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New CertaSIM Support Group on LinkedIn

To receive updated information about the products supported by CertaSIM, LLC a new user group has been established on
LinkedIn. It is simply called CertaSIM. Activities related to the IMPETUS Afea Solver®are posted including notifications about
Beta and Official releases of the solver. Of major interest to the users are details regarding new features to the Solver that are
available for beta testing. Come join the CertaSIM Group to stay informed.
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New Release

Anew version of the IMPETUS Afea Solver is released!

Engine: 4.0.2302 » 4.0.2318

GUI: 4.3.0 5434

There are new features in both Engine and GUI. A few under development options can be tested: New
viscous foam and showing material directions. Download is at the usual location. If you need the link,
please contact CertaSIM.

New Training Material from CertaSIM

At CertaSIM, LLC, we believe that good technical support is essential to customer success. A lot of effort and time is allocated
to develop the best training material possible. CertaSIM’s Support & Training staff have started a new Multi-Media Project that
includes training videos on how to use IMPETUS, involving model building, running simulations and post-processing. The first
five videos are out.

To get more information about these new videos and where to find them please contact support@certasim.com.



GPU Technology for HPC (High Performance Computing) was launched more than 8 years ago at the Super
Computer Conference SCO9 held in Portland, Oregon:

Nov. 16, 2009 - NVIDIA Corporation introduced the Tesla 20-series of parallel processors for high performance
computing (HPC).

Here we are in 2017, 8 years later and NVIDIA has introduced 4 new generations of GPU Technology since
then and with each release came a significant leap in performance that includes faster processing, more
cores and more memory, all on a single standard workstation or single node of a cluster. It is natural too
consider using multiple GPUs to improve performance. Very early on IMPETUS included the capability to
use multiple GPUs to run large models that require more memory than on a single GPU. In the last year the
IMPETUS SPH development team has been working on Multi-GPU capabilities for improving performance
on models that would normally run using a single GPU. CertaSIM, LLC has been testing the alpha version
of the SPH Solver with various NVIDIA GPU processors. The problem chosen for the performance study is
one of Hypervelocity impact, similar to what a spacecraft or satellite might see in space. In particular, the
oblique impact of a particle on a plate. The chosen problem has been demonstrated experimentally in a
lab environment and the test data has been published. The results from the IMPETUS model matches the
test data very well so the focus here will be on GPU performance.

Oblique Impact Parameters
Sphere Diameter = 3.0 mm  Velocity 4050 m/s
Plate Thickness = 2.0 mm with a 32° Tilt

Experiment

Simulation

The hardware configuration consisted of a Ciara Technologies KRONOS 840-G3 workstation with an Intel
i7-5960X (8 cores accelerated to 4.4 GHz) and 64 GB of RAM with PCI-E 16x slots for the GPUs. The SPH
solver is particularly well suited to GPU Technology and runs all calculations only on the GPUs. SPH
particles were used to model both the projectile and the plate. The GPUs that were chosen for the tests
include 2 generations of GPUs: The older Kepler and current Pascal GPU processors. The Kepler GPUs
include the Tesla K20 and the K40 GPUs. The Pascal GPUs include the Quadro P6000 and GP100. As
with any processor be it CPU or GPU there are many factors that affect peformance. The key compoments
for the GPU are memory size and type, number of CUDA cores, clock speed and memory transfer speed,
etc. Note that the clock speed has been significantly increased with the release of the Pascal Processors
as well as the memory and the core count. The flagship GPU for workstations is currently the GP100 with
the latest memory HBM2 (High Bandwidth Memory) and the addition of an NVLINK connection between
GP100s which will be discussed later.



