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# General presentation of LS-DYNA.
# Presentation of the electromagnetism (EM) module.

# Recent and future developments.
# Presentation of the MPP version of the EM module.

# Examples:

# Electromagnetic free forming.
# Electromagnetic bending.

# Rail gun.
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Finite element code for non linear transient dynamics

= 2-D and 3-D simulations with explicit/Implicit time integration
= Deformable & rigid bodies

= Numerous element types and formulations

= Around 150 constitutive (material) models

= 14 equations-of-state

= More than 35 contact algorithms

= Coupled thermal analysis

= Coupled fluid/structure analysis (Euler/ALE/Lagrange element
formulations)

= Smooth Particle Hydrodynamics (SPH)

ICHSF 2010, Columbus, OH, March 9-10, 2010 3



Technology Corp.

ALSTC  some Applications of LS-DYNA

mn

MONDRAGON
UNIBERTSITATEA

= Automotive
» Crash
> Airbags
» Occupant safety

= Aerospace
> Bird strike
> Blade containment
» Crash

= Manufacturing
» Stamping
» Forging
» Casting
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«Structural
» Earthquake safety
» Concrete structures

=Electronics
» Drop analysis
» Package design
» Thermal

Defense
» Weapons design
> Blast response
» Penetration
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PNGY-SPP LAB YALIDATION: COMPLEX CHAMME

Time = 0
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# Electromagnetism module for 3D eddy-current
problems, coupled with mechanical and thermal
solvers (typical applications: magnetic metal forming
and welding).

# Boundary element method in the air coupled to
finite elements in the conductor is used to avoid
meshing the air.

# The EM fields, as well as EM force and Joule
Heating can be visualized with LSPREPOST.
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e Magnetic metal forming.

e Magnetic metal cutting.

e Magnetic metal welding (impact welding).

e High magnetic pressure generation.

o Computation of the stresses/deformations in coils.

More recently:

e Induced heating (Joule effect).

e Resistive heating.

e Electromagnetic contact capability: rail-gun.
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# MPP version now available.

# Electromagnetism contact capability now available
(rail gun, ... ).

Future:

# Extension of the module to tetrahedral, wedges
elements, triangular faces, as well as shells.

# Introduction of other solvers than eddy-current
(magnetostatics,...).

# Mesh adaptivity.
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=Allows sharing the computation as well as the memory
between several processors.

=Large gains in run time.
=Makes it possible to simulate much larger cases.

=Especially true for the BEM part of the EM solver which is the
most demanding both in memory and CPU.

Run time vs # procs for typical EMF case:

#proc 1 2 4 8 16 32 64
Run 24hi6mn | 12hi6mn | 6h28mn 3h56mn 2h29mn 1h36mn 1h09mn
time

Maximal mesh (#elements) size vs # procs (typical)

#proc 1 8

# elem | 100,000 | 500,000
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AZ31B magnesium
alloy sheet

Coil and die used

Mesh (general view-

1/a represented)
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1.084e-01 |

§.190e-02
3.040e-02
2.869e-02

Num. and Exp. Final shapes

Total run time: 300us Experimental
Time steps:

e Mechanical: 30ns
e Thermal: 2pus

e EM: 1.5us _
with FEM and BEM matrices imereHl
reassembly every 10 time steps

(=200 EM time step, 20 matrix reassembly)
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¢4 ALSTC Comparisons experimental/numerical ’
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Run time (hours:minutes)

AN oT(C MPP run time versus number 192
Qally -wwen Of processors for different mesh sizes Ui
case meshl mesh8 | meshl6 | mesh32 | mesh64
#nodes | 39,504 | 63,759 | 86,537 | 131,747 | 420,478
#elem 28,595 | 43,568 | 62,600 | 98,744 | 343,224
#BEMP | 19,851 | 36,971 | 44,279 | 62,363 | 147,843
#BEMQ | 39,688 | 73,920 | 88,532 | 124,688 | 295,648
Mesh sizes
# processors Mesh1 Mesh8 Mesh16 Mesh32 Mesh64
1 24:16 55:41
2 12:16 27:42
4 6:28 14:13
8 3:56 8:49 12:14
16 2:29 5:15 7:34 15:53
32 1:36 3:07 4:22 8:57 42:16
64 1:09 2:01 2:46 5:32 26:31
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Meshl Mesh8

