Specification for DC power supply for Hypersonic Materials Enviromental Test System Facility Located at NASA, Langley

1. Facility Description

This specification is for a replacement DC power supply for the Government-owned 100 kW constrictor arc heater system known as the Hypersonic Materials Environmental Test System (HYMETS) facility.  The new power supply will replace an existing 50-kW power supply, which is over 30 years old.   

The HYMETS arc heater produces high temperature plasma from argon, nitrogen, oxygen and air, which are injected into the arc heater under pressure where the DC power is applied.  The heated gases are accelerated through a nozzle to produce a high velocity, high temperature stream which is used for material testing. 

 The arc heater is a collection of copper segments each one separated by an insulating disk.  This creates a column approximately 10-inchs long where the ends or electrodes are electrically insulated from each other.  The process begins with column pump down to a low pressure with a vacuum system.  Then argon is injected near the upstream electrode or cathode and allowed to flow through the column. A voltage of up to 1000 volts is applied between the electrodes.  The voltage causes the argon to breakdown, which results in an arc filament between the electrodes. The voltage reduces to approximately 50 VDC at a current flow of near 100 amps on the argon flow.  When current is established, nitrogen and oxygen are injected into the column, which increase the voltage to approximately 150 VDC until a steady state condition is reached.  From this point, the amount of gas injected and the current applied to it are varied depending on the conditions required at the nozzle exit.   Figure 1, is a simple diagram of the HYMETS arc heater.
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Figure 1 

1.1 Operating Modes and Sequence

1.1.1 Start-up

The following is a typical scenario of the starting of the facility.

1. Internal column of arc heater is pump down to less than 50 microns (0.05 torr) pressure.

2. Argon flow is established in column which will increase pressure to approximately 200 microns (0.2 torr)

3. DC power supply contactor is closed with power supply set at lowest voltage.  Voltage is then ramped up to max open circuit voltage (OCV) within 2 seconds.  At some point as voltage increases, argon will break down and an arc will be established.  Once arc is established, voltage will be around 50 VDC and current around 90 ADC.

4. If arc is not established when power supply reaches max OCV, power supply shuts down and the system is reset.

5. On sensing of current two things will happen somewhat simultaneously.  First, pair of solenoid valves open to inject nitrogen and oxygen into the arc heater, which will increase voltage to approximately 150 VDC while current set point is supplied from facility control system.  Second, the power supply will ramp the voltage to predetermine voltage between 150 and 300 VDC and current will be ramped to a set point in the range of 100 to 150 amps.  This ramp shall take place in a time frame of 1 to 5 seconds.  These ramps commands can be controlled by either the power supply or can be supplied from the facility control computer.  Figures 2 and 3 show normal voltage and current ranges for the HYMETS facility.
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Figure 3 

2. Power System Requirements

2.1 Basic Requirements

The power supply shall be a 12-pulse, AC to DC inverter and include all necessary transformers, controls and safeties for operation.   

1. AC Power Input:  480 VAC, 3 ph, 300 amps, 60 Hz

2. DC Power Output Range: 


a. 20 – 500 amps

b. 50-1000 VDC

c. 75 KW – 125 KW

d. The power supply shall be continuously operating over the entire voltage and current range.

e. Less that 5% DC ripple

3. Minimum operating point: 50 ADC @ 100 VDC (except for starting)

4. Starting point: 1 amp @ 500 VDC – 1000 VDC

5. Design operating point: 250 ADC and 250 VDC

6. Maximum operating point: 400 ADC at 250 VDC

7. Overload Current: 25% for 60 seconds

8. Open circuit voltage: 500VDC to 1000 VDC

9. Harmonic Distortion: Less than 5% THD

10. Power Factor: Greater than 95%.  Power factor correction capacitors must be included if required.

11. Environmental Conditions:

a. Power supply will be located inside a large, air-condition building on the NASA Langley, Virginia complex. 

b. Cooling: Air-cooling is preferred but a treated, water-cooling system is available. Please contact NASA Langley for available capacity.

c. Air temperature: 60-80 deg F

d. Humidity: 10% to 90% non-condensing

12. Physical dimensions: Power supply shall fit inside an area 50-inches x 50-inches by 100-inches tall.  Additional floor space may be available.  Vendor must submit requirements before deadline of RFQ to verify sufficient room for proposed equipment.  Floor load limit is 700 PSF.  Note that all hardware will be placed by fork truck and rollers. Multiple component assemblies may be required.  Any single component is weight limited to 4000 lb.  Contact NASA Langley if more information is needed.

