Ti system
for enhanced-strength Cr-Mo steels have been developed on the basis
of the above-mentioned metallurgical findings.

The realization of a narrow-gap tandem SAW process was con-
firmed by a producticn scale mock-up test using the newly developed

consumahles.
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Fig. 1 Toughness variation for notch locations in two run-one

layer weld meta] (PWHT:690 °C % 26 h)
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Fig. 2 Effect of reheating temperature on single-pass weld
metal toughness
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Table 1 Chemical compositions of weld metal {wt %)
Weld metal [ C s M| P | S i Mo v | N o | %
Conventional J 0.09 | 0.22 | 0.78 ! 0.008 | 0.004 | 2.3 | 0.9 ~ i 0.0043 ‘ 0.033 | 10
0.079%V addition ‘ 0.12 | 0.19 | ¢.73 | 0.007 | 0.005 235 1 100 | 0069 0.0047  0.031 | 9
* X =(10P+55h+4Sn+ As) x 10~ {ppm}
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Fig. 3 Effect of PWHT on weld metal hardness and carbide
morphology (X-ray diffraction analysis of precipitated
residues)
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Fig. 4 Effect of PWHT on weld metal toughness
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Table 2 Optimum chemistry of high-quality weld metal

Welding consumables

Chemical compositions (wt 94)

Application I

Flux Wire C Si | Mn ! Cr Mo J‘ A\ Ti

High-toughness use KWT 210 0.12 0.20 ’ 0.70 ‘ 2.25 ‘ 1.0 ‘ 0.07 —
KB 120 CM KWT 210 (M) 0.13 0.20 ‘ 0.70 2.25 1.0 | 0.10 0.015

High-strength use ‘ -
EWT 310 {M} 0.13 0.20 ;| 0.70 3,00 + 1.0 ‘ 0.1¢ 0.015
i .
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POATy T = VMR IEENTD (T —~50°C Th b,
D7 PR 4T b4, ¥7:, 2Bk Td PWHT 1k
UAT w77 =0 v ZHESI (T —46°C TEV AT
LRTWDH B, BREMEE T RS T CABIETLTY 5,
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Table 3 Welding conditions for narrow gap submerged Arc Welding

Welding process Pass No. CL(‘K‘;M V(()l\t["sge Tzzfr;,lrsgsed }iﬁ;‘f J,:;%u t Groove shape and weld sequence
1 450 27 20 36 }.- 3’_.,
T [/
) 25 500 28 25 34
Single-electrode welding
1 -1 layer (6 mmR 0
ronel Jayer (6mmR) 6~16 550 29 28 34 =
6 R
17, 18 550 29 30 32 = —]'—
1 450 27 20 36
L 450 27 .
=6 1T a0 27 0 e b3
L 450 27 &L T
T~10 42 35
Two-electrode welding T 450 28
1 run-1 layer (7 mmR} L 500 98 )
11~12 T 450 23 46 35
L 500 28 e~ R l
13~18 T 530 29 48 36
19, 20 500 28 30 28
1 500 30 25 36
. 1. 450 27
2t T 450 29 38 40
Two-electrode welding L 500 29
2 run-1 layer (8 mmR) 5~10 T 500 31 16 39
I 500 27
11~24 T 500 39 60 28
25, 26 | L 500 28 28 30

Preheat and interpass temperature:  175~200°C

Table 4 Chemical compositions of weld metal (wt %)
Welding process ‘ Sample location ‘ C | Si Ji Mn i P l S ‘ Cr | Mo ‘ \' ‘ O N ‘ X ‘ J factor
Single electrode ‘ 14 \0.13 10.15]0.76 | 0.005 | 0.003 | 2.21]0.97 1 0.064 | 0.032 %0.0055‘ 7| 3
. | ; i : PPV _—
‘ Subsurface | 0.12 | 0.15 L0711 0.005 } 0.003 | 2.12 ‘ 0.97 1 0.063 | 0.036 |0.0053 L7 s
Two-electrode | tj4 02015071 0.005 | 0.c03 | 2.11}0.96 0.063 | .06 | 0.0056 | 7 69
(7TmmRy | 1 LYo | ) : P i P
! tf2 10,131 0,15, 0.74 ¢ 0,005 | 0.004 } 2.18 [0.99 1 0.067 | 0.038 | 0.0052 7 7
1 i | ] . i
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Table 5 Summary of weld metal toughness after PWHT and step cooling treatment for welding process using KB 120 CM flux and

