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1.0 SCOPE

This specification is for a switching power amplifier (SPA) and input filter capacitor to be used in a closed‑loop feedback system in a plasma research experiment.
The SPA will be powered by a single 6-pulse thyristor rectifier DC source power supply  provided by PPPL (see Figure 1). 
The SPA Unit shall consist of three independently controlled sub-unit SPA’s which can be configured for operation as three independent units or as a single unit.  In all cases the SPA will be fed from the same single DC source power supply. 
Each SPA sub-unit shall consist of an H-bridge chopper capable of 4-quadrant operation (+/-voltage and +/- current to load).
2.0 APPLICABLE DOCUMENTS


ANSI C34.2

Practices and requirements for Semiconductor Power Rectifiers

ANSI IEEE 18

Shunt Power Capacitors

ANSI/IEEE 4

Techniques for Dielectric Tests

ANSI/EIA RS-197-A
Power Filter Inductors for Electronic Equipment

ANSI/NEMA ICS 1
Industrial Control and Systems General Requirements

ANSI C2


National Electrical Safety Code

ANSI/NFPA

National Electrical Code No. 70


ANSI/IPC-A-610,

Acceptability of Electronic Assemblies – Class 2

NEMA PV-3
Safety Code for Semiconductor Power Converters
3.0 REQUIREMENTS
3.1 Input DC
PPPL will provide a 6-pulse thyristor rectifier DC source power supply with a variable (thyristor phase controlled) output. The connection between the DC source and the SPA will consist of a cable run of approximately TBD’ of 500MCM cable in series with a 267uH inductor. 
The output ratings of the DC source power supply are as follows:
DC Voltage: 



adjustable via phase control from 0-1kV DC
Peak of Rectified AC Voltage:
sqrt(2)*750=1060V peak 
Maximum Continuous Output: 
3.25kA
Maximum Pulsed Output:

24kA-6 seconds once every 300 seconds
Short Circuit Current:


60kA peak

3.2 Output DC

3.2.1 Load Circuit

There are three independent load circuits. Each load circuit consists of a cable run of approximately TBD’ of 500MCM cable in series with a load. 
Characteristics of load circuit including cable run are as follows:

Resistance: 
R = TBD mohms

Inductance:
L =  TBD uH.

In all cases one SPA sub-unit will be connected to one load circuit. 
When configured for independent operation, each sub-unit shall follow its own reference input signal and shall be electrically separate from the other sub-units. 
When configured for parallel operation, all three sub-units shall be electrically paralleled via bus links internal to the SPA enclosure and shall follow a common reference signal. 
3.2.2 Pulse Output
Output of SPA will be pulsed. Each sub-unit shall be capable of delivering a current pulse to the load as follows.

Peak Current:

3.33 kA
Pulse Waveshape:

DC to 100Hz sinusoidal AC
Pulse Duration:

5.0 seconds

Repetition Period:

300.0 seconds
3.2.3 Harmonics

3.1.3 Cooling

If cooling water is required, PPPL will supply same with an inlet temperature of 30 degrees C maximum @ 90 psig. Vendor shall specify flow requirements with technical proposal. 
The SPA shall be DC coupled with performance requirements as follows:

3.1
PERFORMANCE REQUIREMENTS
Refer to Figure 1

3.1.1
CURRENT RATINGS

a) Single SPA Configuration:
+/- 10000 A, DC to 100 Hz;

b) Three SPA Configuration:
+/- 3333.3 A, DC to 100 Hz.

3.1.2   Output Current Ripple:

< 100 A max p-p
3.1.3   Phase Shift


< 2.5 degrees max at 100Hz.

(Output current relative to reference)

3.1.4 Minimum Switching Frequency:
7 kHz.

3.1.5 Harmonics: 

The manufacturer shall provide and estimate the harmonic content in the input and output systems
3.1.6 Duty Factor

Five seconds every 300 seconds (1.66%). The manufacturer shall provide the steady state rating.



Note: Manufacturer to provide the steady state rating.
3.1.7 Load:
R = 16 – 40 mohms


L =  60 -150 uH.



More accurate numbers will be provided at the time of placing the order.

The load indicated is for each of the three parallel SPA branches either operated independently or in parallel.

3.1.8 Environment:

The SPA will be located indoors, in a general access area and in close proximity to other power supplies. The indoor facility is heated and ventilated but lacks air conditioning. The maximum ambient temperature is 35*C.

