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Introduction
In Additive Manufacturing (AM), parameter 
development is all about balancing perfor-
mance, cost, and speed. To save time and 
money, the conventional approach separates 
parameter down-selection from mechanical 
testing – relying heavily on density as a proxy 
for strength. But here’s the catch: density 
alone can be misleading. This shortcut often 
leads to poor material performance, unex-
pected failures, and expensive requalification 
cycles that wipe out the very savings it was 
meant to create. 

What if AM engineers could assess both 
density and mechanical performance at the 
same early stage of the process?  Could that 
unlock better materials, faster development, 
and fewer costly surprises?
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Challenges
Metal additive manufacturing machines offer 
numerous production parameters that influ-
ence the melting and solidification of each 
printed alloy. 

For laser powder bed fusion (LPBF) these 
include laser power, scanning speed, layer 
thickness, and hatch distance, all of which 
can be adjusted independently, making ef-
fective parameter selection a complex, mul-
ti-variable challenge.

Getting it right, however, is worth it as the re-
sulting parameter sets determine the thermal 
history that metals experience during produc-
tion. This not only influences porosity, it also 
impacts the microstructure and resultant 
mechanical properties of the material. 

Conventional parameter development ap-
proaches this challenge via a two-stage  
process: 

Stage 1: Density Screening
The initial screening process relies on densi-
ty as the only down-selection criteria. Typical-
ly, 20-50 small (1cm3) cubes are produced, 
each with a different set of parameters, to 
minimise printing and material costs. The 
parameter sets with the highest densities are 
assumed to represent the strongest and are 
therefore selected and used in the next stage 
of parameter optimisation.

Stage 2: Mechanical Property Assessment
Once the most dense parameter sets are 
selected, the focus shifts to mechanical 
property assessment through uniaxial ten-
sile testing.  Large qualification builds, each 
containing multiple tensile specimens (Fig-
ure 1), are produced to evaluate whether 
the density-optimised parameters deliver 
adequate performance. To ensure statisti-
cal significance and high part confidence, it 
is best practice to collect 30 data points per  
condition.

Figure 1: Example qualification builds for (a) an XACT metal 200C and (b) a Renishaw 500Q.
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Objectives
This case study, in collaboration with  
Additive Manufacturing Solutions, explores 
how PIP (Profilometry-based Indentation 
Plastometry) can reduce the resource risks 
of conventional parameter development by 
delivering fast, in-depth mechanical prop-
erty data early in the process – using the 
same material already produced for den-
sity checks. With PIP testing, users can 
measure stress-strain curves from 1 cm3 
density cubes, empowering engineers and 
scientists to select optimal printing param-
eters from a data set that includes both 
porosity and the fundamental mechanical 
properties (yield stress and ultimate ten-
sile strength) of the material. Notably, PIP 
testing would enable users to differentiate 
samples based on mechanical data when 
parameter sets have similar density values. 

Considering that a typical tensile coupon 
has a 30 times higher material volume than 
a 1cm3 density cube, the case for relying on 
density as a first step appears logical at first: 
This extra volume would make tensile testing 
for a wide range of parameters both time and 
cost prohibitive, with increased testing time, 
material and production costs. 

However, this approach comes with consid-
erable drawbacks:

  ��Important trends between parameters 
and material properties are missed. 
Without comprehensive mechanical 
property data in the early phase of pa-
rameter development, optimal param-
eter sets that balance both density and 
material property combinations may not 
be uncovered.

�   �Density alone doesn’t guarantee perfor-
mance. It’s possible to pass early checks 
on density, only to fail mechanical prop-
erty requirements later. When that hap-
pens, the entire qualification loop has 
to restart - new parameters, new builds, 
new tests, with each cycle costing $10k+ 
and weeks of engineering time.
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Measurements
Optical density measurements were taken to 
measure the relative area of the pores. Imag-
es for these measurements were taken using 
a Nikon Eclipse Ci-POL camera, using ILAS-
TIK1 that applies a machine learning pixel 
classification method and ImageJ2.

The mechanical properties were measured 
using the PLX-Benchtop (Figure 2), a com-
pact indentation-based device for PIP test-
ing. PIP uses an accelerated inverse finite el-
ement method to infer accurate stress-strain 
curves from indentation test data.

 

A standard PIP test uses a spherical indent-
er of 2 mm diameter and indents to a depth 
of 200 microns, which enables a test to be 
carried out directly on a 1 cm3 density cube. 
Only a P1200 micron grind (P600 in North 
American grade) is required for PIP testing, 
and tests take as little as five minutes, in-
cluding sample preparation. In this study, 16 
parameter cubes were mounted into a single 
sample array block using cold mount resin 
(Figure 3). This array was then prepared on a 
grinding wheel as a single specimen, reduc-
ing the total preparation time to just 10 min-
utes.

