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1.0 STATEMENT OF WORK

1.1 General Overview

Jefferson Lab, a USDOE Nuclear Physics research facility located in Newport News, VA has a requirement for five (5) DC systems for superconducting magnets.  These five magnets are the magnetic elements of an 11 GeV/c nuclear particle spectrometer with momentum resolution better than 10-3.  This spectrometer known as the Super High Momentum Spectrometer (SHMS) is being built as part of the Jefferson Lab energy upgrade from 6 GeV to 12 GeV and will be located in an existing experimental facility known as Jefferson Lab Hall C.  The SHMS will be the companion to the existing 7.5 GeV/c spectrometer known as the High Momentum Spectrometer (HMS), also superconducting.  All the HMS superconducting magnets were obtained from commercial sources via fixed price competitive contracts from world sources and Jefferson Lab intends to use a similar method for construction of the SHMS magnets.  This specification covers the five SHMS superconducting magnet DC power systems.  Jefferson Lab has the intention of placing a common order for all five DC power systems from a single source so that commonality of parts, controls software and maintenance can be maintained.
1.2 Scope of Work

This specification covers the design, manufacture, assembly, testing, and delivery of five superconducting magnet DC power systems.  
1.2.1 The subcontractor shall, unless otherwise noted, furnish all labor, materials, equipment and facilities to design, fabricate and test five DC power systems in accordance with this specification.
1.2.2 The subcontractor shall perform the testing at their facility in accordance with this specification.  
1.2.3 The subcontractor shall supply all documentation required in this specification.

1.2.4 The subcontractor shall provide a design review documentation package to Jefferson Lab or, at Jefferson Lab’s request, host a design review at the subcontractor’s facility. Jefferson Lab staff travel expenses related to inspections, testing and design reviews is Jefferson Lab’s responsibility.
1.3 Responsibility

1.3.1 The subcontractor shall furnish all labor, equipment and materials, and perform all work necessary, to design, prepare drawings and manuals, manufacture, assemble, prepare test procedures, factory test, prepare, pack and load for shipment, and deliver with any and all customs fees paid, F.O.B., Jefferson Lab, 12000 Jefferson Ave. Newport News, Virginia 23606  the power supplies described here.
1.3.2 Jefferson Lab will apply for duty free entry for the five DC Power Systems thru the Norfolk Virginia Port of Entry. Jefferson Lab has been successful in the past in obtaining duty free entry but Jefferson Lab cannot guaranty that duty free entry will always be available. The offeror shall include in their offer as a separate line item the estimated customs duties and fees associated with this contract until such time that Jefferson Lab can obtain the duty free entry.
1.3.3
Jefferson Lab will appoint a technical representative authorized to interact with the subcontractor.  The Jefferson Lab Technical Representative for the SHMS Magnet DC Power Supply subcontract will be a Jefferson Lab staff engineer with extensive expertise and experience in all aspects of superconducting magnet design and technology.  Jefferson Lab reserves the right to appoint an Alternate Technical Representative to cover occasions when the Technical Representative is unavailable.  Jefferson Lab reserves the right to change the individual designated as Technical Representative.  Jefferson Lab reserves the right to send additional support personnel along with the Technical Representative to any function.  The Jefferson Lab Technical Representative will review and approve all required documentation, make all witness inspections, attend the design review (if applicable), approve all milestones and other submittals and deliverables required by the SHMS Magnet DC Power Supply subcontract.
1.3.4
Any aspects of the DC power supply systems which are not covered explicitly by this specification, but which are obviously necessary to meet the requirements shall be furnished by the subcontractor.  In the event of an oversight and/or apparent error in this specification, the subcontractor shall notify the Jefferson Lab Technical Representative for clarification/correction before proceeding with the aspect in question.
1.4 SHMS Magnet and Energy Dump Specification Summary
Table 1-1 provides a summary of the SHMS Magnet specifications for reference that are relevant to the SHMS DC power system requirements and the DC Power System Energy Dump Specifications.
Table 1-1. SHMS Magnet / DC Power System Energy Dump Specifications
	DC Power System
	Magnet
	Maximum