Mesh 1, P is 19851 x 19851 dof Mesh 8, P is 36971 x 36971 dof
i T o —.—t‘otalcputime | ! | | | | —.—t‘otalcputime |
—ill— assembly cpu time —ll— assembly cpu time
481 CNCNC solve cpu time 52 solve cpu time I
. 5k
4B
‘ ‘ ‘ ‘ ‘ a8
4.4 L o . B R L
° : O 46
é 421 DN TN _§
2 ‘ 3 44f
=3 | o 42
2 3af s = ‘ ‘
’ 41 R -
36l : Ll e
34r | .
32 aaf . A
7 2 4 0 16 % 5 1 2 . s 16 %2 o
# of processors # of processors
—@- Total time
—l- BEM matrices assembly time
—h— BEM systems solve time
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P T Total time/efficiency vs MmN
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Y reomonycon it Of Processors for the different meshes jyserrmares
Efficiency defined as: P : number of processor

p T T,: run time for p processors
E = 0% po Tpot run time for p0 processors (reference)
P T . .
p D We would like Ep to be as close to 1 as possible
Total cpu times for the five meshes Total efficiencies for the five meshes
g 46 50.6*
% 44f %05
B mens | : ‘ ‘ : ‘
3.6 — O/ —@—mesht | o D R e
# of processors 1 ’ ) # of prtfcessors * > >
Total CPU time Total efficiency
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LSTC  Electromagnetic bending
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d deck by LS-Prepost

Mesh (general view)

bending coil - centered 2.5kJ
Time - 1.9994¢-05 Fringe Levels
Vector of Qurrent density BEM 1.960e+07
min-0, at node 54697 7
96773e+07, at node 46010 ATt ]
1.574e407 |
1.377e:07
11810407
9.839e.06 |
7.8716406
5.903e+06
3.935e+06 |

Sheet current density
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Scalar potent

B field

bending coil - centered 2.5kJ

Time =

Contours of Magnetic field BEM (lenyth magnitude)
min = 1¢+20, at nede #-1

max = -1e+20, atnode #-

-3.2260408 I 1.196e+05
46280408 _ _  1.047e+05
6.4310408 __  8.902e+04
8.0330408 _| | 7.4928+04
: 6.001e+04

45110404

3.020e+04

ial on coil

Fringe Levels
DO00E+00 ___ 1494e+05

0.000e+00 1.3456405
0.000e+00 1.136e+05
0.000e-+00 _ 1.047€+035
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Experimental vs humerical comparisons

Non homogeneus

deformation due to ey
° I.IGE{"-OI
induced currents 10170.01-

8.720e-02+
7.26Te-02 ]
5.813e-02
4.360e-02
Q.QOTP-OQi
1.453e-02
0.000e400

Numerical 3 k.J

al a2

. S0F

s OF |

eb 40 - Lo % Experimental

< 20 - —o— Simu al
0

O Simu a2

time [us]

ICHSF 2010, Columbus, OH, March 9-10, 2010 17



ALSTC  Sliding contact for rail gun applications YA/

Wl Livermore Software MONDRAGON
gy Technology Corp. UNIBERTSITATEA

Rail 1

Current density

Sliding contact between the rails and the projectile
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52,000 nodes
43,000 solid elements

LS-DYHA keyword deck by LS-Prepost X
Time = L1 Fringe Levels

Cortowrs of Magnetic field BEM (|l enwth magnitude) 0.000e400 _ _ J.007e+07
min = Ve+20, at node#-1

max = -1e420, atnede#-1 0.000¢-+00 2H5e+07
L5-DYMA keyword deck by L5-Prepost . 0,000 e-+00 2 ge+07
Tire = o Fringe Levels
Contours of Cunvent density BEM (lenyth niagniude) 0.000e+00 _  _ 30176407 0.000e+00 _ _ ZiiZze+0?
min = 16420, atnode -1
miack = -1e420, at node #-1 o.000e+00 27156407 0.000e+00 S8 18106407
O00e-+D Zalde+07? 00006400 _| | 1.509e+07
GO00e+00 _ _ 2a12e+0? 0.000e+00 _{ | 1.207e+07
0O00e+00 _ _ 18106407 0.000e+00 2,051 6406
0O00e+00 _ . 1.503e+07
0.000+00 E.034e406
0O00e+00 | 1.207e+07
0000 e-+D0 F01Te+06
O00e+00 _ . 9.051e+0E
0,000 €-+00 0,000€+00

0.000e400 €.0349e+06

0.000e400 3.017e+06
0.000e400 0.000e+00

Current density B field
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# MPP version of the EM module allows sharing
memory and CPU between processors, hence faster
computations on larger cases.

# Future developments (pre-conditioners,...) should
allow even better scaling.

# Recent EM contact capability allows rail gun like
applications.

# LS-DYNA with EM module available as a “beta”
version called “Is980"”.

Please contact Pierre L'Eplattenier
pierre@I|stc.com for further information.
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