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Motivation – LFA multilayer systems

substrate: metal or Ni super alloy

bond coat: NiCrAlY based

top coat: ceramic based

© siemens

𝑹𝑹𝒕𝒕𝒕𝒕~
𝟏𝟏
𝝀𝝀

𝝀𝝀 𝑻𝑻 =  𝜶𝜶 𝑻𝑻 � 𝒄𝒄𝒑𝒑 𝑻𝑻 � 𝝆𝝆 𝑻𝑻
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Motivation – Additive Manufacturing

Laser material

interaction zone



LFA Setup
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Recording signal over time 
after puls excitation
triggered by the laser

RT – 3000 K

Infrared detector

Infrared detector / 
pyrometer

Excitation laser

Vacuum chamber
with heating elements

specimen

0.1 – 1.2 ms



Adiabatic model
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• opaque samples
• Instant energy input at sample 

front side (x=0) 

x

0
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𝒏𝒏=𝟏𝟏

∞

−𝟏𝟏 𝒏𝒏 ⋅ 𝒆𝒆𝒆𝒆𝒆𝒆 −
𝒏𝒏𝟐𝟐 ⋅ 𝝅𝝅𝟐𝟐⋅ 𝜶𝜶 ⋅ 𝒕𝒕

𝒅𝒅𝟐𝟐



Temperature development adiabatic model
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∆𝑻𝑻∞=
𝑸𝑸
𝑨𝑨

𝝔𝝔 ⋅ 𝒄𝒄𝒑𝒑 ⋅ 𝒅𝒅
= 𝟐𝟐.𝟓𝟓𝟓𝟓 𝑲𝑲, 

𝑸𝑸 = 𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍 𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆 𝑨𝑨 = 𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊 𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂, 

𝝔𝝔 = 𝒗𝒗𝒗𝒗𝒗𝒗𝒗𝒗𝒗𝒗𝒗𝒗𝒗𝒗𝒗𝒗𝒗𝒗𝒗𝒗 𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎 𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅, 𝒄𝒄𝒑𝒑 = 𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔 𝒉𝒉𝒉𝒉𝒉𝒉𝒉𝒉 𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄, 

𝒅𝒅 = 𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔 𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕

𝛠𝛠 = 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏 𝐤𝐤𝐤𝐤
𝐦𝐦𝟑𝟑 

𝐜𝐜𝐩𝐩 = 𝟕𝟕𝟕𝟕𝟕𝟕 𝐉𝐉
𝐤𝐤𝐤𝐤⋅𝐊𝐊

 

𝛂𝛂 = 𝟕𝟕𝟕𝟕 ⋅ 𝟏𝟏𝟏𝟏−𝟔𝟔 𝒎𝒎
𝟐𝟐

𝒔𝒔
 

𝐝𝐝 = 𝟐𝟐.𝟒𝟒𝟒𝟒 ⋅ 𝟏𝟏𝟏𝟏−𝟑𝟑 𝐦𝐦 

𝑸𝑸 = 𝟏𝟏 𝑱𝑱

∆𝑻𝑻∞= 𝟐𝟐. 𝟓𝟓𝟓𝟓 𝑲𝑲



Convolution methods
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• Numerical convolution in the Fourier domain is 
achieved by pointwise multiplication of the discrete 
function values of the pulse and the temperature 
evolution in the frequency domain

• Analytical convolution in the time domain involves 
solving the convolution integral, using mathematically 
continuous definitions for the pulse and temperature 
evolution



Analytical convolution

𝑃𝑃⊓ 𝑡𝑡 = �
𝑃𝑃⊓ 𝑓𝑓𝑓𝑓𝑓𝑓 0 < 𝑡𝑡 ≤ 𝑡𝑡𝑝𝑝

0 𝑓𝑓𝑓𝑓𝑓𝑓 𝑡𝑡 > 𝑡𝑡𝑝𝑝

𝑄𝑄 = �
0

𝑡𝑡𝑝𝑝

𝑃𝑃 𝑡𝑡 𝑑𝑑𝑑𝑑 = 𝑃𝑃⊓ ⋅ 𝑡𝑡𝑝𝑝 ∶= 1 𝐽𝐽

→ 𝑃𝑃⊓ =
1
𝑡𝑡𝑝𝑝

𝐽𝐽
𝑠𝑠
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Why normalized pulses?