3.1.9 Reliability:


The manufacturer shall submit one (1) copy of the Reliability and Maintainability document for PPPL’s review and approval within three(3) weeks after the receipt of order

3.1.10 Maintainability and Access Requirements:

Maintainability and Access Requirements: Panels on all four sides shall be removable. Front panel shall be hinged and the latch shall have a key lock. An interlock switch (ACCESS) will change states when the front panel is opened.

3.2 EQUIPMENT REQUIREMENTS: 

Following are the equipment requirements:

3.2.1 Configuration: The SPA shall be designed to allow internal reconfiguration by the customer for the single SPA or the three SPA configuration. With the three SPA configuration, each amplifier shall be capable of independent control but with an output current that is less than or equal to one third the single SPA configuration. The transfer from single to three SPA operation should take no longer than 4 hours when performed by two qualified technicians.

3.2.2 Controls: The SPA shall be provided with both a) Output Current Control and b) Output Voltage Control , one per each parallel SPA (Three total for the Equipment). A selector switch shall be provided in the front panel to select the mode of control.


The SPA will normally be monitored and controlled remotely, but will have local controls capable of stand‑alone operation for test and maintenance purposes. A LOCAL/REMOTE switch (key lock) shall be provided to select between a locally supplied input reference signal or a remotely supplied input reference signal.


3.2.2.1 Digital Signals: All digital inputs shall be opto-coupled by the manufacturer. An input current of 20 mA shall not damage the optocoupler.
All digital outputs shall be isolated contact closures or isolated solid state closures capable of passing up to 1 Amp and withstanding at least 24 V DC in the open state. The interface for all digital signals shall be a terminal strip accessible from the front entry. Digital signal cables will enter/exit the cabinet through the top via a 1‑1/4" conduit.


3.2.2.2 Analog Signals: All analog inputs and outputs shall penetrate the cabinet through the top via two 1‑1/4" conduits and terminate/originate from terminal strips. All analog inputs and outputs shall be +/‑ 10 V maximum.

A Burr‑Brown INA‑117 or equivalent differential input, instrumentation amplifier having at least a 50 V common mode range shall be used to receive all analog inputs. The input signals from the remote source shall be connected to the input amplifiers in the Remote Mode. In the Local Mode the analog inputs from the remote source shall be opened and the input to the amplifiers shall be from a set of Twinax connectors located on the front panel.

The reference signal analog inputs shall be ‑10 to + 10 volts corresponding to ‑10000 to +10000 Amps for single SPA configuration or ‑3333.3 to +3333.3 Amps for three SPA configuration.

All analog outputs shall be single ended with a separate return for each signal. The source resistance for each analog output shall be less than 120 Ohms in each lead (signal and return). A set of Twinax connectors located on the front panel shall be made available to monitor the analog outputs. This set of connectors shall be buffered from the source by a 1 k( resistor.


3.2.3 Remote Control Interface:


3.2.3.1 Signal Inputs:

Digital:

PERMISSIVE to SPA:  PPPL will provide a contact closure signal to SPA, if all the external interlocks are satisfied. (Note: The Customer’s DC link input to the SPA has a shorting and grounding switch. This is to signal the SPA that the ground switch is open and other external interlocks are satisfied.)

ARM the SPA: PPPL provide a contact closure signal to ARM the SPA. When this contact is closed the SPA firing gates may be enabled. When this contact opens the SPA shall DISARM i.e. disable the firing gates.
 
 
Analog:

i) INPUT REFERENCE SIGNAL ‑ for each of three SPA modules.

 
Single SPA Configuration: ‑10 to +10 V for ‑10000 to +10000 A

 
Three SPA Configuration: ‑10 to +10 V for ‑10000/3 to +10000/3 A

ii) INPUT REFERENCE SIGNAL ‑ for each of three SPA module

 
       Single SPA Configuration: ‑10 to +10 V for ‑1000V to +1000V


Three SPA Configuration: ‑10 to +10 V for ‑1000V to +1000V

(Note: In the Single SPA configuration the equipment is operated with all the three paths in parallel giving the full rated output of +/- 10,000 Amps. In the three SPA configuration the equipment is operated in three independent outputs each feeding a separate load.).

3.2.3.2 Signal Outputs:
Following are the PPPL recommended ouputs from the SPA. The Seller may recommend their own recommended list of outputs for Purchaser.


Digital:

FAULT (contact opens) ‑ issued by the following signals that are marked with an asterisk *• A normally closed (open on fault) relay contact shall be provided to the customer. This contact will be used to initiate the shutdown of the input DC power to the SPA.

BLOWN FUSE*(contact opens)

ACCESS*(contact opens) ‑ access door is opened.

