STATEMENT OF WORK FOR LOW PRESSURE PLASMA SPRAYING OF NICRALY TOP COATS ON COPPER AND GRCOP-84 ROCKET ENGINE COMBUSTOR LINERS
1.0 GENERAL
The NASA Glenn Research Center (GRC) requires the application of NiCrAlY top and CuCrAl bond coatings to the inside contoured surfaces of spun formed copper and GRCop84 copper alloy rocket combustor chamber liners using the low pressure plasma spray  (LPPS) process. The overall goals of this investigation are to develop and demonstrate new scale-up technologies for coating GRCop-84 combustor chamber liners with NiCrAlY overlay coatings for space launch vehicle and other similar applications. The vendor shall be expected to work closely with the researchers at the Glenn Research Center in developing and maturing these technologies while ensuring that the project milestones are met on time. 
a. The nominal compositions of the coatings to sprayed shall be:

a. NiCrAlY (top coat)
b. CuCrAl (bond coat)
b. The coating powders shall be supplied by the Glenn Research Center. The vendor shall specify the amount of powders required for performing this work.
c. The vendor shall low pressure plasma spray coating overlays of the desired composition on government-supplied GRCop-84 substrates. In no case shall a tungsten spray gun be used. 
d. The vendor must show demonstrated experience and possess adequate facilities for fulfilling the scope of the work outlined below. 

e. Demonstrated experience shall include experience in spraying commercially available copper alloy substrates (e.g NARloy-Z) used or being considered for rocket engine applications as well as copper substrates with a metallic or ceramic overlay coating. Preference will be given to vendors who have several years of demonstrated experience in coating the copper alloys with either Cu-Cr, NiCrAlY or ceramic coatings by low pressure plasma spraying (LPPS). The vendor shall supply a list of relevant customers, certifications and reference information to demonstrate that he possesses the experience to undertake this developmental activity. The vendor shall also provide a list of facilities available for performing this developmental research. 
f. The vendor shall ensure that the atomized powders are handled and stored carefully during all stages of processing to minimize contamination, particularly oxygen contamination. The vendor and his subcontractors shall handle the coated specimens with gloves so as not to contaminate the coated surfaces. The substrate surface shall be suitably degreased and deoxidized prior to spraying using methods and substances without corrosive attack and mechanical damage to the substrate. 
g. All overlay-coated substrates shall be hot isostatically pressed (HIP) at appropriate pressure and temperature conditions to ensure a defect free coating as determined by microstructural analysis prior to delivery to the NASA Glenn Research Center. The conditions for HIP shall be specified by the contracting officer’s technical representative (COTR) after the award of the contract.
h. It is understood that all equipment and tooling procured for performing the tasks covered by this contract are the property of NASA. This clause is applicable for items paid for by this contract. 
i. The vendor must possess demonstrated experience (e.g. provide a list of customer contact information and a general description of work done) in low pressure plasma spraying of copper alloy substrates with high temperature ceramic and metallic alloy coatings preferably for rocket nozzles and combustor liners. Evidence should be provided that the vendor possesses adequate facilities and experience to conduct this work. NASA reserves the right to reject bids which do not provide this evidence. 

j. It is noted that the work described in this statement of work falls under the purview of United States ITAR, EAR and other export control laws.
2.0 SCOPE OF WORK
The proposed study will optimize the LPPS process parameters to produce a high density coating with acceptable mechanical and microstructural properties for use on NASA supplied copper and GRCop-84 alloy rocket combustor chamber liners. The plan for the proposed studies will include:

a. Develop and optimize the LPPS coating process for spraying CuCrAl and NiCrAlY coatings on the inside contours of copper and GRCop-84 copper alloy rocket combustor chamber liners by control of the appropriate plasma spray process variables. These variables include plasma torch configuration, gas enthalpy, and powder particle size and spray rate, spraying standoff distance and angle and chamber pressure.  
b. Optimize coating density and bond strength of the LPPS coated copper alloy combustor chamber liners.  

