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Abstract
The largely anisotropic deformation of large-grain Nb discs during deep 
drawing into half-cells poses a challenge for achieving a desired shape 
accuracy. Two 5-cell cavities for the C75 CEBAF cryomodule rework 
program have been fabricated at Jefferson Lab from large-grain Nb discs 
directly sliced from an ingot. The shape of the inner surface of eight half-
cells has been inspected using a FARO Edge laser scanner during the 
fabrication process and compared to the reference shape. On average, 
approximately 63% of the half-cell inner surface was found to be within 
0.1 mm of the reference shape and ~90% to be within 0.2 mm, after the 
final equator machining. Several 5-cell C75 cavities have also been 
fabricated at Research Instruments, Germany, and measurements of the 
shape accuracy using a Zeiss 3D coordinate measuring machine gave 
similar results. One half-cell was measured both at Research Instruments 
and Jefferson Lab for comparison.

Summary
It is well-known that Nb half-cells deep-drawn from large-grain discs have
larger shape deviation than those deep-drawn from fine-grain material.
However, the shape can be corrected to be within ±0.2 mm for ~90% of
data points acquired with a CMM prior to final equator welding of dumb-bells
by using properly designed dies and reshaping tools. Reshaping tools are
commonly used to correct the shape of fine-grain dumb-bells as well,
particularly after welding of the stiffening rings, therefore the fabrication of
cavities from large-grain material does not add a significant amount of steps,
compared to that of fine-grain cavities..
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FARO Edge ScanArm® laser line
scanner & Geomagic® Control X 3D
metrology software.
The nominal accuracy of the laser
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Shape deviation of fine-grain
C75 Nb half-cell ATIFG2 after a
single deep-drawing and iris
coining at JLab.
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Large-grain half-cell 02-024.
Measured at JLab with
FARO Edge (~557,000
data points)

Measured at RI with
ZEISS CONTURA (~225
data points)
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02 65% 89% 99%

04 66% 90% 99%

05 63% 85% 96%

Fraction of points within a certain 
deviation from the ideal shape measured 
on one large-grain half-cell deep-drawn 
at RI and measured both at RI and JLab
using different CMM systems
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Shape deviation of large-grain C75 Nb half-cell HC 01-03 

First deep-
drawing at 100 
ton, iris coining 
at 25 ton, re-
stamping at 
100 ton

15 µm etching by 
BCP, vacuum 
annealing 
800°C/3h, 2nd 
deep-drawing at 
100 ton, iris 
coining at 25 ton, 
re-stamping at 100 
ton, machining of 
the iris weld-prep 
on a CNC mill.

Electron-beam 
welding at the 
iris to form 
dumb-bells 
and of the 
stiffening rings

Pressing of 
each half-cell 
of a dumb-bell 
with a 
reshaping tool

Machining of 
the equator 
weld-prep on 
a CNC mill.

Fraction of data points within ±0.1 mm
of the ideal shape for eight C75 large-
grain half-cells during the cavity
fabrication.

Circularity of the equator ID for
eight C75 large-grain half-cells
during the cavity fabrication.

Fraction of points within a certain deviation from the ideal shape measured at 
RI on 192 C75 large-grain half-cells deep-drawn at RI from different ingots, 
after final reshaping and before final dumb-bell equator trimming and weld-
prep machining. 64 half-cells were produced from each ingot
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