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Abstract

Many pressure vessels for the power plants are fabricated from low alloy ferritic steels. The inner
sides of the pressure vessels are commonly weld-cladded with austenitic stainless steels to mini-
mize problems of corrosive attack. .

The submerged-arc welding(SAW) process is now used in preference to other processes beca-
use of the possibilities open to automation to reduce the overall welding times.

The most reliable way to avoid underclad cracks(UCC) which are often detected at the over-
lap of the clad beads is to use nonsusceptible steels such as SA508 class 3. At present domesti-
cally developed forging steel of SA508 cl3 is now being cladded with single layer by using 90 mm
wide strip, which transfers higher heat input into the base metal compared to the conventional two
layers strip cladding which has been in wide use with 30~60 mm wide strip.

But the current indices for the influence of heat input on crack susceptibility are not accurate
enough to express the subtle difference in crack susceptibility of the steel.

Therefore, the purpose of this present study is: 1) To determine UCC susceptibility on dome-
stic forging steel, SA508 cl3 cladded with single layer by using submerged arc 90 mm strip and,
2) To optimize heat input range by which the crack susceptibility could be eliminated.
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Table 1. Chemical compositions of materials used
) Chemical composition (wt %)
Marerials C Si Mn P S Ni Cr Mo v
SA508 cl3 0.180 0.08 1.42 0.008 0.003 0.79 0.07 0.53 0.008
Strip 0.012 0.37 1.64 0.013 0.001 13.12 23.86 0.15 0.061
Si0; . 20%, CaO+MaO+BaO+K.0+NaQ:48%, F:6%
Flux ALO,+TiO, : 20%, FeO+MnO:3% Cr:3%
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Table 2. Welding variables

Welding process | SAW | Interpass Temp. | 175C
Current DC Preheat Temp. |148C
Porarity RP PWHT 620C
Weaving Stringer | Holding time 40.5hr
Overlap 8mm bead layer 1
Specimen’s No. | Current | Welding speed Voltage
Heat input(Kj/cm) | (A) (em/min) V)
W1 (252) 1400 10 30
w2 (219) 1400 115 30
W3 (193) 1250 10.5 27
Ref(168) 1250 125 28
W4 (162) 1250 125 27
W5 (132) 1100 12 24
W6 (102) 1100 155 24
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Table 3. Results of chemical analysis

Specimen’s No. Chemical composition (wt %)

(XKJ/cm) C Si Mn P S Ni Cr Mo \

W1 (252) 0.047 0.84 1.46 0.021 0.005 11.33 22.87 0.23 0.03
w2 (219) 0.050 0.77 141 0.022 0.009 11.24 22.16 0.24 0.02
W3 (193) 0.053 0.85 1.49 0.021 0.008 10.94 22.63 0.23 0.04
Ref(168) 0.065 0.75 1.31 0.020 0.006 9.95 20.58 0.23 0.04
W4 (162) 0.058 0.73 1.51 0.023 0.009 10.15 21.51 0.22 0.03
W5 (132) 0.061 0.69 1.51 0.022 0.008 9.85 19.49 0.23 0.02
W6 (102) 0.068 0.61 1.47 0.022 0.008 9.57 18.90 0.22 0.02
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Table 4. Variables of Cr,, and Ni, with heat input

Welding coupons
Clad Wi w2 w3 Ref Wi W5 We
Cr. 28.37 27.65 29.17 29.28 29.83 27.99 27.80
Pure Ni., 1453 1457 14.59 1442 14.37 14.32 1444
Cr/Ni. 2.0 19 2.0 2.0 21 20 19
clad
delta 22 18 23 25 29 20 18
ferite
Cra 24.37 2356 2414 21.94 22.83 20.76 20.00
Diluted Ni, 1347 13.45 13.28 1256 12.65 1244 12.35
Cro/Nie 18 18 18 18 18 17 16
clad
delta 14 12 13 12 12 6 5
ferrite
Strip 309L Cr..: 2457 Ni.© 143 delta ferrite : 12
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Table 5. Analytical results of Cr, Ni, Mn and S at the regions showing crack indications

Element Region 1 Region 2 Region 3 Base metal Diluted clad
Cr 10.623 2.242 0.389 0.072 22.871
Ni 5.041 1.409 0417 0.791 11.332
Mn 1.657 1.593 1.499 1.423 1.461
S 0453 0.290 0.193 0.003 0.005
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