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First track on the base of the process 

Profile of Melting in the substrate (ultrafine grains) 

DIRECT LASER DEPOSITION ->  SOLID SAMPLE 

REQUIRES GOOD ADHESION BETWEEN CONSECUTIVE LAYERS 

WELDING BETWEEN THE INJECTED POWDER AND THE SUBSTRATE 

HOW CAN THIS BE EVALUATED? 

MEASURING THE AMOUNT OF MELTING IN THE SUBSTRATE 

Following tracks: No 
clear profile of the melting in 
the previous track is possible. 
Always the same kind 

of microstructure. 
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The laser interacts with the 
powder flow, which absorbs a 
fraction of the energy, “A” 

The powder flow reaches the 
substrate having been heated 

Continuous accumulation of 
consolidated material: Change 
in the Heat Transfer conditions   

1. Powder absorption 
fraction, A, as a 
function of the mass 
flow, ṁ (kg/s). 
 

2. Temperature 
distribution in the 
powder flow, from the 
calculated absorbed 
energy fraction.  
 

3. “Isolation” of the 
substrate because of 
the accumulation of 
consolidated material. 
 

Main relevant phenomena 
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Influence of the mass rate on the absorption of the powder flow 

Powder 
absorption 
fraction, A, is 
proportional to 
mass flow, ṁ 

When ṁ increases, the 
cross section is: 
 
-        Narrower 
 
 & 
 
-       Less consolidated  

5 



Calculation of the absorption of the powder flow 

With a simple approach, the minimum irradiance, I, 
to melt a given mass flow, ṁ, can be obtained by:  𝐼𝑀𝑀𝑀𝑇𝑇. =

𝑃
𝜋𝑟2

=
1
𝜋𝑟2

�̇�𝐶𝑝 𝑇0 − 𝑇𝐹  

𝐼𝑀𝑀𝑀𝑇𝑇. �̇� = 18.6 𝑔/𝑚𝑚𝑚 > 𝐼𝑀𝑀𝑀𝑇𝑇. �̇� = 12.4 𝑔/𝑚𝑚𝑚 > 𝐼𝑀𝑀𝑀𝑇𝑇. �̇� = 9.3 𝑔/𝑚𝑚𝑚  

Gaussian Beam: 𝐼 𝑟 = 𝐼0𝑟
− 𝑟2
𝑟𝑏𝑏𝑏𝑏
2

 

𝐼𝑀𝑀𝑀𝑇𝑇. �̇� = 18.6  
𝑾𝑾𝑾𝑾𝑾𝑴𝑨𝑨𝑻𝑾. �̇� = 𝟏𝟏.𝟔  

𝐼𝑀𝑀𝑀𝑇𝑇. �̇� = 12.4  𝑾𝑾𝑾𝑾𝑾𝑴𝑨𝑨𝑻𝑾. �̇� = 𝟏𝟏.𝟒  

𝑾𝑾𝑾𝑾𝑾𝑴𝑨𝑨𝑻𝑾. �̇� = 9.3  𝐼𝑀𝑀𝑀𝑇𝑇. �̇� = 9.3  

𝑊𝑚𝑊𝑊𝑊𝑀𝐴𝐴𝐸𝐴𝐸 �̇� < 𝑊𝑚𝑊𝑊𝑊𝑀𝐴𝐴𝑇𝑇. �̇�  ∀ �̇�
 
⇒ 

 
⇒𝐼𝑀𝑀𝑀𝐸𝐴𝐸 �̇� > 𝐼𝑀𝑀𝑀𝑇𝑇. �̇�  ∀ �̇�

 
⇒ 

𝐴 �̇� =
𝐼𝑀𝑀𝑀𝑇𝑇. �̇�
𝐼𝑀𝑀𝑀𝐸𝐴𝐸 �̇�

100 

Longer than experimental Width: 
Only a fraction of the laser energy 
is absorbed in the real process: 
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Determination of the Temperature Distribution of the Powder Flow 

Knowing the absorption coefficient of the Powder Flow, 
A(ṁ), its Temperature distribution can be calculated 
with the Equation of Heat Transfer  in Porous Media  

𝜌𝑐 𝑀 ⋅
𝜕𝑇
𝜕𝑊

+ 𝜌𝑐𝐸 ⋅ �⃑� ⋅ 𝛻𝑇𝐹 = 𝛻 𝑘𝑀𝛻𝑇 + 𝑞𝑀′′′ 

𝜌 = 𝜃 ⋅ 𝜌𝑆 + 1 − 𝜃 ⋅ 𝜌𝐿 

𝑐𝐸 =
1
𝜌
⋅ 𝜃 ⋅ 𝜌𝑐𝐸 𝑆 + (1 − 𝜃) ⋅ 𝜌 ⋅ 𝑐𝐸 𝐿 + 𝐿 ⋅

𝜕𝛼𝑚
𝜕𝑇

 

𝜅 = 𝜃 ⋅ 𝜅𝑆 + 1 − 𝜃 ⋅ 𝜅𝐿 

Cross section of Temperature 
Distribution in the Powder Flow 

Powder Flow is considered as a mixture of gas (air) and 
isolated particles of metal. Critical aspects are: 

1. Flight time 
 

2. Average size of the particles 
 

3. Ratio between the volume 
occupied by metal particles 
and by air 7 



Consideration of the changing conditions on the substrate due to the 
accumulation of heated material  

The accumulation of material on the substrate 
separates it constantly from the laser source.  

The heat from 
the powder flow 
is transferred to 
the substrate 

T 

The laser energy 
does not directly 
reach the 
substrate 

T 

What is the most influential effect? 
 

It can only be determined by means 
of numerical simulation 8 



Numerical domain with continuous change in the properties  

Air 

Substrate 

Accumulated 
material 

Final 
dimensions 

The profile can be calculated 
under the following hypotheses: 
 
1. Circular profile of the mass 

flow 
 

2. Uniform distribution of the 
powder within the flow 
 

3. No spread of material 
happens on the region 
where it is being 
accumulated 
 

4. In the region where there 
has been accumulation of 
metal, the properties 
change from air to metal 
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Evolution of Temperature in the Substrate 
P (W) V (mm/min) ṁ (g/min) 

2000 400 18.6 

AISI 316-L 
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Conclusions 
1. The adhesion between consecutive layers has been shown as a complex phenomenon where 

different factors, such as the isolation of the substrate and the accumulation of heated material on 
it, lead to a different behavior of temperature in the substrate.  
 

2. A procedure to determine the absorption coefficient of the powder flow as a function of the mass 
flow has been developed, considering theoretical energy aspects of the process and measuring the 
experimental profiles. 
 

3. Once the powder flow absorption fraction is known, the temperature distribution is calculated with 
the convectional heat transfer equation and from some basic characteristics of the powder flow: 
average flight time of particles, apparent density of the mass flow and particles’ size. 
 

4. A thermal model has been developed made from two domains: The substrate itself, representing 
always the same material, and the additive material volume, evolving from air to accumulated 
material and dynamically changing its thermophysical properties. 
 

5. This modeling is capable of predicting the evolution of temperature in the substrate, showing a good 
degree of coincidence with experimental results. 
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Thank you very 
much for your 

attention!! 
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