13. Grounding:  It may be necessary to be able to ground either the positive (+) or negative (-) side of the DC output terminals to building or facility grounds. The power supply should be supplied with ground circuit on the DC output side that is separate from the AC supply side.  The vendor must provide instructions, schematics and any warnings relative to the ability to ground the power supply.

14. Crowbar Circuit:  An arc diverter or “Crowbar Circuit” will short the DC output of the power supply on the load side (unless this is detrimental to power supply) of DC isolation contactor when activated to discharge any stored energy.  It shall be activated on emergency stops and may be used for normal shutdown if compatible with vendor’s equipment.  The DC output power shall be bleed down so that the DC output does not present a shock risk in less than 10 seconds, in emergency and normal shutdown.

15. Control Signals – Control signal interface can be through RS232/485 or 422 or IEEE 488, 0-10 VDC analog or Ethernet.  Control interface must be electrically isolated from the power supply to withstand the maximum voltage output of the power supply. 

a. Regulation Control: Voltage and current output regulation less than +/- 2.5% of input signal.  

b. Response: Signal step response: less than 0.25 seconds for current (and voltage if applicable). 

c. The following control input signals are required

i. On / Off

ii. Current

iii. Voltage (note: Voltage control may be limited to starting phase; however, the ability to control voltage during normal operation would be a desirable feature)

d. The following control output signals are required

i. ON/OFF

ii. Error or Shutdown cause /code

iii. DC Voltage

iv. DC Current

v. AC Voltage

vi. AC Current

vii. Any additional operational or health parameters are desirable if standard features of controller. (i.e. Fault, Error, high temp, low voltage, contactor closed, excess arcing, short circuit)

e. Front Panel – The power supply shall have the following controls and indicators accessible on the front panel of the power supply

i. Emergency Stop -control

ii. AC Power ON – control 

iii. DC Power ON- indication

iv. Remote/ local (if applicable)

v. On/ Off/ Ready - indication

vi. Any operational warnings or safeties (ie, Fault, Error, High temp, low voltage, Contactor closed, excess arcing, short circuit)

vii. Local Reset- control

16. AC Breaker or Disconnect – The power supply shall have an integral AC breaker or disconnect.

17. DC Contactor – Power supply shall have a DC Contactor that isolates the output of the power supply from the load.  The contactor shall be controlled by a signal from the power supply controller.  It shall open on all normal and emergency stops.  A separate contactor is not required if this is an integral feature of the “crow bar” feature which will isolate the DC output while the power supply is energized or “on-line”.

18. “Emergency Stop” - Active safety interlock circuit: Power supply shall have safety interlock, which will be interlock with passive devices outside the power supply. The interlock shall open the DC isolation contactor and set power supply to a “stand by” (no voltage) condition when activated and will require a reset command to restore. Supply voltage shall be low voltage DC (5 to 15 VDC) supplied from power supply 

19. Parallel / Series Operation:  The power supply should have the capability to configure thyristor/ SCR modules in series or parallel operation.  This is desirable for future upgrades where is may be necessary to configure the modules for higher voltage ranges operating at lower currents and vice versa.  The connections should be inside the power supply enclosure but accessible.  Directions, warnings and schematics for configuration changes should be posted adjacent to the connections.

20. Upgradeable Power Output – It is desirable to be able to add additional power (primarily increase voltage) in the future.  Ideally, this would be simply adding another module to the existing system.  The vendor must provide an estimate of the cost to increase the DC output.  As a guide, provide an estimate for increasing the power and/ or voltage 20%.

21. AC power supply is shared with large AC motors and other laboratory type equipment.  Vendor must specify if sharing input power (power surges or spikes) is not acceptable or could present interference with other equipment.

2.2 Optional Features

The following features are desirable but will be decided on additional cost to base system.

1. Labview drivers:  Virtual Instruments sub-routines (VI) compatible with National Instruments Labview version 6.0.  These will be included into an existing Labview application for control and operation of the power supply.  The vendor may list any computer interface boards that they may provide with the power supply for operation.

