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Overview
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RVC and QCS

RVC prototype was extensively tested 2013/2014
Bellow design between QCS and RVC only recently finished
- probably most crowded and critical spot in entire machine
Main issues of final RVC system test:
- study forces on VXD versus QCS movements (earthquakes, magnet 

ramping)
- verify vacuum tightness 
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2015/9/27

QCSL has delivered, but..

QCSL 
�Problem on withstand 

voltage test
2 month for repairing work
Discharge seems to be happen 
Inside of vacuum vessel

Ohuchi
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Stress Test in February 2014: Transport to & at KEK
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BPAC Comments / Recommendations Oct 2015
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2.1.2 Concerns  
The interface between the inner detector assembly and the QCS, including the bellows, is not yet well defined. An 
issue was raised regarding the transverse stiffness of the beam pipe bellows. That issue must be understood. 
The committee suggests that reference  information on the bellows transverse stiffness is directly applicable to 
bellows in a  fully compressed condition (when transverse deflection is dominated by shear), but that bending 
deflection of the bellows would reduce the effective transverse stiffness as the bellows are extended, thereby 
alleviating concerns.  
Changes in the QCS design may modify the mechanical strength of the QCS. Furthermore, the machine 
background may also be affected due to the changes in the cryostat design. Relative motion between the inner 
detector assembly and the QCS will affect luminosity performance as well as the collision spot location.  

2.1.3 Recommendations 
1. The Emergency Decoupling Insertion device of the RVC should be thoroughly tested in all possible conditions.
2. The interface between the inner detector assembly and QCSs, including bellows, needs to be defined as soon 

as possible to complete integration work of the interaction region. The committee recommends that the 
transverse stiffness of bellow assemblies be evaluated over the range of lengths that may occur. If that 
evaluation leads to a concern, the bellow’s transverse stiffness should be determined by direct 
measurements and compared with the stiffness that is acceptable. 

…

3.2.1 Concerns 
Though many successful tests have been completed, it is not clear whether no torque being applied to the VXD 
and beam pipe as the RVC is closed/opened. It is not clear whether a mechanism is needed to maintain the 
relative azimuthal alignment of flange pairs as they are mated. 
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Stainless Steel Membrane Bellows
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1 mm ?5 mm ?27 mm / 1,4 mm per profile ~ 20 profiles 645 N/mm?
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RVC Test Set-up at DESY

QCS vacuum vessel flange (SS)
QCS pipes (SS)
QCS beam pipe flange (SS) 
Bellows pipe (CuCr1Zr)
- updated design
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RVC Test Set-up at DESY

QCS vacuum vessel flange (SS)
QCS pipes (SS)
QCS beam pipe flange (SS) 
Bellows pipe (CuCr1Zr)
- updated design
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screwed pipes

CuCr1Zr
CuCr1Zrstainless steel

diffusion welded joints 
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RVC Test Setup
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RVC Test Setup
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Backside of RVC Test Setup
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Status of RVC Test Set-up: Front View

10



21st DEPFET Meeting, Valencia: RVC Status  15.01.2016

Status of RVC Test Set-up: Back View
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3D Force Sensor
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3-axis force sensor to measure resulting force on central beam pipe as function of QCS movements
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3D Force Sensor
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3-axis force sensor to measure resulting force on central beam pipe as function of QCS movements
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Mock-up of Central Beam Pipe

13



21st DEPFET Meeting, Valencia: RVC Status  15.01.2016

Monitoring Relative Movement between VXD and QCS
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3-axis position encoders to monitor relative movement between VXD and QCS
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Seals
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Test principle similar as for QCS flange
- more complicated due to uneven outer envelope of test volume

Integral Leak Test of RVC Prototype in 2013
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2nd pump stand
p = 2 x 10-8 mbar

p = 1 x 10-3 mbar
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Integral Leak Test of RVC Prototype in 2013
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Position Encoder

Plexiglas Housing
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Provisions for Helium Leak Search

After closing RVC must be able to perform Helium leak search independently 
for 2x4 Helicoflex seals
Mandatory to avoid contamination of environment with Helium
- KEK design uses rubber seal for QCS insulation vacuum
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Pipes for Helium Leak Search
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Flange with Helium Leak Search Channels
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Open Issues

21

Final dimensions of driving systems
Integration of Emergency Deinstallation (EDI) hooks
Exact pipe routing
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Summary

Mechanical assembly to be finished by February B2GM 

Mechanical and leak tightness tests will follow 

Detailed documentation will be provided by June B2GM
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