Current
	Inductance
	Stored

Energy
	Nominal

Dump Voltage
	Discharge Resistance

	# 1
	HB Dipole
	+/- 4420 A
	0.026 H
	0.254 MJ
	180 V
	0.040 Ohm

	# 2
	Q1 Quad
	+/- 3183 A
	0.124 H
	0.628 MJ
	200 V
	0.063 Ohm

	# 3
	Q2 Quad
	+/- 5130 A
	0.766 H
	9.87   MJ
	210 V
	0.040 Ohm

	# 4
	Q3 Quad
	+/- 3900 A
	0.766 H
	9.87   MJ
	160 V
	0.040 Ohm

	# 5
	Dipole
	+/- 4475 A
	1.81   H
	18.1   MJ
	180 V
	0.040 Ohm


1.5 Delivery

Delivery shall be made to Thomas Jefferson National Accelerator Facility, Shipping and Receiving, 12000 Jefferson Avenue, Newport News, Virginia 23606.  The subcontractor shall be responsible for all delivery arrangements from the subcontractors fabrication facility to Jefferson Lab  including shipping fixtures, special custom fabricated lifting devices, lifting points, crating, packing, weather proofing and sea proofing and protection, customs clearance, customs duties paid in full( see section 1.3.2) and local transportation costs to Jefferson Lab Shipping and Receiving.

Fasteners, lifting devices, etc used in the delivery must meet the requirements of the applicable standards and are subject to the provisions of DOE Order 414.1C, section 4, DOE-WIDE SUSPECT/COUNTERFEIT ITEM PREVENTION PROCESS
1.6 Applicable Codes and Safety Standards

The subcontractor shall assume full responsibility for the power supply to conform to the best engineering and manufacturing practices.  In all respects, except where specifically mentioned otherwise, equipment shall conform to, and electrical tests shall be conducted in accordance with, the latest applicable standards of: 

1.6.1
National Electrical Manufacturers Associations (NEMA)
· NEMA Standards for Electrical Control 1C1-1954, latest revision, 155 East 44th St., N.Y., N.Y., which shall constitute the minimum acceptable standards.

1.6.2
National Electric Code

· All electrical equipment shall conform to the latest standards of the National Electric Code.
1.6.3
Institute of Electrical and Electronics Engineers (IEEE)

· All electrical equipment shall conform to the latest standards of the Institute of Electrical and Electronics Engineers (IEEE).
1.6.4 ASME Code for Pressure Piping, B31
· B31.3 Process Piping

· B31.9 Building Services Piping

· ASME Section VIII, Materials
· ASME Section IX, welding
1.6.5
Miscellaneous ASME Codes
· Y14.5 Dimensioning and Tolerancing

· B16.9 Factory Made Wrought Steel Butt Welding Fittings

· B36.19 Stainless Steel Pipe

· B46.1 Surface Texture

Note:
All fittings incorporated in this delivery shall be marked “WP”. “CR” fittings (SP-43) and “TR” fittings shall not be incorporated in this delivery.

1.6.6
American Welding Society

· AWS A 2.4 Standard Symbols for Welding, Brazing and Nondestructive Testing

· AWS A5.9 Corrosion-Resisting Chromium and Chromium-Nickel Steel Bare and Composite Metal Cored and Standard Welding Electrode and Welding Rods

· AWS C5.2 Recommended Practices for Plasma Arc Cutting

· AWS D10.4 Recommended Practice for Welding Chromium Nickel Stainless Steel Piping and Tubing

1.6.7
American Conference of Governmental Industrial Hygienists
· Pamphlet ISBN: 0-93712-34-1 “Threshold Limit Values for Chemical Substances and Physical Agents in Work Room Environment
2.0
DC SYSTEM REQUIREMENTS

The five DC Systems shall have integral and automatic polarity switches, quench detection, energy dump resistors and energy dump switches, DCCT current transductors, NMR field regulation compatible with Metrolab NMR and a separate rack mounted computer control including ramp up/down, interlocks, data display with local or remote capability and cabling up to 60 feet long between the main DC Power System and the remote rack mount computer control module. The separate computer control shall be compatible with a standard 24 inch electronics rack and all five computer control racks shall fit into a single 24 inch rack 36 inches deep with height not to exceed 84 inches. Face rack or drawer mount may be used. The offeror shall describe their approach to this requirement with their offer and shall include confirmation of space and mounting, maximum distance from the DC Power System main frame to the separate computer control rack( see figure 5 for general layout of DC power System Equipment). Remote control shall be via RS232 interface. Remote control commands, protocols and data shall be in accordance with Section 9.0 of this Specification
3.0 DC POWER SUPPLY DESIGN REQUIREMENTS

The DC power supply specifications are provided below in Table 3-1.
Table 3-1 DC Power Supply Specifications

	DC Power Supply Description
	Specification

	Output Current/voltage HB magnet


	4500 Amps / +/- 6 VDC

	Output Current/voltage Q1 magnet
	3300 Amps / +/- 6 VDC

	Output Current/voltage Q2 magnet
	5200 Amps / +/- 6 VDC

	Output Current/voltage Q3 magnet
	4000 Amps / +/- 6 VDC

	Output Current/voltage Dipole magnet

 
	4600 Amps / +/- 6 VDC

	Ramp Rate    



	+/- 5 A/sec nominal

	Drift (30 min.)  


