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1. Scope

This specification establishes the minimum requirements for the manufacture, inspection, test, identification, and delivery of a 60 A power supply for powering the superconducting solenoids in the Muon Ionization Cooling Experiment (MICE) channel.  This power supply will be used to trim the current in two coils of the tracker magnet used in the MICE channel.

2. Requirements

2.1. Basic Power Supply Design Parameters and Operating Conditions

2.1.1. The Range of the Power Supply Operating Current

The power supply shall provide current to a superconducting magnet over a range from -60 A to +60 A through zero.

2.1.2. The Range of the Power Supply Operation Voltage 

The power supply shall provide voltage over a range from –5 V to +5 V through zero over the range of currents given in section 2.1.1

2.1.3. Control of the Power Supply Current and Voltage

The power supply shall be a four-quadrant DC power supply capable of controlling both the current and voltage over the ranges given by section 2.1.1 and 2.1.2.

2.1.4. Operating Temperature Range for the Power Supply

The nominal operating temperature range is between 10 C and 40 C

2.1.5. Line Voltage and Frequency

The power supply shall operate over a range of line voltages between 200 V and 240 V at a line frequency of either 50 Hz or 60 Hz (for both US and European operation of the superconducting magnets).  The power supply shall meet both US and European standards for power factor control and interference. 

2.1.6. Load Inductance and Load Resistance

The inductance range for the superconducting magnets powered by the power supply will be from 0.1 H to 60 H.  The maximum resistance of the magnet circuit (the magnet and its leads) is 20 m (a voltage drop of 1 V at the full current of the supply).  The minimum expected magnet circuit resistance is 1 m (a voltage drop of 0.05 V at the full current of the power supply).    
2.2. Other Technical Requirements 

2.2.1. Current Ripple

The current ripple shall be less that 0.01 percent at the full design current of the power supply.  The vendor shall state what the current ripple is over a range of currents from 5 A to 55 A as well as at the full design current for the supply.

2.2.2. Current Ripple Frequency

The vendor shall state what the current ripple frequency when the power supply is operated at line frequencies of 50 Hz and 60 Hz. 

2.2.3. Temperature Coefficient

The maximum allowable temperature coefficient for the power supply shall be ±15 ppm of the full current per degree C temperature change

2.2.4. Line regulation

The power supply current shall change less than 50 ppm for a dip in the line voltage of 10 percent.

2.2.5. Current stability 

The power supply current stability shall be 3 mA over a period of 1 hour.  The current stability over a 24-hour period shall be 30 mA.

2.2.6. Current Ramp rate

The allowable range of current ramp rate for charging and discharging the magnet shall be from 1 mA per second to 10 A per second. 

2.2.7. Current Resolution

The current resolution shall be 0.5 mA (20-bit) at full current.  The current meter on the power supply shall read from 0 to 60 A with an accuracy of ±0.01 A

2.2.8. Power Supply Size

The power supply with its cooling system shall fit in a standard electronic rack. 

2.2.9. Power Supply Cooling

The power supply shall be cooled so that it can operate reliably and safely within the operation temperature range given in section 2.1.4.  The power supply shall be air-cooled.

2.3. Quench Requirements and Interface Requirements

2.3.1. Power Supply operation when there is a Power Outage

When there is a power outage, the magnet shall discharge through a resistance of 0.10 ohms.  When power is restored, the power supply shall not come back on. 
2.3.2. Power Supply Operation when a Magnet Quenches

When a magnet quench is detected, the magnet shall discharge through a resistance of 0.10 ohms.  The current and charging parameters set in the power supply shall be remembered by the power supply control system.

2.3.3. Power Supply Operation when a HTS Lead Quenches

A quench of the high temperature superconductor lead (HTS lead) will be determined by the voltage drop in the lead between the superconducting magnet and low temperature end of the copper lead to room temperature.   When a quench in any of the magnet HTS leads in the power supply circuit is detected, all the power supplies shall be disconnected from the coil circuit.   A resistance (to be determined for each magnet circuit) to be put across the terminals of the 300 A power supply that provides most of the current is the coil being supplied to the magnet coil.  This resistance shall induce quench back in all coils in the power supply circuit and cause these coils to quench.  Most of the coil stored magnetic energy will be dissipated in the coil; its mandrel and the coil quench protection diodes and resistors.  The power supply shall shut down and the circuit shall discharge through a resistance of 0.10 ohms.  The current and charging parameters set in the power supply shall be remembered by the power supply control system. 

2.3.4. Power Supply Operation in the Event of a Cooler Failure

When one or more coolers on the magnet circuit cease to operate, the magnet shall discharge through a resistance of 0.10 ohms.  The current and charging parameters set in the power supply shall be remembered by the power supply control system.

2.3.5
Power Supply Interface to the MICE computers 

The following signals shall be delivered to the MICE computers: 1) the magnet circuit current, 2) the magnet circuit voltage, 3) the voltage drops across the magnet voltage taps, and 4) the voltage drops across the HTS portion of the magnet leads.  The MICE computer shall transmit the set current and set voltage for the power supply during magnet operation.  The signals shall be delivered to and from the MICE computer through an IEEE command sequence RS232.      

2.4. Number of Power Supply Units Required and Delivery Time

2.4.1. Number of Power Supplies Required

The total power supply order is four units.
2.4.2. Power Supply Delivery time

The finished power supplies shall be shipped from the vendor’s plant within twelve (12) weeks after the power supply order has been received by the vendor.
3. Quality Assurance

The Seller shall maintain a quality assurance system to insure that each item offered for acceptance or approval conforms to the requirements herein.  A quality assurance plan shall be submitted for approval by the LBNL and MICE.

3.1. Responsibility

The Seller shall be responsible for the performance of all tests and inspections required prior to submission to the Buyer of any of the products for acceptance.  The performance of such tests and inspections does not limit the right of the Buyer to conduct tests and inspections to verify conformance to all requirements of this specification.  

3.2. Inspection and Test

The contract Administrator reserve the right to witness manufacturing steps, tests and inspections established under the Seller's quality assurance system to demonstrate compliance with this specification.  

3.3. Approval and Acceptance

All documentation for final approval and acceptance shall be submitted to LBNL prior to product shipment.  Acceptance and authorization to ship will be in writing.  LBNL reserves the right to reject any material not conforming to the requirements of this specification.

4. Delivery and Shipping

4.1. Delivery Location

The power supplies shall be delivered to a location given by the Lawrence Berkeley National Laboratory. 

4.2. Packaging

The wire shall be packed in a manner that will protect it from damage that could occur in shipping from mishandling and exposure to the elements.
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