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This specification consists of  23 pages

and one figure

Physics Department 
BROOKHAVEN NATIONAL LABORATORY

1 Scope

3 This specification defines the performance, design and construction requirements, quality assurance aspects, and the inspection and testing protocol, of radiation tolerant DC to DC converters, hence forth called power supplies, to be used at the ATLAS Liquid Argon Calorimeter Detector.  The power supplies will be installed at CERN, the European Organization for Nuclear Research, located near Geneva, Switzerland.   The equipment will be procured be Brookhaven National Laboratory under a contract to the United States Department of Energy.  The detailed design parameters for these power supplies appear in the Specification Data Sheets section 11.   
3 The power supplies shall convert an input voltage of + 280 Volts DC into seven (7) low voltage DC outputs of various current levels, to provide power for the Detectors front end electronics (FEC) crates.(see specification data sheet)
3 The power supplies will be mounted in the detector and as such their physical dimensions must be compatible with the detector geometry.  The power supplies shall have the exact form factor and physical dimensions as describe in this specification (See the Specification Data Sheet section 11 and figure 1).  
3  The power supplies will operate in a radiation environment and must comply with the radiation tolerance requirements of this specification in sections 4.13.8 and 4.13.9. 
3  The power supplies shall operate in a continuous magnetic field, as specified in the Specification Data Sheets section 4.13.10.  They shall meet all requirements of this specification while operating in this field.  No component of the power supply shall be adversely affected by this level of magnetic field. 

3 Each voltage section of the power supplies shall be modular in design.  Each section shall be made up of N+1 modules.  They shall be able to supply the rated currents of each of the seven (7) output sections with one module of each output section faulted that is with N modules.   This will be known as N+1 redundancy.
3  The power supplies shall be designed for extreme reliability.  They will be inaccessible for long periods of time and must perform continuously for two year periods without servicing or maintenance.  They will operate continuously seven days a week, twenty-four hours per day, 365 days per year. 
3  The design of these power supplies shall be conservative, using standard commercially available component parts and techniques that insure high reliability and minimum maintenance.  It shall have an expected service life of greater than fifteen years.
3  The Vendor shall give a very high priority to equipment availability concerns such as mean time between failures (MTBF) and mean time to repair.   The design shall stress and be judged on such issues as modularity, layout of critical components and ease of serviceability.  
3 The Vendor will be held responsible for the design, construction, and factory testing of the power supply.  Due to the critical nature of these supplies, they shall undergo complete, full power testing before shipment to BNL.  The Vendor shall be responsible for conducting this testing either at the Vendor’s facility or a subcontract’s facility chosen by the Vendor. 
1.11     Two prototype power supplies shall be designed, built, and fully tested by the Vendor.  


Further testing of the prototype units shall be performed at BNL and upon written acceptance of the prototype units by BNL , work shall begin on the production units.

1.12     No changes shall be made to the production units with respect to the prototype units without             express written consent from the BNL Division of Contracts and Procurement (DCP).
4 The Vendor shall provide all the labor and resources required to produce detailed, as built, documentation of the power supply.

4 After award of contract, no deviation from this specification is permitted unless written approval is obtained from the BNL DCP.

4 Due to the importance of these power supplies, BNL may wish to purchase spare components, boards, modules, or other critical components necessary for their quick repair.  The Vendor shall agree to furnish these required spare parts for a period of five years after final acceptance of the units.
2 Applicable Documents

2.1  The following documents form a part of this specification and are to be used as standards in the design and manufacture of this equipment.  Any exceptions to these standards must be approved in writing by BNL.

Number
Title
BNL - QA -101
Supplier Quality Assurance Requirements

Code of Federal Regulations
OSHA General Industry Safety and Health

Title 29, Section 1910
Regulation and Standards

NFPA 70
National Electric Code

IEEE 383
Vertical Flame Test 




EN 55011 Class A



 Emission of noise



EN 61000-3-2

       

  Harmonic Current Emissions




EN  61000-4-4



  Fast Transient Immunity




EN 61000-4-5




  Surge Immunity

10  All equipment supplied under this specification shall be in strict accordance with the latest standards, publications and definitions of the IEEE, ANSI, NEMA and NEC. Corresponding European standard may be acceptable if approved in writing by the BNL DCP.  Applicable European standard shall be listed in the Vendors quotation.   The power supplies shall be manufactured in accordance with the best of existing techniques and recognized engineering practices.  In all cases reference shall be made to the applicable procedures and standards of the above organizations.  Where this specification calls for a more conservative requirement than the above standards and procedures, this specification shall apply, (see 3.1.3).


3 General Requirements


This section of the specification describes the performance and physical characteristics of the power supply. Alternate solutions, offered by the Vendor, that provide equal or better performance and reliability will be considered.  Acceptance of any alternate solutions will be at the discretion of the BNL Cognizant Engineer and must be given in writing from the DCP.

