
MODIFIED HEAT TREATMENTS OF DMLS OF PRECIPITATE HARDENABLE STEEL

ABSTRACT:
Direct metal laser sintering (DMLS) has improved significantly during the last

decade. Currently, DMLS is capable of producing 15-5PH stainless steel

functional parts with mechanical properties comparable to traditional

manufacturing parts. However, due to the sensitivity of 15-5PH steel to the

thermal history and the layering nature of DMLS, additively manufactured 15-

5PH parts have shown anisotropic mechanical properties depending on the

building direction. In addition to that, additively manufactured 15-5PH parts

have shown shorter fatigue life. This was explained by the defects present in

the parts such as porosity, unmolten regions, and residual stresses. Stress

relieving and standard heat treatment of 15-5PH have shown little improvement

and the horizontal built parts have shown to remain superior in strength and

fatigue life compared to parts built vertically. This study investigates modified

annealing heat treatments aiming at homogenizing the specimens by modifying

the length of the annealing treatment or the temperature of the annealing

treatment. Several patches were fabricated in 3 different orientations, heat

treated in 3 different treatments and tensile tested to evaluate their mechanical

properties. The microstructure was investigated to explain the results.
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▪ The mechanical properties of DMLS 15-5PH have shown significant improvement

after solution annealing the specimens and then precipitate hardening the

specimens. The increase in stiffness, yield, and tensile strengths was at the

expense of reducing the ductility of the specimens.

▪ By increasing the duration of the solution annealing heat treatment from one hour to

three hours the yield and tensile strengths were slightly increased at the expense of

further reducing the ductility of the specimens. This suggests the opportunity to

optimize the duration to improve the homogeneity of the parts and reduce and

defects and porosity.

▪ Heat treating DMLS 15-5PH specimens at 1200oC and furnace cool it before

solution annealing it has proved to be detrimental and caused the specimens to fail

suddenly sometimes before yielding and at unpredictable locations.

▪ Using an extended solution annealing coupled with a different precipitation

hardening heat treatment such as H1150 might improve the fatigue life of DMLS 15-

5PH parts.
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Heat 

treatment
Treatment specifications

0 As-Built

1 1038 oC for 1 hr air cool + H900 for 1.5 hr then air cool

2 1038 oC for 3 hr air cool + H900 for 1.5 hr then air cool

3 1200 oC for 1.5 hr + 1038 oC for 1 hr then H900 then air cool
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▪ To investigate the influence of different annealing  heat treatments multiple patches of 

DMLS 15-5 PH specimens were fabricated and heat treated.

▪ Specimens were fabricated in three different orientations to investigate the influence on 

anisotropy.

▪ Specimens shape and dimensions according to E8/EM8.

▪ For each heat treatment, 3 orientations were treated and for each orientation 3 

replicas.

▪ Specimens lengths were measured and dimensions were compared before and after 

the heat treatments.

▪ Tensile testing speed was conducted at 0.48 mm/min as per ASTM E8/EM8.

• Additive manufacturing (AM) is a collection of manufacturing methods that fabricate

parts layer by layer directly from sliced CAD models.

• AM provides the capability to free form complex parts with internal structures impossible 

or very hard to fabricate otherwise.

• Direct metal laser sintering DMLS is a powder-bed metal AM that uses fine metal 

powder as its raw material and laser as the energy source to fuse the powder.

• DMLS parts suffer from high anisotropy, defects and lower fatigue life compared to 

traditional manufactured parts

OBJECTIVE

Improve the mechanical properties of 15-5PH DMLS parts and reduce the anisotropy,

defects and residual stresses. This study aims at accomplishing this goal by investigating

modified annealing heat treatments to homogenize the microstructure and reduce

porosity.

▪ Digital image correlation system was used to 

track the displacement of each point on the 

specimens and generate strain fields.

▪ Heat treated pieces were polished and etched 

to investigate the microstructure.

▪ Fractography images of the fracture surfaces 

were investigated

Examples of complex parts

• Standard heat treatments and modified precipitation

heat treatments have shown little improvement. This

shows a need to modify the annealing heat treatment.
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