Clock Speed (MHz)

Memory (GB) CUDA cores PCI-E
Base Speed Boost
K20 5 GDDR5 2496 706 758 2.0
K40 12 GDDRS5 2880 745 875 3.0
P6000 24 GDDR5X 3840 1417 1530* | 3.0
GP100 16 HBM?2 3584 1380 1441* | 3.0

*Pascal Processors provide an automatic boost of the clock speed

The memory transfer between the dual GPUs is accomplished through the CPU/PCI-E slots on the motherboard.
The current motherboards support PCI-E 3.0, however the K20 is the only GPU tested that only supports PCI-E 2.0
transfer speed. The theoretical bandwidth for PCI-E 2.0 is 8 GiB/sec and PCI-E 3.0 doubles that speed to 16 GiB/sec.
The GP100 has the added advanatage of an NVLINK connection. NVLINK bypassses the PCI-E communication path
which goes through the CPU and allows for a physical connection between the GPUs. The GP100 configuration
was tested with and without NVLINK. In order to show the benefit of using dual GPUs the same model was run
using a single GPU.

The first chart shows the single GPU performance. The Pascal processors clearly show better performance as
one would expect since they are newer technology. The results for the Dual GPU runs are presented in the next
chart. The GP100 again provides the best performance and the NVLINK connection improves on that as well. And
yes the DUAL GP100 NVLINK run was 38 sec for the 800K model, which is remarkable, not to mention the speed
for running the much larger models. As a final test we did run a 32 million particle model which only ran on the
P6000 because of the memory required, recall the P6000 has 24 GBs of memory. The run time was 7 hr 8m. To
our knowledge no other commerical solver can run such a high resolution model!
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With continued military conflicts in the world one of the most dangerous situations for our warfighters is the attack
from an Improvised Explosive Devices (IEDs) which results in extensive damage to their vehicles and therefore a threat
to the life of the warfighter. To develop better protection for the vehicles it is necessary to include the effect that
blast loading has on the warfighters that occupy the vehicle. This is accomplished by including an Anthropomorphic
Test Device (ATD) as part of the physical test. Simulation of this involves a computer model of the ATD. IMPETUS has
developed a fully calibrated ATD model based upon the SAE standards but has, together with CertaSIM, extended the
calibration to include the results from physical blast tests, which is something that has not been done before. This
series of articles describes the different calibration requirements found in the SAE standards; the following presents

the results for the Neck Extension Test.

The Neck Extension Test consists of the
Neck and Head assembly mounted on a
pendulum whichincludes the brackets. The
Head and Neck assemblies were discussed
in Q3 2017 of the CertaSIM Solution Journal
and are also described in [1].

Neck Cable

T

r Neck Cable Nut
‘g

Bolt Neck Bracket

\
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Bracket Neck Adj. Upper

Nodding Joint

Mount Plate Upper

Rubber
Intervertebral Disk 1
Intervertebral Disk 2
Mount Plate Lo

Intervertebral Disk 3

The test results in a motion that initially
bends the neck backward then forward.
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The requirement for the impact
velocity is a range from 594 to 6.19
m/s. The SAE standard [2] then
provides the acceptable values when
the pendulum is decelerated.

The performance specifications require
that the maximum rotation of the head
must be between 81° and 106" and
which must occur between 72 msec
and 82 msec. The decay part of the
rotation versus time curve must cross
the zero angle line between 147 msec
and 174 msec. The rotations are found
in the rigid.out file. The results fulfill
the requirements of the SAE J2856
standard. The maximum value is -104.6;
occurring at 74 msec.

Furthermore, there are requirements
for the moment about the global
Y-axis of the head D-plane with
respect to the occipital condyles. The
maximum value should be between
-52.9 Nm and -80.0 Nm and it should
occur between 65 msecand 79 msec. In
the IMPETUS model this is found from
values in the rigid_body joint.out file.
The graph shows that the numerical
results are within the requirements.

[1] M. R. Jensen, “The IMPETUS Hybrid Il 50th Percentile Male Blast ATD’, CertaSIM Report # CS-0052-09012017.