3 Parts, Materials and Processes

3.1.1 Materials that may be defined as hazardous in accordance with Title 29, Code of Federal Regulations, Section 1910.1200 shall not be used. Asbestos or asbestos-type insulation, and components containing PCB's, etc., shall not be used.  Where a choice of materials is available, e.g. Cables, insulating materials, etc., preference shall be given to materials exhibiting a higher level of fire retardancy.

3 This specification requires various equipment, materials, processes, and products of manufacture that will be required unless BNL’s DCP specifically approves equal construction in writing. Should the Vendor propose to furnish other "equal" materials, processes, or products either in substitution for, or as an alternate to the specifications, Brookhaven can approve such substitution only if described in full detail. The Cognizant Engineer's decision as to the equality of any materials, processes and products to those specified shall be final, but the approval of BNL shall not relieve the Vendor from his responsibility concerning such work or affect the guarantee covering all parts of the work.

3 The BNL Cognizant Engineer shall have final approval as to the determination of design parameters, operational margins, specification interpretation, control, protection and testing.  Differences between the Vendor's proposal and the standards or Brookhaven's requirements shall be resolved by the Cognizant Engineer's determination.  Vendors shall obtain written approval from BNL’s DCP before proceeding with the final design and fabrication of this equipment.  

3.2 
Submittals by Vendor


Before Award of Contract 

3.2.1 The Vendor shall submit a proposal that gives a PARAGRAPH-by-PARAGRAPH response as to how he intends to comply with this specification.  Any exceptions that the Vendor may take to the specification shall be clearly noted in the proposal, in a section labeled “Exceptions to the Specification.”  The Vendor shall be in full compliance with all aspects of these specifications that are not noted in the “Exceptions to the Specification” section.

3.0 The Vendor shall state in the proposal what steps in the design, component selection, and construction, are being taken to ensure radiation tolerant equipment

3.0 The Vendor shall state in the proposal what steps in the design, component selection, and construction, is being taken to ensure reliability of the power supplies and what are the expected MTBF of the power supplies.

3.0 The Vendor’s proposal shall include a list of power supplies with similar ratings and construction that the Vendor has produced and shipped.  Special emphasis will be placed on units that operate in radiation environments.  The list shall include the performance data for these power supplies, the purchaser's name and shipping date, and the radiation environment in which the equipment operates.
3.0 The Vendor shall list in his proposal the materials which will be used in and have contact with the ATLAS water system.

3.0 The Vendor shall describe in his proposal the testing capabilities of his facility.  The Vendor will be required to perform a long-term (120 hour on the prototypes) full load test of these power supplies.  This test may be performed at an independent test facility if the Vendor so chooses.   The location and capabilities of the test facility selected shall be clearly stated in the Vendors proposal. (see section 5) 

3.0 Five sets of preliminary outline drawings showing the overall dimensions, component placements, block diagrams, preliminary schematics and a preliminary manufacturing schedule shall accompany the proposal.

3.0 The Vendor shall fill out the attached form entitled "Vendor Data Sheet" and return it with his proposal.  


After Award of Contract

3.0 The Vendor shall supply adequate documentation for the Final Design Review as specified in 3.4.2.
3.0 Four (4) weeks prior to testing the prototype, the Vendor shall submit for BNL's review and approval, a copy of the final test procedure.

3.0 Two (2) weeks prior to testing the prototype unit the Vendor shall supply complete schematic diagrams, parts list, and component layouts for the units to be tested.

3.3   Documentation

3.3.1 Paper Drawings - upon delivery of the equipment, the Seller shall supply five (5) sets of final as built, signed prints.  These prints shall be made to the highest professional drafting standards.  They shall include schematics of all circuits, and all assemblies, down to the card level.  Parts lists and component layouts shall also be included. Each component shall be identified by its reference number, as well as its commercial part number.  

3.0 Electronic Drawings - All drawings supplied in paragraph 3.3.1 shall be supplied in electronic form.  AutoCAD format is acceptable.  Any other format must be approved by BNL in writing.

3.0 Paper Manuals - Five (5) sets of bound design and operations manuals shall be shipped with the equipment.  They shall include final parts lists, recommended spare parts lists, technical descriptions of the power supply operation and maintenance recommendations, detailed circuit descriptions, description of critical adjustments and potentiometer settings, and data sheets on fuses, semiconductors, relays, and other pertinent components.  All parts shall be identified by their commercial parts number, not solely by the Vendor’s part number.  If any component part is built to a specification or otherwise customized that documentation shall be provided to BNL.  If customized parts are provided by the Vendor,  BNL shall have the right to procure those parts directly from the subcontractor at a later date.
3.0 Software Documentation - If software is used to program any device, such as micro-controllers, programmable gate arrays, or PLCs, the source code for that software shall be delivered in electronic form.

