
Isogeometric analysis using the
*IGA_INCLUDE_BEZIER keyword 

in LS-DYNA

Matthew Sederberg, Coreform CEO



Agenda

• Value of *IGA_INCLUDE_BEZIER
• Isogeometric analysis
• Unstructured splines
• Larger explicit time steps

• How to use *IGA_INCLUDE_BEZIER
• Future possibilities 





Vision of isogeometric analysis (IGA): 
A single source of truth for design and analysis
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A simpler process

A critical decision when running FEA is how to represent the model being simulated. IGA 

offers simplicity and greater accuracy by using exact CAD geometry and superior basis functions.

FEA simulation is disconnected from the rest of the CAD process. It requires a simplified 

approximation of the CAD model, frozen and tediously meshed to a tolerance. 

In contrast to traditional FEA software, isogeometric analysis (IGA) performs the FEA 

simulation directly on smooth CAD geometry, saving time and giving more accurate results.

IGA is more efficient and robust  than traditional FEA.

TODAY’S FEA PROCESS
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TOMORROW’S ISOGEOMETRIC APPROACH

A SOLUTION TO TODAY’S PROBLEM

>70%
of today’s high-end simulation 
time is spent approximating CAD 
data.* Tomorrow’s IGA process will 
eliminate this time by running 
directly on the CAD model. 

Today’s inefficient FEA process requires significant 
overhead to interface with CAD. This tedious process results 
in the FEA model getting out of sync with the CAD.

Tomorrow’s IGA process allows analysis to be run directly 
on the CAD model, which increases accuracy and saves 
time. IGA allows a tight loop to iterate and optimize the 
design and CAD models. Smooth IGA models allow for more 
realistic postprocessing and rendering of simulation results.

*Michael Hardwick and Robert Clay,
Sandia National Laboratories
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Using highly accurate spline-based FEA

• FEA mesh data

• Next-gen CAD data
LS-DYNA, other 

solvers

Analyze (beta)

Process (beta)



Greatly improved by *IGA_INCLUDE_BEZIER

Promise of smooth spline-based FEA
Better simulation through better geometry

Better 
accuracy in 

less time

Increased 
robustness

Lower 
simulation 

costs

Minimal 
change to your 

workflow



Better stress accuracy: 16x fewer elements for ~1% error

FEA: 256 elements Splines: 16 elements



Splines are more robust for large deformations

Reduce required expertise

FEA Spline

Degree 1 2
# of nodes 160 160

Timesteps 
completed

144 209

SplinesFEA



Traditional 
engineering 
design

Traditional 
engineering 
analysis

Next-gen 
design and 
analysis

U-splines

U-splines: next-gen CAE/CAD technology



Analysis-suitable geometry



Non-uniform degree Non-uniform smoothnessNon-uniform topology

p = 2

p = 3
k = 0

k = 1

§ Partition of unity
§ Compactly supported
§ Positive
§ Linearly independent 



degree 2 degree 4degree 3

C1
<latexit sha1_base64="HKoGa86eCnn7v2CgN42VXrdRhlo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48V7Qe0sWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7G9ZnffuLaiFg94CThfkSHSoSCUbTSff3R65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXldpNHkcRTuAUzsGDK6jBLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwC5Xo1q</latexit><latexit sha1_base64="HKoGa86eCnn7v2CgN42VXrdRhlo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48V7Qe0sWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7G9ZnffuLaiFg94CThfkSHSoSCUbTSff3R65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXldpNHkcRTuAUzsGDK6jBLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwC5Xo1q</latexit><latexit sha1_base64="HKoGa86eCnn7v2CgN42VXrdRhlo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48V7Qe0sWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7G9ZnffuLaiFg94CThfkSHSoSCUbTSff3R65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXldpNHkcRTuAUzsGDK6jBLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwC5Xo1q</latexit><latexit sha1_base64="HKoGa86eCnn7v2CgN42VXrdRhlo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48V7Qe0sWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7G9ZnffuLaiFg94CThfkSHSoSCUbTSff3R65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXldpNHkcRTuAUzsGDK6jBLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwC5Xo1q</latexit>
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Better accuracy with less time and effort

Project shared by permission, funded by Honeywell



Project shared by permission, funded by Honeywell

Better accuracy with less time and effort



225,000 small elements required to 
capture curvature with FEA!