2. High Frequency:  Although not currently needed with the basic system, it may be desirable to be able to connect a high frequency (HF) generator with the power supply DC output for future requirements. The HF may be needed, for example, to initiate the arc in gases other than argon. The HF would be needed for only a few milliseconds during the starting phase to ionize the gas and establish an arc. The HF maybe in parallel with the power supply output or could be isolated from one or both the positive and negative output leads.  The vendor must list what optional equipment and modifications will be required with the basic system to be able to use a high frequency generator with it and an approximate cost for the modifications. Vendor must also specify if their equipment is not compatible with a high frequency system or if an alternative method is available.  

3. Short Circuit / Arc Monitoring:  The ability to monitor very fast rates of change of current and voltage, which may indicate short-circuiting, may be a desirable feature. The feature would, on sensing a rapidly change current profile, either shut down the DC power or take some other programmable actions. It must be programmable over a narrow range so that nuisance trips could be avoided. 

3. Spare parts

Vendor will supply a recommended spare parts list, with prices, for their equipment. 

4. Operation and Maintenance manual

Vendor will supply an operation and maintenance manual for their equipment.  The manual must be specific to the power supply delivered under this specification.  It shall include normal start-up and shutdown procedures, troubling shooting procedures, minor repair directions, schematics and wiring diagrams.

5. Vendor Warrenty

Vendor will specify the terms and conditions of the warranty for their equipment.  Warranty will be for a minimum of 1 year from the date of installation.

6. On –site Support

Vendor will assist with the initial power-up, checkout and on-site testing of the power supply after installation is completed.  Vendor will schedule a minimum of 3 days on-site at the HYMETS facility during this period.  Vendor will be responsible for any repairs or changes to the power supply during this period.

7. In factor and on-site tests

The following test will be required to be performed and documented for acceptance of the power supply.  The vendor is encouraged to submit for approval any variation of a test that demonstrates the capability of their equipment and meets the intent of these tests.  Note that resistive load is to simulate arc heater load based on data from Figures 2 and 3. As a minimum, the following data is to be collected for each test.

Command input signal

AC Current and Voltage

DC Current and Voltage

Power factor

Harmonic Distortion

Inlet/exit cooling air and water (if applicable) temperature

7.1 In Factor

1. Full Load test shall be performed with a resistive load. Three tests are required unless common points exist.

a. Full load test at maximum voltage

b. Full load test at maximum current

c. Full load test at maximum power

2. Minimum load test- Minimum load test shall be performed with a resistive load. Three tests are required unless common points exist.

a. Minimum load test at minimum voltage

b. Minimum load test at minimum current

c. Minimum load test at minimum power

3. Design load test – load test at 250 ADC and 250 VDC

4. Short Circuit Test – The short circuit test will demonstrate one of the following capabilities of the power supply

a. If the unit is ordered with or is standard equipped with a Short Circuit / Arc Monitoring Feature (Section 2.2.3) then the test will verify the operation of that feature to sense a short circuit condition (or sudden change in load resistance) and safely shut down the power supply.  The power supply should provide an error message indicating the reason for the shut down.

b. If the unit is not equipped with the Short Circuit / Arc Monitoring Feature, than the test will demonstrate the ability of the power supply to handle a change from load to short circuit in the following manner:

i. Stay on-line without tripping the AC supply breaker 

ii. Goes through either an emergency stop or controlled stop sequence on a command from the facility control computer. This is to simulate that the HYMETS control computer has sensed a short circuit condition and commands the power supply to shut down.  For the purpose of this test, allow 2 seconds from the time of the short circuit until shut down command is sent on the control interface.

7.2 On-Site

The following on-site test shall be performed with the HYMETS arc heater connected.

1. Starting test – The HYMETS will go through a normal starting sequence start on argon then transition to nitrogen and oxygen.  Power supply must establish a steady state condition from which normal operation can begin.  This will verify the power supply and facility control computer are programmed correctly for repeatable starts.

2. Normal Shut Down –A normal shut down sequence will be tested to verify the power supply and faculty control system are programmed correctly.

3. Emergency Stop – The emergency stop function will be tested and verified.

4. Minimum Current / Voltage- The minimum stable operating condition will be determined.

5. Maximum Current- Current will be increased to 400 amps or maximum capability of the HYMETS arc heater to verify power supply operation at this point.

8. Electrical Standars

The power supply will be design to meet the requirements of NEC-2002, IEC 61010, IEC 60950, IEC 60204-1, NFPA 79, and UL listed if applicable.
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