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Background and Motivation

High performance combustion chambers for liquid rocket engines require a high 
conductivity and high strength copper-alloy for the channel-cooled liner
• Objective: Demonstrate copper-alloy additive manufacturing (AM) technology to 

significantly reduce the lead-time and costs for combustion chamber fabrication 
• Since 2014 NASA has been developing and maturing AM for GRCop-alloys

• Specifically Selective Laser Melting (SLM) or Laser-Powder Bed Fusion (L-PBF)
• Focused on GRCop-84 (Cu-8%Cr-4%Nb) and GRCop-42 (Cu-4%Cr-2%Nb)
• Demonstrated secondary AM processes for bimetallic jackets

• Several NASA programs have and are making use of additively manufactured SLM 
chambers and NASA has accumulated significant development time 
• >21,000 sec and 400 starts and counting
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Why GRCop-alloys for chambers?

• Oxidation and blanching resistance during 
thermal and oxidation-reduction cycling

• A maximum use temperature around 
800°C, depending upon strength and 
creep requirements 

• Good mechanical properties at high use 
temperatures (2x of typical copper)

• Lower thermal expansion to reduce 
thermally induced stresses and low cycle 
fatigue (LCF)

• Established powder supply chain 
• Mature AM process that provides 

consistent, minimum material properties 
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Objectives During AM GRCop-alloy Development

1. Establishing, maturing, and controlling the powder 
supply chain 

2. Scalability and transfer of the SLM process to 
various machines and size scales 

3. Optimal work flow and processing time of GRCop-
42 and GRCop-84 

4. Characterizing the material and establishing a 
database of AM properties for design engineers 

5. Understanding property and microstructural 
sensitivities to powder supply, print parameters, 
and design features 

6. Developing best design practices for the SLM 
GRCop alloy use in combustion chambers 

7. Demonstrating component hardware in a relevant 
environment and testing at aggressive conditions 
to validate designs and property databases 

8. Dissemination of data to US industry partners and 
US commercial print service vendors. 4
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Comparison GRCop-84 and GRCop-42

GRCop-42 and GRCop-84 for different applications:
• GRCop-42 has improved thermal conductivity (5-8%)
• GRCop-84 has higher strength and better LCF 

properties
• GRCop-42 has simplified powder atomization based on 

powder supplier comments
• GRCop-42 less costly fabrication build times based on 

increased layer height 5

Element GRCop-42 Wt % GRCop-84 Wt %
Cr 3.1 – 3.4 6.2 – 6.8  
Nb 2.7 – 3.0    5.4 – 6.0   
Fe Target <50 ppm Target <50 ppm

O Target <400 ppm Target <400 ppm

Al <50 ppm <50 ppm
Si <50 ppm <50 ppm
Cu Balance Balance

Cr:Nb Ratio 1.12  – 1.15 1.12  – 1.15 
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Process Development of GRCop-alloys using SLM (L-PBF)

• AM of GRCop-alloys using layer-by-layer SLM/L-PBF process
• Challenges with AM of Copper-alloys: High reflectivity and high conductivity
• Power and speed build parameters were varied on material samples and 

evaluated to determine optimal properties for given set of parameters
• Inclusion of the finer particles below the preferred (typical SLM) mesh size 

resulted in better density and material properties
• Stability of GRCop-42 weld pools allowed 50% thicker layers of powder to be 

deposited to facilitate (~20%) faster build times
• Similar build feature resolution and standard AM SLM build “rules of thumb”
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Mechanical Properties of GRCop-84 and GRCop-42
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• Demonstrated repeatability of GRCop-
84 and GRCop-42 on various machines 
(Concept M2, EOS M290, EOS M400)

• Identical post-processing including Hot 
Isostatic Pressing (HIP)

• HIP reduces strength but increases 
elongation to desired values

• Surface roughness studies completed
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Post-processing of SLM GRCop-alloy Chambers

• Successful SLM development should place considerable 
emphasis on post-processing

• Several chambers scrapped due to trapped powder

• Order of post-processing critical to success

• Hot Isostatic Pressing (HIP) successfully developed 8
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Bimetallic Jacket Process Development

• For some high pressure and large scale chamber configurations, a 
structural jacket is necessary to handle thrust and chamber hoop loads

• Several secondary processes have been evaluated for the 

jacket including:

• Blown Powder DED

• Electron Beam DED

• Laser Wire DED

• Arc-based DED

• Coldspray
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Hot-fire Testing of GRCop-alloy Chambers
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GRCop-84 with Inconel 625 EBF^3 Jacket
Pc > 1,400 psig 

GRCop-42 Cycle Testing
168 starts and >8,000 sec

GRCop-84 (as-built)
Active Throttling with LCH4



Hot-fire Cycle Testing of GRCop-alloy Chambers

GRCop-42 Cycle Testing
• Pc >1,200 psig (82.7 bar) and MR=8.0
• Analytically determined and anchored 

peak wall temperatures at 1340°F
• Inspected liner after each test and set 

of cycles
• No blanching observed
• No erosion
• No anomalies in plume signature from 

video
• Pre and post-test leak checks 

confirmed no leakage
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GRCop-42 Liner #1, 168 tests and 7,400 sec (Peak MR=6.99)

GRCop-42 Liner #2, 20 tests and 630 sec (Peak MR=8.01)



Video of Hot-fire Testing
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35K Hot-fire Testing under LCUSP Project – Bimetallic Additively Manufactured Chamber



Conclusions and Future Development

NASA has progressed in development using AM for processing of, material 
characterization, property databases, and hardware fabrication of AM SLM 
GRCop-42 and GRCop-84 thrust chambers
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• GRCop-alloys are readily printable using SLM
• Full density can be achieved with consistent properties across

several SLM/L-PBF machines, including scale-up
• SLM GRCop-42 and GRCop-42 demonstrate tailored properties

for engine application
• GRCop-84 and GRCop-42 showed resistance to oxidation and

blanching during aggressive test environments and high
sustained wall temperatures
• Completed >20,000 sec of test on various thrust chamber

programs and engines
• Continued development and scale of the process has enabled

commercial available printing and data available to industry
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