Better accuracy with less time and effort

Project shared by permission, funded by Honeywell



Better accuracy: 50x faster, 500x fewer elements

FEA U-Splines

Elements 225,000 500
Total 
compute 
hours

384 8
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Bézier extraction: Equivalence between 
Bézier and B-spline representations



*IGA_INCLUDE_BEZIER

Purpose: import complex spline data into LS-DYNA
• Improvement over old Bezier extraction keyword
• Allows for simplex and prism elements
• More efficient data storage

Current status 
• Still under active development
• Beta version: scheduled for summer of 2019
• Public availablity: scheduled for Rev 12 of LS-DYNA Keyword Manual



*IGA_INCLUDE_BEZIER 
format
• Patch data

• Geometry

• Elements descriptions

• Coefficient vectors



*IGA_INCLUDE_BEZIER features:

1. Increased explicit time step size

2. Import of solid spline models

3. Import of T-spline CAD models

4. Smoothing of unstructured FEA meshes via U-splines

5. Future possibility of IGA assembly models in LS-DYNA



1. Increase explicit time step size



The central difference method

Stability Condition

Evolution Through Time

�t  2

!h
max

<latexit sha1_base64="Wt48k0i59adxkmv5fQW/dDdNX8k=">AAACEHicbVC7TiNBEJzleJqXOUKSERaPyNo1SBAijoCQkzAgeY3VO+61R8zsLjO9CGu1n3DJ/colBCBEeiEZf8PYOOBVUkulqm51d0WZkpZ8/8Wb+DE5NT0zO1eZX1hcWq6u/DyzaW4ENkWqUnMRgUUlE2ySJIUXmUHQkcLz6OrX0D+/QWNlmpzSIMO2hl4iYymAnNSpboVHqAg48c1Q4TUPYwOiaJRFmGrsQafQcFte9stOtebX/RH4VxKMSY2NcdKpPofdVOQaExIKrG0FfkbtAgxJobCshLnFDMQV9LDlaAIabbsYPVTyDad0eZwaVwnxkfp+ogBt7UBHrlMD9e1nbyh+57VyivfbhUyynDARb4viXHFK+TAd3pUGBamBIyCMdLdy0QcXCbkMKy6E4PPLX8lZox7s1Bu/d2sHh+M4ZtkaW2fbLGB77IAdsxPWZIL9Yf/YPXvw/np33qP39NY64Y1nVtkHeP9fAY+fnPU=</latexit>

Man+1 = Rn+1(dn+1)

dn+1 = dn +�tvn +
�t2

2
an

vn+1 = vn +
�t

2
(an + an+1)

<latexit sha1_base64="2GnA7xBty+O4S1qCiBYAqGgRlkE="></latexit>

n = Time step number

�t = Time step size

d = Displacement

v = Velocity

a = Acceleration

M = Mass matrix

R =
Residual, note that Rn+1
is independent of an+1

!h
max = Maximum discrete frequency

<latexit sha1_base64="G9S67GdacpRoFv3QS3OSLlFhjzk="></latexit>



1D vibrating rod

L = E = ⇢ = 1
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Exact modes:
un = sin(n⇡x)

!n = n⇡

for n = 1, 2, 3, 4, ...
<latexit sha1_base64="exOoe8CTUEYQJLffjMCf31Qsjl8="></latexit>
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x
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@2u

@x2
+ !2u = 0
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u(0) = 0
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u(1) = 0
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Lagrange NURBS

n = Mode number

N = Number of DOFs

!n = Exact nth frequency

!h
n = Discrete nth frequency

<latexit sha1_base64="3QIWHwMIGb2O3pOrJZPLKxNOGqU="></latexit>

Raising continuity helps most of the 
spectrum, but not the highest 

frequency



The challenge of increasing degree

Increase degree

Decrease time step

§ Lagrange
§ Multi-patch NURBS
§ T-splines
§ etc.



