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Synopsis:

With main emphasis on improving slag detachability and preventing weld defects, study was made on heavy
steel plate welding in the narrow gap submerged arc welding, leading to the development of the NSA process
that uses an MgO-BaO-5iQ: type high-basicity agglomerated flux, KB-120,

With thermal contraction behavior of slag found to be the most importani factor that determines slag
detachability, the maximum contraction was obtained by suppressing transtormation expansion occurring
around 700°C during cocling. It was found that KB-120 can also preduce weld metal of low level hydrogen and
oxygen.

High reliability and productivity of this process has been confirmed by its wide application to the fabrication
of pressure vessels, offshore structures and machinery. Since the "one layer-one pass” welding method is used to
build up for steel plates up to 200mm in thickness, the crosssectional area of the groove and arc time are reduc-
ed to 1/2 to 1/3 of those in the conventional process. The use of very low hydrogen flux provides additicnal ad-

vantages such as elimination of intermediate postweld heat treatment and lowering of preheating temperature,
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Table 1 Subjects of narrow gap submerged arc welding and their countermeasures in NSA process

Subjects

NSA process

1.Slag Inerease of thermal contraction:«--r------
detachability —1: cagile Slag  ereereeereeaneeenneeneeneaeenes

Fragile slag

hot crack
2. Joint

qualities

cold crack

\—-—— Improvement of notch toughness

uniform fine micro structure

low oxygen and nitrogen----oeocer
low temper embrittlement oo

homoginity of chemistry «--oooro

3.Efficiency

4‘ “ﬂ'e]d]ng fﬂCililieS .................................................................

—— Prevention of weld defects -

r——— Small sectional groove area -

_— ngh deposilinn FAL@ e

'——— One pass each layer technigue ==+

11 High basicity

2) Agglomerated flux

31 Reduced expansion due
te transformation

41 Mg0-Ba0-5{0+Cal

51 Neutral flux

11 Alloyed wire

2t Pure wire

Welding parameters

1) Large tolerance

2) Groove angle: 3°

Root gap: 12mm

Welding machine

\l) Rectangular nozzle
2} Conventional SAW

machine (AC power)
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Fig. | Rectangular nozzle for N3A process

{ Thickness: 8 mm)

Photo. 1 Macro structure of 200mm thickness weld joint

Table 2 Weldmg Materials for NSA-process

Idlng Mdlerla]
Steel grade —_—
Flux
5M 4l
SB 46, 49 LKW 30T
i
ASME SAS515 Gr.60,70 | KW 50C
ASME 5A516 Gr. 60,70 | KW 30T
KW 50C
Kw 1018
ASME SA204, 182 F1 KW 50C
SA336 F1 KW 1018 KB 120
ASME S5A387 Gr. 11,12
KWTI105
bA336 Fl11, F12
ASME SASS? Gr. 22
KWT210
SA336 F22
ASME SA387 Gr.21 :
KWT3lo
5A33% F21
SOkngmZHT KW 101B
80kgf/mm?> HT KW 103 B
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Tahle 3 Relationship between flux type and slag detachability in narrow gap U-groove welding

Flux Test results

Type No, | Compoéiliun B | Slag vemoval | Bead shape |Slag characteristics Remarks

BF 1| Si0:-MgO-Al: O -1.0 Easy Concave { Glassy | Crystalline Easily broken
Ronded BE 2| Si0:-Mg0-ARO:-Cal: | —0.0 4 " " "

BE 3| MgO-BaD-5i0:-Al0: +1.3 " h Crystalline Many cracks

BF 4| MgO-Al0xCaO-CaF: | +16 Difficult " # Not easily broken
Fused FF 1| TiOzBa(0-Al:0:510: —2.6 Easy Convex Glassy Easily broken