3.0 Traveler - A traveler shall follow all power supplies through production.  This traveler shall contain critical settings for the power supply and shall serve as a history of its production.  A copy of this traveler shall be supplied to BNL upon completion of factory tests.  The traveler shall contain as a minimum, any rework required, inspection reports, potentiometer settings, torque settings, test results, trip settings, etc.
3.0 The Vendor shall supply a list of recommended spare parts 

3.4   
Design Reviews

3.4.1 Prior to awarding a contract a pre-award meeting shall be held at the either BNL or the Vendor's facility at the discretion of the BNL Cognizant Engineer.  At this time a preliminary review of the submitted design will be held and the capability of the Vendor to produce and test this power supply in a timely fashion will be evaluated.

3.0 BNL will aid in the radiation testing needed to qualify the power supplies as suitable for a radiation environment.  The requirements and responsibilities for these tests will be finalized at the pre-award meeting.  

3.0 The final design review (FDR) shall be held twelve (12) weeks after receipt of order and prior to the start of fabrication.  Three (3) sets of preliminary electrical schematic drawings, mechanical assembly drawings, a manufacturing schedule, a preliminary acceptance test procedure, and a complete parts list shall be submitted to BNL at least two (2) weeks prior to the FDR date. Agreement shall be reached during the FDR not only on the drawings and material submitted, but also on the Vendor's manufacturing plan, preliminary test procedure and schedule. Components and materials used in the power supplies shall also be thoroughly reviewed at this time.   The results of the FDR shall be fully documented by the Vendor and submitted to BNL for approval.  After written approval of the FDR is given by BNL, the Vendor shall promptly begin the production of the prototype power supplies. 

4 4
Performance and Design Characteristics
5 Output Voltage and Current
The output voltages and currents are listed in the Specification Data Sheet. The voltages are to be trimmed so that they are most precise at 80% of the maximum output current.  The power supplies shall be able to operate continuously without damage, at any load current from zero amperes to rated current.
4.2 Voltage Regulation 

The power supplies shall meet the voltage regulation and precision requirements stated in the 
Specification Data Sheet.  The supplies shall meet these requirements with all modules 
operation (N+1) as well as with one faulted module (N).

4.3      Voltage Ripple 



The voltage ripple shall be less than that listed in the Specification Data Sheet.
      4. 4      Voltage SAG / SURGE Immunity
The power supply shall be immune to input DC voltage sags or spikes lasting 200 ms  and having a magnitude of +/- 30 % of rated voltage.  The power supply is not required to operate through the event but it must not be damaged by it and must be able to perform normally after being reset.
4.5
Turn On Transients



      The power supplies shall be protected from turn on transients of the + 280 Volt DC input 


       power of plus 1.5 times nominal for 200 ms.  
       4.6        Temperature Response



The output voltages shall have a temperature coefficient less than or equal to that in the 


Specification Data Sheet.
 4.7         Input Voltage

4.7.1
The input voltage is positive 280 Volts DC with a ripple as listed in the 
Specification Data Sheet. 

4.7.2    Each radiation tolerant power supply will have a separate +280 DC volts power 
supply.   All modules within a power supply will be feed from a common +280 
DC volt bus. 

4.7.3
The input voltage regulation is listed in the specification data sheet.
4.7.4
The Vendor shall limit the power supply input inrush current to less than 110 % 
of the maximum power supply input current at rated DC output current. 

        4.8
Redundancy



4.8.1    Each of the seven output sections of the power supplies shall be designed in a 



modular fashion such that the power supply can deliver full rated output current, 



meeting all requirements of this specification, with 
one module of each section 



faulted.



4.8.2    This type redundancy is defined as N+1 redundancy.  The power supply shall 



meet all requirements of the specification with either N or N+1 modules 




functioning.


4.8.3    In the event of a failure of two or more modules per voltage section the affected 



power supply section shall shutdown and remotely annunciate the appropriate 



fault.



4.8.4    There shall be a remote indication that all modules within a power supply are 



functional.
4 


Power Semiconductor Ratings

3.0 The voltage rating of all semiconductors shall be at least two (2) times their peak operating voltage.
3.0 The Vendor shall limit ON and Off or other induced switching transients to 50 percent of the published inverse and forward voltage ratings of all semi-conducting devices.

3.0 The continuous current rating of all semiconductors shall be at least 0ne and one half (1.5) times greater than the maximum RMS current the device will conduct during normal operations. 

