
MECHANICAL PROPERTIES OF INGOT NIOBIUM CAVITIES* 

 

 
This contribution presents the results of measurements 

of the resonant frequency and of strain along the contour 
of a single-cell cavity made of ingot Nb subjected to 
increasing uniform differential pressure, up to 6 atm. The 
data were used to infer mechanical properties of this 
material after cavity fabrication, by comparison with the 
results from simulation calculations done with ANSYS. 
The objective is to provide useful information about the 
mechanical properties of ingot Nb cavities which can be 
used in the design phase of SRF cavities intended to be 
built with this material  
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Figure 1: Strain gages  locations. 
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Figure 2: Pressure tank (a) with cavity set inside (b). 

 
Figure 3: Frequency shift as a function of pressure, 
relative to 1 atm. The solid line is a linear fit to the data. 
Water began leaking into the RF connector above 3 atm. 

 
Figure 4: Micro-strain as a function of pressure, relative 
to 1 atm measured at different locations. Two set of 
measurements (square symbols and diamond symbols) are 
shown. Solid lines are obtained from FEM. 
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The Von Mises 
FEM for an external pressure of 6.12 atm is: 36.5 MPa for 
gages 1-4, 12.5 MPa for gage 5 and 11 MPa for gage 6. 

 

 
Figure 5: Von Mises stress (a) and strain in the y-
direction (b) obtained by FEM for an external pressure of 
6.12 atm. 

 
The measurement of strain at different locations of an 

ingot Nb cavity subjected to external pressure showed the 
highest strain to occur near the iris region, in quantitative 
agreement with FEM simulations assuming 

 indicate a significant 
strain in the equator region, higher than predicted by 
FEM. The cause for such discrepancy is not clear at the 
moment. One possibility is the assumption of isotropic 
material properties in FEM of the cavity. For example, the 

between ~88 GPa and ~150 GPa depending on the crystal 
orientation [7]. The anisotropic behaviour of the large (> 
~1 cm) crystals of an ingot Nb cavity might have to be 
taken into account in the FEM to achieve better 
agreement with the experimental data. 

The peak Von Mises stress at the iris (~66.5 MPa) 
obtained by FEM might be greater than the yield strength 
(~50 MPa) of the material for an external pressure of 
6.12 
estimated by FEM at the highest pressure should be below 
the yield strength, in agreement with the data shown in 
Fig. 4. The highest pressure applied in this test is, in any 
case, much higher than during typical cool-down 
conditions of cavities in cryomodule. 

 
Measurements and FE analysis of strain as a function of 

external pressure applied to ingot Nb cavities have been 
initiated at Jefferson Lab. Good agreement between the 
model and the data was found close to the iris region of a 
single-cell after fabrication. However, higher strain than 
predicted by FEM was measured close to the equator 
region. 

Further measurements will be done on ingot Nb 
cavities after high-
and on fine-grain cavities. 
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