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Overview
In order to establish a safe maximum steady state current for the LIGO-D1003318 Ultra-fast Optical Shutter, an analysis was done under vacuum (~ ) wherein the coil that forms the moveable portion of the shutter was characterized in terms of resistance vs. temperature.  The ambient temperature in the 40m Lab Bake Facility was ~24C during all tests.  A maximum steady state coil current of 100mA was chosen based on the measurements performed in this test.
Knowing the relationship between coil resistance and temperature, a measurement was performed to explore the equilibrium temperature of the coil under vacuum vs. coil current.
Section 1
Test setup is shown below in Figure 1

[bookmark: _Ref401826977]Figure 1, Test Setup
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Section 2
A calibration run was performed to establish the relationship between coil resistance and temperature.  The coil was placed inside the 40m lab air-bake oven and the oven and data was taken at incremental values of temperature.  The result is plotted in Figure 2 yielding the following linear relationship between coil temperature T in units of degrees C, and measured coil resistance R, in units of ohms:



[bookmark: _Ref401827321]Figure 2, Calibration Curve

[bookmark: _GoBack]Section 3
With the relationship between coil resistance and coil temperature established, it is now possible to measure the relationship between coil current and equilibrium temperature as shown in Figure 3.  This measurement was performed and yielded the following relationship between coil current I in units of mA, and coil temperature T in units of degrees C:
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Conclusion
Having established the relationship between coil current and equilibrium temperature, and given a desire to limit the steady state coil temperature to be less than 45C (roughly 20C above ambient), a maximum steady state current of 100mA was chosen yielding a predicted equilibrium coil temperature of 43C.

Fast Shutter Coil Temperature vs. Applied Current
Coil Temp	50	75	100	125	150	23.662952646239575	31.926648096564509	43.300835654596121	58.37047353760444	77.887650882079839	Coil Current (mA)

Coil Temperature (Deg. C)

Airbake Calibration Run for Fast Shutter Coil
61	26	28	39	61	18.864097363083165	18.979591836734691	19.857433808553971	21.363173957273652	Airbake Oven Temperature (Deg. C)
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