	+/- 5 PPM

	Drift (8 HR.)     


	+/- 10 PPM

	PARD                       


	5 mV + 0.01% V out

	Line regulation         


	10 PPM

	Load regulation         


	10 PPM

	NMR field stabilization    

	1 Micro Tesla lock in

	Current resolution        

	4 PPM

	Absolute accuracy      


	<100 PPM

	Temperature stability     

	0.2 PPM/degree C

	Supply Voltage          


	480 V 3 phase 60 Hz.

	Cooling (AIR)               

	5-38 C

	Cooling (Water)            

	15-35 C

	Pressure                         

	300 PSI

	Test Pressure                 

	450 PSI

	Ground Isolation            

	1 MegOhm


4.0 PHYSICAL REQUIREMENTS
The space available for the DC systems is limited due to the use of an existing facility for the new SC magnet spectrometer.  The preferred footprint for the DC systems is 3 standard (19 inch panel) racks with a maximum of 4 standard racks allowable. The racks may be up to 36 inches deep.  A custom enclosure is not required but would be acceptable.  Photos of existing power supplies for color reference can be furnished in the future. The Separate DC Power System computer control rack mounts shall fit into a single 24 inch rack not more than 84 inches high.
5.0
POLARITY SWITCH REQUIREMENTS
The DC system shall be capable of operating in both polarities and be capable of switching polarity automatically from a single command. The polarity switch sequence upon command shall be acknowledge command, auto ramp down, verification of zero current, polarity switch reversal, automatic ramp up and confirmation sequence complete.  There shall be interlocks and appropriate time delays to prevent the polarity switch from interrupting the DC circuit thru the superconducting magnets while current is still present in the SC magnet. This zero current interlock shall be determined to within an accuracy of 50 milliamps or less.

6.0
NMR/HALL FIELD REGULATION REQUIRMENTS
The DC systems are required to have a field regulation mode of operation.  Currently Jefferson Lab uses Metrolab NMR Tesla meters for spectrometer Dipole magnets and Hall field measurements for quadrupoles.  The DC system field regulation shall be capable of operating with either a NMR Teslameter or a Hall Teslameter. 
7.0
QUENCH DETECTION
An integral superconducting (SC) magnet quench detection unit is required that is capable of detecting over voltage conditions in the SC magnet coils and in the vapor cooled current leads.  The detection threshold shall be adjustable over a range of 2 milli-volts to 2 volts.  The quench detection unit shall trigger a DC system fast magnet current ramp down energy dump circuit via a direct analogue interlock.  This interlock shall be remotely resettable.  The quench detection unit shall have four dual channels.

8.0
ENERGY DUMP REQUIREMENTS
The DC system shall have an energy dump full load switch and an energy dump resistor that is capable of removing the magnets’ stored energy with a nominal magnet discharge voltage of 200 V.  The energy dump resistor shall be temperature monitored and interlocked to prevent over temperature conditions resulting from water coolant failure or repeated magnet discharges.  The energy dump switch shall be remotely resettable.  The energy dump circuit shall be designed to prevent current flow through the dump circuit during normal magnet operation. Table 1-1 contains the voltage resistance and energy requirements for the DC system Energy Dump.
9.0 DC SYSTEM CONTROL REQUIREMENTS
The DC system shall be controllable via a remote RS232 interface or from a front panel.  The front panel shall have control devices to set current, ramp rate, over current limit, display and reset interlocks and data displays for current, voltage, temperatures and DC system data. There shall be a local remote switch that cannot be remotely over rode.  All power supply control functions and data shall be available remotely.  Automatic current ramp up/down control, fast dump/panic switch, power supply on/off and main power on/off are required, automatic remote polarity change, manual slow discharge and automatic remote reset of all interlocks.  A lockable AC switch is required that is compatible with the requirements of Jefferson Lab’s lock out and tag out procedures.

9.1       DC Power System Remote Control Command Requirements

The DC Power Systems Remote Control Commands and data stream shall conform to the following command protocols, language, syntax and data stream requirements.

9.1.1    Software Controls and Interlocks

ASCII Communication: RS 232c using a D-sub female 25 pin connector. 

A parallel remote control through an Ethernet interface may also be provided.