Temperature development adiabatic model
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Analytical convolution

∆𝑇𝑇𝑃𝑃 = �
0

∞

𝑃𝑃 𝑡𝑡𝑡 � ∆𝑇𝑇 𝑡𝑡 − 𝑡𝑡′ 𝑑𝑑𝑑𝑑𝑑 = �
0

𝑡𝑡𝑝𝑝

𝑃𝑃 𝑡𝑡𝑡 � ∆𝑇𝑇(𝑡𝑡 − 𝑡𝑡𝑡) 𝑑𝑑𝑑𝑑 ′

∆𝑇𝑇𝑓𝑓,𝑃𝑃⊓ = ∆𝑇𝑇∞ � 1 +
2
𝑡𝑡𝑝𝑝
� �
𝑛𝑛=1

∞
𝑙𝑙2

𝛼𝛼𝑛𝑛2𝜋𝜋2 � 𝑒𝑒𝑒𝑒𝑒𝑒 −
𝛼𝛼𝑛𝑛2𝜋𝜋2𝑡𝑡
𝑑𝑑2 � 𝑒𝑒𝑒𝑒𝑒𝑒

𝛼𝛼𝑛𝑛2𝜋𝜋2𝑡𝑡𝑝𝑝
𝑑𝑑2 − 1
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Analytical convolution
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∆𝑻𝑻∞= 𝟐𝟐. 𝟓𝟓𝟓𝟓 𝑲𝑲



Numerical convolution
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1. DFT of temperature curve and pulse
2. Pointwise multiplication of both curves
3. Applying DFT to the product



Numerical convolution
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∆𝑻𝑻∞= 𝟐𝟐. 𝟓𝟓𝟓𝟓 𝑲𝑲



Comparison
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∆𝑻𝑻∞= 𝟐𝟐. 𝟓𝟓𝟓𝟓 𝑲𝑲



Pulse shape variation

16



Comparison of pulse shape effect

17

∆𝑻𝑻∞= 𝟐𝟐. 𝟓𝟓𝟓𝟓 𝑲𝑲



Comparison of pulse shape effect
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∆𝑻𝑻∞= 𝟐𝟐. 𝟓𝟓𝟓𝟓 𝑲𝑲



Comparison of pulse shape effect
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∆𝑻𝑻∞= 𝟐𝟐. 𝟓𝟓𝟓𝟓 𝑲𝑲



Comparison of pulse shape effect
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Comparison of pulse shape effect
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∆𝑻𝑻∞= 𝟐𝟐. 𝟓𝟓𝟓𝟓 𝑲𝑲



Comparison of pulse shape effect
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∆𝑻𝑻∞= 𝟐𝟐. 𝟓𝟓𝟓𝟓 𝑲𝑲
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∆𝑻𝑻∞= 𝟐𝟐. 𝟓𝟓𝟓𝟓 𝑲𝑲

Comparison of pulse shape effect



Conclusion

• Both convolution methods show similar temperature over time curves
• DFT convolutions for other pulse shapes show plausible temperature profiles 
• A more realistic consideration of the front-side temperature evolution is possible 

through convolution with finite pulses
• Finite temperature rise near 𝑡𝑡 = 0

• TO-DO: 
• Investigate temperature dependence of thermal diffusivity in the models
• Use models which consider thermal losses
• Collect measurement data to test the applicability of the models

24



Text !
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Amir Shandy, M. Eng
Technical University of Applied Sciences Würzburg-Schweinfurt
Institute for Sustainable Energy Systems
Münzstraße 12, 97070 Würzburg

+49 931 3511-8247
amir.shandy@thws.de
www.thws.de

Thank you 
for your attention!

mailto:amir.shandy@thws.de
http://www.thws.de/
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