OVERTEMP*(contact opens) ‑ temperature above upper limit for each of three SPA modules.

LOW COOLANT FLOW‑(contact opens) ‑ coolant flow below lower limit.

OUTPUT OVERCURRENT (contact opens) ‑ output current is above upper limit for each of three SPA modules.

READY (contact closure) ‑ all interlocks are "OK" and the safety dumps are lifted.

ARMED (contact closure)‑ SPA gate drivers are enabled.

SINGLE/TRIPLE OUTPUT MODE ‑ selection of one or three SPAs.

LOCAL/REMOTE MODE ‑ local or remote operating mode.

EMERGENCY OFF PUSHBUTTON *

Activation of these interlocks will disable the SPA(s), issue the "FAULT" signal and drop the safety dump on the capacitor banks.

Analog:

INPUT VOLTAGE

INPUT CURRENT

OUTPUT VOLTAGE [for each of three SPA modules]
 
‑10 V to +10V for ‑500V to +500V

OUTPUT CURRENT [for each of three SPA modules]
 
Single SPA Configuration: ‑10 to +10 V for –10000 A to +10000 A
 
Three SPA Configuration: ‑10 to +10 V for ‑10000/3 A to +10000/3 A

FILTERED OUTPUT CURRENT [for each of three SPA modules] ‑Four pole active Butterworth filter (~1 kHz).



3.2.4 Local Control and Instrumentation



LOCAL/REMOTE SELECTOR (Key Locked)

SINGLE/TRIPLE OUTPUT MODE SELECTOR (Key Locked)

FAULT RESET PUSHBUTTON

EMERGENCY OFF PUSHBUTTON

READY PUSHBUTTON ‑ capacitor safety dumps are lifted, if all the interlocks are satisfied.

ARM PUSHBUTTON ‑ SPA gate drivers are enabled.

DISARM PUSHBUTTON ‑ SPA gate drivers are inhibited. (This function may be combined with the ARM PUSHBUTTON.)

INPUT REFERENCE SIGNAL INJECTION POINTS (Local Mode only)

ANALOG OUTPUT MONITORING POINTS see section 5.2.3.b


3.2.5 Following is the recommended list of signals. The Seller may furnish their recommended list for approval by the Purchaser at the time of submitting the bids.

STATUS of the power supply shall be indicated on the front (control) panel. The specific cause of any fault or trouble alarm shall be latched and included in the display. The first fault to occur shall be identified by a flashing light. Fault latch resetting capability shall be provided in the LOCAL mode only. The following status indications shall be displayed:

ACCESS

OVERTEMP [3 Times]

LOW FLOW

READY

ARMED

SINGLE/TRIPLE OUTPUT

BLOWN FUSE


3.2.6 ELECTRICAL ISOLATION: All control circuits shall be isolated from the power circuits and from any other source of high voltage by 5kV rated insulators and grounded metallic barriers, optical isolation capable of a minimum isolation of 3 kV or grounded conductive barriers. Isolation between the SPA and remote control is to be provided within the SPA by the manufacturer. Isolation may be accomplished via isolating A/D or D/A converters, and/or isolating transducers.


3.2.7 Protection: Self protection for the SPA should follow the guidelines set forth in ANSI/IEEE Standard 444. Metal oxide varistors shall be employed to protect internal components and to provide output protection.


3.2.8 Capacitor: Non PCB, input filter capacitor/s, with spill containment, shall be provided. A capacitor shorting resistor and switch as well as necessary controls shall be provided such that the capacitor shall be automatically discharged on command from an external signal. The intent of the capacitor shorting system is to ensure that the capacitor is safely discharged before entry of personnel into the power supply enclosure.


3.2.9 Cooling: The SPA is to be water-cooled. Manufacturer to provide required flow requirements. Inlet water will be 30 degrees C @ 90 psig.


3.2.10 Test points: Test points shall be in sufficient quantity to assure rapid and safe measurement and maintenance trouble‑shooting. Schematics shall show recommended test points with a distinctive symbol and maximum anticipated voltage.


3.2.11 Insulation: Nema PV‑3, Safety Code for Semiconductor Power Converters shall apply for electrical creepage and clearance.


3.2.12 Packaging: The SPA should be modular and utilize identical modules where possible. Modules shall be equipped with lifting devices and guides to facilitate their removal and replacement. Modules shall be equipped with test plugs, which contain signals (such as timing pulses, voltages, currents and signal levels) from subassemblies within the module. This is to facilitate the identification of improperly functioning subassemblies. The enclosure must meet NEMA 12 ratings for dust and moisture. The enclosure must be able to be moved via forklift and be fitted with lifting eyes on the topside.