Two ASCII communication links galvanically isolated from all other internal voltages but may share the same supply voltage:

A remote line

A local Line

RS232C   DB25S

Pin No     Signal

2             Tx

3             Rx

7             Return

Rs232c parameters shall be configured by means of software or switches, to include 

Baud rate, number of data bits, stop bits, parity and protocol settings.

RS232 settings that should be achieved through switches.

Baud Rate:

Data Bits
Parity
Odd/Even
Stop Bits

1,200


7

on
odd

1

2,400


8

off
even

1.5

9,600







2

38,400

57,600

76,800

115,200

Switches for cold boot settings

Command Strings for all Power Supplies: all commands shall be delimited by a carriage return character, <CR>

Commands shall be processed at a rate up to 200 commands a second.

(X represents a number from 0 to 9)

9.2.2   Minimum Set of Commands 

PSU Command

Description                                      

AD x


Reads the ADC channel (up to 16 channels)

ADR


Reads the address of the MPS

ADR XXX 

Writes an address to the MPS

ASW


Auto answer mode enabled

CLOCK


Reads the current time

CLOCK xx,xx,xx,xx,xx,xxxx
Sets the clock

CMD


Read current control mode

CMDSTATE

Reads current control state

DA XXXXXX

Writes a value to DAC

ERRC


Coded error messages

ERRT


Text string error messages

F


Main Power OFF

F1


Aux-1 output line off

GOFF


Global OFF

LOC


Change to local control

LOCK


Lock the MPS in Local control

N


Main Power ON

N1


Aux-1 output line on

NASW


No answer mode

NERR


No error message

PO 


Polarity Status

PO -


Change Polarity to negative

PO +


Change Polarity to positive

PRINT


Returns internal information

R(x)


Read slew DAC 1 or 2

RA


Read the set value

REM


Change control to remote

RLOCK


Remote line only

RS


Reset Interlocks

S1


Read the internal status of 24 statuses (Special Output Format See below)

S3


Read the internal 16 extended status (Special Output Format See below)

S1FIRST

Read the first interlock status

S1TIME

Read the time of the first interlock

SOFF


Slow Off (OFF Command by an WA 000000)

TD


Test DAC Function

TYPE


Type of AD in use

UNLOCK

Unlock the MPS

VER


Reports software version

W(x)


Write slew DAC 1 or 2

W3 ####.###

Write slew DAC 1 absolute

WA ####.###

Write a set value to DAC

9.1.3   Table of status for S1 Command

S1 shall return 24 characters in one string; character will be either a “.” to indict no fault or zero, or “!” to indict fault or 1.

Character No.        

Description                            

1 Main Power off

2 Polarity Normal

3 Polarity reverse

4 Regulation Transformer <>0

5 DAC16

6 DAC17

7 !=%, .=Amps and Volts

8 Spare Interlock

9 One Transistor Fault

10 Sum Interlock

11 DC Overload (OCP)

12 DC Overload

13 Regulation Module failure

14 Pre-Regulator failure

15 Phase Failure

16 MPS Water flow failure

17 Earth Leakage Failure

18 Thermal Breakage / Fuses

19 MPS Over temperature

20 Panic Button / Door Switch

21 Magnet Water flow failure

22 Magnet Over temperature

23 MPS not Ready

24 Spare

9.1.4   Table of status for S3 Command

S3 shall return 216characters in one string; character will be either a “.” to indict zero or no fault, or “!” to indict fault or 1.

Character No.        

