


Table 1: VATSEAL Parameter [5] 

Parameter Value 

Maximum flange size 500 mm*600 mm 

Distance edge to flange 1 mm 

Flange material Stainless steel 

Flatness over largest length 

Flatness over 50 mm 

Surface finish 

Distance between holes 
Sealing force 
 

Max. 0.2 mm 

Max. 0.02 mm 

N4 (Ra=0.2 µm) 

Max. 50 mm 
Min. 2000 N/cm 
sealing line 

 

STATE OF THE ART 

The vacuum tightness and reliability of VATSEAL con-
nections are direct consequence to the flange design and 
the appearance of sealing surfaces. Therefore critical 
issues are surface finish, roughness and flatness of the 
flange sealing area.  

While the former is a matter of applying correct pro-
cesses during fabrication, the latter requires consideration 
of the forces required to adequately compress the seal. In 
addition, because the seal protrudes only m on either 
side of the gasket body, flanges with insufficient rigidity 
will interfere with the seal gasket or opposing flange face 
during tightening before sufficient sealing forces are 
achieved [6]. The technology parameter and boundaries 
are written in table 1.  

The leading fabrication process is a milling technology 
for pre-fabrication of rectangular or beam pipes with 
multi geometric cross section. The second step is leveling 
the surface to get a very good flatness and roughness of 
the surface. In this process the defined surface parameter 
will be prepared.   Then the parts will hand over to the 
last step for finishing the surface in a manual made grind-
ing step. Therefore special grinding oil, a special grinding 
machine and several sand papers are necessary. The sur-
faces will be sprinkled with this oil before the manual 
grinding process starts. Slowly and with the right pressure 
the grinding machine has to slip over the flange surface 
with consistent circular motions.  

The risks of this manual finalizing process are pressing 
too strong or too soft and producing dents or rising sur-
faces. Furthermore oil will introduce in the sealing face, 
which causes that hydrocarbons will penetrate into the 
materials.  This can be a negative impact to UHV re-
quirements. 

These conditions could produce many possibilities of 
higher failure rates and implicates often reworking of 
components. This increases the cost, time delays or some-
times defective devices. Therefore a new technology has 
to be formed to produce these special diagnostic BC vac-
uum chambers for the E-XFEL BC.  This technology has 
to be a reliable, repeatable and well documented machin-
ing process. In close cooperation with the DESY Zeuthen 
mechanical division a new sealing technology for high 
precision had been worked out.        

OPJECTS 

The 16 special vacuum chambers have been fabricated 
completely in DESY Zeuthen as an in-house fabrication. 
Each vacuum chamber with weight over 35 kg have been 
fabricated out of a single massive 316 LN block.  

The vacuum leak requirement for the XFEL UHV sys-
tem rate has to be below   1*10 -10 mbar l/s. 

The geometry of these chambers had to be chosen such 
that they match the requirements of independency and 
stability; therefore this massive stainless steel (SST) 
block was used.  Two vacuum chambers are shown in Fig. 
2. The first production step was pre-milling of outer con-
tour and wire eroding of the inner geometric, followed by 
heating of blocks and the second turn of milling and wire 
eroding. After these steps the pre-chambers were cleaned 
by electro polishing. Continued by final wire eroding, 
milling of knife edges and final outer geometric. The next 
chapter will describe the new technology. 

NEW SEALING TECHNOLOGY 

Many man-hours and efforts are necessary to build 
these vacuum chambers. 8 to 10 weeks of production time 
are necessary for one chamber; therefore the last finishing 
step has to be a machined technology with high repeata-
bility. 

The new technology should cover the following re-
quirements: 

 Easily repeatable, easy feasibility 
 High processability and well documented 
 UHV suitable and low particle emission 
 No hydrocarbons  
 Long-time stability and suitable for VATSEAL gas-

kets and wide flange apertures 
For multi-use designed and re-machinable 

 And at least non-abrasive process 
 

Starting from these requirements the project was started 
with a benchmark of sealing technologies. And after this 
benchmark a new idea arises from the mechanical tech-
nique of roller burnishing, which serves to smooth the 
surface as well as to increase the surface hardness for 
strain- hardening. 

The new technology consists of a hardened metallic pin 
rounded, at the tip, describes a previously programmed 
desired path. This pin follows a defined contour with an 
exactly determined contact pressure and uninterrupted 
process speed. The pin formed a “groove” into the sealing 
surface. Beginning from the inside-vacuum contour, as a 
groove of a long-playing-record, it follows the predefined 
path outwards evenly. This new technique gives many 
positive aspects, like no use of any oil or lubrication.   

 
 
 
 
 
 
 





    
Figure 6: Special white light interferometry profile. 

(BAM [7], Berlin, Germany)  
 
In Fig. 6 the continuously profile roughness is shown. 

The width of the “sealing-grove” is between 0.5 mm up to 
6.0 mm. The profile show peaks up to 3 µm and the 
roughness is Ra 1.022 µm. 

CONCLUSION 

This new technology is created and worked out for 
easily repeatability, high processability and easy feasibil-
ity by using well-known machining process of CNC tech-
nology. This method was tested for SST flange material. 
Other materials like aluminium or titanium seems to be 
possible, too. All flange profiles can be realise. This tech-
nique is suitable for vacuum, fluids and solid particles 
too. The patent for this technology is pending.  
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