[2] SAE International J2856 September 2009, “User’s Manual for the 50th Percentile Male Hybrid Ill Dummy”



Fragmentation occurs in many different applications, e.g., ballistics, buried mine blast, impact on windows, etc. It
can be difficult to predict numerically and in some cases challenging to quantify experimentally, especially for high
velocity scenarios. In military applications it is important to consider both for protection but also for efficiency
of weapons. This article describes some of the publicly released work carried out for modeling this event with the
IMPETUS Afea Solver®. With successful modeling of the application, knowledge about the process and optimization
in design can be achieved.

The engineering discipline of Fragmentation is not new and extensive work has been done in this area, e.g.
the work by N. F. Mott which was presented well in D. Grady’s book [1]. Special interest is in Defense related
applications, both as protection against fragmentation but also to design the most efficient weapons, e.g.,
warheads or grenades. A significant amount of experimental tests have been carried out, most of a classified
nature and little is made available to the public. Developing a good Finite Element Model has been shown
to be difficult since the fragmentation process involves very large deformation, high pressure and velocity,
fracture, high strain rates and often a need to model the High Explosive (HE). In [2] Lagrangian and ALE
simulations where carried out on fragmentation of an explosively driven cylinder reporting problems in both
cases with mesh convergency and for the ALE models advection problems. A well known problem for the
Lagrangian method is that the large element deformation requires elements to be removed to obtain a stable
numerical model. However, this element deletion also removes physical mass and hence the formation of
fragments which are non-physical leading to difficulties when comparing fragment count and size with
experimental Arena Tests.

Users of the IMPETUS Afea Solver® have used the Solver to model different types of fragmentation where
the IMPETUS Node Splitting Algorithm has been applied in conjunction with the Aset™ family of high
order elements, leading to successful modeling of the fragmentation process. Fragmentation of expanding
warheads was modeled by Nammo Raufoss and the Norwegian Defense Research Establishment [3-5] where
they compared results from other Finite Element software with IMPETUS and found that the Node Splitting
Algorithm was very promising.
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Fragmentation of Warhead [4]

Collé and co-workers applied IMPETUS on several examples. First they tested the cubic high order elements
in the Wriggers' Pinched Cylinder Test and fragmentation behavior in Petit’s Electromagnetic Compression
test, Warhead fragmentation test at MBDA, Taylor bar test and Goto cylinder explosion test [6-8].

The experimental work by D. Goto [9-11] is of special interest since the results were made public and are well
documented. The experiments were conducted at Lawrence Livermore National Laboratory in the US for
metal cylinders filled with the HE LX-17 from LLNL.

LX17
LX 10 main Metal case
booster charge

Set-up of Goto experiment at LLNL [10]



At CertaSIM, LLC the “Goto experiment” was
modeled with IMPETUS, using an AerMet® 100
alloy cylinder. The fragments from the simulation
were compared with the experimental results.
In the experiment the mean fragment length
was 16 mm and the width was only a few mm. A
representative fragment in the model measured:
L=21.9 mm and W=19 mm. This indicates good
agreement between the experiment and the
numerical results.

LE

4 .

Goto [9] presents a velocity curve for the
cylinder but it does not specify at what
location on the cylinder it was taken. A node
was selected on the cylinder from the IMPETUS
simulation where the velocity starts at the time
shown in the experiments (~27us). The velocity
history was then plotted and compared with
a discretized curve based on the plot in [9],
acknowledging the possible error in the
discretization process and uncertainty about
the location. A very good agreement was
obtained.
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The same experiments were used in [12] to conduct

Experijment a very thorough numerical sensitivity study on the

B el number of iDPM particles, mesh size, element types,

random damage, Node Splitting Formulation and Blast

Impulse Smearing. Some of these parameters had a

significant influence on the number of fragments and

their distribution. The results where compared to a
Base Model that matched the experiments.
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Fragmentation studies are also important in military vehicle design to protect the vehicle occupant against
injuries. The fragments can come from many sources, e.g., the container of an Improvised Explosive Device (IED)
which could be a common artillery shell. In [12], this was simulated with IMPETUS by modeling a 155 mm M795
artillery shell filled with 10.8 Kg TNT. It is a very difficult scenario to model since the HE is directly in contact
with the casing which in turn is in contact with the soil. The initial fragmentation happens while the artillery
shell is embedded in the soil and continues through the soil ejecta with the fragments ultimately impacting the
under belly of the structure, in this case the TARDEC Generic Vehicle Hull Model.