Description                            

1 Optional External Input 1

2 Optional External Input 2

3 Optional External Input 3

4 Optional External Input 4

5 Spare Input 3

6 Spare Input 4

7 Spare Input 1

8 Spare input 2

9 Battery Low

10 Polarity switch enabled

11 Status of test port

12 DC Overload

13 Not used

14 Not used

15 Not used

16 Not used

9.1.5   Hardware Controls and Interlocks

Hardware interlocks/controls to the PSU shall consist of the following

Description



Wires

Type of signal     
Action         

Quench detector fast ramp down
2   

Contact closure
Fast Ramp down

Fast Discharge



2 

Contact closure
Fast Ramp down

Energy Dump status


2 

Contact closure 
Fast Ramp down

Control PLC Status


2 

Contact closure 
Fast Ramp down

Slow discharge


2

Contact closure
Slow discharge

Remote PSU CPU reset

2 

Contact closure 
Hard reset of CPU

NMR Field Control

BNC Coaxial
       0 to +/- 20mA signal   
Error signal to DAC

Dump Reset



2

Contact closure
Remote reset of dump

9.1.6    Control Signals from The PSU to the PLC shall consist of the following

Description



Wires

Type of signal        

480 VAC Breaker ON


2
            Contact closure

Main Power On


2   

Contact closure



Interlock Sum



2 

Contact closure


MPS Ready Indictor


2

Contact closure

Dump Switch status


2

Contact closure

Quench Detector


11

Status Signals, Contact closure

Quench Detector


3

NO, Common, NC 

Quench Detector


2

Reset, Contact closure

Aux Current Output Signal

2

Voltage Output 0 to 10V 








Corresponding to 0 to100% of ADC

10.0 OVERCURRENT PROTECTION
A front panel analog over current interlock shall be available and be capable of screwdriver adjustment from 10 % to 100 % of full current.  A digital adjustable over current limit shall be available that is capable of limiting the current from 10 % to 100 % of full current.  A 110 % safety interlock over current limit that uses a separate independent DCCT shall be provided.

11.0 GROUND ISOLATION DETECTION
Ground fault isolation of 1 Meg Ohm is required.  A ground fault detector interlock is required.

12.0 COOLING HARDWARE & PRESSURE SAFETY REQUIREMENTS
The DC power supplies shall be water cooled.  Jefferson Lab has a closed-loop Low 

Conductivity Water (LCW) system with the following specifications available to 

supply cooling water to these DC Power Systems. 

 Water Temperature: 35 ± 2 degrees C. 

 Inlet Pressure: 250 ± 10 PSIG.
 Return Pressure: 80 ± 5 PSIG. 

 Conductivity: 2 megohm/ cm. (typical)
 PH Range: 6.0 - 6.8 

 Typical flow rate: 50 GPM (5000A/6VDC)
 Outlet water temp: Not to exceed 50 deg C. 

 Maximum Water Velocity: 10 feet per second 

For metals in contact with the LCW, only brass, copper, and stainless steel may be used.  Aluminum, iron, and steel, whether plated or not, may not be used.  Nickel-plated brass is not recommended. 

Hoses shall be rated for a working pressure of 400 PSI minimum.  They shall be manufactured of a material known to have a minimum life expectancy of 5 years under similar usage.  Hoses, fittings, and sensors shall be rated to withstand a minimum of two times the nominal inlet pressure to provide allowance for pressure transients, such as water hammers.  Hoses shall be secured using barbed-fittings augmented by stainless steel clamp rings. 

Water cooling lines and fittings shall be located and where necessary guarded, so as to minimize the likelihood that a leaking line or fitting will cause damage to electrical or electronic components.  Where possible, water connections shall be at the bottom of the enclosure. 

An external flow monitor shall monitor water flow and drop out a 24 volt contact in the case of underflow.  The contact closure is an interlock to be monitored by the micro-processor.  The power supply must shut off in the event of a water flow interlock failure and the status returned to the remote monitoring interface and front panel display. 

Each parallel water cooling path shall have Klixon™-type over-temperature 

sensors mounted on the outlet end of the water circuit. 

Jefferson Lab requires measures to be implemented for pressure safety.  Because the power supplies include water-cooled systems that will be pressurized beyond 15 PSIG, the water-cooled systems shall be considered pressure systems and as such must conform to the ASME Code for Pressure Piping B31.  Pressure system identification (identification number to be supplied by Jefferson Lab) shall be required on documentation and equipment.
Vendors shall include in their proposals measures/procedures that demonstrate 

compliance with these requirements. 

Documentation supporting these requirements for all pressure components shall be included with each power supply shipped and shall include materials certifications, braze procedures and inspection reports, qualification of individuals performing brazing, component pressure rating or certification, inspection and test reports.
13.0 ADDITIONAL SAFETY REQUIREMENTS

The DC system shall be constructed and insulated such that there are no exposed 480 Volt AC terminals or contacts or devices.  The DC system shall be constructed such that when the AC disconnect switch is opened and locked out such that there are no exposed 480 Volt surfaces within the power supply when the doors are opened.
There shall be a 480 Volt AC phase meter capable of verifying the presence or confirming the absence of the 480 Volt 3 phase voltage within the DC system enclosure.