1 �Berg, S., Kutra, D., Kroeger, T. et al. ilastik: interactive machine learning for (bio)image 
analysis. Nat Methods 16, 1226–1232 (2019). https://doi.org/10.1038/s41592-019-0582-9

2 �Schneider, C., Rasband, W. & Eliceiri, K. NIH Image to ImageJ: 25 years of image analysis. 
Nat Methods 9, 671–675 (2012). https://doi.org/10.1038/nmeth.2089

Figure 2: Plastometrex PLX-Benchtop. Figure 3: Sample array featuring 16 parameter cubes.
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Materials

Results

AlSi10Mg was chosen as the example alloy 
for this work as it is a very common printing 
material, thereby requiring its parameteri-
sation on many different machines. In this 
study, the 16 samples were produced on an 
SLM solutions SLM 500 machine. Surfaces 
for indentation and microscopy were pre-
pared to a 1 µm finish. 

The printing parameters adopted in this work 
were chosen to cover a wide range of poten-
tial parameters:

  �Laser power (W): 400, 475, 550, 625.

  �Scan speed (mm s-1): 1650 and 2000.

  Layer thickness (μm): 30 and 60.

The density of all cubes were initially meas-
ured and revealed that 14 of the 16 cubes 
had a density above 99% (Figure 4), making it 
difficult to determine which displayed optimal 
properties. Without corresponding mechani-
cal property data, these parameter sets with 
similar density are virtually indistinguishable.

The next stage was then to determine how 
the strength of these parameter sets, with 
very similar density levels, might vary by ob-
taining mechanical properties. The conven-
tional approach to establishing mechanical 
properties - printing numerous tensile cou-
pons for each parameter set - would come 
with substantial cost and time requirements. 
In contrast, PIP testing was easily performed 
on all 14 of the samples with less than 1% 
porosity. The tests were conducted directly 
on the density cubes, after minimal surface 
preparation. 

Through the PIP tests, mechanical properties  
– namely yield and tensile strength – were 
obtained, alongside stress-strain curves. 
Figure 5 shows a full plot of yield strength 
and ultimate tensile strength (UTS) against  
energy density for the 14 samples with  
measured density above 99%. 

Figure 4: Plot of measured optical density as a 
function of energy density for the 16 different 
parameter combinations that were explored.
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This plot demonstrates the substantial im-
pact energy density has on a material’s  
mechanical properties. By varying the  
processing conditions, such as laser parame-
ters and layer thickness, the resulting melting 
and solidification conditions are likewise af-
fected. This, in turn, alters the microstructure 
and ultimately results in different mechani-
cal properties, something which the density 
checks were unable to uncover. 

Across all samples, both the yield strength 
and UTS decrease as the energy density  
increases. As the energy density increases, 
larger melt pools - and likely re-melted layers 
- are produced. Consequently, this increases 
the solidification time, creating a coarser mi-
crostructure and resulting in suboptimal me-
chanical properties. 

Figure 5 illustrates two key PIP findings:

  �Small differences in yield and tensile 
strength can easily be resolved between 
the samples. 

  �By adjusting layer thickness, nearly 
equivalent mechanical properties can 
be obtained at both low and high energy 
density.

With this knowledge, engineers and scien-
tists can easily save both time and cost by 
utilising larger layer thickness to reduce build 
time, while also achieving optimal mechani-
cal properties. 

This plot further demonstrates the dangers in 
relying on density to infer similarities in me-
chanical properties. In this instance, where 14 
samples were over 99% dense, microstruc-
tural factors such as grain size and phase 
fractions heavily influenced their varied me-
chanical properties.

Figure 5: Plot of yield strength and 
UTS as a function of energy density 
for the 14 different parameter 
combinations that were explored.

As shown, even for 
samples above 99% 
density, the ultimate 
tensile strength 
variation is almost 
20% while the yield 
stress variation is 
greater than 45%.
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Outcomes
With PIP testing, scientists and engineers 
can rapidly optimise build parameters from 
1cm3 density cubes. This enables users to 
down-select parameters based on the ide-
al combination of both strength and density 
early in the development process: an exercise 
that was previously cost-prohibitive. 

As this case study demonstrates, the me-
chanical properties across parameter sets 
with similar density values can vary dramat-
ically. Consequently, density should not be 
used as the only down-selection criteria in 
cases where material strength is important. 

If conventional tensile testing had been used, 
dozens of coupons would have needed to be 
printed in large builds, costing tens of thou-
sands of pounds. With PIP testing, this cost 

has been reduced by ~95%, and the printing 
time was slashed from over 46 hours to 9 
hours. By cutting the associated costs, more 
tests can be performed, ensuring higher data 
confidence and more informed decision mak-
ing.

By integrating PIP testing into parameter de-
velopment, manufacturers gain a significant 
competitive advantage. This approach em-
powers AM teams to optimise mechanical 
properties efficiently, unlocking greater inno-
vation, cost savings, and performance relia-
bility in the rapidly evolving AM sector.

Find out more about PIP testing:

LEARN MORE

95% cost reduction
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