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Abstract

The next-generation light source plan (KEK-LS), which is under consideration at KEK, plans to apply NEG coating
to the inner surface of the duct for almost all sections. We adopt silver-containing oxygen-free copper (AgOFC) which
can realize a softening temperature of 350 °C, as a vacuum duct material in order to activate the coated NEG film. This
paper summarizes the development of TIG welding technology for pure copper. Various conditions for good TIG welding
with respect to phosphorus deoxidized copper and oxygen free copper were investigated and the evaluations were carried
out by temperature distribution measurement at the time of welding by radiation thermometer, cross section observation
by SEM, composition analysis by EDS, the ultra high vacuum test of copper ducts by TIG welding.
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Figure 1: Outline of pulse welding.
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Flgure 2: Weldmg landscape
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Table 1: Welding Condition Table (C1220T, L=100 mm)

#| It | Ta la | Ib f F To |

W[ | @ |®»| Hz) |(momin)| () | E
1150 130 121.8 X
2| 40 130 | 40 | 20 | 2045 X
3]50] 20 [ 130 [40] 3.0 | 2045 X
460 ] 25 [ 130 [50] 3.0 | 2013 X
s[70] 25 [ 130 [50] 35 | 2385 X
6|75] 25 [ 130 [45] 35 | 2385 X
7180 ] 25 [ 130 [40] 35 | 2385 | 30 | x
8]80] 30 [ 130 [40] 35| 2385 | 40 | A
o[80] 30 [ 130 [38] 35| 2573 | 40 | O

222 ME: C1220T., £&: 50mm
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Table 2: Welding Condition Table (C1220T, L=50 mm)

If | Ta | Ia Ib f F Tb |

A || @A | A | Hy [(mm/min)| () |E
1] 8 | 30 | 130 | 36 35 257.3 40 | x
21 8 | 25 | 130 | 36 35 257.3 40 | x
3|1 8 | 25 | 130 | 36 3.5 257.3 40 | X
41 80 | 20 | 140 | 40 | 4.0 257.3 40 | A
5090 | 20 | 140 | 40 | 4.0 257.3 45 |O
6100 | 20 | 140 | 40 | 4.0 257.3 40 A
7190 | 20 | 145 | 40 | 4.0 257.3 45 |O

2.2.3 M'E: AgOFC, £X: 50mm

RPN Fe % Table 3 1 oR”d, 3 M B @%ﬁ%ﬁﬂﬁébx%
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AgOFC D MBEFAEA KEVME AN H D, BRI
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Table 3: Welding Condition Table (AgOFC, L=50 mm)

If | Ta | Ia Ib F F Tb |

A | @) | A | A | (Hz) | (mm/min) | () |E
1] 90 | 20 | 140 | 40 4.0 2573 45 | x
21100 | 20 | 150 | 50 4.0 2573 45 | A
31100 | 25 | 155 | 45 4.0 257.3 45 |O
41100 | 25 | 155 | 45 4.0 2573 45 |O
5100 | 25 | 155 | 45 4.0 257.3 45 |O
6| 100 | 25 | 155 | 45 4.0 257.3 45 |O
71100 | 25 | 155 | 45 4.0 2573 45 | A
8| 100 | 25 | 155 | 45 4.0 257.3 45 |O

Figure 3: 5th, 6th and 8th test pieéé.l o
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Figure 4: Enlarged picture of the front (left) and back
(right) side of the Ag-OFC tube welding bead.
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Figure 5: SEM images of the tube cross section. The left
image is the AgOFC tube base material, the right image is
the TIG welding bead part.

Figure 6: EDS analysis results. The upper figure is the base
material of the AgOFC pipe, the lower figure is the TIG
welding bead part.
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Figure 7: The radiation thermometer setup (left) and the
thermographic image during welding. Images from the top,
during preliminary heating, at the start of actual welding,
at the first lap of actual welding, and at the end of the
welding process.
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Figure 8: A photograph of the two AgOFC ducts at the time
of vacuum test (left) and a schematic view of the rough
pumping system used at the vacuum test (right).
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Figure 9: Results of RGA spectrum during baking test.
Before baking, at the beginning of baking, at the end of

baking, after baking, respectively from the top row in order.
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[1] KEK f4 CDR;
http://www?2.kek.jp/imss/notice/assets/2016/10/31/KEKL
S_CDR_161031.pdf
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