All DC system doors and access panel shall be interlocked through the DC Power System internal computer control.
14.0 PERFORMANCE TESTING

14.1 Pre-shipment Test Procedures- witness testing of DC systems 1 &2
14.1.1 Testing of all DC Power Systems at the subcontractor’s factory is required to validate the performance and compliance to specifications of the power supply design. Jefferson Lab will witness the factory testing of DC Power Systems 1 &2.
14.1.2 The subcontractor shall notify the Jefferson Lab Technical Representative at least twenty (20) working days before any such performance tests, so that a Jefferson Lab representative may be present when the tests are conducted.
14.1.3 The subcontractor shall supply copies of the Test Data Sheets to Jefferson Lab for inspection and approval.  In the event Jefferson Lab elects not to witness the testing, Test Data Sheets shall be sent to the Jefferson Lab Technical Representative and will be approved or disapproved by the Jefferson Lab Technical Representative within ten (10) calendar days after receipt.
14.1.4 Approval of pre-shipment test results and authorization to ship does not constitute final acceptance of the First Article or its design by Jefferson Lab.  It remains the subcontractor’s responsibility to provide a DC Power System which meets all of the requirements of this specification to be demonstrated at Jefferson lab with a superconducting magnet. 
14.2 Pre-shipment Test Procedures- systems 3, 4 &5
Before shipment, the subcontractor shall conduct performance tests on each assembled DC Power System to insure that the equipment is in full compliance with the requirements of this specification. Jefferson may elect to witness the tests for DC systems 3,4 and 5
14.2.1 The subcontractor shall submit to the Jefferson Lab Technical Representative a complete Performance Test Report for the power supply within fifteen (15) calendar days after completion of the performance testing. This report must be approved by and authorization received from the Jefferson Lab Technical Representative before the power supply is shipped to Jefferson Lab. Jefferson Lab may elect to witness any or all factory tests. Advance notice of testing at least 20 days in advance is requested.
14.2.2 Approval of pre-shipment test results and authorization to ship does not constitute final acceptance of the unit by Jefferson Lab.  It remains the subcontractor’s responsibility to provide a DC Power System which meets all of the requirements of this specification to be demonstrated at Jefferson lab with a superconducting magnet. 
14.3 Final Acceptance Test Procedures
14.3.1 Final Acceptance Testing for all units will occur after the DC Power Systems have been delivered to Jefferson Lab and the DC Power System has been successfully tested by Jefferson Lab with a superconducting magnet and found to be in compliance with the requirements of this specification.
14.3.2 Preliminary documentation will be required in order to test units as they arrive at Jefferson Lab.  With the First Article unit, the subcontractor shall include one copy of a Preliminary Installation Manual and a Preliminary Operating and Troubleshooting Manual which shall provide all necessary information required by Jefferson Lab for the proper installation, operation, and remote programming of the unit.  This preliminary information must be sufficient in scope to permit installation and testing of the supply by Jefferson Lab personnel.
14.3.3 Final Acceptance Testing will be accomplished within thirty (30) calendar days after receipt of each unit at Jefferson Lab.  If a power supply fails initial acceptance testing, the subcontractor will be notified of the outstanding deficiencies within this time.  Payment for any such unit will not be made until it has been repaired or modified by the subcontractor and has successfully passed the Acceptance Testing procedure.
15.0 QUALITY ASSURANCE PROGRAM REQUIREMENTS

The subcontractor shall operate under an approved quality assurance (QA) program.  Documentation of this QA program with an effective date prior to the date of this specification shall be presented with the proposal.  The offeror shall present a list of similar scope DC power supply projects that were completed while the offeror was operating under this QA program.  This list shall include the contract name and a brief description, the customer and a customer technical contact, the contract value and the dates of start and completion.
The offeror shall have written procedures under the QA program that cover at least all of the below items.  This QA process and procedure shall be described in a written manual or plan and shall be subject to review and approval by the Jefferson Lab Technical Representative prior to award of contract.  

15.1 Organization
The offeror’s organization, to be represented on an organizational chart, shall demonstrate that personnel responsible for quality assurance shall have sufficient authority and independence to identify quality problems, verify conformance of supplied items to specified requirements, control nonconformance and obtain satisfactory resolution of conflicts involving quality.

15.2 Scope of Quality Assurance Activity

The offeror shall demonstrate that the Quality Assurance Program will be effective in all phases of the project.  This shall include design, procurement, manufacturing, inspection, installation and test.  There shall be hold points in the subcontractor’s manufacturing plan for required witness inspections and a minimum of 10 days notice is required for all witness inspections.
15.3 Procurement Control

The offeror shall prepare a manufacturing plan that will include milestones.  This plan shall demonstrate the offeror’s ability to meet the schedule required by Jefferson Lab.  This plan shall require Jefferson Lab approval prior to award of contract.  This plan must address the specific materials inventory control and traceability by the ASME B31 requirements of this specification.
15.4 Document Control

The subcontractor’s Quality Assurance Program shall provide for a system of distribution and control of approved engineering and procurement documents (including specifications, drawings, CAD files, procedures, purchase orders, and other critical documents) as well as changes thereto.  Such a system shall provide for control of superseded or voided documents by such means as recall, clearly marking as “VOID”, or other effective means of assuring that superseded documents are not inadvertently used.

