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Characterizing In-situ Anisotropic Micromechanical Response in Additively 
Manufactured 17-4 Stainless Steel Using High-Energy X-ray Diffraction

Abstract:
Additively manufactured (AM) 17-4 stainless steel produced via laser powder bed fusion of nitrogen atomized powder has been found to contain large volume fractions of retained 
austenite in comparison to its fully martensitic wrought counterpart. The combination of multiple phases present and relatively strong crystallographic texture in the AM 17-4 greatly 
complicates the micromechanical response. We will present experimental results from high-energy X-ray diffraction measurements during uniaxial tension characterizing the phase 
transformation behavior and micromechanical response of AM 17-4. The distribution of elastic strains in the sample are found to be influenced by both the austenite to martensite
transformation and initial crystallographic texture. Tensile strains perpendicular to the applied load are generated in the austenite phase as transformation occurs. In addition, the strong 
crystallographic texture is found to produce large heterogeneities of elastic strain within families of lattice planes.

This work is based upon research conducted at the Cornell High Energy Synchrotron Source (CHESS) which is supported by the National Science Foundation under award DMR-1332208.

Motivation: Results:

Phan, T.Q., Kim, F.H., Pagan, D.C., Mat. Sci. Eng.: A, (2019), 759. 565-573

Macroscopic Loading:
Summary:

Experiment:

• Initial pore volume fraction of the AM specimen was 1.71×10$% with 125 pores 
identified. At the end of the test, porosity volume fraction increased slightly (by 5%) 
with no new pores identified.

• The martensite phase volume fraction increased from 0.46 to 0.88 after macroscopic 
strain of 0.03 was applied in the additively manufactured specimen, but with minimal 
texture evolution in both the 𝛾𝛾 austenite and 𝛼𝛼𝛼 martensite. This behavior suggests 
that no new martensitic regions nucleated, and that the increase in volume fraction 
was primarily due to expansion of preexisting martensitic regions. 

• The macroscopic stress-strain response of the AM specimen was sigmoidal and 
similar to other works. Lattice strain data was found to be consistent with load 
preferentially distributing to the martensite due its higher strength. 

• The strains associated with the martensitic transformation in the AM material (FCC to 
BCC) cause large tensile strains to develop in the austenite in lattice planes with 
normals near perpendicular to the applied load, suggesting high triaxiality in the 
untransformed austenite. 

• Strong crystallographic texture in both the AM and wrought specimens is associated 
with significant strain heterogeneity within the same family of lattice planes. This 
heterogeneity demonstrates the need to measure lattice strains across a large 
number of sample directions in order to clearly understand the mechanical response.

Texture Evolution Comparison:

AM Porosity Evolution: AM Phase Fraction Evolution:

• Additively manufactured (AM) and wrought (W) 17-4 precipitation hardened 
stainless steel specimens were deformed in uniaxial tension.

• During the deformation process, X-ray diffraction and µ-computed tomography 
measurements were performed to quantify the microstructural and micromechanical 
evolution within the specimens for comparison.

• Additively manufactured engineering alloys often have significantly different 
microstructures and properties in comparison to their wrought counterparts.

• With these differences, additively manufactured materials must undergo new 
qualification processes before they can be used in the field.

• In particular, additively manufactured 17-4 precipitation hardened stainless steel has 
significant amounts of retained austenite in comparison to wrought material.

• The need to accelerate the qualification process is driving the development of new 
characterization techniques to quantify structure-property relationships in additively 
manufactured alloys.

Lattice Strain Evolution Comparison:

Initial porosity and final porosity of the AM specimen.

Evolution of the volume fractions of $\gamma$ austenite and $\alpha '$ martensite in the 
AM specimen versus macroscopic strain applied. Inset: Uncertainty associated with each 

volume fraction measurement.

Initial ODFs of the (A) 𝛾𝛾 austenite of the AM specimen, (B) 𝛼𝛼𝛼 martensite of the AM 
specimen, and (C) 𝛼𝛼𝛼 martensite of the W specimen expressed over the cubic fundamental 

region in Rodrigues space along with the measured orientation pole figures from which the 
ODF was generated. The ODFs are expressed in terms of multiples of uniform distribution 

(MUD).

Experiments were performed at the Cornell High Energy 
Synchrotron Source

Schematic of the experimental geometry for in-situ diffraction  and tomography 
measurements.

F2 Experimental Station at CHESS and the RAMS2 Load Frame

Finals ODFs of the (A) 𝛾𝛾 austenite of the AM specimen, (B) 𝛼𝛼𝛼 martensite of the AM 
specimen, and (C) 𝛼𝛼𝛼 martensite of the W specimen expressed over the cubic fundamental 

region in Rodrigues space. The ODFs are expressed in terms of multiples of uniform 
distribution (MUD).

Evolution of strain pole figures from the {111}, {200}, and {220}lattice planes of the 
𝛾𝛾 austenite of the AM specimen. Orientation pole figures from the same lattice planes are 

included for reference.

Evolution of strain pole figures from the {110}, {200}, and {211}  lattice planes of the 𝛼𝛼𝛼
martensite of the W specimen. Orientation pole figures from the same lattice planes are 

included for reference.

Evolution of strain pole figures from the {110}, {200}, and {211} lattice planes of the 𝛼𝛼𝛼
martensite of the AM specimen. Orientation pole figures from the same lattice planes are 

included for reference.

Macroscopic stress strain measurements of the additively manufactured and wrought 17-4 
stainless steel specimens. Unload segments of the macroscopic response correspond to 

where diffraction measurements were made. Square and diamond glyphs correspond to 
strain pole figure measurements.

A) Distribution of $\varepsilon_{yy}$ on the specimen surface of the AM specimen. B) 
Distribution of 𝜀𝜀**on the specimen surface of the W specimen.
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