4 The Vendor shall state in his proposal the power semiconductors he plans to use.
5 
Protection Devices 

4 A suitable EMI/RFI line filter shall be provided for each voltage section within a power supply section.  The filter shall be designed to VDE standards and shall prevent interference between the modules and sensitive detector circuits.
4  Local decoupling capacitors at each module shall also be required. 

3 The output of each module within a voltage section shall have over current protection properly sized and coordinated to protect the module.  When a module is shutdown because of an over-current this fact shall be remotely annunciated.  The Vendor shall list in his proposal the maximum over current that can be sustained by each module before the over current protective device operates.

3 There shall be an input fuse, on each module,  capable of interrupting the 280 V DC input voltage. 
4 All protection and monitoring devices and circuits shall be properly isolated from the main power circuitry up to the high potential voltages of section 5.6.5---5.6.7.
4 Instrumentation, Monitoring, and Control


The instrumentation, monitoring and control required in this section are highly dependant 

upon the power supply topology proposed by the Vendor.  The functional requirement is 


that the power supplies have adequate monitoring and control to operate properly as 


defined in the specification and be protected against over currents, over voltages, and 


over temperature conditions.   The Vendor shall describe the instrumentation, monitoring 


and control in 
his quotation.  The supplies shall have as a minimum, the features listed 


in section 4.11.  Equivalent or superior schemes may be proposed by the Vendor but such 

equivalency shall be determined by the BNL Cognizant Engineer.  Any additional 


features offered by the Vendor will be considered during the proposal review process.

4.11.1
Power Supply output voltages will be monitored at the front end electronics.  This will 


not be the Vendors responsibility.  If any of the voltages goes out of a prescribed 



tolerance the 280 Volt DC input to that power supply may be turned off.


4.11.2  The output voltage of each module shall be monitored internal in the power supply.  If 


the voltage of an individual module is greater than 1.2 times its rating, the module shall 


be isolated by an internal latch.  Other modules within the same section shall continue to 


function normally.   This condition shall be remotely monitored via the “All 



Modules Good” indication.  (see  4.11.5.1)

4.11.3
If all modules are functioning normally there shall be a remote indication of “ALL 


Modules Good.”     If the voltage of an individual module drops below 80% of its rating 


this indication shall be turned off.  

4.11.4   There shall be a precision thermistor monitoring the power supply internal water cooling 

plate temperature.   This thermistor shall operate a circuit that shall cause all modules to 


shut down and latch off if a 
temperature of 60 degrees C is indicated.  The latch shall 


be reset by recycling power to the module.   It shall be the commercial equivalent to the 


Rad Hard Goddard Space Flight Thermistor as manufactured by Yellow Springs 



Instruments with a nominal resistance of 10 kΩ at 25 degrees C. (see 4.11.5.3)


4.11.5
The following signals, as a minimum, shall be remotely monitored:  



4.11.5.1  All Modules Good---This signal shall indicate that there are no modules off line



4.11.5.2 All Voltages Good---This indicates that all voltage sections are operating 



  properly within 10 % of there nominal rating.


4.11.5.3 Over Temperature---This shall indicate an internal over temperature within the 



module.


4.11.5.4 Over Current—This signal shall indicate an over current in any of the modules.



4.11.5.5 Bad module indicator—This shall indicate the number of modules offline within 



a power supply.

3 The power supply internal temperature shall be measured with a 4 wire precision RTD (platinum, 100 Ω ) 
4 All control circuits shall be designed in a fail‑safe manner so that loss of power does not result in a hazardous operating condition.  Protective interlock circuits and power supply controls shall be designed so that reactivation of an interlock circuit (i.e., completing the circuit) will not result in an automatic restoration of power to the equipment.

4 All faults, statuses and command lines shall be isolated and buffered from the power circuitry.  
4 The interlock circuitry as well as the buffering/isolating scheme supplied by the Vendor shall be approved by BNL prior to commencement of fabrication. 

4 There shall be five front panel status indicating lights as a minimum.

4 280 Volt Status (“ON / OFF”)
4 All Modules Good
4 All Voltages Good
4 Over Current
4 Over Temperature

4 
All external signals will pass through a connector agreed upon at the final design review.
4 Electrical Requirements
The detailed electrical requirements and parameters are listed in the Specification Data Sheets (section 10).  The Module shall also meet the general electrical specifications that are given in the following sections.

4 The module shall be constructed with a view towards safety.  All high voltages (greater than 50 Vac or Vdc) shall be barriered or compartmentalized.  All high voltages shall be labeled with BNL approved labels.  Controls shall be physically separated from the high power circuits.

4 The frame of the module shall be grounded, but both output terminals must be able to float up to test potentials of 50 volts DC with respect to ground. 

