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Electron beam welding of thin sheet niobium 

Igar L. Pobal, Siarhei V. Yurevich 

 

This paper presents the results of study of electron beam welding (EBW) of thin sheet niobium. 
The review of published data on EBW of niobium for superconducting radio-frequency (SRF) cavities 
was done. Relations between EBW parameters and geometric characteristics of welds of thin sheet 
niobium were investigated. The modes for EBW of 1.7 mm thick sheet niobium were explored and 
optimized. 

Електронно-лъчево заваряване на тънък лист ниобий (Игар Л. Пабал, Сергей В. 
Юревич). Тази статия представя резултатите от изследване на електроннолъчево 
заваряване (ЕЛЗ) на тънък лист ниобий. Направен е преглед на публикуваните данни за ЕЛЗ на 
ниобий за свръхпроводящи радиочестотна (SRF) резонатори. Изследвани са  зависимостите 
между параметрите ЕЛЗ и геометричните характеристики на заварките на тънък лист 
ниобий. Проучени и оптимизирани  са режимите за ЕЛЗ на листове ниобий с дебелина  1,7 мм. 

 

Introduction 
Superconducting radio-frequency (SRF) niobium 

cavities are a key component of modern particle 
accelerators [1]. An exceptional purity of niobium and 
a high quality of inner cavity surface are required for 
achieving highest performance of the cavities. 
Electron beam welding (EBW) is a necessary part of a 
fabrication of the SRF cavities, welded joints also 
must have high quality. Superconducting properties of 
the weld metal shall not degrade by more than 10% in 
comparison to a base metal. EBW parameters must 
ensure a full penetration of the joints with a weld 
width of a few millimeters. The weld surface must be 
smooth. Cracks and an incomplete penetration are not 
permitted. Finally the welds surfaces are polished to a 
full compliance to a profile of the base metal.  

This paper discusses issues of thin sheet niobium 
weld geometry. We studied relationships between the 
EBW parameters and geometric characteristics of the 
welds of 1.7 mm thick sheet niobium. Before that, a 
macro- and microstructure, microhardness and 
superconducting properties of the welds were 
examined [2, 3]. 

EBW of thin sheet niobium 
The EBW parameters of thin sheet niobium used 

mainly at productions of SRF cavities are described in 
a number of papers [4–19]. However, in most works 
the mode of certain thickness is presented and the 
received characteristics of the welded joint are 
described. For welding of sheets 0.8–3 mm thick, the 

accelerating voltages from 20 to 150 kV are used. 
Information about the beam power Pb and the welding 
speed v for different sheet thicknesses S summarized 
in fig. 1 and fig 2. The smooth surface of the weld is 
provided with application of a defocused beam, 
rhombic raster or slightly defocused beam in a circular 
or elliptic pattern. It is obvious that the welding 
parameters should be adapted to each EBW machine. 

 
Fig.1. Beam power vs. the sheet thickness [4–19]. 

 
Fig.2. Welding speed vs. the sheet thickness [4–19]. 
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Nevertheless, emergence of such defects on the 
joint as incomplete penetration, spatters and burn-
through is noted. The incomplete penetration and 
spatters require additional polishing that significantly 
increases the cost of the cavities production and 
reduces their performance [20–23]. The repair 
possibility of the burn-through in the SRF cavities is 
unclear [24–27]. 

EBW machine and samples 
The EBW machine based on the `ЭЛА-15` power 

source (the accelerating voltage – 60 kV; the 
maximum beam power – 15 kW) was used. The weld 
samples were of a butt joint configurations. The 
thickness of a weld area was 1.7 mm. The welding 
was performed at 5×10-3 Pa residual pressure. 

Size of an as-received niobium sheets 
(manufactured at the Ningxia OTIC, China) were 
290×290×2.8 mm with an average grain size of 30-
40 µm and RRR value around 300. An impurity 
content of the niobium sheets are given in Table 1. 

Table 1 
Impurities present in niobium 

Element 
SRF requirement, 

ppm [28] 
Analysis result, 

ppm  
Ta ≤500 76 
W ≤70 10 
Ti ≤50 5 
Fe ≤30 5 
Si ≤30 20 
Mo ≤50 10 
Ni ≤30 5 
H ≤2 1 
N ≤10 5 
O ≤10 5 

C ≤10 10 

 
Prior to the welding of the samples a surface layer 

of 40 µm was removed by buffered chemical 
polishing. There was used an acid mixture of HF 
(48% wt.), HNO3 (65% wt.) and H3PO4 (85% wt.) 
acids in a ratio 1:1:2. 

Experiment 
Influence of the focus current I f on a geometry of 

welds has been studied at a constant distance between 
an electron gun and welded parts (550 mm). The focus 
current of 700 mA corresponds to the focused beam 
on the samples surface. Then the focus current was 
incremented in 5 mA steps to defocus the beam from 
the starting condition. Varying a position of the beam 
focus in relation to the samples surface with constant 

other parameters we were changing the beam power 
density. The beam current Ib of 30 mA and the 
welding speed v of 5 mm/sec are an average values 
according to fig. 1 and fig. 2 for 1.7 thick sheets and 
the accelerating voltage of 60 kV. There were studied 
a penetration bead thickness q, weld widths at a front 
sides of the sheet e1 and widths of a weld root e2 
(fig. 3). 

