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Control of Hot Cracking and Gas Expansion Defects in TIG Girth Welds
of CN-1515/CN-EP Dissimilar Austenitic Stainless Steels
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The 404 Company Limited. CNNC, Jiayuguan 735100, China

Abstract: The cladding materials CN-1515 and CN-EP for fast reactors exhibit strong welding thermal sensitivity, and the
residual stress and interfacial gaps induced by plug assembly further aggravate the occurrence of hot cracking and gas expan-
sion defects. Through assembly gap control experiments, maintaining the gap between the cladding tube end face and the
plug shaft within 0-0.10 mm eliminated weld curling and collapse defects. Through plug force experiments, a plug force of
115-130 N was determined to ensure proper plug assembly without gas expansion defects in the weld. Based on the thermal
sensitivity of the base metals, comparative experiments on tungsten electrode angles confirmed that a 30° electrode reduces
the tendency of weld overheating and electrode burn-off while meeting the penetration requirement. Finally, by combining
theoretical calculations with experimental validation, welding currents of 21 A and 22 A, a rotation speed of 12 r/min, and a
welding angle of 636° yielded welds with 100% visual and radiographic inspection pass rates. Intergranular corrosion tests,
metallographic examinations, and tensile tests verified that the welds showed no susceptibility to intergranular corrosion,
and all tensile specimens fractured at the base metal. This study bridges the technological gap in the welding of dissimilar
austenitic stainless steels CN-1515 and CN-EP for fast reactor cladding materials in China, providing technical references
for the weld procedure qualification of fast reactor cladding materials.
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Table 1 Main chemical composition of cladding tube(wt. %)

C Si P S Mn Ni
0.04~0.08  0.30~0.75 <0.020 <0.0015 1.30~2.00 14.50~15.50
Cr Mo Ti \% Cu N
15.50~17.00  1.90~2.50  0.20~0.60  0.10~0.30 <0.01 <0.002

&2 WECN-EPEENFENS (RESH, %)

Table 2 Main chemical composition of plug(wt. %)

C Si P S Mn Ni
0.03~0.06  <0.08 <0.010 <0.0015 0.40~1.00  14.00~16.50

Cr Mo Ti Nb Cu N
15.50~18.00 2.40~320  <0.05  0.30~0.60  <0.03 <0.005
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Fig.1 The schematic diagram of automatic welding of plugs
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Fig.2 The schematic diagram of girth weld joint
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Fig.3 The schematic diagram of welding current-time




5 6 1]

FLSE, AF 0 CN=1515/CN-EP S AN EEHY TIG FMREE ST UK BRBE 1 ) 115

3 KRESEZEIZXE

3.1 EBIZXE

JEFERE L T i FL R R SE Y . IREE IR
SRR, Ui FERE IO B, AL 5048 5 v ZE Bl ] () B O
K, SEMA KR s He JE 02k KIS, g ZE 08 AR et
S A, T s B i A A S AR R
MRBIpE s BeAh, ot BB A AR KR AE YN 0] b5 A Bk
N, R ZE D7 BN T AR, A I Tt B 151 22 7 )
RIE R B SRS A
3.1.1 KB R4 ) 5 56

TEATFLERL BRI BRA T , DL 20~22 A SR d i it AT
AR SR EE U , 25 R N3 3 s .

R3 OEEWMESIHEME A EEEE

Table 3 Assembly clearance test between the end face of the casing

tube and the plug shaft

T LT/ A ZEFL M B/ mm R 5 BUB AR B
20 0.09 TeERba il
21 0.09 TeERra il
22 0.09 TeER b i
20 0.10 TeER b i
21 0.10 TCHbE Al
22 0.10 TCHbE Al
20 0.11 TG i
21 0.11 %4
2 0.11 1A
20 0.12 BEa1E]
21 0.12 Ll
22 0.12 JrEARN
20 0.13 JrEARN
21 0.13 JrEARN
22 0.13 JrEARN

AL FEAR R T, B L 7E A S Ui %€
e THC (] B2 K, R 4 BN Joi et B 25, Y 2 A [R] it
1 0.10 mm B, G725 5 I ZE 4 E ARTE A RUE L
e v S B E R a5t
— A G . AR RIREEL I BR T , 3 R AR
NIV IREZS N iRt oo

FH 2% 3 R, A 5 48 5 v 2 el ] 1) B 42 o 7 0~
0.10 mm FiJ, Al kG AR AE SR B AL 7E 48 B3 .
3.1.2 EREACEHEE

P 7 S U FE R e A B — B, AU 10 AR
FE S FEA ] R 2 7 T 7 e 28 M MR 508, it &

FELIR KR AE X S LA EE A, R 4 7R
x4 EENZE

Table 4 Test of the pressure of the plug

FRFEFETIN JEZEZE R /mm JRGE X PTERAG N2
95 1.0 —
100 0.55 —
105 0.30 —
110 0.13 —
115 0.10 TRk
120 0.08 TRk
125 0.06 Tk
130 0.03 TRk
135 0.03 2SR B
140 0.02 3R B
145 0.03 SASIRBRRA
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Fig. 4 Metallographic diagram of the weld joint of 15° tungsten

electrode welding
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El5 18°4BiRIRES AR
Fig. 5 Metallographic diagram of the weld joint of 18° tungsten elec-

trode welding
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Fig. 6 Metallographic diagram of the weld joint of 22. 5° tungsten

electrode welding
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Fig. 7 Metallographic diagram of the weld joint of 30° tungsten elec-

trode welding
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Table 5 Welding experiment parament

Eibl SREERMUA AR (romin™) R/ ()
A 19 12 636
B 20 12 636
C 21 12 636
D 22 12 636
E 23 12 636
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Table 6 Test result of weld joint
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Fig. 8 Metallographic inspection result of weld joint
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Table 7 Tensile test result

ARG KA SIRN A= PP /MPa
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