c. Develop robotic/automation spraying methods to produce uniform coating properties on prototype rocket combustor chamber liners. 
d. Copper and GRCop-84 combustor chamber liners shall finally be coated with NiCrAlY and CuCrAl coatings by LPPS ready for finish machining and subsequent full scale testing by NASA. 
e. Submit a written report (see deliverable item (e)) to the COTR describing in detail all processing variables, description of the tooling fixtures, successful and unsuccessful trials, microstructural and other technical information relating to the optimization of the spray process and the spraying of the liners. It is intended that the report will be published as a NASA contractor report and all company proprietary information shall be suitably identified by the vendor to prevent unauthorized and inadvertent disclosures. 
3.0 TECHNICAL OBJECTIVES
a. The inner surfaces of three copper and optional one to three GRCop-84 subscale thrusters shall be sprayed with a CuCrAl bond coat and a NiCrAlY top coat. The internal contours of the copper thrusters and overall length will be similar to that of the GRCop-84 thrusters (attached drawings 1, 2 & Table 1) but the wall thickness is likely to vary between 0.050 and 0.100”. 
b. The bond coat shall be CuCrAl powder supplied by the NASA Glenn Research Center. The processing conditions used for spraying the bond and top coats shall be based on the optimized conditions. 
c. Once the spraying conditions have been optimized, the vendor shall provide at least three metallographically prepared GRCop-84 test coupons to the COTR for independent assessment, where each test coupon should have been sprayed in three separate runs under conditions identical to those to be used for completing this task to verify reproducibility.  The test coupons shall be provided by GRC. 
d. Three copper liners will be coated using the LPPS process for evaluation by NASA. The copper liners shall be coated  only after the COTR gives the go ahead for the task, which shall be within 15 days of receipt of the metallographically coupons described in (c). All tooling designs shall be verified and accepted by the COTR prior to spraying. All GRCop-84 liners will be supplied with only the I.D. machined (i.e. O.D. will be machined after coating). The copper liners are likely to be in a spun form finished condition. The dimensions of the liner are attached. The bond coat shall be 0.004”-0.002”/+0.001” and the top coat shall be 0.012”-0.002”/+0.003” for an overlay coating throughout the length of the liner. All the coated liners shall be HIPed after spraying. The vendor shall select a suitable HIP services vendor to post spray HIP the coated liners using NASA supplied HIP conditions. All necessary care shall be taken to prevent the distortion of the liners during before, during and after spraying them. The vendor shall also ensure that his subcontractors take adequate precautions to prevent the distortion of the liners during any post-spraying operations. The vendor shall give at least a 15-day advance notice of the scheduled spraying dates so that the COTR or his representative can witness the spraying. 

e. Based on the evaluation, NASA may elect to apply the same coating system to up to three optional GRCop-84 liners. The vendor shall select a suitable HIP services vendor to post spray HIP the coated liners using NASA supplied HIP conditions. All care shall be taken to ensure to minimize oxidation and tarnishing of the coated parts during the spraying and HIP processing stages. 
The specific NASA work requirements are described below:

TASK 1: Process Optimization: Optimize Low Pressure Plasma Spray (LPPS) spray conditions to apply a low porosity (0.1%) uniform coating to the inner surfaces of prototype Cu rocket nozzle liners. Coating porosity will be determined by the vendor by image analysis. Optimization shall be done to ensure a low porosity microstructures and uniform coating thickness for both the bond and top coats. At least three metallographically prepared coated GRCop-84 test coupons sprayed in separate runs under the optimized conditions shall be provided to the COTR for an independent assessment of the LPPS coating. The coupons will be low pressure plasma sprayed using the same processing conditions that will be used to LPPS coat the Cu liners. 

TASK 2: LPPS Coating of Cu Liners: After acceptance of the test coupons by GRC, use optimized process conditions to coat up to three Cu liners supplied by GRC. It is noted that the I.D. of these copper liners shall be similar to the attached drawings (drawings 1 & 2) for GRCop-84 liners but the thickness may vary between 0.050” and 0.100”. The vendor shall include the cost of any additional tooling that may be necessary to complete this task if the tooling design is expected to be different than that required for coating the GRCop-84 liners. All coated copper liners shall be hot isostatically pressed after spraying using conditions supplied by GRC. The set-up coupons and copper liners shall be supplied to the government. 
TASK 3: LPPS Coating of GRCop-84 Liners: After acceptance of the Cu liners by GRC, use optimized process conditions to coat one or more of the GRCop-84 liners supplied by GRC (attached drawings 1 & 2). All coated liners are to be HIPed after spraying using conditions supplied by GRC. Additional tooling will be required during this task to properly fixture the GRCop-84 liners during the spraying process. Perform HIP post spray treatment to coated liners in accordance with GRC specifications. 

The vendor shall provide detailed quotes for completing each of the above tasks including costs for spraying one, two and three liners as separate optional line items. 
4.0 Deliverables: 

a) Provide the COTR at least three metallographically prepared GRCop-84 test coupons sprayed separately in at least three different runs under conditions identical to the optimized processing conditions to be used to complete this task within 4 weeks of receiving the contract and material. These coupons shall be provided to the COTR prior to the spraying of the liners and after the processing conditions have been optimized for reproducible bond and top coating thickness and porosity content less than 0.1%. 

b) Deliver three coated and HIPed copper liners and set-up coupons within three weeks after the vendor has been informed by the COTR that his processing conditions are acceptable. 
c) Deliver one to three coated and HIPed GRCop-84 and set-up coupons if GRC exercises this option within three weeks after notification by the COTR. 

d) The vendor shall submit a written report to the COTR on a monthly basis the start  and finish dates for this task, and the degree of task completion every 15th day of the month until the task has been completed. 

e) All processing data, description of procedures, tooling, fixtures, and successful and unsuccessful optimization trials shall be recorded and reported to the COTR as part of the monthly report. These include photographs and video images taken before, during and after the spraying operation. The monthly report should be written following the norms of a standard technical publication with the appropriate references, analysis of results, details of the experimentation and conclusions drawn from the work.

List of Government Supplied Materials
a. 15-20 lbs of CuCrAl powder depending on vendor requirement;

b. 25-30 lbs of NiCrAlY powder depending on vendor requirement;

c. 6 GRCop-84 test coupons for completing task 1;

d. 1 to 3 copper liners

e. 1 to 3 GRCop-84 liners