4.12.3
Any electrical cable or buswork used in this module shall be of copper and of sufficient 
ratings and cross‑sectional area that it shall not experience a temperature rise of greater 
than 30 degree C at maximum load.  Copper bus work shall be tinned or plated.
3 All cable insulation used in this system shall be of a self extinguishing, low flame propagation, low smoke type and meet IEEE 383 vertical flame tests. The Vendor shall include in his proposal a list of the insulating material that will be used.
3 Output Common Mode Ferrite Filters shall be provided to lower high frequency noise on the power supplies outputs.  These ferrites must operate in a continuous magnetic field of 100 Gauss in any direction.
3 Grounding 

4.12.6.1
The DC output terminals of the power supply shall be capable of floating with respect to the chassis ground, +/- 50 volts DC.   The chassis will be connected to the ground pin of the + 280 Volt connector.
4.12.6.2    The +280 Volt DC return shall be isolated from the power supply chassis and from the DC output returns.  


4.12.7
Power Connectors



4.12.7.1  Output Voltage Connections---A group of ten post connections, voltage output 


terminals  (3/8” studs) shall be arrayed on the bottom of the power supply.  This 



connection will be fully specified by BNL before the FDR.  All terminals will be 



identical and have a current rating equal to or greater than 180 amperes.
4.12.7.2    Input Voltage Connector-- An input connector with three pins is to be provided on the bottom face of the unit. The three pins in the connector are 280 VDC positive input, input return, and input ground. The input cable will also have a shield in addition to the three conductors. The shield will be connected to the chassis of the 280 VDC supply and will not be connected at the LV supply end. The connector will be keyed, and have male pins. The mating connector is to have female receptacles. The vendor will supply one mating connector with each unit.


5 Mechanical  Requirements

5 The equipment shall be constructed in an all‑metal enclosures
5 The finish of the power supplies shall consist of degreasing of the unit followed by a coat of rust-proofing paint and two coats of synthetic resin enamel. 
5 The Vendor shall provide and affix a stainless steel or aluminum name plate on each unit that shall include the following information:

5 
Manufacturer's Name and Address

5 
Manufacturer's Type and Serial Number

5 
Input Ratings and Output Ratings
5 
Date of Manufacture

        4.13.3.5               Water cooling requirements
5 All bolted bus bar, fuses, and rectifier joints shall use Belleville washers, flat steel washers, lock nuts and a joint compound approved by Brookhaven.  All bolts, washers and nuts shall be stainless steel.   All bolts in blind locations shall have captive hardware.

4.13.5
Cooling
[image: image2.wmf]
The power supply shall be able to accept water at a temperature of 30(C and a flow rate of 30 gallons per hour. The pressure of the cooling water is below 15 psi and the pressure drop through the power supply shall be no more than 5 psi  nominal at 0.5 gpm. The inlet and outlet fittings will be of a quick disconnect design, PT# PLCD 42004 (panel mount). Metals used in the cooling elements shall be aluminum and/or stainless steel. Copper shall not be used. Pipes used in the cooling system may be nonmetallic, aluminum, or stainless steel and have a minimum internal diameter of 5mm. The cooling plate will be tested to a pressure of 45 psi before installation.

4.13.6   The accessories, materials and supplies used on these modules shall be of the highest quality 
or specification grade wherever possible.  The Vendor shall list in his proposal the 
manufacture of fuses, relays, receptacles, terminal strips, wire, hardware, etc.   Auxiliary 
relays shall be enclosed in dust proof cases and mounted in the module control compartment.

4.13.7
Environmental Requirements

The Radiation Tolerant Power Supply shall maintain the performance requirements of this specification under the following environmental conditions. Brookhaven National Laboratory will perform the magnetic field and radiation environment tests.

4.13.8
Radiation

The power supplies shall meet the following requirements for the radiation 



environment. These values include safety factors of 70 x for the total ionizing dose, 20 x 


for the neutron fluence and 70 x for the protons. 



Definitions:

SEB:
A destructive single event effect called a Single Event Burnout (SEB) is 


known to affect the power MOSFETS in dc-dc converters. To avoid the 


loss of any power modules the estimated SEB cross section will be less 


than 10-15 cm 2 or the cross section, based on the number of MOSFETs 


used in the entire power supply system, which would result in  a 



probability of less than 50% for losing one or more dc- dc converters for 


the simulated fluence of single event particles in the section above.   In 


addition the supply will be immune to single event 
latch up (SEL) for 


both neutrons and protons of 20 MeV or higher.




TID:

Total Integrated Dose




NIEL:

Non-Ionizing Energy Losses




SEE:

Single Event Effects


The power supplies shall operate in a radiation environment.   They shall operate in the following radiation environment, as a minimum, without failure;

	TID   [Gray]
	450

	NIEL [10^12  n/cm^2] 1 MEV equivalent neutrons
	7.7

	SEE   [10^12 p/cm^2 (20MEV)]
	2




4.13.8.1
Brookhaven shall be responsible for performing the radiation resistance 



qualification testing.  The Vendor shall supply appropriate subassemblies 



to BNL during the prototype construction phase for radiation testing.



