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Statement of Work

 Integrated High Power Radio Frequency (RF) Induction Heating System

Description:
RF engineering computational modeling and design services are required to design and construct high efficiency/high power RF induction heating coils appropriate for use in a precision research and development environment to heat a wide variety of potential test articles to extremely high temperatures (> 3000K) in a high pressure environment.  Also required will be the development of detailed specifications for the high power/high efficiency solid state induction power supply and the associated feed through and buss system.
Material:
Copper and other materials suitable for high pressure nitrogen/hydrogen atmosphere operation.

Items:
RF engineering computation modeling services as required to design an integrated high efficiency/high power induction heating system.  These engineering services shall include:

1. Design and fabrication of RF assemblies equipped to handle power levels of up to 1 MW composed of induction coils capable of producing a uniform power distribution.   These coils shall be fabricated  such that there will be no significant parasitic magnetic field coupling to the pressure chamber and surrounding structure so as to require external shielding or cooling components separate from the coil assembly. 
2. Development of design specifications for a 1 MW high efficiency solid state induction power supply used to drive the RF coil assemblies. 
3.  Development of design specifications for high power feed through assemblies and internal coil buss connections capable of withstanding external test pressures of up to 7 MPa.
4. Development of design specifications for high power buss assemblies for connecting the induction power supply to the feed through assembly.  

5. Development of design specifications for a cooling system for the overall induction heating system. 

6. Engineering services to integrate the induction system into the test facility. 
Specification Description:

Expert engineering RF computation modeling, design and fabrication services are required to construct a high efficiency/high power induction heating system appropriate for use in a 

precision research and development environment to heat a wide variety of potential test articles to extremely high temperatures (>3000K ).  Tasks will include the overall design and computation modeling analysis of the entire induction heating system to show high coupling performance and overall efficiency (minimizing stray coupling/losses).   Also included will be the detailed design and fabrication of all necessary induction coils and the development of specifications for the design of the buss work, feed through, RF shielding, and power feed lines.  In addition, the contractor shall be expected to develop the specifications for a high power/high efficiency solid state induction power supply.

The high efficiency solid state computer controlled induction power supply specified by the contractor  shall be capable of operating at power levels of at least 1 MW and have an operating frequency range which will enable it to couple efficiently to a wide variety of test articles and coil assemblies.  System computational modeling and layout will target efficiencies to exceed 60% of the available power into the test part for heating.  Typical resistivity characteristics of the test articles are shown in the figure below.  The actual resistivity of the parts used for testing will likely vary somewhat of that illustrated in the figure by as much as 50% depending upon the materials used. 

[image: image1.png]250

200

HO - cm

150

100

s0

s00

1000

1500

2000

°K

2500 3000

3500





The RF inductive coil assemblies and buss work shall be modeled using 2 and 3 dimensional state of the art computer analysis codes (e.g. such as Elta, Flux2D, Flux3D, or equivalent) as necessary to maximize system coupling efficiency and target a uniform power distribution over the length of the test article (power deviation < 5%) and couple efficiently to the induction heater and test article.  The design shall permit overall coupling efficiencies to exceed 60% and minimize stray coupling to the chamber and other internal components to alleviate parasitic heating of these elements.  The RF inductive coils supplied shall also be capable of withstanding

 in excess of 500 hundred operational cycles while heating the test articles to temperatures likely to exceed 3000 K.

Test Article Size and Thermal environment:

The coil shall also be designed to accommodate test articles of between 0.5” and 2.5” in diameter and up to 18” in length. Any required insulation to protect the coil and minimize thermal radiation losses from the test article should not inductively couple with the heating system and must include sight holes to allow temperature measurements to be made of the test article using optical pyrometers.  Any active or passive cooling of the RF shielding material required to minimize parasitic coupling to other system components will be incorporated into the overall coil design.  An illustration of the coil assembly layout is given in the figure below.
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Materials and Environment:  

All RF components located within the test chamber will be exposed to test pressures of up to 7 MPa in an atmosphere consisting of nitrogen and hydrogen or middle hydrocarbons.  All coil assemblies, internal buss work, and feed throughs must be compatible with these gases and test pressures and should be designed with factors of safety of at least 4 to the ultimate yield strength of the materials. 
 Cooling:

The coil assembly and buss work shall make use of cooling water supplied by the RF power supply via a closed water recirculation unit that includes a heat exchanger to transfer heat to a facility water system.  By keeping the facility and RF system water supplies independent, the water conductivity in the RF systems can be controlled and maintained at a very low level.

Internal Buss Work:

The coils and connection RF buss work shall include any structural support points/hardware to position the RF coil along the centerline of the test chamber.  The buss work shall be cooled as necessary with the RF coil supplied water and shall also include any RF shielding to minimize stray coupling losses.

RF Electrical Feed System

The positioning of the electrical feed lines between the induction power supply and the feed through will be recommended by the contractor as part of the overall design of the induction heating.  The feed lines shall be cooled as necessary with the RF coil supplied water and shall also include any RF shielding required to minimize stray coupling/losses.
Power Distribution in Coil:

The coil shall be designed to produce a uniform power distribution along the length of the test articles.   One coil assembly shall accommodate the entire range of test article diameters (e.g. 0.5” to 2.5”).
Mutual Inductance and Interference:

All design elements of the induction heating system shall be thoroughly analyzed using high fidelity 2D and 3D computer simulations to minimize mutual inductance and interference between components over a range of operating conditions and test article configurations.  The focus of these analyses will be to minimize parasitic inductive coupling and maximize overall induction system efficiency.

Leak Checking:

No leaks can be tolerated within the test chamber; therefore, all connections must be welded or brazed for dependability.  No low temperature silver solder joints or brazes are allowed since a thermal soak back condition during power out could re-melt these joints and introduce high pressure gas into the water system.  These assemblies shall be checked with a helium mass spectrometer leak detector or equivalent with a sensitivity capable of detecting leaks rates of 10-9 std-cc/sec of helium or lower.

Acceptance/Shipping:

All design elements of the induction heating system shall be thoroughly analyzed using high fidelity 2D and 3D computer simulations to demonstrate expected system performance over a range of operating conditions and test article configurations.  The results of these analyses shall be made available to NASA in a formal report for review and approval prior to the fabrication of hardware.  The contractor shall also arrange to be available at MSFC while the induction heating system is being integrated into the overall test facility to assist in all necessary integration 

activities.  The documentation shall include all calculations demonstrating the factors of safety in all supplied components and the packaging information that was marked out for shipping.
Deliverables:

1. RF coil assembly (ATP + 6 months)
2. Design document containing detailed design specifications for a 1 MW high efficiency solid state induction power supply (ATP + 2 months)

3. Design document containing detailed design specifications for high power feed through assemblies and internal coil buss connections (ATP + 2 months)
4. Design document containing detailed design specifications for high power buss assemblies for connecting the induction power supply to the feed through assembly.  (ATP + 2 months)
5. Design document containing detailed design specifications for a cooling system for the overall induction heating system. (ATP + 3 months)

