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�
ESLI Sector Prototype Number 9





ESLI sector number 9 from ESLI, San Diego is shown below.  This sector has a flattened glassy carbon tube versus a round tube as on previous sectors from ESLI.  The tube was flattened to improve heat transfer from the facings into the tube.  This sector, as were previous ESLI sectors, is all carbon.   


	Tube: 	Glassy carbon 0.25 mm wall thickness


	Facings:	Carbon-carbon facings 0.46 mm thick


	Fill:		No fill


	Radiation Length:	0.57% in active region


	Thickness:	5.08 mm, 4.96 to 5.18 mm


Have installed 300 micron thick silicon dummy modules with CGL7018 adhesive.
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�
Thermal Test of ESLI Sector Number 9





Below is an infrared image of ESLI sector 9 with 36 Watts heat load from dummy silicon modules.  In general the temperatures of the dummy silicon modules vary from 4 to 8.5 degrees C above the water coolant inlet temperature.  For an assigned C6F14 coolant inlet temperature of -20 degrees C and a flow of 10 cc/s the temperatures of all silicon would be below approximately -7 degrees C.





The coolant fluid was water. The ambient temperature was approximately 23.5 degrees C.  The sector is the trapezoidal shaped object in the infrared images.
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Power 36 Watts, water coolant flow 10 cc/s, inlet temperature 20.0° C


�
Distortion vs Temperature of ESLI Sector 9





ESLI sector 9 with silicon was tested for distortion due to temperature change on an imaging Coordinate Measuring Machine (CMM).  Out-of-plane distortions were measured at specific locations on the sector as a function of temperature
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Distortion are plotted as a function of the radial distance from the outer radius of the sector.  The variation of the distortion as a function transverse to the radial dimension is included but not identified.  Temperatures were varied from 10 to 39 degees C.  Maximum distortion is approximately 20 microns for the 29 degree change.
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Reconstructed Aluminum Tube Sector 4





Based on the TVH mockup results and the compression testing of the RVC foam, aluminum tube sector 4 has been rebuilt using the Bryte Technology cyanate ester adhesive and the RVC CVD foam. Aluminum tube sector 4 has 0.3 mm thick carbon-carbon facings.  Its radiation length in the active region is 0.52%.
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Aluminum tube sector 4 has been tested for vibration frequencies using a PZT shaker and TV Holography by Hytec, Inc.  The fundamental frequency, a cantilever mode, was found to be approximately 259 Hz using this technique.  








�
Distortion vs Temperature and Pressure of Al Tube Sector 4





Al tube sector 4 without silicon has been tested for distortion due to temperature change and coolant pressure variation on an imaging Coordinate Measuring Machine (CMM).  Out-of-plane distortions were measured at specific locations on the sector as a function of temperature and coolant pressure.





Program of measurements


Without silicon on sector:


	Calibration of CMM setup with known sector distortion (not shown)


	Distortion vs temperature for approximately 0 coolant pressure


	Distortion vs coolant pressure at room temperature


	Distortion vs coolant pressure at -7 degrees C


	Distortion vs coolant pressure at room temperature after pressure cycles


With silicon on sector:


	Distortion vs coolant pressure and temperature after more pressure cycles 	(presently underway)





Photograph of the setup for measuring Al tube 4 on the imaging CMM.
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�
Al Tube Sector 4 without silicon:


Distortion vs Temperature with no coolant pressure





Below is a plot of out-of-plane distortion vs temperature for Al tube sector 4 without silicon.
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Distortion are plotted as a function of the radial distance from the outer radius of the sector.  The variation of the distortion as a function transverse to the radial dimension is included but not identified.  Temperatures were varied from 22 to 


-18 degees C.  Maximum distortion is approximately 20 microns for the 40 degree change.





�
Al Tube Sector 4 without silicon:


Distortion vs Coolant Pressure at room temperature
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Distortion are plotted as a function of the radial distance from the outer radius of the sector.  The variation of the distortion as a function transverse to the radial dimension is included but not identified.  Coolant pressures were varied from 0 to 4 bar (60 psi) above atmospheric pressure.  Maximum distortion is approximately 130 microns with a residual distortion of approximately 50 microns.  Almost all distortion occurs on the facing overhangs.  TV holography measurements of out-of-plane distortion vs coolant pressure were also made by Hytec Inc.  These measurements are in good agreement with the distortions measured by the CMM.
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Al Tube Sector 4 without silicon:


Distortion vs Coolant Pressure at -7 degrees C
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Distortion are plotted as a function of the radial distance from the outer radius of the sector.  The variation of the distortion as a function transverse to the radial dimension is included but not identified.  Coolant pressures were varied from 0 to 4 bar (60 psi) above atmospheric pressure.  Maximum distortion is approximately 100 microns with little residual.  Almost all distortion occurs on the facing overhangs


�
Al Tube Sector 4 without silicon:


Distortion vs Coolant Pressure at room temperature after pressure cycles
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Distortion are plotted as a function of the radial distance from the outer radius of the sector.  The variation of the distortion as a function transverse to the radial dimension is included but not identified.  The coolant pressure was cycled from atmospheric to 4 bar (60 psi) above atmospheric approximately 24 times during a one day period.  Coolant pressures were varied from 0 to 4 bar (60 psi) above atmospheric pressure.  Maximum distortion is approximately 80 microns with little residual distortion.  Almost all distortion occurs on the facing overhangs
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Al Tube Sector 4 without silicon:


Distortion vs Coolant Pressure at room temperature measured with TV Holography





Hytec Inc measured out-of-plane distortion of Aluminum tube sector 4 without silicon using TV Holography.  The results were that the edges of the overhangs distorted by 13 to 18 microns per bar while the center of the sector (above the tubing path) distorted by 3 microns per bar.  Below is an image showing the pattern of distortion for a pressure change from 1.44 bar to 1.68 bar.  The tubing path is clearly seen.  The distortion pattern is the same as observed by the CMM.
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�
Al Tube Sector 4 with silicon:


Thermal Performance measured with IR Photography





Six dummy silicon modules were attached to Aluminum tube sectror 4 with CGL7018 thermally conductive adhesive.  Temperature profiles of the sector 4 were measured for powers of 36 48 and 60 Watts at flows of 10 and 20 cc/s of water delivered to the sector at 11 degrees C inlet temperature.  These temperature profiles were taken after the CMM data on distortion.  Two sets of images were taken.  Between the two sets the sector was pressure cycled over a two day period.  The first day the pressure was cycled 10 times slowly between atmospheric and 2.74 bar above atmospheric pressure and then left overnight at 2.74 bar above atmospheric pressure.  The second day the pressure was rapidly cycled between atmospheric and 2.74 bar above atmospheric pressure 10 times and then left overnight at 2.74 bar above atmospheric pressure.  Data were also recorded for the two images series on Pt100s.  The average temperatures of the Pt100s were the same before and after the pressure cycling as a function of power and flow.
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Before: Power= 48 W,  Flow= 20 cc/s.   After: Power= 48 W, Flow= 20 cc/s.


�
Silicon Modules Tacked with UV Cure Epoxy





The original purpose of the Aluminum Tube sector mockups was to determine the composition of the structure panel for aluminum tube sector 4.  One of the mockups has been used to test fixing silicon to the sector structure with UV curing epoxy spots.





The mockups consist of two small panels that are sandwiches of carbon foam, carbon-carbon facings and silicon. Distortion due temperature changes are measured by TVH. One mockup panel is approximately the size of a single module and has silicon on one side only.  The second panel is one and a half times as wide as the first and has silicon on both sides offset by half a module width as in a sector.  





Mockup number 3, described below, had 16 small spots of UV cure epoxy added to fix the simulated silicon module to the carbon-carbon in addition to the CGL7018.  The purpose of the UV epoxy “tacks” would be to hold a module in place almost immediately after precision placement and to provide structural strength if a grease instead of CGL7018 were used.  Tests with TVH were performed to determine if the “tacks” would cause any distortion of the silicon during cooldown.  Mockup 3 with only CGL7018 adhesive had distortion of 0.05 microns/C whereas mockup 3 with the addition of the UV cure epoxy had distortion of 0.08 microns/C.  The UV cure epoxy tacks add some distortion but the result is negligible.  The shear modulus of the UV cure epoxy is listed as 340 N/mm2.  The shear modulus of CGL7018 is approximately 0.5 N/mm2.





Mockup 3:


	Foam: 	Reticulated vitreous carbon foam of 0.10 g/cc density


	Facings:	Carbon-carbon facings 0.3 mm thick


	Foam to Facings achesive: 	Bryte Tech. Cyanate Ester EO11899


	Silicon:	300 micron thick, module size


	Facing to Silicon adhesive: 	CGL7018





�  Distortion without UV tacks for a delta T of -13.4 C.





�
 Disk Layout with the Shingled Barrel Layout





For the shingled barrel layout given below:





Layer 1:	R = 97.0 mm,	Tilt angle = 17.5 degrees


Layer 2:	R = 127.0 mm,	Tilt angle = 17.5 degrees


Barrel active length = 775.8 mm





A disk layout compatible with Flex and MCMD modules is:





Disk	Nr. Mods.	R inner	R outer	Z position


1	66		126.1 mm	186.9 mm	490.5 mm


2	66		126.1 mm	186.9 mm	580.0 mm


3	66		126.1 mm	186.9 mm	642.0 mm


4	54		103.1 mm	163.9 mm	710.0 mm


5	54		103.1 mm	163.9 mm	770.0 mm





This layout has acceptance gaps of approximately 0.3% and coverage to eta = 


+/- 2.45








A disk layout compatible with the Flex module only is:





Disk	Nr. Mods.	R inner	R outer	Z position


1	66		120.0 mm	180.8 mm	490.5 mm


2	66		120.0 mm	180.8 mm	580.0 mm


3	66		120.0 mm	180.8 mm	650.0 mm


4	54		  97.0 mm	157.8 mm	710.0 mm


5	54		  97.0 mm	157.8 mm	770.0 mm





This layout has acceptance gaps of approximately 0.2% and coverage to eta = 


+/- 2.51.  Its main advantage is that it allows an additional 6 mm of radial clearance between disk and support frame for services.





Note:  The module lengthened by 0.2 mm at each end is assumed.  Total module actve length = 60.8 mm.


�
Summary of Sector Progress





ESLI sector:	Stiffness acceptable with 0.43 mm faces to 3 bar


			Thermal performance of sector 9 acceptable


			Quality control, dimensions?


			Probably radiation hard


			Reduction of radiation length from 0.57% ?


			Baseline choice





Al Tube sector:     Stiffness acceptable with 0.30 mm faces to 3 bar


			Thermal performance good


			Quality control, dimensions good


			Survives 22.3 MRads


			Reduction of radiation length from 0.52% ?


			Aluminum-carbon corrosion ?


			Backup





C-C tube sectors:	Very stiff with 0.5 mm faces


			Thermal performance unknown at present


			Quality control, dimensions probably good


			Radiation hard ?


			Radiation length ?


			Testing of sealed tube ?


			Backup





�
Status of Prototype Pixel Disk





As of May 24 Energy Sciences Laboratories, Inc. (ESLI) has completed 6 sectors of a planned 14 for the 12 sector (72 modules) disk.  ESLI is schedules to complete 14 sectors in two to three weeks.  The glassy carbon tubes are pressure tested to 6 bar before assemb