3.2.13 Finish: Cabinet shall be cleaned, primed and painted inside and out following good manufacturing practice. The inside shall be white enamel and the outside shall be blue (Federal paint standard color 595‑B25102).

Nameplates shall be in accordance with ANSI C34.2, modified to take into account the pulsed operating ratings (as well as thermal ratings).


3.2.14 Installation Constraints: Due to site limitations the overall size of the SPA shall not exceed ~6’ W x 6’ D x 8’ H.


3.2.15 Electrical Bonding: Cabinets shall be so constructed as to constitute a single contiguous conductive shell.


3.3 Cabinet Grounding Terminals: Two _1/2"‑13x2" studs shall be located on the bottom corners of the cabinet exterior for attachment to ground leads.
3.4 IDENTIFICATION AND MARKING:

The internal components shall be provided with identification and name tags for easy trouble shooting. These name tags shall be identified in the manufacturer’s drawings
3.5 Cabling interface:

3.5.1 Power Cabling: Cut-outs shall be provided at the top and bottom, for entry of power cables into the cabinet. Seller shall also provide copper pads to connect the Customer’s power cables (size: 500mcm) using NEMA standard 2 hole lugs. All power cable joints as well as the copper pads to receive cables shall be silver plated. Customer will install a) two incoming cables from the DC link via the bottom cut-out and  b) six output cables (500mcm) via the top cut-out. 

3.5.2 Control & InstrumentationCables: Seller shall provide terminal blocks to receive AWG#14 control cables. Details of the instrumentation cables will be provided when the design of the SPA is developed by the Seller.

4 TEST AND INSPECTION 

4.1 Manufacturer shall provide, at the time of quotation, for customer review, a list of dielectric, interlock, control, and load tests that will be performed by the manufacturer to establish compliance with specifications. Customer reserves the right to witness factory tests. As a minimum, the dielectric tests should include the following:
4.2 All input and output signal terminal pairs shall be shorted together and hi-pot tested to twice the system rating plus 1000 Volts with respect to chassis common for 1 minute. The Input power terminals shall be shorted to the output power terminals and hi-pot tested to 3 kV DC with respect to chassis common for 1 minute. The Input power terminals shall be shorted to the output power terminals and hi-pot tested to 3 kV DC with respect to the shorted input and output signal terminal pairs.


4.3 At least two weeks prior to the start of fabrication the manufacturer shall submit to the customer documentation enumerating the differences between the present SPA design and those previously purchased. The customer reserves the right to reject changes from the previous design that would not allow the customer to maintain a single inventory of spare parts and boards for all SPA’s. At the customers discretion the manufacturer may also be required to conduct a final design review, at the factory, with customer in attendance before beginning construction.
Identify each of the performance tests that the vendor is to perform on the hardware before shipping and the acceptance criteria that must be met.  These may include destructive and nondestructive tests.  The tests should verify that the specified performance values have been met.

5 QUALITY ASSURANCE 

5.1 Inspection/Surveillance/Audit by Customer: Representatives of the customer shall have the right to visit the manufacturer's premises during the performance of the procurement as stated in the General Provisions of this subcontract. The manufacturer shall make available records and documentation necessary for this function. The customer recognizes the manufacturer's right to withhold information concerning proprietary processes.


5.2 Changes to Customer Approved Documents: Revisions or changes by the manufacturer to documents approved by the customer shall be reviewed and approved by the customer prior to use.


5.3 Submittal of Quality Assurance Manual: As part of the proposal, the manufacturer shall submit a copy of its Quality Assurance Program Manual, describing the manufacturer's quality capability and general approach to quality assurance. The manual is subject to customer's review and acceptance prior to contract award.


5.4 Control of Special Processes: Subcontractor shall use trained and qualified personnel and qualified written procedures in accordance with specified requirements for the performance of certain special processes, including but not limited to, soldering, electronic assembly, brazing, welding, plating, heat treatment, nondestructive examination, etc.

5.5 Design Reviews and Notification of Princeton for Design Reviews : Subcontractor shall perform a Preliminary Design Review (PDR), and a Final Design Review (FDR) as required and Princeton shall have the right, at its option, to participate in these reviews. Subcontractor shall give Princeton five (5) working days notice of each Review. The PDR shall be held within 3 weeks after receipt of the Order.

5.6 Prior to fabrication the Final Design Review shall be successfully completed. The completed design shall have the concurrence of the Customer.

