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Additive Manufacturing 
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Ultrasound
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Research Motivation 

‘Can we establish a relationship between ultrasound measurement, manufacturing parameters, 
and resulting material properties?’

The research question can be explored in the following ways:

 Can ultrasound be linked to the manufacturing parameters, and how can we differentiate between different 
samples based on ultrasound measurements?

 What is the influence of the manufacturing parameters on the variation in ultrasound captured from the AM 
samples?

 How to quantify the material properties and do quality assessment of samples based on ultrasound 
measurements?
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In other words… 

Can we replace time-consuming and destructive material 
characterization with a rapid, non-destructive ultrasound 

technique?
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Sample Printing
 Experimental design (selected samples of 316L stainless steel, LBPF)
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VED (J/mm3)Speed (mm/s)tE (s)HD (µm)LH (µm)Power (W)Cube 

72.22226008090501959
6560080100501952

62.904767008090501957
55.7142970080100501953
56.801665080955017511
57.4074160080905015526
51.6667600801005015520
49.2063570080905015522
44.28571700801005015524

𝑽𝑬𝑫 ൌ
𝑷𝒐𝒘𝒆𝒓

𝑺𝒑𝒆𝒆𝒅 ∗ 𝑯𝑫 ∗ 𝑳𝑯
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Experimental Setup – Ultrasound
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Ultrasound Measurements

 Samples examined using 5 MHz and 7.5 MHz 
focused transducers.

 Data is collected from the build and transverse 
direction.

 Ultrasound echoes from 841 points were recorded 
for each sample.

 Ultrasound spectra computed for each recorded 
echo.

9



L U L E Å  U N I V E R S I T Y  O F  T E C H N O L O G Y Johan.Carlson@ltu.se

The supervised learning problem 
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Ultrasound data
Material properties

or process information
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Examples

Linking the manufacturing parameters to ultrasound. 
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Modelling the parameters

 Data randomly split into two data sets

 Training

 Testing

 A model is built for estimation of manufacturing parameters from ultrasound spectra.


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Results

Estimation and validation of manufacturing parameters using 5 MHz transducer in build direction.
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Assessing the uncertainty

Monte-Carlo simulations 

Variations in ultrasound spectra used to build multiple prediction models.

Comparing models to assess the prediction error variance.
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Results

Prediction of manufacturing 
parameters using 5 MHz transducer 
in the build direction.
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Examples

Assessing the influence of the manufacturing parameters on variability within 
samples, based on ultrasound data.
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Variability of microstructur backscatter

 Idea:
 If a sample is a homogeneous isotropic 

solid, the backscatter statistics should be 
consistent across a sample.
 Large variation in ultrasound is an 

indication of large variations in 
microstructure.

Linking ultrasound variation to 
manufacturing parameters… possible 
way to fine-tune the process.
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Examples

Linking the material properties to ultrasound data.
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Material Characterization

 Porosity Analysis 

 Hardness Testing 

 Texture Analysis 

 Grain Size Measurements 

27



L U L E Å  U N I V E R S I T Y  O F  T E C H N O L O G Y Johan.Carlson@ltu.se

Material Characterization

 Porosity Analysis 

 Hardness Testing 

 Texture Analysis 

 Grain Size Measurements 

28



L U L E Å  U N I V E R S I T Y  O F  T E C H N O L O G Y Johan.Carlson@ltu.se

Material Characterization

 Porosity Analysis 

 Hardness Testing 

 Texture Analysis 

 Grain Size Measurements 

29



L U L E Å  U N I V E R S I T Y  O F  T E C H N O L O G Y Johan.Carlson@ltu.se

Material Characterization

 Porosity Analysis 

 Hardness Testing 

 Texture Analysis 

 Grain Size Measurements 

30



L U L E Å  U N I V E R S I T Y  O F  T E C H N O L O G Y Johan.Carlson@ltu.se

Prediction of Material Properties
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Uncertainties (±2σ)
PorosityGrain SizeHardnessSample
1.1434062.1128730.1235742
1.1620372.203080.1255873
1.1482822.1592090.122357
1.1754462.2262810.1236789
1.1845912.2151240.12791811
1.1122652.1311170.12042320
1.1277222.1657330.12001922
1.13172.1051980.12227624
1.169942.2342140.12403726

 Hardness porosity and grain size

 Porosity

 Grain size
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