4.13.8.2            The radiation test protocol will be presented at the FDR by BNL.



4.13.8.3           Separate radiation qualification testing may be required for the 




production units if the lot number of critical components are different 



from those in the prototype units.

4.13.9    Magnetic Field
The power supplies will operates continuously in a magnetic field of 130 Gauss at any load and orientation.   

5

Power Supply  Testing-Factory
The module shall be fully tested at the Vendor's facility to insure complete compliance with this specification. All facilities, instruments, and other equipment shall be provided by the Vendor at his plant for full load test of the power supplies.  Three (3) weeks before these tests the Vendor shall provide the final test procedure to BNL for approval.  Included in this procedure shall be test data sheets and interlock check out lists.  Brookhaven shall witness final testing at the Vendors facility prior to shipment, 

  5.1
The BNL Cognizant Engineer and /or his representative shall have access to the Vendor’s 
facility during fabrication and testing.  The Vendor shall provide the facilities and 
instrumentation at his plant to perform all necessary tests to ensure compliance with all 
parts of the specification. The Vendor shall provide fifteen (15) working days notice in 
advance of the test date so that BNL can make the necessary travel arrangements.
5.2
The testing shall include but not be limited to the specific tests outlined below.  The 
Vendor shall supply a detailed test procedure for individual components, sub-assemblies, 
and the completed power supply to BNL at the final design review for approval (see 
section 6.0 for final procedure requirements). 

    5.3
Records of all tests shall be kept by the Vendor for each item by device serial number in 
the form of traveler sheets.  Copies of all traveler sheets shall be supplied to BNL.


     5.4
Prototype Power Supplies

5.4.1
A Heat run, as well as other performance tests shall be conducted on the 
completed assembled power supply at rated output current.  The Vendor shall install 
thermocouples on or near critical components as designated by the BNL Cognizant 
Engineer and agreed upon at the time of the FDR. The power supplies shall be operated 
continuously under a load acceptable to Brookhaven for a period of 120 hours. Short periods 
of downtime to make measurements or adjustments will be accepted but the total of all such 
downtime shall not exceed one (1) hour.  If the power supplies trip off for a period of time 
greater than one (1) hour the clock shall be reset and the test shall begin again.


5.4.2
During the heat run power supply ripple shall be periodically measured and recorded 
for each voltage section


5.4.3
During the heat run the internal thermistor shall be monitored and recorded as well 
as the additional thermocouples installed specifically for this test.


5.4.4
Each voltage shall be monitored with one module disable to prove the N+1 
redundancy.  The prototype units shall be run for 24 hours with one module of each voltage 
section disabled.  Ripple current and regulation shall be periodically measured. This test is in 
addition to the 120 hour burn in test.
            5.4.5  The water flow in each parallel path and the total flow of water at a known differential pressure shall be measured.  The temperature differential of the water paths shall also be recorded.

         
    5.5        Production Power Supplies

5.5.1
A Heat run, as well as other performance tests shall be conducted on the 
completed assembled power supply at rated output current.  The power supplies shall be 
operated continuously under a load acceptable to Brookhaven for a period of 48 hours. Short 
periods of downtime to make measurements or adjustments will be accepted but the total of 
all such downtime shall not exceed one (1) hour.  If the power supplies trips off for a period 
of time 
greater than one (1) hour the clock shall be reset and the test shall begin again.


5.5.2   During the heat run power supply ripple shall be periodically measured and recorded  
for each voltage section


5.5.3   During the heat run the internal thermistor shall be monitored and recorded.

         
      5.6        Tests to be performed on all units (Production & Prototype)


5.6.1  The correct operation of all interlock and monitoring circuits shall be tested and 
documented before the heat runs begin


5.6.2
The correct functioning of the All Module Good and Bad Modules indication, and 
the Thermistor over temperature device. 


5.6.3
The correct operation of the onboard over-voltage and under-voltage circuitry.


5.6.4
The correct operation of the All Voltage Good indicator 

5.6.5
Voltage isolation between the 280 volt input terminals and the DC output terminal shall be measured.  All DC output terminals shall be connected together and grounded.  A DC voltage of 600 volts shall be applied for one minute between the input power terminals and ground.  Actual leakage current shall be measured and recorded.  It shall be less than 100 microamperes.
5.6.6
Voltage isolation between the 280 volt input terminals and the power supply chassis output terminal shall be measured.  All DC output terminals shall be connected together but left floating with respect to The chassis ground.  The power supply chassis shall be grounded.  A DC voltage of 600 volts shall be applied for one minute between the input power terminal and ground.  Actual leakage current shall be measured and recorded.  It shall be less than 100 microamperes.

