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Specification for Radio Frequency Induction Coil Assembly Design and Fabrication with Associated Power Feeds
Description:
Detailed design and precision manufacture of high efficiency long life specialty RF inductive coil assemblies. These units shall be very clean and suitable for vacuum/purified inert environment operation (low outgassing).  They should be ready for use and include feedthroughs and power feeds (busswork) to connect inductive coil assemblies to power supplies.

Material:
Copper and other materials suitable for high vacuum and low pressure purified inert atmosphere operation.

Item:
The RF Induction Coil Lot consists of:


1) Quantity 2; RF assemblies composed of 5 series inductor coils for equal power deposition in the parts to be heated (figure 1).

2) Quantity 1; RF assemblies composed of 5 series inductor coils for variable power deposition with a ratio of 1, 2 and 4 in the part to be heated (figure 1).

3) Quantity 1; RF unit with a single inductor coil for constant power in the part to be heated. 


4) Busswork to connect each RF inductive coil assembly to a RF power supply (to include vacuum feed through and any structural support)
Delivery:
May 18, 2005
RF Induction Coil and Network Specification:

It is required that four RF inductive coil assemblies be designed and fabricated for long duration (3 years) continuous operation exposed to a high temperature Mo-Re alloy tube (up to 1400 K) in a vacuum or low pressure purified inert gas environment.  Figure 1 illustrates the general pentagonal layout for three of the four assemblies.  The forth assembly is a single inductive coil positioned in the center of a test chamber.  The vendor shall have sufficient RF inductive heating system design experience and 2 dimensional electromagnetic modeling capabilities to thoroughly detail the performance of these assemblies for both nominal and off nominal operations.  Prior to initiating fabrication, the performance estimates and 2-D modeling (with assumptions) shall be provided to the MSFC for review and approval.  Once approved, the Vendor may proceed with manufacturing and test evaluation of the RF coil assemblies.  Vendor shall state relevant experience, capability and manufacturing specifications/guidelines in their response.

1. Geometry – The general layout of the inductive coil and heated tube element (part) with characteristic dimensions is provided in figure 2.  These inductive coil elements shall be arranged to form the pentagonal configuration with a distance between centers ranging from 3 to 5 inches (depending on mutual coupling and fabrication factors).  The design objective shall be to set gap (between coil and part) and turn sizing to maximize coil to tube coupling efficiency while minimizing heat loss and the potential for voltage breakdown (lowest possible operating voltage).  There shall be a small gap of 0.2 to 0.25 inch between the coil and the calorimeter to allow for part temperature measurement. 
2. Power – the RF inductive coil assemblies shall be designed to supply power in the manner specified in table 1 (refer to figure 1).  RF coil assemblies 1 and 2 have uniform power on all 5 elements in each series string.  RF coil assembly 3 has three specified levels of power on the coils requiring a design assessment of the turn ratio.  RF coil assembly 5 is a single inductive coil with no neighboring coils.  During operation, the power variation between the coil assemblies (1 and 2) should be minimal with a target of +/-5% or less regardless of the actual power being dissipated (i.e. if the total combined series coil assembly power is set at 12,500 W or 20,000 W the dissipation per coil is constant and 1/5 of the total).  Likewise, for coil assembly 3 during operation there should be minimal variation between like positions with a target of +/-5% or less and the power ratio should be maintained regardless of the actual power level the complete assembly is operated at. 
Table 1 Required RF Power Induced in the Part without Thermal Losses

	RF Coil Assembly
	Position1
	Position 2
	Position 3
	Position 4
	Position 5

	1
	3000 W
	3000 W
	3000 W
	3000 W
	3000 W

	2
	3000 W
	3000 W
	3000 W
	3000 W
	3000 W

	3
	1000 W
	2000 W
	2000 W
	4000 W
	4000 W

	4
	5000 W
	
	
	
	


3. Open position performance – Periodically it will be necessary to operate a cluster with 1, 2, 3 or 4 of its positions empty (no tube or “part” located inside to heat).  The RF coils assemblies and distribution network should be designed such that the positions which are filled still maintain the required power levels (even with open spots) per the tolerance as specified in the previous “Power” section.
4. Busswork – all busswork and test chamber feedthroughs shall be designed and manufactured for maximum efficiency.  The power supplies shall be located approximately 6 to 12 feet away from the test chambers (as required).  The RF feedthoughs shall be compatible with high vacuum. The design shall include any support structure internal/external to the test chamber (with electrical isolation) as required to hold RF coil cluster position.  

5. Efficiency – the RF inductive coil assemblies and busswork shall be designed to be as efficient as possible 1) in coupling to the heated part, and 2) in making use of available power to satisfy the required applied power levels.  The frequency range for the four available RF power supplies for this application is 0 to 50 kHz. 

