
Introduction  

Fermilab is planning to design and build  CW linac for  the Project  X Injection  Experiment. One 

of the two cryomodules contains eight  single spoke resonators of type 1 (SSR1) operating at 

325 MHz.  The scope of the presented activities  is to design and manufacture  the liquid  helium 

containment  vessel and the frequency tuning mechanism for  the mentioned SSR1 cavities. The 

helium vessel, made of non-magnetic stainless steel 316L, is the outermost  pressure vessel 

that  contains the niobium superconducting cavity  in a bath of liquid  helium at 2K. The tuner  

is a lever mechanism acting on the cavity  such that  the electromagnetic  resonant frequency,  

325MHz, of the SSR1 resonator is always maintained  during operation .  

After  the first  year spent designing and optimizing  the performances of the system, the past 

year was dedicated  to the manufacturing  and testing  the first  prototype  of dressed SSR1 

cavity  ð new generation. 

Figure 1.  Section of dressed SSR1 cavity   

The first   prototype  of dressed SSR1 cavity  of new generation has been 

manufactured  and delivered  to Fermilab in August 2013.  

The goal was achieved through the following  steps: 

ÅTransition  ring .  It  was necessary to update the SSR1 to generation 3. 

It  consists in electron  beam welding a transition  ring on one side over 

the donut rib . Tests on samples were performed  to find  the best 

welding parameters. 

ÅBellows. The qualification  of the bellows was one of the challenging 

task, since its stiffness and effective  area are critical  for  the RF 

performances of the system. 

ÅProduction Drawings.  The technical  drawings were updated in 

accordance with  the vendor to facilitate  the manufacturing  process. 

ÅWelding sequence.  Since it  is strictly  required  the respect of certain  

conditions during the welding process such as cavity  temperature  

always below 180°F, presence of oxygen less than 50 parts per 

million,  reduced variation  of RF resonant frequency due to welds 

shrinkage, a procedure has been studied and developed. 

ÅMonitoring .  During the welding process, the RF resonant frequency,  

the dimensional variations due to welds shrinkage and temperature  

of the niobium has been constantly  monitored . 

ÅFeedback and corrections . Two unplanned operations were needed to 

compensate the unexpected amount of contraction  affecting  the RF 

resonant frequency and the possibility  of joining  parts. 

ÅFinal machining and checks.  Extra material  provided in key areas of 

interface  to allow custom-fit  machining. 

Manufacturing the containment vessel  

Figure 2.  Prototype of dressed SSR1 cavity 

Figure 3.  Test setup for bellows qualification  

Figure 5.  Vacuum chamber for EBW   

Figure 6.  SSR1-G3: transition ring welded on    

Figure 7.  Some instructions for the welder  

Several tests were made on the prototype  at room temperature . 

ÅPneumatic pressure test .  A pressure of 1.15 times the MAWP (33.8 psi) was held in the helium space 

and no loss of pressure was recorded for  5 minutes.  

ÅLeak check.  No leak was detected  into  the RF volume and helium space with  a minimum sensitivity  

of 10-9 atm cc/sec . 

ÅPressure sensitivity  measurements at  room temperature .  The specification  of Ò25 Hz/Torr  was 

exceeded with  a measured value of +5 Hz/Torr. 

ÅVisual and dimensional inspections were done to assure the respect of GD&T and overall  quality. 

Testing the prototype  
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The first  prototype  of dressed SSR1 cavity  ð new generation - has been designed and manufactured . 

Drawings and technical  documents have been released and approved. The system meets the 

requirements  of safety and performance at room temperature  and passed the pneumatic  pressure test,  

the leak check and all  inspections. The measured pressure sensitivity  is better  than expected. More 

tests at cryogenic temperature  will  be performed  in order to fully  qualify  and characterize  the dressed 

cavity. The design of the tuning system will  be completed  before the end of the summer and the first  

prototype  of the tuning system will  be tested  before the end of 2014. 

Conclusion and future work  

Figure 8.  Test setup for RF checks   

Figure 9.  Test setup for pressure sensitivity 

measurements   

Figure 4.  Monitoring the welding process  
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