FF 2| AlL0»-Si02-MnQ-CaF: | +0.2 Diffeult " " Not easily broken
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Table 4 Chemical compositions of flux used & BFE ‘x_x"-n‘ \
C f fux (¢ bar L o taus
ompesition of flux 1%} ?l e
Cod
oo MgO Ba0 Si0. o s .
BF 5 40 12 20 ' 800 1000 1200 1400
BF 6 25 13 19 Temperature (°C)
BF 7 22 12 20 Fig. 2 Physical properties of weld slag determined
BF 8 15 17 22 at elevated temperatures with Silhouette
method
Table 5 Relationship between detachability and physical properties of weld slags
Softening Melting Thermal eontraction behavior Weld performance
Code | temperature point Expansion due Total contraction | Bead Slag
("Ch {*C) | to transfermation (%) shape detachability
BF 5 1210 1350 No 1.75 Concave Very good
BF & 1120 1179 Small 1.23 Concave Good
BF 7 1120 1130 Moderate 0.86 Concave | Slightly difficult
BF g 1170 1240 Large 0.30 Concave Bifficuit
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Fig. 4 Contraction behavior of weld slag
during cooling
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Table 6 Diffusible hydrogen content in deposited metal (Wire: KW 103B)

Diffusible hydrogen content

Flux {(m1/100g of deposited metal}
J1S glycerine method | IIW mercury methnd
KB 120 for Normal type 1.2 15
NSA process | Extra low hydrogen type 0.5 2.8
"KB 80C {Agglomerated flux for HT 80) 0.2 2.0
Fused flux for HT 80 3-5 -

_60_
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Table 7 Effect of bevel angle on weld perfoermance in V-groove joint
{Wire dia.:3.2 mm, Current:450 A, Travel speed:15¢m/min)

Bevel angle (deg.) Optimum arc voltage for root pass (V) Weld defects Slag detachability
20 22--23 Hot crack undercut Slightly difficult
25 22~24 Slight undercut Slightly difficult
30 22~-25 No defect Easy
35 2327 No defect Very easy
40 2430 No defect Very easy

- 61 p—
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Table 8 Siandard welding condition for NSA process
a) U-groove

G Single Electrode Process 2. Electrode Process )
iToove
dth Current Voltage Travel Flux Current Voltage Travel Fiux
r” ) speed height Electrode speed height
mm :
(A) (V) {em/min) {mm} 1A 'S lem/mint fmm!
L 425 21 18
12 425 27 18 50 T 50
L 500 29
14 500 28 25 50 R 45 50
I 500 25
L 550 30
16 550 29 25 50 . 45 50
, I 550 26
L 600 32
18 600 31 25 50 45 50
T 600 28
L 625 33
20 626 32 23 50 . 49 50
T 625 29
L 625 35
22 625 34 23 50 40 50
T 625 31
L-electrode T-electrode
"
T -
= s 4_.___
L \Z Welding
b) V-groove direction
) Vgr ~ 0=
No. of passes Current Voltage Travel speed 307
(A) (Vi {em /min)
1 425 25 1015
21 500 27 20~25
3, 2 550 29 20~25
4 550 29 20~25
5 609 30 20~ 25
L} 650 31 20~25
7. 8 500 27 | 20~25 V-groove joint

600A, 15cm/min, Root gap: 12mm

25V 28V 30V 3zv

T}

Photo. 2 Effect of arc voltage on bead configuration

v GBI T — PSS S UEEIAAIREE S L

o F AL, Fig, 7126004, 20cm/min D& M

VS (600A, 32V, 20em/min) —E T,/ T— MRl gL UT — JRA RS
— | IR g 4 12~26mm (2L S RFOMENG  HO - FiEALlg Py # @R THE, ¢

-7 7 w A% % Photo. 31277 F, g =12~2lmm & AR E L BITEY Py 132 (&Y, g=20mm

432 JL— EROTE
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G600A. 32V, 20em/min

Root gap: 12mm 16mm

2lmm 26mm

;nlqiulgunjf il
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Photo. 3 Effect of root gap width on bead configuration

600A, 20em/min|

25| T1o0t RDR= 2O,
Py = 21-25mm
v
20}- I S j[l{.me!i_z.Omm
15F
Huot gap, g=15mm

2,001 0 Acceptable bead
A ,® B Lack of fusion

Py =24-32mm

Bead width (mm!