KWT 210 wire

As; PWHT

After 8. C. ]

. d T b T!‘IO+
Welding process PWHT Location - — ("OC')“' 2.54, Ty
vTew (°C) | T (°C) | ,Th (°C) | T, (°C) : {°C)
690°Cx8h £4 —65 —61 —59 —54 6 I —50
Single electrode  |-——— — | B ; S
690°Cx 26 h #4 —67 —55 —63 ‘ —51 4 57
Subsurface —63 —52 —46 ‘ —46 17 —20.5
690°C x 8 h 14 —53 —45 | -0 ‘ —40 4 —43
Two electrode H2 - o2 —45 ’ —o0 .&4{)“ . ! 2 -V
(7mmR) Subsurface —69 —61 —48 —40 2 —16.5
690°C =26 h /4 —58 -50 —50 — 40 8 —38
/2 —55 —48 —53 —44 2 —50
Two electrode 690°Cx8h . /4 —67 i —66 - —51 | —49 B 16 —-27
BmmR) | gonec 26 h /4 —76 —68 — 69 _56 7 585
Table 6 Summary of tensile properties of weld metal for two- Table 7 Mechanical properties at #/4 location of 3Cr-1Mo

electrode welding process using KB 120 CM flux and

KWT 210 wire
Test 0.2% Tensile |Elonga-| Reduc-
PWHT | temp. | proof stress | strength tion tion of
(°C) | (kgfmm®) | (kgf/mm?) | (%) | area (%)
- |
690°C 24 52.9 E 64.9 21 71
x8ho | 45y 43.0 50.4 19 71
690°C 24 46.9 59.6 24 74
Xh sy 38.2 45.8 19 74

1+ Lk & BRI D U AR SR o 2 THINTE B,
oy HAR 3R O AE RS E O R i Ko B2 Rk LT
L OAERARECEHEDO—2 2 LT, RAPIEME ZN 5,
{anwa-Avagm (°C)
a=1.5~25

LOEFRTHCTROBERTL L - L Ly e=25 OF
FATAHTIEEL S B0 E b,

Table 6 (2 Z 1 HIHE LR DS IRN S R T,
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WHEREEREE R TL L TEL:3h: WEHO ST HMNTH
Do

4.2 =H%E 3Cr-1Mo @RAFERH (75 7% KB120
CM, 74 % KWT 310 (M))

Foilt, RECHWC, FilA -y —, #itt 2 -5 -, ENEBR
YEA = # - BB L 7o Cr-Mo SR O SRR TR £ T % % Metal Pro-
perties Council Zdhs & L THBEL (T5=85~110ksi) #&Eh,
FiommERIERES D VREFICHESHD TORR R 2R T
DELXERIRENODHE,

FREL L AR 350mm @ 3 Cr-1 Mo-V-Nb Fig 2 RUESRT &
FECEESME Y, ABRE 31kifem o 2 HEHEACHETIEE
Lz, HEALE #4 cofkFiigs Table T icms X5, 14

modified steel welded joint

Tensile strength | Toughness Tl

PWHT lN?t‘Fh (Uegffmm® | CO 25407,
TR | 2eC | 45450 | (T | The | (°C

WM 73 57 —35| —30 —22.5

B0, R | — | — -6 -] 565
HAZ 2mm — — —97 | =95 | —-92
WM 68 52 —46 | —40 —-31

690°C : T

% %6 h FL B — -— ~—861 =72 —5b1
HAZ 2mm — — —84 1! —74 | —59

Table 8 Welding conditions for mock-up test

Preheat

Welding | Welding ?233:;5-

g |
consumable | process tempera- Current*| Voltage

| ‘ture(°C) (A) (V)

Welding parameters (AC-AC)

Travel | Heat
speed | input
(cm/min)| (k] fem)

1 run- 530~
KB120CM! 1layer | 180 540 | 2231 5 3.8
ant [ I S N -
KWT210 | 2 run- 200 1 520~
|1 layer 1 530 | 28~30] 62 29.5