16.0 MILESTONES
16.1 Design Review and Design Documentation Milestones
A DC Power System Design Report is due 3 months after award. The Design Report will be approved, approved with comments to be resolved or rejected/returned for rework by the Jefferson Lab Contract Technical Representative within 30 days. The contractor may request or Jefferson Lab may require a Design Review meeting at the contractor’s facility.
Documents shall include system level drawings for the power supply with major elements shown, separate drawings of all major sub systems, boards and integrated components and calculations of sufficient detail to be able to evaluate the design and performance of the supplies.  A table listing electrical parameters is required for this design review showing compliance with requirements set forth in this specification
16.2 Factory Testing Milestones
Factory Acceptance testing of DC Power Systems 1 & 2 are due 18 months after award. The Jefferson lab Technical Representative shall witness the factory test of DC Systems 1 &2. Sufficient notice of 20 working days is required to schedule the witness testing of DC Power Systems 1 & 2. Jefferson Lab may elect to witness the factory acceptance testing on all five DC Power Systems. The subcontractor shall test all the DC Power Systems in accordance with the requirements of this Specification and the contractors written test plan. Jefferson Lab will review test data and approve and accept for shipment upon completion of the witnessed factory acceptance tests. Non witnessed test will be approved and accepted for shipment within 10 working days of receipt of a test report(s).

16.3 Acceptance Testing at Jefferson Lab with Superconducting Magnets

  Jefferson Lab and the contractor will repeat all acceptance tests at Jefferson Lab with large inductance superconducting magnets after delivery. These acceptance tests at Jefferson Lab will demonstrate all the requirements of this Specification including proper DC system operation, ramp up and down to full current, demonstration and confirmation of regulation and stability, NMR field lock, detection of a simulated quench, fast discharge from maximum current, automatic polarity reversal and testing of all interlocks. Jefferson Lab will review test data and either approve accepted or conditional approval with a punch list within 5 days of completion of acceptance tests at Jefferson Lab and receipt of test report(s).
16.4 Required Documentation
The subcontractor shall submit to the Jefferson Lab Technical Representative for approval all documentation or evidence of milestone completion. 
 This documentation is to include items such as, but not limited to, material test               reports for traceability, welding documentation such as welding procedure                         specifications, welding procedure qualification records and welding                         personnel qualifications, welding inspections including NDE reports and                         leak testing if applicable.
Power supply documentation shall be furnished in both hard copy and electronic file format.  The subcontractor shall furnish four (4 ea.) hard copies of an Installation Manual, Operating Manual, Troubleshooting Manual, and Final Drawing Set.  Word or PDF files shall be furnished on CD’s or flash drives.  Schematics and other drawings shall be furnished in Auto CAD dwg format or in DXF format on CD’s or flash drives.  Microprocessor software documentation shall include the source code and Program Memory listings on CD’s or flash drives.  All drawing annotations, text, tables and other documentation shall be written in English. 

The Installation, Operating and Trouble Shooting Manuals shall provide information about power supply installation, maintenance, typical adjustments, trouble shooting procedures, typical voltages and currents and detailed parts lists. 

16.5.1
Installation Manual 

The Installation Manual shall contain information pertinent to unpacking and initial mechanical installation and electrical hookup. 

16.5.2
Operating Manual 

The Operating Manual shall include at least the following: 

1. A detailed theory of operation which fully describes circuit operation on a stage-by-stage basis, including plots showing control loop gain and phase versus frequency. 

2. Recommended test procedures. 

3. Normal wave forms to be expected. 

4. Recommended routine maintenance procedures. 

5. Parts list with subcontractor’s type numbers. 

6. Data sheets for power converters and heat sinks. 

7. Data sheets for semiconductors. 

8. Recommended maintenance procedures. 

9. Typical adjustments. 

16.5.3
Troubleshooting Manual 

The Troubleshooting Manual shall contain detailed information about trouble shooting the power supply along with calibration and adjustment procedures that may be required.  It is assumed that the subcontractor is expert in diagnosing and fixing these power supplies so as much information as possible should be included so that the supplies may be quickly fixed when problems occur.  Procedures detailing replacement processes of major components shall be included.
16.5.4
Final Drawing Set 

The Final Drawing Set shall include the following: 

a.
All schematics with component values 

b.
Interconnecting diagrams with all wire numbers, terminal block numbers, wire colors as used, plug types and pin numbers. 

c.
Required external connections, test points, outline dimensions. 

d.
Mechanical drawings of all assemblies and sub-assemblies within the power supply. 

e.
A detailed electrical parts list shall be included in the final drawing set. This parts list must show the part numbers of the subcontractor who originally produced the components 

Each plug, terminal block, connector shall have a unique number.  The Final Drawing Set shall be such that a technician can trace and follow each wire.  Detailed drawings of mechanical subassemblies are not required. 

