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AluVaC®: All-Aluminum CF Components and Chambers
Part 1 – EN

Knife Edge Stability of CF Components  
made of Lightweight Aluminum

  AluVaC®: CF-compliant knife edge  
geometry according to ISO / TS 3669-2

  Materials yield strength and knife  
edge geometry are keys to  
knife edge stability

  Stable knife edge and He-leckage  
rate < 1 · 10-10 mbar l /s after long-term 
testing with over 100 sealing cycles
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Knife Edge Stability of CF Components  
made of Lightweight Aluminum

For vacuum-tight sealing in the ultrahigh vacuum range CF components are commonly used. In 
order to provide a sealed connection, a knife edge shaped sealing surface is pressed into a flat 
metal gasket. The document at hand investigates the behavior of all-aluminum CF components 
(AluVaC) in cyclic sealing processes with more than 100 sealing cycles.

Aluminum as a Vacuum Material

Due to its low density (2.7 g /cm3) and its 
excellent workability and machinability, 
Aluminum is a very attractive construction 
material. Therefore, the use of Aluminum in 
general mechanical engineering, automotive 
industries and building technologies has 
dramatically increased over the last decades. 
For vacuum applications, in particular in the 
very low pressure ranges of ultra high (UHV) 
and extreme high vacuum (XHV), Aluminum 
offers another crucial advantage – compared 
to stainless steel it hasa naturally lower 
outgassing rate. Also, UHV conditions can 
already be achieved with bake out temperatures 
around 120 °C (compared to stainless steels 
200 to 450 °C).  

The listed advantages become particularly im-
portant in the field of all-metal sealed vacuum 
vessels and systems. Here, the CF flange sys-
tem, where a knife edge shaped sealing sur-
face is pressed into a flat soft-metal gasket in 
order to get a leak-tight connection, has been 
established for decades (see figure 1).

AluVaC®: All-aluminum  
CF components

Due to its comparatively lower hardness, the 
focus in developing Aluminum CF components 
has been on increasing the hardness and 
with this the scratch-resistance of flanges by 
adding resistant layers. Also available are CF 
components partially made of Aluminum, with 
a stainless steel knife edge. The production 
of this material compound is complex and 
cost-intensive, since a special billet has to be 
explosion welded prior to machining the final 
CF component.

Pure aluminum is known as a soft material 
with low strength values. However, by alloying 
aluminum with appropriate elements, strength 
and hardness can be increased significantly. 
So called precipitation hardening alloys un-
dergo a special heat treatment, where the 

Fig. 1:  Schematic drawing of a CF sealing system with knife edges 
above and below (hatched) a flat metal gasket in the center 
(double-hatched) 
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grain structure is modified in a way that part 
strength is maximized. The mechanical values 
of such materials can even exceed those of 
commonly used stainless steels (see table 1).

The objective of this investigation was the eva-
luation of sealing reliability of the developed 
AluVaC components made from aluminum. It 
has to be verified that even after long-term use 
there will be no function affecting deformation 
of the sealing surface.
 
FEM simulations of sealing  
mechanisms with CF knife edge

To determinate the optimal knife edge geometry 
as well as proper material specifications of 
sealing surface and flat gasket a model of a 
CF sealing system was analyzed using the 
finite element method (FEM) (see figure 2). 

Parameter studies led to an optimal knife edge 
geometry within the tolerance limits of ISO / TS 
3669-2:2007. A precipitation hardened alumi-
num alloy from the 6000 series with magnesi-
um and silicon as the main alloying elements 
was identified as a properknife edge material. 
For this alloy, the key parameters for sealing 

purposes lie in the range of commonly used 
stainless steels.

Experimental determination of  
long-term AluVaC® knife edge stabi-
lity 

In order to test the long-term stability of the 
AluVaC components, blank flanges DN40CF 
(2.75 OD CF) made of the identified aluminum 
alloy, were put through numerous sealing 
cycles. The samples were pressed against an 
AluVaC counterpart with a flat metal gasket 
in between. As for sealing gaskets, commonly 
used aluminum, copper or soft-annealed 
copper gaskets were applied. The screws 
were tightened until the flange surfaces 

Material Alloy or  
alloying type

Yield strength 
[N/mm2]