* Welding current of leading electrode and trailing electrode

RAME E CAEMRGShTVS,
4.3 ET9 7T« THRR

i CAMEEF RN X 5 RS0 2 B SAW Lo R FERE
THHMT, v /7 o PVREET -7, Mok, BEREIIS 1
B 1A AEREE SAW o ZALRT Tz 2Y0Cr-1 Mo §REIEL
AR TEEND D, HE2 R ORRIHELB T TWEY,

oy 2T o TRABITIE L - R Bmm, BSEEE 2°, EE T8
mm QUL EFTAFEE 90mm, 15F 2500 mm @ 2Y,Cr-1 Mo
Bk v YRR, iEES M Table 8 R,
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Table 9 Comparison of welding efficiency between conventional and narrow gap SAW process

Welding process Conventional SAW Narrow gap SAW
{A) 2 run per layer 1 run per layer & 2 run per layer
B <€)
— 2 ~ 2 3]
‘--<_':: .- ____1‘::.
[~ - s - ™~
L :'—‘ ---.._-" '--.,‘-:-
o, -_::—"' ( .___:_"' ]'_8-—.-_-—‘.7-
Groove preparation bt ~ | __.;:-- < ‘? ~ -] p
N
A A B ___l_
= S S
1 T ¥
Cross-sectional area for 150 o o
mm thick steel 35.8cm? 25.2cm? (B/A=0.70) 24,0cm? (C{A=0.67)
Welding condlt(lgne lectrode) 500~600 A, 45~55 cm/min 500~550 A, 60cm/min 450~550 A,  40~60 cmymin
Total arc time for 1 m lon . . .
weld joint g 127 min 94min (B/A=0.74) %4 min (CfA=0.74)
2 55 Z EAFERIIN.
PRy — 4.3.3 Wigabmie
s
OAfter S.C. SEIBIERARE UCHERERSIC 1B L A 24925

—
o

Absorbed energy (kgf+m)
=

(3]

Test temperature (C)

Fig. 10 Weld metal toughness deposited with 1 run per layer
technique in mock-up test

4.3.1 JEEFEH

EIFEWH CREENETO Y - VohhEAEE XL, v 1
YORWERSEPETLTCL T v E— 2w P R EORMAHBEL K
<<, MEEEGS I UHHBEERR T hIFEERMIIRE hr
Frof, AT FIECEHER IR L AREEMITLERLLS B L
DM R .

4.23.2 BESEROTERE

690°Cx8h @ PWHT kXU AT v 77— U v/ o LAtk
Fig. 10 {74, ATHiO FHRIFFEF CORAR L RO DHHHE &
LURLAcH, RIEOERE L{HERALTED, ATy 7y -V
FHED JE_j A RME D - TEHBE 5.5kgi-m (40 ft-lb) iR L
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B DERBASIR R YHNT I8V B e i Table 9 i1, JLIEIR
HRORMC X - T, & 30% OFEMAEORRE 26% 07 -
7 F A LORIEBTREE R D, =X MMER EFECEST O Wik
EH N OWNIEREIC LRSS 2 2 LB SR LR o,

5 B

il

24 Cr- 1Mo 1 B 1-2BBELEOTAYE, BECETs
&R 2TV EME Cr-Mo SANRES% SAW S EBZEL 7=,
S5, TOREMEETEVCEY 7 7w TRBREERL, MTO
e B, .

(1) BEGEOCOMELVORMKE - T4+ + 7 AEOH
ki Lot PWHT Zic bl —4ixh sy ¥ 71
BOCAERREINS, T LD EADAF Y 25075
BELEREEL LD,

@ TiFmcoREsR AT, CAERETTS. LL,
VERATEMT 3o & XY MSRE LR L 2>, UAKDLIE
B,

(8) thHomRLLETE, BLAKBSIUBREZRELTS
Cr-Mo S oE M EHRMA%L SAW M EHRL .

() 29 Cr-1Mo $HFE U AMEENR-7 7 v 72 KB120CM,
74 KWT210- 13 R R hbb T EELTHL A
Bot, HIROD - MLVWEBLABEYE - THET 5.

(B) Tos7 v 7HBICL-T 2 EEmRE SAW (Ro EF (L
WHETHEZ LWL, FFSEERORRARK I »TH 26% o
T - &4 AHEIRTE, WHERTIRE .

BbOiT, Tws 7y TRECHID, BIRESIELENS .,
bk e 0 AR R S R B A R L B DA R L 5,
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