Sketches will not be accepted as final drawings.  No compromise on the condition of the final drawings will be accepted.  It is not acceptable to obscure the original parts markings and replace them with proprietary markings. 

16.5.5
 Recommended spare parts 

Subcontractor shall furnish a list of recommended spare parts and pertaining manufacturer and part numbers. 

16.5 Approval of Documentation and Milestones
The Jefferson Lab Technical Representative shall respond within 15 days either approval, conditional approval with changes, or disapproval.

16.6 Monthly Progress Reports
On a monthly basis, the subcontractor shall provide to the Jefferson Lab Technical Representative a brief narrative progress report and an updated project schedule that indicates activities started and progress, activities complete. Activities late and corrective action required and any schedule changes.

16.7 Schedule Modification and Changes
16.7.1 Offerors shall include a milestone schedule with their proposal. The successful offeror’s schedule shall be used as the contract schedule.

16.7.2 Subcontractors may propose contract schedule changes for Jefferson Lab approval.
17.0 Fabrication, Test and Delivery Milestones
The following table lists the proposed milestones and deliverables relating to the fabrication of the SHMS DC Power Systems.  Payments or a payment schedule related to milestone events and in accordance with JSA Clause 120 Milestone Payments and JSA 203(g) First Article Testing stated in TC-2 may be proposed.
Table 17-1 Fabrication Milestones and Deliverables DC Power Systems
	Mile-stone Number
	Milestone
	Months ARO  
	Deliverables

	F-1
	Design Documentation
	3  mo
	Design Report to JLAB

	F-2
	Design Review by JLAB
	4 mo
	JLAB Approval

	F-3
	Design Complete
	6 mo
	 Report

	F-4
	Materials for DC #1 and #2 ordered
	7 mo
	Report

	F-5
	Fabrication of DC #1 and #2 start
	9 mo
	Report

	F-6
	DC System #1 and #2 complete
	18 mo
	 Report and notice of Factory Test

	F-7
	Factory Test DC system, #1 and #2
	19 mo
	Witness Inspection 

	F-8
	DC System #1 and #2 shipped
	20 mo
	Report – shipping and customs notice

	F-9
	DC Systems #1 and #2 arrival
	21 mo
	Report-arrival Inspection

	F-10
	DC Systems  #1 and #2 Acceptance test at JLAB
	14 mo
	Final Inspection report for test of DC systems #1 and #2

	F-11
	Materials for DC #3,4 &5 ordered
	17 mo
	Report

	F-12
	Fabrication Start for DC systems #3,4 & 5
	20 mo
	Report

	F-13
	Fabrication of DC systems  # 3,4&5 Complete
	32 mo
	Report

	F-14
	DC Systems #3,4 &5 shipping notice
	33 mo
	Report- shipping and customs notice

	F-15
	DC Systems #3,4 &5 arrival inspection
	34 mo
	Report

	F-16
	DC Systems  #3,4 & 5 Acceptance Tests at JLAB Complete
	35 mo
	Final Inspection and Acceptance test report

	F-17
	DC Systems final design documentation  Complete
	36 mo
	Documents for JLAB approval 


18.0 Jefferson Lab Drawings and Figures

Figure 1 SHMS General Arrangement for DC Power Systems
Figure 2 Typical 3 rack DC system
Figure 3 Typical 4 rack DC system
Figure 4 DC system general top level circuit diagram
Figure 5 Layout of separate DC system computer control rack
19.0 Jefferson Documents Applicable to this Specification

Supporting Documents

A. Jefferson Lab Electrical Safety requirements for custom fabricated system
B. Jefferson Lockout  and Tagout electrical safety procedures and requirements
C. ES&H Manual Chapter 3410 ESH&Q Aspects of Material Acquisitions
D. ES&H Manual Chapter 3420 ESH&Q Aspects of Procured Services & Construction
E. Jefferson Lab Safety and Heath Requirements

F. Jefferson Lab 3520 Facilities Guide Specifications
G. Jefferson Lab Quality Assurance Plan JLAB-QAP-01

H. Jefferson Lab Graded Approach Procedure

I. ES&H Manual Chapter 6151, Pressure Systems
J. ES&H Manual Chapter 6122, Welding, Cutting Brazing and Grinding

K. Jefferson Lab Suspect/Counterfeit Items Program Description
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