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Application and research of twin—electrode TIG cladding process on reactor pressure

vessels manufacturing
Z0U Guowei',MA Peifeng', WANG Weibo', LI Zhijie?, FANG Disheng?
(1.China Nuclear Power Engineering Co.,Ltd.,Shenzhen 518124 ,China;2.China First Heavy Machinery Co.,Ltd.,

Dalian 116113, China)

Abstract: According to reactor pressure vessel stainless steel cladding qualification, this paper conducted stainless steel cladding by

single TIG and twin—electrode TIG,respectively. The main difference between double tungsten and single tungsten is illustrated by

investigating and comparing the weld formation, metallographic structure ,hardness distribution, chemical composition,impact properties

and intergranular corrosion. Results show that both twin—electrode TIG and single TIG can produce excellent weld bead formation,but

the efficiency of twin—electrode TIG cladding is much higher. And the weld bead properties produced by the two methods are similar.

Twin—electrode TIG cladding process has been applied to the manufacture of reactor pressure vessels.
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Fig.1 Schematic diagram of twin—electrode tungsten inert gas welding (TE-TIG)
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Fig.2 TE-TIG welding equipment and cladding process
DLECAARZHZE, IR 5T 300 mmx300 mmx50 mm, HEREE
)2 2822 BT 1.2 mm, BS540 5 ASME
SFA 5.9 ER309L(:: ¥ 2 ) Fil ASME SFA 5.9 ER308L

Table 1 Welding parameters

T AUESHR FEIE /A SRR A BRoPATER Hz M 2E ERESEE o/mmemin 22 o/mmin
PACEEY 210/170 210/170 5 0° 270 4.0
PRAAR 260/160 — 5 — 150 1.8




B Fi3aK 449 %
*2 BHRELKZRS
Table 2 Chemical contents of the base metal and consumables %
R w(C) w(Si) w(Mn) w(P) w(S) w(Cr) w(Ni) w(Mo)
SA-508 Gr.3 <0.25 <0.4 0.5~1.0 <0.025 <0.025 <0.25 0.4~1.0 0.45~0.60
ER309L 0.04 1.0 0.5~2.5 0.040 0.030 22.0~25.0 12.0~14.0 0.75
ER308L 0.04 1.0 0.5~2.5 0.040 0.030 18.0~21.0 9.0~11.0 0.75
(M2 ) o 1R A SR 224k 22 153 an 3k 2 B, 42 T

HAR PSRN 99.999% e A
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Fig.3 Surface forming of the stainless steel surfacing layer
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Fig.4 Microstructure of the stainless steel cladding
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Fig.5 Grain boundaries of the stainless steel cladding layer
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Fig.6 Hardness distribution of the cladding layer
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Table 3 Chemical contents of the stainless steel cladding

layer %
LaEy w(C) w(Si) w(Mn) w(Cr)
PR 0.018 0.51 2.30 20.17
PAGEEY 0.022 0.47 2.16 20.47
LaEy w(Ni) w(V) w(N) w(Mo)
PR 10.49 0.03 0.031 1 0.01
PACEEY 11.23 0.04 0.0327 0.02

MR 4 I 5 R R AR 5 Cr Y& 5 Ni
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L, A1) Q)P i Cr i
Ni 2475 G P8 I RAR R RS RNk 4 B,
RS SR R B BN 9.5% 1 7.7% , .
PR R TR
Creq=w(Cr)+w(Mo)+1.5+w(Si)+0.5-w(Nb) (1)
Nieq=w(Ni)+30+w(C)+30-w(N)+0.5-w(Mn)  (2)
x4 EHEZFEHREGEEE
Table 4 Ferrite contents by Delong diagram Y%

G Creq Nieq S N
FRASH 20.95 13.11 95
WU, 21.20 13.95 7.7
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Table 5 Impact performance of the stainless steel clad—
ding layer

=1 SV SR T I )[R S ] 211

F5 A/ 1% /mm
1 153 100 1.76
WU R 2 160 100 2.03
3 159 100 1.75
1 161 100 1.93
B 2 154 100 1.94
3 159 100 1.94
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Fig.7 Weld bead surface forming of the TE-TIG cladding
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