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Welding Process Optimization of Nuclear Fuel Rod

Using TIG Technique for Fuel Irradiation Tests
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Abstract

The irradiation test of fuel elements was planned for the evaluation of nuclear fuel
performance. To establish fabrication process satisfying the requirements of
irradiation test, orbital-TIG welding system for fuel elements was developed, and
preliminary welding experiments for optimizing process conditions of fuel element
was performed. Fuel elements with 95mm diameter and 0.6mm wall thickness of
cladding tubes and end caps have been used and optimum conditions of endcap
welding have been selected. In this study, the qualification test was performed by
tensile tests, helium leak inspections, and metallography examinations to qualify the
end cap welding procedure. The soundness of the welds quality of nuclear fuel

elements has been confirmed by mechanical tests and microstructural examinations.
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V. Ram, G. Kohn and A. Stern, Welding Journal, July, 33 (1986)
FARAI RS A5E A AA S H AR E A (A M S HAN-IC-ITP-01), (2003)
|42 AA A (AW 5 HAN-IC-DD-SP-WP-03-1), (2003)
FABYAAA, AR5 % AFHAACEAA T HAN-IC-QCI-03), (2003)
FABAYAAA, A5 % EHFH AFA D EEAH S HAN-IC-QCI-02),(2003)
FABRYANA, 5% Helium FEHAAHGEAHZ: HAN-IC-QCI-01), (2003)
FAAYARNA, A5 EH5F9 =2AHFAHEAHZ: HAN-IC-QCI-01),(2003)
SHAA SN KA (FEAHE: HAN-IC-DD-RT-QR-03-1), (2003)
ZAMNE S 98 % AFZHEIA(EAH T HAN-IC-DD-RT-QR-03-2), (2003)

Table 3.1 Welding parameters used for Zr-4 element

A Level 1 Level 2 Level 3 Level 4 W @
XN Z/AF) | (A7) (A7) (K HF/)

1 4/22 4/20 5/16 4/14 AR BE
2 4/22 5/20 6/16 6/14 AR BE
3 4/24 4/22 5/18 4/16 A=7+4 0.6mm FA
4 4/24 5/23 6/22 6/20 57

5 4/25 5/24 6/23 6/22 A7

6 4/25 4/24 4/23 5/22 35T FH 5=
7 4/25 4/24 4/23 4/23 35T FH 7=
8 4/24 5/22 6/18 6/16 AR BE
10 4/26 5/24 6/22 6/22 57

11 4/28 5/26 6/24 6/24 A F

12 4/28 5/26 6/24 6/24 A F

13 4/30 5/28 6/26 6/24 A F




Table 3.2 Results of helium leak test

1% 2+ 2 (mbar)
A1 No A} H
WMATE |d8% &
1 6.1%107° 1x107° OXK.
2 6.1+10™ 110 OK.
3 6.1%107° 1x107° OK.
4 6.1%107° 1x107° OXK.
5 6.1%107° 1x107° OK.

Table 3.3 Results of tensile test

Specimen | Cladding Tube Y5 UuTs % E
T Dimensi (kg/mm2) | (kg/mm2) | in 50mm
vpes ensions
Each |Ave.| Each |Ave.| Each |Ave.
54.36 81.99 7.07
EF/PF 51.11 |52.1] 81.86 |81.7| 7.11 | 7.06
Plug 50.72 81.30 7.01
56.39 81.99 6.87
e 9.5x0.57mm 57.92 |56.3| 81.85 |81.7| 6.98 | 6.98
Plg | on) (Thick) | 5467 81.36 7.09
52.69 74.73 0.7
End Pulg 53.07 |52.2| 7855 |782| 1.2 | 3.30
50.92 81.23 7.99
Tube 38.81 |38.8| 81.62 |81.6| 6.24 | 6.24

Table 3.4 Results of endcap burst Test

AE gl d | AT | AATA | SEds |
No. (mm) (mm) (mm) | (kg/em® T
1 9.5 0.578 0.576 1180 896
2 9.5 0.578 0.574 1180 899
3 9.5 0.578 0.569 1172 901
4 9.5 0.578 0.576 1184 899
5 9.5 0.578 0.576 1156 878

Table 3.5 Welding parameter used for pin-hole weld

experiments
=4 1 AR 28-26-24-24 weld head torch ©]-&
- A7 5-6-6-5 sec. 3] H8-H
=4 2 AR 80A weld head torch 1.7
T A1ZF 0.3sec.,60A 0.1sec. 87
=4 3 25 80A weld head torch 327
AlZF 0.4sec. a7
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(c) EF/PF end plug (d) T/C end plug

Fig. 2.1 Cladding tube and end plug

Fig. 2.2 Drawing of joint geometry for end plug welding




(b) Weld head

(c) Weld chamber

Fig. 2.3 Automatic orbital TIG welding system

Fig. 3.1 Cross section of the weld part(x50)



(a) Tensile test specimens (b) Fractured specimens

Fig. 3.2 Tensile test and fractured specimens

Fig. 3.3 End plug burst fractured specimens

(a) with porosities (b) without porosities

Fig. 3.4 Microstructure of the welded specimen (x100)
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Fig. 3.6 Shape of the pin—hole before welding

(£33 80A 0.3sec. 60A 0.1sec.) (87435 80A 0O.sec.)
Fig. 3.7 Surface appearances of the pin—hole welded part

a(EH@dd 80A 0.3sec. 60A 0.1sec. He x30)
b:(&H e H 80A 0.3sec. 60A 0.1sec. He x50)

Fig. 3.8 Macro—sections of Pin—Hole Welded Part with 80A, 0.3sec.
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