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Optimization of the Electron Beam Welding Connections NB55%TI-NB and 
NB55%TI -TI
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X. Singer, W. Singer, A. Ermakov, A. Schmidt, A. Matheisen (DESY, Germany)

Abstract
The welding parameters of Nb55%Ti -Ti and Nb55%Ti-Nb connection of cavities for XFEL are investigated. These are the welding connections of conical disc with helium tank rings (ring with bellow and reduction ring) and of 
conical disc with connecting flange. Several samples of welding connections have been prepared using the electron beam welding machine of DESY. Some samples are extracted from a real cavity. The metallographic 
structure, EDX element analysis, measurement of gas content, Vickers hardness HV, RRR and electrical resistivity measurement have been done. 

Summary:
Properties of the welding connection Nb55%Ti-Nb demonstrate the presence of the stable bcc body - centered cubic ß-phase according the phase diagram of NbTi alloy. The HV changes rather uniformly, annealing at 1400°C with slow 

cool down of the sample as well as quick cool down of the sample in the liquid nitrogen does not lead to changes of the behavior. The small maximum of the critical superconducting temperature Tc in agreement with the element distribution 
in the welding connection is observed.

Properties of the welding connection Nb55%Ti-Ti demonstrate the presence of the mixture of the bcc ß-phase and the hexagonal α-phase. Maximum of the HV and increased hydrogen content in the welding connection was observed.

Welding connection: NH (Nozzle 
HOM) – F12 (Flange DN12)

Conical Disc NbTi

Welding connection: Flange 
DN40 - Main coupler Port

Welding connection: 
Connecting Flange –

Conical Disc

Welding joint Nb55%Ti-Ti reduction ring and bellow
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Cavity with bellows on conical disc

Welding Nb55%Ti-Nb in Cavity

Nb55%Ti

Nb

Connecting Flange Nb

Welding connection: Flange DN40 – End Tube

Bellow side

Sliding collar 
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Nb55%Ti-Ti 
Tc=8.4K
RRR=1

0

1000

2000

3000

4000

5000

6000

5,5 6 6,5 7 7,5 8T, K

R
, a

rb
.u

ni
t

0

10000

20000

30000

40000

50000

60000

70000

2 4 6 8 10 12 14

T, K

R
, a

rb
.u

ni
ts

. Nb55%Ti-Ti
Tc=8.3 K 
RRR=1

Nb55%Ti-
Ti  800° C  
Ti  RRR~15

68 7

TiTiNbTiNbTi

16 mm15 
mm

2 145 3

1
0

9

0

10000

20000

30000

40000

50000

60000

70000

2 4 6 8 10 12 14 16

T, K

R
, a

rb
.u

ni
t

Nb55%Ti - Ti 
Welding 
Tc=8.05 K 
RRR=2.5
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Nb55%Ti-Ti 
welding 
RRR=9 
Tc=8.05K
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Nb55%Ti-Ti
RRR=1.04
Tc=8.05K 4500
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Nb55%Ti-Ti
RRR=15
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Nb55%Ti-Ti 
RRR=1.1 
Tc=7.9 K
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Nb55%Ti-Nb 
RRR=432 
Tc=9.3 K
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Nb55%Ti-Nb 
Tc=8.1K 
RRR=1
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Nb Welding 
RRR=5.2 
Tc=10.1 K1
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Nb55%Ti-Nb
RRR=1
Tc=8.3 K
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Nb55%Ti-Nb
RRR=438
Tc=9.4K
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Tc=10.2 K

Nb55%Ti-Nb 
Welding 
RRR=1.7 
Tc=10.2K

Nb55%Ti-Ti 
Welding 
RRR=4.4 
Tc=8.05 K

The critical temperature and 
upper critical field of NbTi at 
4.2K as a function of alloy 
composition

5600

6000

6400

6800

7200

7600

0 10 20 30 40 50

T, K

R
, a

rb
.u

ni
t.

140-280 
ppm of H Nb55%Ti: 

14-40 ppm
of H

Ti:

60-85 ppm
of H

Several samples have been prepared in 
order to optimize the welding 

parameters. 

Example 1: Element and hardness 
distribution in the Nb55%Ti-Ti EB 

welding connection along  lines A, B, C, 
T.  Increased values of hardness and not 
sufficient homogeneity of hardness are 

pronounced. Increased values of 
hydrogen content up to 350 ppm are 

observed

Critical temperature Tc measured 
by electrical resistivity jump after 
800°C annealing is in correlation 
with element distribution and Tc
and NbTi alloy

Critical temperature Tc measured 
by electrical resistivity jump after 
1400°C annealing is in correlation 
with element distribution and Tc
and NbTi alloy

Critical temperature Tc measured by electrical resistivity jump after 800°C 
annealing is in correlation with element distribution and Tc and NbTi alloy

Critical temperature Tc measured by electrical resistivity jump after 
1400°C annealing is in correlation with element distribution and Tc and 
NbTi alloy

α- and β phases of  NbTi alloy
NbTi phase diagram

For more information 
concerning tank welding 
see Poster : TUPPO073 A 

Schmidt. et al

Nb55%Ti-Ti

Nb55%TiTi

Nb

Nb55%Ti Nb55%Ti

Nb

Nb-Ti

Nb
Line B

0

50

100

150

200

250

0 1 2 3 4 5 6 7 8

Points, No.

H
ar

dn
es

s 
(H

V)

0

25

50

75

100

125

D
is

tr
ib

ut
io

n 
of

 N
b,

 T
i,%

HV distribution of Nb distribution of Ti

Line A

0

50

100

150

200

250

300

0 1 2 3 4 5 6 7

Points, No.

H
ar

dn
es

s 
(H

V)

0

25

50

75

100

D
is

tr
ib

ut
io

n 
of

 N
b,

 T
i,%

HV Distribution of Nb Distribution of Ti

Line T

0

50

100

150

200

250

300

0 2 4 6 8 10 12

Point No.

Ha
rd

ne
ss

 (H
V

)

Line C

0

50

100

150

200

250

300

0 1 2 3 4 5 6 7 8 9

Point No

H
ar

dn
es

s 
( H

V
)

Example 2: Element and hardness distribution
in the Nb55%Ti-Ti EB welding connection with 

optimized parameters along lines C, T. 
Hardness variations are smaller. Hydrogen 

content is reduced (up to 140 ppm observed) 

T

C

140-160 
ppm of H

Nb55%Ti: 
14-40 

ppm of H

Ti:
60-85 

ppm of H


