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Abstract

The Cu-bearing PFS-700 steel which has yield strength over 700 MPa was developed to replace the
existing submarine structural material, HY-100. The PFS-700 steel has a combination of good mechanical
properties and superior weldability. Becaus of that, it can be welded without pre-heating. The application
of PFS-700 steel to submarine or battle ship will give a great reduction of cost by omitting pre-heating or
lowering pre-heat temperature. To develop pre-heating free welding consumables that match and take
advantage of PFS-700 steel, new welding consumables have been designed for the GMAW, SAW
processes and explosion bulge test(EBT) was conducted to see the reliability of welded structure. All welds
were made without pre-heating, and the inter-pass temperature was below 50C for SAWS50 and 150C for
GMAW and SAWI150. All EBT specimens show over 14% thickness reduction without through-thickness
crack or crack propagation to the hole-down area. Tensile properties for all welding conditions show
higher(GMAW) or similar values(SAW50, SAW150) to the base metal. Charpy impact values for the weld
metal also show 163.5J(GMAW), 95.4J(SAWS50) and 69.0J(SAW150), which meet the goal(higher than 50J)
of this project.
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Table 1 Chemical composition of PFS-700 steel (wt.%)

C Si Mn P S Sol. Al Cu Ni Cr Mo Nb \Y Fe
PFS-700 | 0.048 | 0.209 0.5 0.008 | 0.002 | 0.025 1.29 3.5 0.59 0.48 | 0.037 | 0.003 Bal.
Table 2 Chemical composition of consumable and weld metal in GMAW(wt.%)

C Si Mn P S Sol. Al Cu Ni Cr Mo Ti Fe

Consumables | 0.053 0.51 1.48 0.002 | 0.002 | 0.006 3.42 0.57 0.076 Bal.

weld Metal 0.057 0.37 1.19 0.002 | 0.003 | 0.002 0.43 3.31 0.07 0.58 0.029 Bal.
Table 3 Chemical composition of consumable and weld metal in SAW(wt.%)

C Si Mn P S Sol. Al Cu Ni \Y Mo Ti Fe

Consumables 0.05 0.19 2.03 0.002 | 0.002 | 0.006 2.8 0.032 0.74 0.013 Bal.

weld Metal 0.057 0.23 2.02 0.01 0.001 | 0.007 0.07 2.76 0.02 0.72 0.02 Bal.
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Fig. 1 Joint appearance of EBT specimen
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Table 4 Welding condition with welding process
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Fig. 4 Specimen appearance after 1st CST
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Welding |Current|Voltage| Speed | Shielding Inter-pass
R temperature
process | (A) (V) |(cm/min) gas 0)
GMAW | 260 22 45  |Ar+20%C0¢ <150T ;-
SAW50 | 700 | 32 40 - <50C GMAW SAW50 SAW150
SAW150| 700 32 40 - <150C Fig. 5 Specimen appearance after 2nd CST
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Table 5 Condition of crack starter test

Welding Shot Test condition
Explosive| Stand-off
No.
process ¢ Test Temp. weight distance
1 -17.5C 4.5kg 500mm
GMAW
2 -21.7C 4.5kg 460mm
1 -19.5C 4.5kg 500mm
SAW50
2 -20.5T 4.5kg 460mm
1 -18.2TC 4 .5kg 500mm
SAW150
2 -17.8C 4.5kg 460mm
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Table 6 Explosion test acceptance criteria

(b) SAW50 (¢) SAW150

Fig. 6 EBT specimens prepared for thickness measure-
ment for EBT specimens
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Crack starter test Explosion bulge test
Acceptance criteria iti
First shot | Second shot | First shot | Second shot Additional
shots
Crack starter bead shall crack 1/ N/A N/A N/A
No piece shall be thrown out of material being o " N o
tested
No through thickness cracks shall be present N/R x x N/R
No crack shall extend into the holeOdown area X X X X
Percent reduction in thickness 2/ 2/ 2/ 3/

are met.

Conditions required for each shot are marked with an "X’,
1/ : In the event the crack-starter bead does not crack on the first shot, the first shot shall be repeated
2/ : The percent reduction in thickness shall be recorded for information only
3/ : The required percent reduction in thickness shall be as specified in the applicable material specification. Shots shall
be discontinued when the metal fails to meet the above conditions, or when the reduction in thickness requirement

N/R = not required
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Fig. 7 Specimen appearance after 4th EBT
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Table 7 Mechanical properties with welding
processes
Tensile properties CVN(J)
Welding prop (-51)
process Y.S. | T.S. El. | R.A. o D
(MPa) | MPa) | (%) | (%)
L |813.0]841.3| 24.3 | 67.3 199.4
Base metal
T |811.5|841.1|24.1 | 68.2 237.5
A 1902.01984.9] 15.8 | 66.0
GMAW 163.5]128.8
B [805.2]830.7| 16.4 | 70.4
A | 849.0|882.5] 21.0 | 67.9
SAW50 95.4 1184.2
B [795.4|834.9| 20.4 | 70.8
SAW150 | A [833.01867.5|19.9|67.5|69.0 {210.0

A Weld metal B : Specimen perpendicular to weld bead
C : Weld metal(Bead center)
D : Border of weld metal and HAZ
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