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Minutes of the RHIC Experiment Safety Committee meeting

May 30, 1997 and September 25, 1997

(Mechanical)                     (Electrical)

 Subject: 
 The PHENIX TEC (Time Expansion Chamber) subsystem
Present:
A. Etkin, P.K. Feng, K. Foley, S. Kane, R. Lambiase, Y. Makdisi, B. Miller,

  

J. Mills, S. Musolino, A. Pendzick, J. Throwe

R. Burns, W. C. Chang, A. Franz,   C. Jacobs, A. Kandasamy, E. Kistenev, 

J. Negrin, E. Obrien, R. Pisani, S. Rankowitz, R. Sato, T. K. Shea, 

W. Stokes, A. Vinograpov

Introduction:
The PHENIX Time Expansion Chamber (TEC/TRD) system consists of sets of tracking and transition radiation planes that occupy the space on the central carriages sandwiched between the PC2 and PC3 chambers. The approximate dimensions of each plane is 3.5 m x 1.7 m. These planes are grouped into 4 sectors of six planes each to cover 90 degrees in azimuth.  The transition radiation section (TRD) will not be instrumented at this stage, instead the volume will simply be left empty. 

Mechanical and Structural:
The TEC chambers are built using composite FR-4 and graphite epoxy frames. The approximate weight with PC2 and PC3 attached is 1700 lb /sector . A detailed mechanical  presentation was provided including engineering and assembly drawings for each TEC plane and the stacking of the six planes into sectors.  

Each TEC plane is assembled separately. The frames are glued together with epoxy DP460 and EPON 828 to form a gas seal. The glue joints were tested for shear and the material failed at points prior to the glue joint. Thus dowels were added to each corner for strength.  The windows are 1 mil copper-clad mylar. 

· What is the maximum expected stress compared to the tests ?

The maximum expected stress was 2000 psi. The joint broke at much higher stress 

which was not quantified.

· MSDS for all material used were provided to Joe Levesque.

ANSYS calculations were done on the independent plane structures, stacked in sectors, and loaded on the carriages to assure that deflections are within the design tolerances. 

The six planes are stacked and attached using 18- ¼(  steel bolts at approximately 15( intervals  to form sectors.  Additional attachments of the 6 planes at the four corners are made using special brackets and 5/8( thick aluminum joining plates.  A prototype plane was built and supported on a temporary frame for beam tests using the same bracket system outlined above.

Several preliminary plans for assembly of the TEC sectors on the carriage was presented.  Two special fixtures will be built to allow the proper positioning of the sectors at the correct angle on the carriages.  Adjustments of the position of the sectors is provided at the base support to allow for changes due to loading of the carriages.

The Pad Chambers and the TEC will share the same mounting fixtures.

· The lifting fixtures are designed with safety factors of 3 on yield and will be tested to 125% of the design load. All welds will be certified prior to use. 

· The final rigging and installation plan needs an additional and separate review. This will be addressed in the PHENIX Integration.

· It was not clear how the last bracket will be installed on the final sector.

The Gas volume and  gas mixing system:
The re-circulating gas mixing system is still in the design stages.  Pressure relief  valves and bubblers will be used to protect the chamber, and compensation is also provided to allow for atmospheric pressure variations.  The TEC will use a P-10 gas which consists of 90% argon and 10% methane operating at ¼ ( of water.  The gas windows on individual planes are 1 mil copper clad mylar.  These plane are protected and backed on the outer edges by the stiff honeycomb structure of the PC.  

With P-10 gas in the TEC, the TRD section remains open to air.  However, when xenon gas is used and the TRD activated, carbon dioxide gas will be used in the TRD section to balance the added hydrostatic pressure.   

The gas mixing will be done in a common PHENIX area outside the Major Facility Hall and piped in on 2 ½ ( copper or stainless steel piping to either carriage which then terminates at the TEC. Electrical isolation is maintained as the frame is built with FR-4. The pipe routing and gas distribution and handling during the movement of the carriages will be addressed by PHENIX Integration.

The chamber gas windows are glued to the FR4 frame, the edges of which are beveled where necessary.

· Pressure testing to twice operating pressures were carried on the TEC  prototype. Documentation should be submitted to the committee.

· Leak tests on the prototype chamber indicated 85% return.   A leak was localized and found to be due to the manufacturing process.

· The leak rate should be determined. Also the specifications on the permeability of the copper clad mylar to P-10 should be determined.

· The stresses from the mylar windows on the adjacent chambers should be calculated.

Electrical systems:
The TEC will require several high voltages the highest of which is 5,000 volts with xenon gas running and 3000 with P-10, which is supplied by the LeCroy 1471 and LeCroy 1469 power supplies. These are part of an overall PHENIX power supply purchase and will be covered by PHENIX Integration.

· The Octal LeCroy HV connector  is  UL listed at 3.5 kV,  can the power supply deliver a higher voltage? This will be reviewed by PHENIX Integration, as is the cable plant and routing.

· The power supply output will be hardware limited to 100 uA per channel with typical currents drawn about 1 uA. 

High voltage lines carrying1600 volts are present on the anode boards at each end of the TEC planes along with surface mount RC components which are coated with  Hysol to form an AC coupling from the signal wires to the amplifier shaper components.  All components are coated as a humidity barrier and to prevent any high voltage exposure on the board.  The high voltage supply to the board via an AMP connector rated at 20 kV.

· The anode board was tested to (2 x V + 1000) up to 5000 volts and no discharge was observed.  A note to the committee is attached.

· As part of the QA, each board will be tested to 5000 V prior to incorporation into the TEC.

· MSDS of the Hysol to be provided to J. Levesque.

The low voltage is supplied at 6 volts to the board via a connector rated at 15 amps.

· The low voltage cables will be fused separately at the power supply side as well as on each preamplifier shaper board at 80 % of the conductor ampacity following the SEAPPM recommendations.

The low voltage is regulated on the preamplifier shaper/ flash ADC boards using current limiting low drop out regulators in addition to polyfuses ( 1 sec slow blow that reset after the power has been off for a certain period) on each regulator.  Protection diodes are provided on each chip. 

All components used, with the exception of the custom made ASICs,  are either UL rated or follow industry approved standards. A list of components is attached.

· An overall grounding plan should be presented to the committee.

Cabling:
Cable runs from the amplifier boards to the FEM crates is about 12-20 ft. These are Amphenol Spectrastrip 425-3016-080 which is VW-1 rated and AWG-30.  They will run in bundles inside FR-4 raceways at the edges of the chambers, however, a length of 3-5 ft will be outside the raceways.  This was considered acceptable from fire safety.

Power dissipation and Cooling:
The anticipated power consumption on each end of a sector is approximately ½ kW evenly distributed along the length.  Forced air cooling through a plenum is envisaged.

The FEM crates consume 1200 W per rack and are also cooled by forced air. 

· The design of the cooling system is in progress and will be reviewed.

· What is the anticipated maximum temperature without cooling?

Attachments:

Documentation of the anode board high voltage testing.

A list of components.
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T. Ludlam

M. Murtagh

S. Ozaki
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