5.6.7
 Voltage isolation of the DC output terminals and the power supply chassis.  All output 
 terminals shall be connected together and the chassis shall be grounded.  A DC 
 voltage of 50 volts shall be applied for 1 minute between the power supply output terminals and ground.  Actual leakage current shall be measured and recorded.  It shall be less than 50 microamperes.



5.6.8     The isolation of the DC return line and the chassis shall be measured with a 50 volt 


Ohm meter and it shall be great than 500,000 Ω.


5.6.9
Each voltage in a supply shall be measured at 10%, 25%, 50 %, 80% and 100% of 
designed ratings.  Ripple voltages shall be measured and recorded both before and after the 
heat runs.

5.6.10
Each voltage will be measured with one module disabled 


5.6.11 The current sharing of each module shall be measured after the heat run.


5.6.12 The efficiency of the supply at 80% of its rated output current with N and N+1 
modules.

5.6.13     A hydrostatic pressure test shall be performed on the power supply at a pressure of  50 psi for one half hour.

5.6.14
All interlock protection and status indication circuits of the full system shall be checked for proper operation.  Actual fault conditions shall be induced where possible and control and annunciation shall be checked up to the I/O connections.

             5.6.15
The current sharing between paralleled modules shall be measured and recorded at                 10 %,  
25%, 50%, 80% and 100% rated load.  The balance shall remain within the specified               values.
              5.6.16
The Cognizant BNL Engineer and / or his representative shall witness all the above                   tests. Certified copies of all test data, for each unit, shall be supplied to the Cognizant BNL                Engineer and shall also be included in the instruction manual.
6

Final Acceptance Testing--BNL
For purpose of warranty under an order for these power supplies, final inspection (acceptance) is defined as the successful completion of acceptance tests at either BNL or CERN to substantiate the compliance of the modules with this specification.  Final acceptance of the prototype units shall be completed within three (3) months after receipt of the units at either BNL or CERN.   Final acceptance of production units shall be within one month of delivery to either BNL or CERN.
Final acceptance testing at BNL or CERN  may include all of the following:

          6.1   Repeat of all Factory Tests
6.2
Hi‑pot testing

6.3
Full current heat run (120 hours)
6.4
Interlock, overload and protection circuits

6.5
Power Supply Regulation
6.6
P.S. controls

6.7
Output noise
7
Quality Assurance and the Responsibility of the Vendor

7.1
The Vendor shall furnish a manufacturing plan and acceptance test procedures for approval 
by Brookhaven.  Approval by Brookhaven shall not release the Vendor from his 
responsibility for conceptual design, manufacturing, or any other mistakes committed in the 
fabrication of the rectifier module.

7.2
All purchased articles from subcontractors or manufacturers released for inclusion in this 
power supply shall be clearly identified to indicate conformance to Vendor's receiving 
inspection.

7 All elements of this equipment shall be covered by a guarantee against material and manufacturing faults.  The Vendor shall specify in detail the guarantee period and its provisions in his proposal.  The guarantee period shall be for a period of at least two (2) calendar years from the final acceptance test date.

7.4
These quality assurance requirements are in addition to the following quality assurance 
requirements, which will be found in Brookhaven document BNL‑QA‑101, attached to the 
purchase order. The following sections apply: 1, 2, 3, 3.1.2, 4.1, 4.4, 4.4.1, 4.4.2, 4.5, 4.7, 
4.7.1, 4.10, 4.10.1, 4.10.2, 4.10.3, 4.13, 4.16, 4.18, 4.18.1, 4.18.3, 4.18.4, 4.19, 4.21, 4.26, 
4.34 and 4.39.

7.5
Traveler sheets shall follow each piece of equipment through production.  These sheets shall 
document critical processes and settings for each article and shall serve as a history of its 
production.  Copies of these travelers shall be supplied to Brookhaven.

7.6
Only calibrated test equipment shall be used.  Copies of the test data sheets shall include lists of 
the instruments used to perform the tests and the calibration due date of each instrument.

7.7
The Vendor shall establish those controls and processes necessary to ensure uniformity of all 
deliverable articles.  All controls, inspections, tests and quality provisions established during 
development and pre-production tests shall be indicated on the applicable drawing and shall be 
performed on each deliverable article. 

7.8
All units and parts of the equipment shall be properly packaged and delivered in an 
undamaged condition to either BNL or CERN.  The delivery location shall be determined 
based at the discretion of the BNL Cognizant Engineer.  This 
decision shall be made at the 
time of the FDR.   The Vendor shall list both the price for delivery 
to BNL or to CERN 
in the proposal. 
8
Specification Data Sheets

The following sections contain data sheet sections, which are part of this specification. These include the specification data sheets, specifying performance requirements and the Vendor Data Sheet characterizing the configuration of the equipment to be supplied by the Vendor, which each Vendor will complete as part of their proposal.  It is intended that upon the review of detailed designs and any modified Vendor Data Sheet entries, the Vendor Data Sheets shall become part of this specification.