101

el

30 35 40
Are voltage (V)

Fig. 7 Effect of arc voltage and rool gap
on bead penetration width
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BT 7L T X RSB TT A
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T o720 — 8L TEROE L LY 2,

Ik, NSAEI BT EEES,
FeWithds & PR E OTEYIC 3T L B E e
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Wire,
¢

Photo. 4 Tolerance of wire working position in narrow groove
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Fig. 8 Relationship between hot cracking
tendency and bead shape factor for
high and low carbon steels
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ia} U-groove multipass weld cracking test
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(b) IL-groove restraint cracking test

Fig. 9 Restraint weld cracking test results of N5A welding materials
for ASTM A387 Gr.22 steel (Test precedure: WES 3005)
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Table 9 Chemical compositions and mechanical properties of NSA weld metal

{Heat input; 40—~45kJ/em)

Srel Welding material Chemical compositions of weld metal [7%) T
ot Wire Flux C Si Mn P | ] Cr Mo Ni As Sb Sn
AS516 Gr.70 (KW 30T|KB 120{ 0.06 0.45 1.35 0.016 0.005 - - - — - -
HT 60 KWI01B|KB 120, 0.06 0.33 1.46 0.010 0.003 - 0.44 .72 - - -
HT 80 KWI03B|KB 120| 0.05 0.28 1.35 0.008 0.004 G.71 0.43 2.20 — - -
A204 KW 50C|KB 12¢| 0.09 0.37 1.53 0.01¢ | 0.003 ~ 0.51 - 0.002 | 0.001 0.001
A3B7 Gr 11|KWTI105|KB 120 0.11 0.42 l\ 0.80 0.006 0.065 1.31 0.51 - 0.003 (001 0.002
AJ87 Gr.22/KWT210KB 120 0.10 0.25 [ 0.63 0.007 0.003 242 1.01 — 0.003 0.001 0.002
Welding material Tensile strength Absorbed energy i v Tran v Trao+
Wi Fl PWHT ikgf/mm?) ikgfm} i 1.54v Tro Hv
e * RT 150°C <Eo vE c) C)
As weld 58 179 1181 —60 — 195
KW 30T KB 120 .
625°Cx6h 54 — 19.2 14.6 —55 - 175
KWI101B KB 120 As weld 65 - 19.8 10.6 —55 - 209
) KwW103B KB 120 As weld 85 - i0.6 86 —60 - 257
650°C > 5h 57 49 16.7 9.2 —53 -5 179
KW 50C KB 120 .
i 690°C x 5h 56 48 17.2 g5 —59 —35 170A
690°C > 5h 63 53 15.8 100 -~ 64 —58 203
KWT105 KB 120 .
690°C » 12k 58 48 16.2 &6 - 50 —34 157
690°C < 12h 62 48 150 10.3 — 56 —-17 194
KWT210 KB 120 .
690°C > 26h 59 A7 1.8 89 —49 —21 186
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Table 10 Recent applications of NSA process
B Thickness
Joint preparation Type of structures Steel grade (e Welding wire
mm
\ 3.,} Heat exchanger ASTM A336 123 KWT 210
I F2z Ct.2
& Centrifugal casting mold S 5C46 250 KW 50C
=)
i o
= Press cylinder ASTM Al4B 254 KW 101B
| W
1 Impetler shaft JIS SF50 200 KW 50C
30~45°/
[ \ Semi-sub type EH 38 42 KW 30T
=4 drilling rig
o1 4. ¢
- 1 LNG carrier vessel N 36E 43 KW 30T
7 90" %
Pipe for off-shore structure API 5LX 50 KW 36
X 52
30~ 40°/ Water heating facilities SM 50 & 2070 KW 50C
% for nuclear power SF 50
2 siation
Boiler SB 46, 49 20-- 50 KW 30T
49M KW  50C

Table 11 Comparisen of efficiency between

NSA process and conventional SAW

Welding process | Conventional SAW | NSA process
Cross sectional
area of groove 45.6 19.2
{cm?}
Total pass 79 25
Arc time (h) 20.5 12.5
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Photo. 5 Cireumferential welding of heat exchanger using NSA process
(ASTM A336 F22, Wall thickness :123mm)
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