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- Titanium sheet 0,85 mm – variation in wall thickness
Proposal: Manufacturing the D = 77,3 mm pipes out of 0,8 mm sheet, 

because this sheet is available in the market.

- Pipes (wall thickness 0,85 mm and 2 mm) longitudinally welded and rerolled
2 Pipes 2 mm with centring edges circumferentially welded

- IP-crosses with wall thickness 0,2 mm and 0,3 mm
Maximum variation of wall thickness from 0,16 mm to 0,33 mm,
most values in the range from 0,22 mm to 0,28 mm
Question: Which variation in the wall thickness is acceptable ?



Prototype titanium vacuum chamber  

Picture 1: Titanium sheet – nominal wall thickness 0,85 mm 

Björn Rottland    Ralf Schmitz    Herbert Schneider   Stephan Schönen
Forschungszentrum Jülich ZEA-1      PANDA collaboration meeting 30. May to 03. June 2022           page  3  of  14

Picture 2: Titanium sheet 2 – measurement of wall thickness

Remark: The variation in the wall thickness is caused by a bad/incomplete/insufficient
planing process. The aim was a reduction of the thickness from 1 mm
to 0,85 mm ± 0,05 mm.

Proposal: Manufacturing the D = 77,3 mm pipes out of 0,8 mm sheet, because this sheet
is available in the market.



Prototype titanium vacuum chamber  

Picture 3: Titanium vacuum chamber – supported by the central support frame (CSF)

Picture 4:
Vacuum pipes before welding
Wall thickness 0,85 mm
Inner diameter 77,3 mm 
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Picture 5:
Vacuum pipes before welding
Wall thickness 2 mm
Inner diameter 140 mm 
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Picture 6:
Vacuum pipes welded and rerolled
Wall thickness 2 mm
Inner diameter 140 mm 

Picture 7:
Vacuum pipes welded and rerolled
Wall thickness 0,85 mm
Inner diameter 77,3 mm 
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Picture 8:
Vacuum pipes welded and rerolled
Wall thickness 2 mm
Inner diameter 140 mm 

Picture 9:
2 x vacuum pipes welded,
centred by circumferential edges
Wall thickness 2 mm
Inner diameter 140 mm 

Picture 10:
2 x Vacuum pipes welded
longitudinally by electron beam
circumferentially by laser beam
Wall thickness 2 mm
Inner diameter 140 mm 

Picture 11:
2 x Vacuum pipes welded
view inside
Wall thickness 2 mm
Inner diameter 140 mm 
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Picture 12: Titanium vacuum chamber – supported by the central support frame (CSF)

Picture 13: IP-cross – conical Dinner 20 mm to 28 mm

Picture 14: IP-cross – for eroding kept in a “negative form”
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Picture 15: IP-crosses – aluminium (0,2 mm) – titanium (0,2 mm) – titanium (0,3 mm)
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Picture 16: IP-cross – aluminium (0,2 mm) Picture 17: IP-cross – titanium (0,2 mm) Picture 18: IP-cross – titanium (0,3 mm) 
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Picture 19: IP-cross
titanium (0,3 mm) 

Picture 20: IP-cross titanium (0,3 mm) – wall thickness and circularity
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Prototype titanium vacuum chamber  

This table shows the wall thickness of each part of the vacuum-pipe
respecting a safety factor Sk = 3,0 (related to AD2000 standard)

This values
will be applied at the

vacuum-chamber
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- Result of the analysis/comparison between un-/irradiated stave materials:
Most materials seem to be unaffected by irradiation – except ROHACELL
Proposal: Foam ROHACELL should be substituted by a rigid CFRP plate

(more stability, simplification of the sensor window)

- Agreement with colleagues from UNI Gießen:
o Measurement of the geometry (±0,01 mm) of the sensors available

at UNI Gießen
measurement at ZEA-1: sensor dummies width/length 35 mm/60 mm   ±0,05 mm

adhesive form length 35,12 mm and 60,12 mm
width 35,17 mm 
thickness 0,278 mm ±0,003 mm

o Coordination of the bonding procedure has to be continued

- ZEA-BL4-staves 2 are manufactured



O-Ring NBR/EPDM  tension/tensile test  

unirradiated irradiated

BL4-Stave Foam POCO HTC     Brinell test  

Probes prepared on carrier 
for radiant exposure

unirradiated irradiated

Stave visual (microscope) test  

unirradiated

irradiated

CFRP plate (inlay)   tension/tensile test  

unirradiated

irradiated

Foam Rohacell “visual/hand” test

Probe of foam Rohacell
elastic/ductile brittle/crumbly

Cross-section of stave - similar

unirradiated irradiated
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Tube fittings
Brinell test        Vickers test  

irradiated

unirradiated

unirradiated irradiated



BL4-Stave
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Picture 2: ZEA-BL4-Stave Z01 with measurement lines – top: stave after backing – bottom: laying layers 

Picture 3: Deviation in the lines – left: Z01– right: Z02

Change in the clamping procedure
Z01 Z02

Picture 1: Change of clamping
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