This complex event was successfully modeled with IMPETUS and the results presented in [12]. Recently, a model
was developed that showcases fragmentation of a hand grenade placed under a vehicle, here a model of a
HUMVEE. The model is described later in this issue of the CertaSIM Solution Journal.

Fragmentation should be considered in ballistic models, at least for certain types of target structures. This has
been a topic of intense research at Norwegian University of Science and Technology (NTNU). It is also the topic
in the “In Review” Section found later in this edition of the Journal where Dr. Holmen discusses his extensive
experience in this area.

Based on the fragmentation work done at CertaSIM, LLC, it can be concluded that the application is rather
complex to model and many features influence the results, especially when it comes to the number of fragments.
It is recommended to use higher order elements, the Node Splitting Algorithm, *INITIAL_DAMAGE_RANDOM
or *INITIAL_ DAMAGE_SURFACE_RANDOM. Furthermore, it is recommended to apply Blast Impulse Smoothing
in time and location. This is done by specifying the parameters cdec and xsmooth in the command *PARTICLE _
DOMAIN.

More information about the topic of modeling fragmentation with the IMPETUS Afea Solver® can be obtained
by contacting support@certasim.com.


support@certasim.com
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Jens Kristian Holmen, Ph.D., Researcher, SFI CASA, Norwegian University of
Science and Technology (NTNU), Trondheim, Norway

Jens Kristian Holmen is a researcher at the Center for Advanced Structural Analysis (SFI
CASA) at the Norwegian University of Science and Technology (NTNU). At present,
he mainly works with material calibration procedures and simulations of ballistic impact.
He holds an MSc degree in Structural Engineering from NTNU and has spent a year
as a visiting graduate student at UC Berkeley. After graduating in 2012, he worked for
one year as a consulting structural engineer in Oslo, Norway. In 2013, he started his PhD
dissertation “Modeling and Simulation of Ballistic Impact”, which he defended in 2016. His
dissertation was on evaluating novel numerical techniques and their potential for predicting
the behavior of complex structures subjected to ballistic impact. He is familiar with most
of the features of the IMPETUS Afea Solver®. Lately, his research focus has shifted to the
general behavior of metallic materials and how to effectively calibrate material models. We
are grateful that Dr. Holmen accepted our invitation to write about his experience with
simulating fragmenting target plates.

“When it comes to ballistic impact and perforation of metal plates, most experimental
campaigns show that you should increase the target strength if you wish to stop a high-
speed projectile. But increasing the strength of the material without considering its ductility
increases the probability of fragmentation and material ejection during the perforation
process. Target fragmentation is unfavorable. Not only does it reduce the structure’s
capacity due to a reduced target thickness, but it induces a spray of secondary projectiles or
fragment ejecta behind the protective target plate.




IN REVIEW

What piqued my interest in simulation of fragmentation was a serendipitous observation during
a large experimental test series where plates of different tempers of aluminum alloy AA6070
were subjected to ballistic impacts (impact velocities from 200 m/s to 900 m/s) by a selection of
projectiles. The tempers (O, T4, T6, and T7) were designed to exhibit varying yield stress, work
hardening behavior, and ductility, while at the same time keeping the grain structure unaltered.
We soon discovered that our normally reliable and standardized finite element models were not
able to capture the trends from the ballistic tests. The simulations of the weak and ductile tempers
were accurate, but when the strength increased and the ductility decreased, the simulations started
overestimating the capacity of the plates. It turned out that the simulations overestimated the
capacity because they simply could not predict target fragmentation, which was one of the dominant
perforation mechanisms in the tests of the high-strength aluminum plates.