Hardness 
[Brinell] Notes

> 99 % Al 1xxx 62 32 Soft material for metal gaskets

Al-Mg 5xxx 120 85 Non-hardenable

Al-Mg-Si 6xxx 252 100 Precipitation-hardenable

Al-Zn 7xxx 358 134 Limited vacuum suitability  
due to high Zn content

Stainless Steel 1.4404 220 175 x

Stainless Steel 1.4429 280 175 x

Tab. 1: General data of several aluminum types in comparison to selected stainless steels

Fig.2:  Visualization of knife edge tip deformation from FEM-analysis. 
Different colors represent degree of axial deformation.
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were in contact. A leak-test of the CF sealing 
system was performed after each sealing 
cycle – the connection is regarded “leak-tight”, 
if a He-leckage rate below 1 · 10-10 mbar l /s is 
obtained. At last, a conturographic measure-
ment of the knife edge profile of both sealing 
surfaces was acquired at several points (see 
figure 3).

As a measure for knife edge deformation the 
flattening of the knife edge tip is regarded. 
This is represented by the change in the per-
pendicular distance h from the highest point 
of the knife edge tip to the elongation of the 
flange surface (see fig. 4, left). According to 
ISO / TS 3669-2:2007 this measure is defined 
to: h = 0.6 (+0.1/-0) mm. 
All tested AluVaC sealing pairs remained leak-

tight over all sealing cycles regardless of the 
applied gasket material. 
The sealing pairs with aluminum gaskets 
as well as those with soft-annealed cop-
per gaskets showed no significant flattening, 
not even after up to 100 sealing cycles. This 
is represented by the nearly congruent con-
tours of the initial knife edge after manufactu-
ring and after 65 sealing cycles with annealed 
copper gaskets (figure 4, right). All changes 
in distance ∆h, with regard to the initial va-
lue after manufacturing, were smaller than 
0.01 mm. For the absolute distance h, values 
between h = 0.65…0.68 mm were measu-
red. With that, all tested AluVaC components 
in use with aluminum or soft-annealed cop-
per gaskets comply with the specification 
tolerances of h = 0.6 (+0.1/-0) mm of the  
ISO / TS 3669-2:2007. For the absolute dis-
tance h, values between h = 0.65…0.68 mm 
were obtained. With that, all tested samples 
possess a geometry which complies with the 
specification tolerances of h = 0.6 (+0.1/-0) mm 
of the ISO / TS 3669-2:2007.

The challenging test with non-annealed cop-
per gaskets resulted in maximum flattening of 
about ∆h = 0.05 mm after 5 sealing cycles. 

Fig. 3:  Measurement of knife edge profile of an CF40 blank flange 
with a conturograph
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Fig.4:  Schematic contour  of  a knife edge with dimension h for deformation measurement (on the left) and measured knife edge contour as 
manufactured (purple) and after 65 sealing cycles (grey) with annealed copper gaskets (on the right). 
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The distance value h, however, was still within 
the tolerance range of ISO / TS 3669-2:2007.
The performance of the AluVaC components 
was shown by an impeccably passing of the 
following leak tests. Considering the higher 
deformation compared to aluminum and soft-
annealed copper gaskets, the non-annealed 
copper gaskets are not recommended in ap-
plication with the investigated AluVaC compo-
nents.

Conclusion

Identifying the proper aluminum alloy and the 
optimal knife edge geometry allowed the  ma-
nufacturing of all-aluminum AluVaC compo-
nents. The presented investigation verifies the 

FEM calculations. With the identified aluminum 
alloy an an optimized knife edge geometry, the 
AluVaC components manufactured according 
to ISO / TS 3669-2:2007 showed no function 
affecting deformation, even after more than 
100 sealing cycles with soft-annealed copper 
gaskets. All tested AluVaC components had 
measured knife edge geometry values lying 
reliably within the tolerance range of ISO / TS 
3669-2:2007 and offered a He-leakage rate of 
< 1 · 10-10 mbar l /s. 

The investigation showed, that AluVaC compo-
nents are the first manufactured all-aluminum 
CF components for the ultra high vacuum range 
with profen knife edge stability. 

„All-aluminum CF components and chambers“

Are you interested in further information on this topic?

Please send an email with the subject “White Paper, WP00001“ to 
info@vacom.de or visit our website www.vacom.de to find all available white papers in 
our “downloads“ section. 


