


polishing processes for SiC were developed. A Ph.D. studeptates (due to the large diameter of the grinding wheel). To
from Eindhoven University of Technology obtained his doc-achieve superior stability, the fixation brackets of the optical
tor's degree on this topic. In November 2006, the Gaia BAMcomponents are integrated with the base plate (monolithic
OMA project kicked off for TNO. Time to design and build design); see Figure 5.

flight hardware.

Silicon carbide
For the first time in history, a spacecraft payload module is
completely built from sintered silicon carbide (SSiC). The
use of silicon carbide as a construction material requires a
different engineering approach than is common for metal
designs. The production process of SiC parts limits the design
freedom and the mechanical properties of the material are a
major design driver. Like all ceramics, high tensile stresses
are to be avoided. The maximum tensile stress of SSiC is
around 100 MPa, factors lower than that of high-strength  Figure 5. Base plate of Bar #2.
metals. Due to its high stiffness, any deformation — some-
times 0.005 mm is enough — of a part results in stresses  The milling needs to be done with the vertical axis and
exceeding the maxima easily. To keep stresses in hand, because of the limited accuracy of the sintering process, all
contact areas between two (SiC) parts have to be as flat asinterface areas have to be ground after sintering to the desired
possible or the contact forces must be very low. Grinding position accuracy and flatness. Grinding is done on a dedi-
and lapping as final treatment is very common. Neverthelessated tool at Boostec. Due to close spacing, bracket angles
SSiC is the preferred material for the Gaia payload, thanks smd mutual distances have to be thought over very early in
the low thermal expansion coupled with a high thermal conthe design.
ductivity, high specific stiffness and excellent dimensional
stability. The SSIC parts are manufactured bij Boostec. To keep overall mass low, the base plates have been light-

weighted at the backside; see Figure 6. The ribs have the a
Before SSiC parts obtain their final shape, they have to go minimum thickness of 2 mm, pockets are 48 mm deep. To
through a number of production steps. Parts are milled oveiallow crack detection of the sintered parts, it is not possible to
sized out of chalk-like blocks of ‘green’ SSiC material. Afterclose the back. This affects overall stiffness of the base plate.
milling they are sintered in a special oven at circa 2100 °C, To compensate for this, the height of the plate was increased.
to obtain the required material properties. During this proc-
ess, the parts shrink 17% with an accuracy of 0.4%. This m
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look accurate, but with part sizes of about a meter in length
this means 4 mm length variation to the nominal dimen-
sions. The design has to cover for this uncertainty for optice
and mechanical interfaces, since excessive grinding is slow
and expensive. A minimal amount of grinding is required to
achieve the required surface accuracy.

BAM bars

The BAM OMA consists of two bars carrying optical
components. The optical layout of the Gaia BAM-OMA is
designed to meet the specified requirements to be able to
measure the Basic Angle variation of the telescope mirrors
The exact location of the optical components however, is to
a large extent defined by the production process of the bagggure 6. Lightweight section of Bar #2.




Figure 11. Off-axis parabolic SiC mirror blank.

Figure 9. Beam splitter mount with optical path shown. Application in other areas
The knowledge and experience that TNO has gained with
Gaia will be invaluable for other industry segments as well.
In the semicon industry, requirements for ultra-high precision
and stability will naturally further increase, as new technol-
ogy is becoming available. TNO is open to co-operation with
other partners for the development of ultra-stable silicon car-
bide instruments and components.
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Figure 10. SiC beam splitter vibration test at NLR.

Fibre collimator

The dimensional stability of the collimator mirror must be
less than 2 microrad (tilt) and 16 nm rms WFE under opera-
tional conditions. In order to avoid thermally induced errors,
an all-SiC mirror solution was selected for the fibre collima-

tor; see Figure 11. The mounting principle is identical to
the flat folding mirrors. Due to the short focal length of the lgi{elgnEtile]y
collimator, a strongly curved off-axis parabolic mirror was

required. This strong curvature makes it difficult to polish TNO Science and Industry
and TNO is currently developing alternative methods for col www.tno.nl/gaiabam
ventional polishing.