U-splines can uniquely increase the time step

P=2 P=3 P=3 P=3 P=3 P=3 P=3 P=2

C2 C2 C2 C2 C2 C2 C2



NURBS U-splines



Crack formation 

Crack after fracture

Time step example: v-notch problem



Optimized U-Spline basis



Optimized U-Spline in LS-DYNA via *IGA_INCLUDE_BEZIER



Lower simulation costs
U-splinesFEA

Time step: 1.35 x 10-7 Time step: 2.18 x 10-7

60% larger time step!

Smooth fillet captured!



Superior explicit dynamics

Basis Type Time Step (LS-DYNA)

Linear 1.35 x 10-7

Multipatch NURBS 1.25 x 10-7

U-Spline 2.18 x 10-7

60% larger time step than linear!

Smaller than linear FEA



2. Import solid spline models

U-spline solid spring model



3. Import T-spline CAD model



3. Import T-spline CAD model



4. Smooth unstructured FEA mesh via U-splines



4. Smooth unstructured FEA mesh via U-splines

Automatic conversion of solid BREP to U-spline surface. Retopology by Trellis.



4. Smooth unstructured FEA mesh via U-splines



5. Future possibilities: IGA assembly models
in LS-DYNA

LS-DYNA Assembly

U-spline Assembly 

FEA

Coreform Analyze



IGA workflow
1. Import LS-DYNA assembly
2. Convert linear mesh to 

Degree 2 U-spline, 
smooth element 
boundaries to be C1 
where possible

3. Automatically translate
material properties, 
element types, 
connections

4. Redefine applied loads for 
IGA-suitability

5. Run simulation



P1, C0 everywhere:

P2, C1 where possible:
Elements are C0 everywhere.

Increased smoothness in 
quadratic mesh

IGA workflow
1. Import LS-DYNA assembly
2. Convert linear mesh to 

Degree 2 U-spline, 
smooth element 
boundaries to be C1 
where possible

3. Automatically translate
material properties, 
element types, 
connections

4. Redefine applied loads for 
IGA-suitability

5. Run simulation



Another view of the smoothness (continuity) of the U-spline model

Section of the original linear mesh Section of the smoothed U-spline model

IGA workflow
1. Import LS-DYNA assembly
2. Convert linear mesh to 

Degree 2 U-spline, 
smooth element 
boundaries to be C1 
where possible

3. Automatically translate
material properties, 
element types, 
connections

4. Redefine applied loads for 
IGA-suitability 

5. Run simulation



List of cards in the Coreform IGA assembly

IGA workflow
1. Import LS-DYNA assembly
2. Convert linear mesh to 

Degree 2 U-spline, 
smooth element 
boundaries to be C1 
where possible

3. Automatically translate
material properties, 
element types, 
connections

4. Redefine applied loads for 
IGA-suitability

5. Run simulation



Loads and boundary conditions were assigned directly to the geometry 
instead of to nodes for improved accuracy.

IGA workflow
1. Import LS-DYNA assembly
2. Convert linear mesh to 

Degree 2 U-spline, 
smooth element 
boundaries to be C1 
where possible

3. Automatically translate
material properties, 
element types, 
connections

4. Redefine applied loads for 
IGA-suitability

5. Run simulation



IGA workflow
1. Import LS-DYNA assembly
2. Convert linear mesh to 

Degree 2 U-spline, 
smooth element 
boundaries to be C1 
where possible

3. Automatically translate
material properties, 
element types, 
connections

4. Redefine applied loads for 
IGA-suitability

5. Run simulation
We ran the simulation using both Coreform Analyze (IGA) and LS-DYNA (FEA). While the codes use different 
bases and formulations, the max displacements were within 3% of each other, a strong validation that the 
underlying physics are correct.

Coreform Analyze (IGA) LS-DYNA (FEA)



IGA short course

● Theory and application
● Coreform offices in Utah, USA
● August 21-22, 2019

IGA 2019
● Annual IGA conference
● Munich, Germany
● September 18-20, 2019

Come be team member #17 at Coreform.

Want to learn more?

Want to use our beta software?

Love IGA?

Come talk with me.



Thank you!

Matthew Sederberg, matt@coreform.com