Material failure and fracture are essential in numerous engineering applications (including ballistic
impact). Hence, failure initiation criteria are plentiful in literature. Some approaches utilize a
failure locus, some are driven by plastic strain, while others are driven by void growth. When it
comes to introducing failure into a numerical simulation, it is element erosion, otherwise called
element deletion, which is the most common method. Conventional simulations with element
erosion require a fine element mesh to give consistent results. To capture fragmentation, an even
finer element mesh is required, preferably in combination with a statistically based failure criterion.
In my experience, a good correlation between conventional simulations and respective experiments
involving fragmenting target plates is nearly impossible to obtain.

An alternative to conventional methods is “Node Splitting”. Three-dimensional Node Splitting
is available in the IMPETUS Afea Solver® and is a conceptually straightforward improvement
of element erosion. Instead of deleting an element at material failure, you split the nodes and
create new element surfaces. Invoking Node Splitting does not require remeshing of the model,
just setting a flag in the input to tell the Solver to allocate the appropriate amount of memory.
By invoking the AseT™ Element Technology that provides accurate high order finite elements,
in combination with Node Splitting, a coarse mesh can be used. The higher order cubic AseT™
elements can accurately describe extreme deformations with a rather coarse element mesh without
being plagued by issues like element inversion. Three-dimensional Node Splitting technology
allows for crack growth between large elements while conserving mass and energy throughout the
simulation. Due to the large elements and GPU Technology for massively parallel processing, the
model run (clock) times are more than reasonable. More importantly, we found that this approach
predicted the correct perforation mechanism from our tests. The visual correlation between the
ballistic tests and the simulations using the AseT™ elements and Node Splitting was excellent,
not only for the strong/brittle target plate, but also for the weak/ductile target plate. In contrast,
conventional element erosion could only describe the ductile perforation mechanism. Being able to
predict the correct perforation mechanism, whether it was ductile hole growth or fragmentation,
meant that the accuracy of the predicted target plate capacity was significantly improved with the
AseT™ elements and Node Splitting.




IN REVIEW

There are still challenges related to the use of Node Splitting when it comes to describing this type
of target fragmentation. Since 3D Node Splitting is a new feature in commercial codes, it has not
been tested and validated to the same extent as element erosion. In certain cases, such as plugging
dominated problems, a more refined mesh may be required to ensure sufficient resolution of the
crack path. This will affect the runtime but the benefit of avoiding element erosion more than
makes up for the artificial loss of mass. I would not hesitate to use the combination of AseT™
elements and Node Splitting in my simulations of ballistic impact. In my experience, it gives just
as good, or better, results compared to other methods, especially when fragmentation is involved.
By refining the crack propagation algorithms and delamination laws that control how fast and in
which direction the crack grows, the 3D Node Splitting Algorithm becomes increasingly effective
and advantageous. This opens additional areas of application. As an example, Node Splitting can be
used to simulate windshields and security glass that are frequently designed to withstand extreme
loads. Here, predicting correct initiation of fracture is important, but so is the propagation of the
cracks, delamination of the security glass, and the fragment velocity and size distributions.

To predict the correct capacity of a component or structure, it is essential to describe the correct
failure mode. For ballistic impact, the correct perforation mechanism must be captured by the
simulation to obtain an accurate prediction. The accuracy of the prediction is dependent on the
constitutive model, failure criterion, element size, and numerical parameters such as friction, but
also on the finite element solver. I have experienced that AseT™ Element Technology combined
with Node Splitting captures the correct perforation mechanism in ballistic impact problems.
'This improves my simulation results and ensures better correspondence with the experimental test
data.”

Additional Reading:

J. K. Holmen, J. Johnsen, O.S. Hopperstad and T. Bervik, “Influence of fragmentation on the capacity of
aluminum alloy plates subjected to ballisticimpact”, European Journal of Mechanics A/Solids 2016, 55:221-233.