6. Uniformity of Heated Region – each RF coil shall provide a uniform and symmetric heated zone on the part under its full length with minimal variations in power along its length; target values or +/-8% or less in part applied power density). There should be no power tilting front to back along the inductive coil and the applied power should be symmetric about the full circumference of the heated tube element (part).

7. Mutual inductance and Interference – the RF inductive coils shall make use of flux concentrators to minimize “cross talk” with neighboring coils within the cluster and structural elements that will adversely affect the uniformity of the applied power to the surface of the heated part. Additionally, the design and use of flux concentrators shall reduce coupling to adjacent components, specifically the calorimeters, to minimize the RF heating (maximum of 10’s of watts or less).  Any flux concentrators shall be assembled of materials that comply with the vacuum requirement, bake-out requirement and cooling as necessary. 

8. Materials and Environment – the RF inductive coil assemblies shall be used in a test chamber with either a high vacuum or low pressure purified inert gas atmosphere.  Contamination is a significant concern, therefore only materials suitable for high vacuum are acceptable and should be discussed with MSFC.  Key parameters include: 

a. The coil manufacturing process must be orchestrated so as to eliminate the potential for trapped material impurities or gas pockets that will continually outgas from the inductor assembly (create virtual leaks)  during operation. 
b. The final designed and manufactured RF coil assemblies shall be capable of withstanding an un-cooled thermal vacuum bake-out prior to operation at a temperature in the 150 to 250 deg C range.

c. During operation, the RF coils shall be cooled and the heated tube element (part) will be at temperatures up to 1400 K.  At these operating conditions the inductive coil assembly outgassing rates shall be 10-9 torr-liters/sec-cm2 or less when in vacuum or inert environment (drives the material selection and bake-out capability).  This is necessary to prevent contamination of the part or swapping the capability of the test chamber gas purification system.
9. Thermal Environment – the RF inductive coils shall be capable of continuous operation when exposed to a hot tube element “part” surface (1400 K) with duration of operation estimated at 3 years.  The final design (to be performed during execution of this contract) shall dictate the final gap width between the heated part surface and the inner diameter of the inductive coil. This design shall place the coil as far from the heated surface as possible to minimize thermal losses yet sufficiently close to achieve acceptable inductive coupling.

10. Applied Voltage – the final operating voltage for the complete RF inductive coil assembly should not exceed one-half that of the DC Paschen breakdown voltage for the geometry; the product of the minimum distance between the coil and any ground in centimeters with the ambient pressure in torr (see figure 3).  This requirement is to prevent a potential discharge that could damage either the heated test specimen or the RF coil.  The test atmosphere shall be inert helium at an absolute pressure of approximately 75 torr with a He-32%Ar mixture for coil assemblies 1-3 and a mixture of He-6%Ar for coil assembly 4.  In addition, the gap width between the RF coils flux concentrator and the calorimeter must be considered.
11. Cooling – the RF inductive coil system and busswork shall make use of cooling water supplied at the RF power supply (water supply is not part of this procurement).  All mechanical connection on the RF power busswork and inductive coils must be made external to the test chamber.  No leaks can be tolerated within the test chamber therefore all connections must be welded or brazed.  The final assembly should be configured such that temperature of the RF inductive coils should not exceed 350 K during normal operations.

12. Leak Checking –   No leaks can be tolerated within the test chamber therefore all connections must be welded or brazed.  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 fill the test chamber with water. These assemblies shall be checked with a helium mass spectrometer leak detector with a sensitivity capable of detecting leaks rates of 1x 10-10 std-cc/sec of helium or lower.

13. Cleaning – During final assembly all RF inductive coil components and busswork (that is located within the test chambers) shall be maintained in a clean environment so as to not trap contaminates within the structure/materials that will outgases or create virtual leaks.    These assemblies shall be cleaned (to degrease) as necessary using PF solvent and pure ethyl alcohol rinses and wipe down with lint free material. The parts should be cleaned and packaged appropriately to protect them from contamination and damage due to handling.  If the vendor has procedures to be used during the assembly process provide them to the MSFC for review and approval.

14. Final acceptance and packaging – documentation shall be generated regarding the design performance with results of 2-dimensional analysis, hardware layout, hook-up and operation and provided to MSFC for final review/acceptance.  The complete RF inductive coil assemblies, test chamber feedthroughs, and busswork/sensors shall be packaged in a manner to prevent damage or contamination and shipped to the MSFC.
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Figure 1. General Layout RF Inductive Coil Assemblies (Cluster with 5 Positions)
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Figure 2. General Dimensional Layout of a Single RF Inductive Coil Position.
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Figure 3. DC Breakdown Voltages in Pure Helium, Argon and Mixtures (Paschen Curves)
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