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Abstract 

  The 3.9 GHz 3
rd

 harmonic cavities are designed to serve 

as compensation devices for improving the longitudinal 

emittance of the free-electron laser FLASH at DESY.  

These cavities operate in the TM010 mode, and will be 

located between the injector and the accelerating cavities.  

Fermilab is obligated to provide DESY with a 

cryomodule containing four 3
rd

 harmonic cavities.  In this 

paper we discuss the process of welding helium vessels to 

these cavities.  Included will be a description of the joint 

designs and weld preparations, development of the weld 

parameters, and the procedure for monitoring the 

frequency spectrum during TIG welding to prevent the 

cavity from undergoing plastic deformation.  Also 

discussed will be issues related to qualifying the dressed 

cavities as exceptional vessels (relative to the ASME 

Boiler and Pressure Vessel Code) for horizontal testing 

and eventual installation at DESY, due to the necessary 

use of non-ASME code materials and non-full penetration 

electron beam welds. 

INTRODUCTION 

The procedure for dressing a 3.9 GHz 3
rd

 harmonic 

cavity with a helium vessel entails three welds in the 

following sequence: (1) Electron-beam (EB) weld of the 

helium vessel titanium shell to the large Nb55Ti conical 

disk, (2) EB weld of the titanium spacer ring to the small 

Nb55Ti conical disk, and (3) TIG fillet weld joining the 

titanium spacer ring to the titanium shell of the helium 

vessel. The weld joint geometry is shown in Figure 1. Full 

penetration EB welds are not allowed due to the 

possibility of vapor or weld debris deposition on the 

exterior surface of the cavity cells, thus potentially 

degrading the heat transfer rate from the cavity to the 

surrounding helium bath. The objective was to attain 

sufficient penetration to insure structural integrity and 

operational safety. 

WELD PARAMETERS 

  Weld samples were developed to generate final welding 

parameters. Each sample was cut, polished and etched. 

Figure 2 shows a final sample of the EB weld joining the 

helium vessel shell to the large conical disk. Penetration 

depth achieved is approximately 3 mm. Figure 2 also 

shows a final sample of the EB weld joining the titanium 

spacer ring to the small conical disk. Penetration depth is 

approximately 2.25 mm. Before TIG welding, a titanium 

filler ring will be inserted to span the gap between the  
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Figure 1: Breakaway view of dressed cavity showing the 

weld joint geometry. 

spacer ring and the inner wall of the helium vessel shell. 

This is shown in Figure 3. The filler ring helps align the 

cavity and the helium vessel, and supplies material to 

augment the TIG fillet weld. The filler ring is fusion 

welded to the spacer ring on the cavity and the helium 

vessel shell, thus closing the entire circumferential gap 

between the helium vessel and the cavity. A TIG fillet 

weld will complete the process. Figure 3 shows the final 

sample for the TIG fillet weld. 

WELDING PROCEDURE 

After all components are properly cleaned and no more 

than twenty-four hours before EB welding, the cavity and 

helium vessel are assembled in a specially designed 

welding fixture in a clean room environment as shown in 
Figure 4. The entire assembly is enclosed in a 
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