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Motivation and Objectives

e Additive manufacturing (AM) is advancing component fabrication for
liquid rocket engines allowing for reduced cost, reduced lead time, and
performance opportunities over traditional manufacturing

* Much of AM is focused on single alloys, where further opportunities
exist to optimize performance

* Weight reduction (higher strength to weight)
* Use of materialsas requiredlocally based on various properties

* Copper-basedalloys, such as GRCop-42 and GRCop-84 are used for high
conductivity, such as regenerative-cooling for combustion chambers

* Although have high strength, better metal alloys (superalloys) available to react
pressure, thermal, and thrust loads (T* strengthto weight)

There is a need to advance bimetallic and multi-alloy components
using additive manufacturing processes
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A variety of AM processes are used to build a base material and then
deposit/apply a secondary material to create a bimetallic component

T———

Base : GRCop-42
Component Laser Powder Bed Fusion (L-PBF) GRCop-84

Laser Powder Bed

| 1625
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Arc Wire Directed Energy Deposition




AM bimetallic provides various joint options

 AM provides an a variety of options for
bimetallic and multi-alloy joints suild
* The type of joint design is highly dependent "
on the end use and component loads

) NASA iS inveStigating Several types Of jOintS Base Copper- Discrete Continuous Interface
to mature the AM process technology Alloy Transition  Gradient Material

NASA HR-1
Inconel 625 - “

GRCop-42




Joint Characterization and Lessons learned from
bimetallic AM
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* Residual stresses can be very high 0| 3 L e, ot

GRCop-42 L-PBF, UTS

and cause significant shrinkage w0 |

* Material modeling to aid with
selection using CALPHAD

* High bond strength can be achieved
with proper thermal control from T e
deposition parameters

* Intermediate metal alloys may be
required to avoid deleterious phases

* Microtensile testing provides a

method to characterize joints directly
on hardware

Strength (ksi)

L-PBF
GRCop-42




L-PBF GRCop-42 to LP-DED NASAHR-1

Post-Build

Final Machining,
Weld, Flow Test

Cold Spray
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 Completed various test programs from 2k to 30k-Ibf in
LOX/H2, LOX/RP-1, and LOX/CH4
* Hot-fire tested using various bimetallic AM processes

* Completed ALPACA hot-fire testing at MSFC Stand 115
e 6 starts and 356 seconds of hot-fire time in LOX/CH4

Project | Propellants TI("IE:)S t Metal Alloys I:ra:l(:sts Starts Seconds
PF086 LOX/LH2 30,000 GRCop-84 /Inconel 625 EB-DED 9 147
PJ024 LOX/RP-1 2,400 GRCop-84 /Inconel 625 LP-DED 11 475
PJ024 LOX/RP-1 2,000 C-18150/ Inconel 625 LP-DED 9 405
P1043 LOX/LCH4 2,200 GRCop-84 /Inconel 625 LP-DED 6 76
PKO76 LOX/LCH4 7,000 GRCop-42 / NASAHR-1 Coldspray 6 356

GRCop-42 / Inconel 625

GRCop-42 / NASA HR-1 LP-DED

PJO51 LOX/LH2 40,000




Conclusions / Summary

NASA has advanced state-of-the-art bimetallic and multi-alloy GRCop-alloy to superalloy AM
for liquid rocket engine components
* Advancements were made through evaluations of various multi-alloy AM processes, material
characterization, and successful component manufacturing and hot-fire testing for various
combustion devices
* Manufactured 7K-lbf and 40K-Ibf bimetallic chambers and have hot-fire tested the 7K chamber
* Cold spray completed 6 starts and 356 seconds of hot-fire time
 Accumulated 41 starts and 1,459 seconds of hot-fire time across bimetallic AM chambers
NASA continuing to develop the bimetallic AM techniques
* Investigating modeling, characterization, and improvements for bimetallic joints
* Mechanical and hot-fire data available to industry partners
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This paper describes objective technical results and analysis. Any subjective views or opinions that might be expressed in the paper do not
necessarily represent the views of the National Aeronautics and Space Administration (NASA) or the United States Government.
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