
UNCLASSIFIED

UNCLASSIFIED The Nation’s Premier Laboratory for Land Forces

UNCLASSIFIED

UNCLASSIFIED

ALEGRA Based Computation of 
Magnetostatic Configurations

Michael Grinfeld, Jason MacDonald, 

ARL

John Niederhaus, 

SANDIA

Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia 
Corporation, a wholly owned subsidiary of Lockheed Martin Corporation, for the U.S. Department of 
Energy’s National Nuclear Security Administration under contract DE-AC04-94AL85000.

SAND2016-2149C



UNCLASSIFIED

UNCLASSIFIED The Nation’s Premier Laboratory for Land Forces 2

About ALEGRA MHD

Ellipsoid in electrostatic of magnetostatic field (exact solution)

Validation and Verification of ALEGRA MHD

Conclusion

OUTLOOK
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V&V of ALEGRA MHD Code

Grinfeld, M., Niederhaus, J., and Porwitzky, A., Using the ALEGRA Code for Analysis 
of Quasi-Static Magnetization of Metals, ARL-TR-7415 SEP 2015.
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Exact solution for elliptic inclusion

The boundary value problem

The PDE

The matrix/inclusion BC
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Exact solution for elliptic inclusion

The Newtonian potential

The magnetic field inside the inclusion
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ALEGRA MHD
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V&V of ALEGRA MHD Code

Grinfeld, M., Niederhaus, J., and Porwitzky, A., Using the ALEGRA Code for Analysis 
of Quasi-Static Magnetization of Metals, ARL-TR-7415 SEP 2015.
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Magnetostatics modeling: ellipse

9

Magnetic ellipse response to external field:

M. Grinfeld, J. Niederhaus, and A. Porwitzky,  “Using the ALEGRA code for analysis of quasi-static magnetization of metals,” U.S. 
Army Research Laboratory Technical Report ARL-TR-7415, 2015.

t = 0.2 ms

t = 1.0 ms

t = 3.0 ms

Convergence to analytic solution:
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Ly = Lz = 15 cm
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3D verification test
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Analytic solution
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N = elements spanning spheroid major axis

• N = 40 134,400 elements
• N = 80 1,075,200 elements
• N = 160 8,652,800 elements
• N = 320 70,090,384 elements

Mesh is rectangular, Eulerian, uniform in region of 
spheroid, graded by 4x near boundaries.

Error magnitude computed using the L2 norm relative 
to the exact solution:

Convergence study
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t = 50 s t = 100 s

t = 150 s t = 500 s

Time evolution (N = 80): Bx
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t = 50 s t = 100 s

t = 150 s t = 500 s

Time evolution (N = 80): By
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t = 50 s t = 100 s

t = 150 s t = 500 s

Time evolution (N = 80): Bz
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Pink line: surface of ellipsoid.

Solution at equilibrium: Bx
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Pink line: surface of ellipsoid.

Solution at equilibrium: By
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Pink line: surface of ellipsoid.

Solution at equilibrium: Bz
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Magnetic field lines overlaid
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Average rate for Bx: 0.8  
Average rate for By and Bz: 0.7

Convergence trend

Error computed using 
the L2 norm relative 
to the exact solution, 
in single-material 
elements only.
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Convergence trend

EXTRA SLIDES
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N = 40 N = 80

N = 160 N = 320

Scatter plots: Bx
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N = 40 N = 80

N = 160 N = 320

Scatter plots: By