5.7 During fabrication any changes in the design shall be documented and the changes shall be concurred with by the Customer.

5.8 The Seller shall furnish a biweekly progress report on the job along with the updated schedule.

5.9 Test procedures shall be developed by the Seller and concurred with by the Customer. All test data shall be furnished to the Customer after completion of the tests.


5.10 Submittal of As Built Configuration: The Subcontractor must submit drawings and a listing of the as‑built configuration the SPA. The listing may be defined by drawing and revision numbers, unique parts lists or other means of positive identification. Any discrepancy or nonconformance reports shall be part of this configuration documentation package.


5.11 Handling, Packaging, Shipping, and Storage: Manufacturer shall control items during handling and shipping and while in storage, including customer furnished items, and shall assure that materials and items are adequately protected from damage or deterioration, with special attention to packaging for shipment.


5.12 Customer Receiving/Inspection: Customer will perform Receiving Inspection on items supplied by the manufacturer. Discrepant items will be rejected and returned to the manufacturer or reworked by customer. Costs caused by rejects will be charged to the manufacturer.


5.13 General Purchase Order Requirements: Material(s) and/or product(s), including those components, parts, and materials that are permanently installed into systems, sub‑systems, and/or assemblies, etc. furnished under this purchase order/subcontract shall be new and unused. Parts and components that have been rebuilt, refurbished, or modified are specifically prohibited unless approved by customer in writing.

Subcontractors (Suppliers) found to be supplying any of the following will be reported to the Office of the Inspector General, U.S. Department of Energy:
( Re manufactured, rebuilt, or used parts represented as new.
( Counterfeit parts (fraudulently labeled or marked with another manufacturer's name).
( Misrepresented parts.


5.14 Subcontractor’s Responsibility for Conformance: Neither customer's review and/or approval of manufacturer's documents not customer's inspection of manufacturer's items or services shall relieve the manufacturer of responsibility for full compliance with requirements of the purchase order/contract.


5.15 Release for Shipment Form: Manufacturer shall have a signed "Product Quality Certification and Shipping Release" form to be provided by Customer's Quality Assurance Representative prior to Customer acceptance of procured items or services for full or partial shipment. Customer reserves the right to refuse to accept shipment unless accompanied by a signed "Shipping Release Form".


5.16 Certificate of Compliance: Manufacturer's C of C stating that the work performed conforms in every respect to the physical configuration and functional inspection/test requirements. The manufacturer’s Quality Assurance Manager shall sign the C of C. This shall be furnished with the shipping release request.


5.17 Inspections and Test Procedures: Inspections and tests shall be performed in accordance with written procedures referencing criteria for acceptance or rejection. Three copies of inspection and test reports shall be provided to the Customer and shall be furnished with the shipping release request.

No repairs shall be performed without written customer notification and concurrence.


5.18 Calibration of Test and Measuring Equipment: Tests shall be performed using currently calibrated measuring and test equipment traceable to NIST.

6 SCHEDULE

Manufacturer shall include design, fabrication, test and shipping schedule with quotation. Required delivery date is March 2004.


7 SHIPPING AND HANDLING: SPA to be shipped FOB destination. Ship to:

 


Princeton Plasma Physics Laboratory




Princeton University, Forrestal Campus




Receiving 3, Princeton, NJ 08543

8 WARRANTY

Manufacturer is to state their standard warranty at the time of quotation.


9 DELIVERABLES




When required

1 Switching Power Amplifier



March 2004

1 Copy of manufacturer’s QA



Include with quotation
program manual
1 Copy of Acceptance List



Include with quotation


1 Copy of recommended list of spare parts with price.
Include with quotation


2 copies of schedule




Include with quotation

Manufacturer to provide the following
information (given 7 kHz minimum 
carrier frequency)

Phase Shift at an





Include with quotation
output frequency of 100 Hz.

Estimate of the harmonic content



Include with quotation
in the input and output systems.

Sinusoidal waveform

Two sets of schematics and one lines including

Two weeks prior to FDR
self protection scheme, alarm points, and test
points. CAD prepared drawings shall be provided. 

These shall be submitted also in a compact disk.


Acceptance Test Procedures



Two weeks prior to FDR
1 copy of manufacturer’s Reliability


Two weeks prior to first article fabrication
and Maintainability Document

3 sets of final schematics and one lines


At time of shipment
(where different from previous units)
CAD prepared drawings shall be provided. 

These shall be submitted also in a compact disk.


3 copies of acceptance test reports


At time of shipment

3 sets of operations manuals



At time of shipment
Also electronic versions shall be furnished.
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