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Abstract

One of the things to be careful about when assembling a superconducting cavity is the contamination of dust that causes
field emission. At KEK, superconducting cavities and vacuum parts are assembled in a clean room (ISO class 4). In
addition a simple clean booth is installed for clean assembly of superconducting cavities, and a slow pump system is used
to control dust while pumping. As a result, we were able to suppress field emission and realize high gradient operation.
On the other hand, there are still improvements to be made, and this time we will focus on the bolt. Until now, we used
silver-plated stainless steel bolts to prevent seizure and galling, but there was also concern about the possibility of dust
contamination due to peeling of the plating. In this paper, we will report that we have investigated bolts that can be used

in clean rooms and also prevent seizure and galling.
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Figure 1: Hex socket head bolt with broken socket hole
(strength class A4-70).
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Figure 2: (Left) Discarded Teflon-coated silver-plated bolt
(SUS316L), (Right) View of axial force measurement with
washers in position.
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Figure 3: (Upper Left) From the left used volt, new volt.
(Upper Right) Upper is spring washer, from bottom the left
used washer, new washer.

(Bottom) From left: 10 times used spring washer, once time
used spring washer, new spring washer.
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Figure 4: (Top) Electro polished SUS316L stud bolt.
(Bottom) silicon bronze nuts.

Figure 5: (Left) BUMAX bolts with clean bolt treatment.
(Right) Bolts coated with molybdenum disulfide lubricant.
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Figure 6: (Left) View of axial force measurement. (Right
up) Front side of each nut. (Right bottom) Backside of each
nut.
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Figure 7: From left back side of skirt nut, back side of
flange nut, flange nut with friction ring, stable E-nut.

Figure 8: (Left) Hydraulic axial force meter. (Right) Preset
type torque wrench.

Figure 9: Photo of particle measurement at ISO class 4
(class 10).
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Figure 10: Graph of axial force and torque only BUMAX
base bolts (horizontal axis: tightening torque, vertical axis:
axial force).
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Figure 11: Graph of axial force and torque only SUS316L
base bolts.
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Figure 12: Graph of axial force and torque of bolts
currently used in each laboratory.
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Table 1: Torque Coefficient (K) of an Untreated SUS304
Bolt Tightened with the Each Nut

Table 2: Average of the Sum of Counts of Each Particle
size for Each Bolt

SUS304 normal 0.38
SUS316L normal 0.44
SUS316L normal Electro polished 0.65
BUMAX Fabric Stop 0.61
SUS304 Fabric Wedge 0.53
SUS304 Flange 0.46
SUS304 skirt 0.67
SUS304 Friction ring Flange 0.54
SUS316L stable E 0.36
SUS316L spring washer & normal nut 0.34

SUS316L untreated 533
SUS316L silver plated 20.3
SUS316L Teflon coated silver plated 7.0

SUS316L SDC clean bolt 3.7

BUMAX untreated 77.3
BUMAX silver plated 20.6
BUMAX Teflon coated silver plated 9.7

BUMAX SDC clean bolt treatment 10.0
SUS316L Electro polished stud bolt 32.5
silicon bronze nut 56.0
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Figure 13: Graph of axial force and torque before and after
coating process and discarded bolt.
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Table 3: Average of the Sum of Counts of Each Particle
Size for Each Nut

SUS304 normal 76.0
SUS316L normal 58.3
SUS316L normal Electro polished 76.3
BUMAX Fabric Stop 105.7
SUS304 Fabric Wedge 126.3
SUS304 Flange 69.7
SUS304 skirt 116.0
SUS304 Friction ring Flange 113.3
SUS316L stable E 75.7
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Figure 14: (Left) Graph of tightening torque vs. reversing
torque. (Right upper) Single cell cavity after vertical test.
(Right bottom) Digital Torque Wrench.
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