8.1
POWER SUPPLY DATA SHEET

8.1.1     
Input Voltage …………………………………………….……280 V DC, +10%, -5%
8.1.2     
Input Voltage Ripple…………………………………….…….< 500 mV  p to p

8.1.3     
Input voltage regulation from full load to no load……………..< +/- 5%

8.1.4
Output Voltages / Currents

	Voltage (Volts DC)
	Current (Amps DC)

	6
	100

	11
	20

	7
	16

	6
	150

	4
	130

	-4.25
	180

	-7
	15


8.1.5     
Physical Size………………………………………………….. 15cm X 40cm X 30cm
            8.1.6      
Voltage Regulation, low to high DC input voltage………….…………. +/- 0.5 %
            8.1.7
Voltage Tolerance with Load  (<= 10 % load)…………………………. <= + 20 %






     (80 % load)…………………………….. +/- 0.1 volt





      (100% Load) …………………………...>= - 10%
8.1.8     
Precision of Voltage Set Point (at 80 % load all modules working)…....…- 0%, + 1 %
8.1.9     
Maximum continuous External Magnetic Field
100 Gauss
             8.1.10        Temperature coefficient of voltage…………………………………<0.05 %/ degree C

             8.1.11        Minimum Power Supply Efficiency (at 80% load) ……..…………………….>= 78 %

             8.1.12      
Voltage Ripple for all voltages on resistive load …………<= 10 mV ptop (0-20 MHz)
 8.1.14     
Current Balance between paralleled modules……………………………………5%
              8.1.15     
Voltage regulation, Line…………………………… ( 0.5%, low line to high line

             8.1.16     Voltage regulation, Load…………….…………….……..….. +20 % at 10% Load 






……………………….……..+/- 0.1 Volt at 80% Load






    …………………………..……-10 % at 100% Load

 8.1.17
Ambient Air Temperature
0 to 40  °C

 8.1.18
Maximum Inlet Water Temperature
30  °C

 8.1.19
Maximum Inlet Water Pressure………………………………………………. 15 psi

 8.1.20
Maximum differential water pressure
5  psi

 8.1.21
Nominal Water Flow
0.5  GPM

 8.1.22
Water Resistivity
2 Meg Ohm-CM

 8.1.23
Maximum Humidity………………………………………....95 % (non-condensing)

 8.1.24
Electrical Load 
	Voltage (Volts DC)
	Current (Amps DC)
	Resistance
	Shunt Capacitance

	6
	100
	0.06 Ω
	2220 uf

	11
	20
	0.5 Ω
	1620 uf

	7
	16
	0.44 Ω
	1620 uf

	6
	150
	0.04 Ω
	2820 uf

	4
	130
	0.031 Ω
	2820 uf

	-4.25
	180
	0.022 Ω
	1920 uf

	-7
	15
	0.47 Ω
	1620 uf


 8.1.25      Input to Output- Isolation……………………………………………..100 ua at 600 Volts

8.1.26      Input to Ground Isolation…………………………………………….100 ua at 600 Volts

8.1.27      Output to Ground Isolation…………………………………………....50 ua at 50 Volts
8.1.28       Expect MTBF……………………………………………………….5.0 X 10^5 hours


(a failure is defined as a fault which causes a voltage section to go off-line)
VENDOR DATA SHEET
The information requested on this sheet shall be supplied with all proposals for Specification Phy-XXX
I    
Power Supply Documentation

       
preliminary drawings

      
block diagram

       
explanation of operation

      
detailed preliminary design and production schedule


details of why this is a radiation hardened power supply
II
Est. Dimensions (H x W x L)…….._____________________ 

III
Estimated heat load to environment (worse case both N and N+1 condition) 


           (ambient air=20 degrees C, water=18 degrees C, flow=0.5 gpm)



air…………………………______________________



water………………………______________________

IV.
Estimated Temperature Rise of Power Supply Case………….___________________

V.
Water Requirements



general cooling water expected requirements



water flow (gph)…………._______________________



quality of water……………_______________________



conductivity of water………_______________________

VI     
Expected Delivery Time ARO (two prototypes)..............______________________

VII          Expected delivery of Production Units after

 


acceptance of
Prototypes………………._______________________

VIII
Expected  MTBF ………………………………………..________________________

IX   
Detailed list of Vendor's experience with similar modules, including ratings, equipment delivered, dates shipped, radiation environments, and appropriate references.

 X   
Exceptions

[image: image3.emf]
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