 
Fig.3. Studied geometry of the weld. 

Fig. 4 and fig. 5 show relations between the weld 
geometric characteristics and the focus current. The 
used beam power (Vacc Ib) provides rather wide weld 
(fig. 4). However the focus current of 700–720 mA 
does not allow obtaining an acceptable quality of the 
weld. Focused and slightly defocused beam (I f of 700–
710 mA) cannot be used as it leads to appearance of 
the burn-through in the weld (fig. 6). At I f of 715–
720 mA, we have received the large penetration bead 
thickness (fig. 5) and the rough weld surface (fig. 7). 
An optimal weld geometry with the penetration bead 
thickness not exceeding 100-120 microns and the 
smooth surface (fig. 8) has been obtained at the focus 
current of 725 mA and higher. 

 
Fig.4. Widths  of the weld vs. the focus current. 

 
Fig.5. Penetration bead thickness vs. the focus current. 
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Fig.6. Burn-through in the weld (If of 710 mA). 

 
Fig.7.Rough weld surface (If of 715 mA). 

 
Fig.8. Optimal weld surface (If of 725 mA). 

Using the optimal focusing parameters (I f of 
725 mA) the weld geometric characteristics have been 
studied depending on Ib and v. The beam current and 
the welding speed adjusted to the beam power are 
decisive for process heat input, therefore affect the 
geometry of the weld (fig. 9 – fig. 12). Increase in the 
beam current and decrease in the welding speed are 
accompanied by growth of the weld widths and 
penetration bead thickness. In all cases the surface of 
the welds remained smooth. 

 
Fig.9. Widths of the weld vs. the beam current. 

 
Fig.10. Penetration bead thickness vs. the beam current. 

 
Fig.11. Widths of the weld vs. the welding speed. 

 
Fig.12. Penetration bead thickness vs. the welding speed. 

3

4

5

6

7

27 29 31 33

е
1

, 
е

2
, 

m
m

Ib, mA

e2

e1

0

50

100

150

200

250

27 29 31 33

q
, 

μ
m

If, mA

0

2

4

6

8

3 4 5 6 7

е
1

, 
е

2
, 

m
m

v, mm/sec

е
1

е2

0

50

100

150

200

250

300

3,5 4,5 5,5 6,5 7,5

q
, 

μ
m

v, mm/sec



“E+E”, 5-6/2016 101

Beam current increase only from 32 to 33 мА leads 
to emergence of the burn-through in the weld. The 
cause of the defects by such small changes in the 
welding parameters is probably the shape of a weld 
pool, which at the EBW of thin sheet material by the 
defocused beam has a concave shape. Fig.13 shows a 
longitudinal section of the weld pool which was 
received at an instant switching off of the beam 
current. The sample was welded with I f of 725 mA, Ib 
of 30 mA and v of 5 mm/sec. Reduction of thickness 
of the pool in its center was led to appearing of the 
burns-through in the weld. To avoid this, it is 
necessary to take into account various changes in the 
welding conditions, including changes in the thickness 
of welded edges. 

 
Fig.13. Longitudinal section of the weld pool. 

The final aim of our work was to manufacture a 
prototype of 1.3 GHz single-cell niobium SRF cavity. 
These were studied deviations in thickness in an 
equator region of niobium half-cells of the cavities 
which have been made by liquid impact forging. The 
thickness of the welded edges was 1.7±0.1 mm. 
Therefore, the following welding parameters were 
investigated on samples of 1.6, 1.7 and 1.8 mm 
thickness: the focus current of 725 mA, the beam 
current of 30–32 mA and the welding speed of 
5 mm/sec. Fig.13 shows relationships between the 
widths of the weld and the sheet thickness (others 
EBW parameters are constant). 

 
Fig.14. Widths of the weld vs. sheet thickness:1 – e1, Ib = 
30 mA; 2 – e2, Ib = 30 mA; 3 – e1, Ib = 31 mA; 4 – e2, Ib = 

31 mA; 5 – e1, Ib = 32 mA; 6 – e2, Ib = 32 mA. 

For these deviations in the edges thickness the only 
beam current of 31 мА is accepted. At Ib of 30 mA 

and S of 1.8 mm the weld width decrease is observed, 
at Ib of 32 mA and S of 1.6 mm the burn-through 
appeared. This shows a necessity of a verification of 
the EBW parameters selected on experimental 
samples. 

Conclusions 
The EBW parameters of 1.7 mm thick sheet 

niobium which take into account deviations of the 
welded edges and provide the requirements to the 
welds geometry of the SRF cavities were developed. 
Using the results of the investigations a series of 
single-cell 1.3 GHz niobium cavities was 
manufactured. 
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