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1 INTRODUCTION 

"This document has been issued in the frame of ASI contract that has been released for the 
activities of Planck-LFI Phase E2" 
 

1.1 Purpose and Scope 

Scope of this document is to propose a possible conceptual sketch of a simple device for 
measuring the displacement of the CSL PLANCK optical shield, due to the thermal 
contraction of the support structures at cryogenic temperatures 
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2 Description 

2.1 System description 

 

 
 
The basic idea to evaluate the displacement of the optical shield along one direction is to 
measure the unwinding of a wire. The system proposed is a simple pulley with no returning 
action on the wire: in this way, at the end of the blank test warm-up, the maximum displacement 
can be read without using any external (outside the cryo facility) instrumentation. In this frame, 
two devices per axis are required, since the direction of displacement is a priori unknown.  
At the beginning of the test (1st step, warm condition), the wire is rolled on the pulley and 
tensioned. The cool down (2nd step) will produce a displacement of the optical shield: only the 
positive displacement (i.e. producing the unwinding of the wire) is registered, due to the lowest 
compression stiffness of the wire and the friction force acting on the pulley. For redundancy, 
each system is made by two coupled pulleys measuring about the same quantity.. 
Any of the steel alloys in the AISI 300 series would be a suitable material for such a system: in 
particular, AISI 304 or 316 seem to be the most viable choices. The same materials should be 
used for all the components, to guarantee the same thermal contraction. The wire can be made 
both of Kevlar or stainless steel. 
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In the exploded view it is possible to identify all the components of the measurement system. 
The shaft can be welded to the base structure or fixed with screws. The spacer is needed to 
control the position of the pulley and the friction force. The pulley can run centred on the shaft 
due to a close mechanical tolerance (like H6/g5). No bearing is needed due to the small rotation 
angle   and the small rotation speed. 
The Belleville springs are guided by the shaft and so there can be several possible combinations 
of springs providing the required stiffness. 
In order to obtain the necessary friction force on the pulley it is required to tighten the preload 
nut. A lock nut is then added to avoid preload loss (it is reasonable to think that the preload nut 
will not be tighten up to the fixing torque, because in this condition the pulley could not run. The 
wire is guided during its roll down by a “finger like” guide in order to maintain the right 
direction. 
 
The intrinsic systematic errors affecting the precision of such a simple device are under 
evaluation. Anyway with this simple, fast and affordable system it could be possible to easily 
measure displacements of the order of several millimetres.  
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2.2 Measurement layout 

 
In order to know the displacement of the optical shield at least 6 measurements units, 2 per axis, 
are needed. The system should be mounted on the cryofacility internal shroud and the terminals 
of wires connected to the optical shield itself (by using, for example, the screws foreseen to 
mount its cover) or to its support flange (that is the copper flange topping the Helium tank). 
The overall dimensions of the system are about 120x80x100. 
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3 Micro epsilon solution 

A wire displacement measurement system is actually used on the ESA Ariane mounted on the 
booster rocket. The measurement system is built by the Micro Epsilon and its code number is 
WDS-500-MP-P-SPL and can be used at temperature as low as -250°C. With this system is also 
possible to know the position of the optical shield during all the cool down. In the annex is 
reported the technical data of this product.  
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4 Annex 
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