Bond Wire  Resistance to Mechanical Vibration         H. Wieman 11/18/2009
In the Nov. 2009 HFT review it was recommended that long term tests be carried out because of reviewer concerns about air cooling induced vibrations which could threaten the structural integrity of the ladders, in particular the bond wires.  We of course were planning long term testing under normal operating conditions for a variety of reasons, but damage from air cooling vibrations was not considered to be one of them.  The example given by the reviewer for concern was the problem encountered with previous detectors where wire bonds had failed in magnetic fields when the bond wires carried AC currents at the resonant vibration frequency of the wire.  This is a recognized problem which has been thoroughly studied with proven partial potting solutions which we will incorporate.    As will be shown mechanical vibration of the sector will have no effect on the wire bonds.  The vibration coupling to the bond wires is many orders of magnitude less than the Lorentz force effect.
The measured vibration of the structure is ~120Hz and the measured peak to peak vibration amplitude is something less than 20 (m.

The acceleration of this vibration is given by taking the second derivative of
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giving an acceleration     
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where 
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Admittedly this is a larger acceleration than one might guess, but as will be shown this is not an issue for the wire bonds.  A FEA analysis has been carried out using SolidWorks 2009 Simulation to address this question.  The analysis was done for an aluminum bond wire with the dimensions shown in Figure 1.  This is a very conservative approximation since the wire bonds will be shorter plus they are made with a larger area foot structure.
The first vibration mode (see Figure 2) is 12 kHz.  This is consistent with the wire bond studies mentioned above which were carried out for the ATLAS PIXEL program.

Since the driving frequency from sector vibration is 120 Hz, 2 orders of magnitude below the wire resonant frequency, there will be no resonant coupling.  As a result the deformation amplitude of the bond wire under the acceleration of the sector can be calculated as a static problem.

The FEA analysis (shown in Figure 3 ) gives a 1.3 nanometer deformation for 0.6 g acceleration.  The maximum Von Mises stress on the aluminum bond wire (shown in Figure 4) is 0.6 psi where the yield stress is 8000 psi.   This very conservative analysis shows that metal fatigue due to the 120 Hz flexing is completely out of the question.
To complete the picture the vibration force acting on the wire can be compared to the Lorentz force that has caused problems when at wire resonance.  The Lorentz force for our example wire with a 2T field and 14 ma current is 7.4 mgf.  This is the magnitude of the Lorentz force that broke wires at resonance in the ATLAS pixel tests mentioned above when the wires were not encapsulated.  This Lorentz force is 3600 times the sector vibration force.  So the sector vibration force is 3600 times less and 100 times off resonance.  There is no reason for concern.
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Figure 1 Bond wire geometry used in this analysis
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Figure 2 Lowest frequency mode of the bond wire.  The frequency of this mode is 12 kHz
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Figure 3 Deformation of the bond wire under 0.6 g acceleration.  The deformation is 1.3 nanometers
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Figure 4 Von Mises stress from in the bond wire due to 0.6 g acceleration.  The maximum stress is 0.6 psi.  The yield stress for aluminum is 8000 psi.
