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Introduction

1. Accelerating field of modern superconducting

radiofrequency (SRF) cavities are often limited by
quenches.

2. Quench locations can be identified by the
temperature mapping and optical inspection
system. According to these observations, poor
weld is one of causes of quenches.

3. The above suggest that optimizing Electron beam
welding (EBW) conditions might solve the quench
problems.
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3. The above suggest that optimizing Electron beam
welding (EBW) conditions might solve the quench
problems.
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Experiments and parameters
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Experiment (cont.)




EBW parameters

. Combinations of generator position and
welding direction

. Accelerating voltage, V., (kV)
. Beam current, I, (mA)
. Welding speed, v (mm/s)

. a,-factor




EBW parameters

1. Combinations of generator position and
welding direction




EBW parameters

1. Combinations of beam generator position
and welding direction
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EBW parameters

1. Combinations of beam generator position
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1. Combinations of beam generator position
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1. Combinations of beam generator position
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EBW parameters

2.Accelerating voltage, V., (kV)

3.Beam current, I, (mA)




EBW parameters

2.Accelerating voltage, V., (kV) Power

3.Beam current, I, (mA) Vv, X1,




EBW parameters

‘

2.Accelerating voltage, V., (kV)
Energy

3.Beam current, I, (mA) __ deposition
per length

4.Welding speed, v (mm/s) V. l,/v




EBW parameters

5.a,-factor




EBW parameters
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EBW parameters

1. Combinations of generator and welding direction,
2. Accelerating voltage, V_ (kV),
3.Beam current, I, (mA),
4.Welding speed, v (mm/s),
5.a,-factor
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Typical geometries of weld beads




Underbead geometry (case (a): V-H)

Case (a)
Vertical gun direction and
Horizontal welding direction.




Underbead geometry (case (a): V-H)
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Case (a)
Vertical gun direction and
Horizontal welding direction.




Underbead geometry (case (a): V-H)
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Underbead geometry (case (a): V-H)
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Underbead geometry (case (b): H-H)

%

Case (b)
Horizontal gun direction and
Horizontal welding direction.




Underbead geometry (case (b): H-H)

Underbead

Horizontal gun direction and
Horizontal welding direction.

| Case (b)




Underbead geometry (case (b): H-H)
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Underbead geometry (case (c): H-D)

Case (c)
Horizontal gun direction and
Downward welding direction.




Und eometry (case (c): H-D)

Underbead

Horizontal gun direction and

Downward welding direction.




Undegbead geometry (case (c): H-D)
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Case (d)
Horizontal gun direction and
Upward welding direction.




Underbead geometry (case (d): H-U
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Case (d)
Horizontal gun direction and
Upward welding direction.




Underbead geometry (case (d): H-U)

Welding
direction

Underbead

Case (d)
Horizontal gun direction and
Upward welding direction.
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Underbead aeometry
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Search for good parameter-regions




Examples of underbeads
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Good parameter-regions
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Good parameter-regions
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Good parameter-regions
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Good parameter-regions
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Good parameter-regions
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Good parameter-regions
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Good parameter-regions

o
"I\ 0
=
7o _H_Aumq
O
S =) iRy
MMAVMV BE TG a2
v =
0% o« D
08¢ o O 8 ,
S Ml :
L~
: R
s M | _
m )
8 0ol S| I s
O RSO i o
(S wlifal)
B S P
- |
2
3
O n O un O 1n O wn O uwn
N < S M 0 N N o B
(V) 9p 5 ¢
O3
M o

1.5

0.5



Good parameter-regions
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Discussions on pit




Magnetic field enhancement at pits
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Magnetlc field enhancement at pits
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Magnetlc field enhancement at pits
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Magnetic field enhancement at pits

The simplest model is a two-dimensional pit with a

triangular section /N
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Magnetic field enhancement at pits

The simplest model is a two-dimensional pit with a

triangular section /N
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Magnetic field enhancement at pits

The simplest model is a two-dimensional pit with a

triangular section
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Magnetic field enhancement at pits
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Comparisons with vertical test resuits

a, R, and I' _ are measured from pit profiles
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Comparisons with vertical test resuits
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Comparisons with vertical test resuits
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Summary

- We started a study on optimum EBW
parameters.

- Beam generator position and welding
direction dramatically affect a geometry of
weld bead.

- Parameter regions for good welds were
surveyed.

- Formula for a magnetic enhancement
factor at pits was derived, which agree
with experiments.

To accumulate statistics is a future work.
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‘ " carbon including contaminants
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