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The Dispersion Calculator:

a free software for calculating 

dispersion curves of guided waves

Dr. Armin Huber

German Aerospace Center (DLR)



Why developing the Dispersion Calculator (DC)?

2016

▪ Air-coupled ultrasonic inspection 

of composite rocket booster 

pressure vessels

▪ Excitation of Lamb waves by 

slanted incidence

▪ Lamb waves are dispersive →

Incidence angle is too

▪ No free software for calculating 

dispersion diagrams available  

(except GUIGUW) → Purchase 

DISPERSE

2
Armin Huber - Dispersion Calculator - 27 May 2024

d = 48 mm

360 layers



Why developing the Dispersion Calculator (DC)?

2016

▪ DISPERSE cannot handle so many layers

▪ Starting with small MATLAB scripts:

▪ Rayleigh-Lamb equations for isotropic single layers

▪ Transfer Matrix Method (TMM) for isotropic and anisotropic multilayers

→ encountering the numerical instability in TMM

▪ Came across the Stiffness Matrix Method (SMM)

→ numerically stable and perfectly suited for many layers
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2017

4
Armin Huber - Dispersion Calculator - 27 May 2024

k
c


=p

Phase velocity 



k

angular frequency

wavenumber



2017

5
Armin Huber - Dispersion Calculator - 27 May 2024














= −

pLamb

pAir1sin
c

c
θ

Incidence angle



2017

6
Armin Huber - Dispersion Calculator - 27 May 2024

k
c

d

d
g


=

Group velocity



7
Armin Huber - Dispersion Calculator - 27 May 2024

2017



2018 - 2023

▪ Early 2018: Decision to create a software → work on GUI

▪ November 2018: DC v1.0

▪ Dispersion diagrams and mode shapes for Lamb and SH waves in 

isotropic and multilayered anisotropic plates

▪ Versions 1.0 through 1.11

▪ April 2022: DC v2.0

▪ Damping through fluid-loading (leaky waves) and viscoelasticity 

▪ Current version is 2.4
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Most important tools currently available
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Tool Authors Initial 

release

Computation method GUI Free

DISPERSE Lowe, Pavlakovic Early 

1990s

Global Matrix Method (currently upgraded 

to Spectral Collocation Method)

Yes No

GUIGUW Marzani, Bocchini 2011 Semi-analytical Finite Element Method Yes Yes

DC Huber 2018 Stiffness Matrix Method Yes Yes

ElasticMatrix Ramasawmy et al. 2020 Global Matrix Method No Yes

Dispersion Box Orta et al. 2022 GMM, SMM, HCSMM, SAFE, LPM, 5-SDT Yes Yes

SAFEDC Liu et al. 2022 Semi-analytical Finite Element Method Yes Yes

GEWtool Kiefer 2023 Spectral Element Method No Yes
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1. Phase velocity

2. Energy velocity

3. Propagation time

4. Coincidence angle

5. Wavelength

6. Wavenumber

7. Attenuation
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1. Displacement

2. Stress

3. Strain

4. Energy density

5. Power flow density
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Polar dispersion diagrams
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▪ Export options

▪ Plots

▪ Mode shape animation movies

▪ Raw data

▪ Dispersion curves

▪ Through-thickness profiles



Current and future work

▪ 2025: DC v3.0

▪ Guided waves in isotropic rods and pipes including fluid-loading

▪ DC v3.x

▪ ? Guided waves in multilayered anisotropic rods and pipes

▪ ? Piezoelectric effects

▪ ? Backpropagating modes (cp and ce point in opposite directions 

→ negative damping)

20
Armin Huber - Dispersion Calculator - 27 May 2024



21
Armin Huber - Dispersion Calculator - 27 May 2024

Thank you!

Dr. Armin Huber

German Aerospace Center (DLR)

armin.huber@dlr.de

Dispersion Calculator