J. K. Holmen, J.K. Solberg, O.S. Hopperstad and T. Bervik, “Ballistic impact of layered and case-hardened
steel plates”, International Journal of Impact Engineering 2017, 110: 4-14.
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Fragmentation Analysis in the IMPETUS Afea Solver GUI

Due to the increased use of the IMPETUS Afea Solver® for fragmentation studies, new tailored options for
this application have been developed for the IMPETUS Afea Solver GUI. These options save significant time,
increase productivity and reduce risks for errors encountered when manually processing fragmentation
data.

Fragmentation data is written to the binary imp files when fragment=1is set in *OUTPUT.

OUTPUT
Output

*OUTPUT
&ffmp’ Atgsciis Afd'b’
nfilter, efilter, entyps i

Parameter definition

Variable Description

Atimp Qutput interval for complete model (.imp-files)
A"i:np — hrr m 1100

Alasii Output interval for ASCIl data (see list of .out-files in General
section)
L Atascii = tierm /1000
Atay Output interval for model database and state files. No
database or state files will be output if A¢,, is larger than ¢,,..,,
(see TIME)
fragment Flag to activate fragment list generation (only applicable when

having node splitting activated)

With this algorithm activated the post-processing is done in the usual manner and the Fragmentation
Analysis can be selected from the Tools Menu. ﬁ
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The interface for the Fragmentation Analysis brings up a list of fragmentations for the given state and
shows the information about each fragment. The information is location, velocity, COG, mass, etc. One
can interactively click on a fragment in the graphic window. The fragment is then highlighted both on the
model as well as in the list.

\.‘ S Afea Solver - Pos = DAPROJECTS\FRAGMENTATION\L1 07 2017 INTERFACE TEST\RUN_ GOTO_EXAMPLEVmpetus.imp =N
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Slve & pipe 1M @ @ E 0.000600304 160143
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@ |+ @ e 5 e = o 140 L
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= ' High eplosive 4[] ®: ) 0.000333505 164391
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» G Initial conditions C U s
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P S8 Curves and functions a7 00019689 181278
P & Simulation control @ 000203308 177061
: g ;::Emes | 4 00950716 172189 =
b 5 Input files Fragment ID 35
b G Solverfiles Mass. 0.00553576
b S Outfiles Element count 166
P & Screenshots Part(s) 1
3 652519
Y 663614
z 15812
Magnitude 171605
Center of gravi
X 00269989
¥ 00338182
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pin
X 14389
¥ T6LT2
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~
- Pick. ] plot
State: 100 (1010f 101) Time: 5.000e-5s & Export mesh & Export to out

There are specific plots that are often used when characterizing a fragmentation process. Among these are
the Number of Fragments versus Mass and Accumulated Mass versus Mass.



These are implemented in the new Fragmentation interface. The number of fragment intervals can be set

along with normalization of the curve.

—Select operation —Select operation —Select operation

— Select operation — | Plot number of fragments vs mass |Plct accumulated mass vs mass

Mass units: Mass units: |g

Number of fragment mass intervals:

[ Normalize the number of fragments on the ¥-axis

—Filter parts —Filter parts —Filter parts

* Include fragments from all parts # Incude fragments from all parts * Indude fragments from all parts
Include fragments from the following part(s): Indude fragments from the following part(s): Include fragments from the following part(s):

| | | |
| ] Mew plot | | ] Add plot | | FZI Mew plot | | FZI Add plot | | F“ZI New plot | | F‘ZI Add plot |

The plots will appear in the regular plot interface and can be edited, printed, saved, etc.
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Often in the design phase different configurations of a structure are validated to optimize the performance of
the structure. If the engineering task is to design a structure to be resistant to impact from fragments, then it
can be beneficial to only model the fragmentation process once and then use this information in a second step
torun with different designs. That is, to have the size, mass and velocities of the fragments from the fragmentation
process and let them impact a different structure. This is done by exporting the data from the first simulation.

This option is available in the Fragment Analysis Interface. At the bottom of the Fragment List Interface there

are two options, Export to mesh | Peputmesh | g Export to .out | Seotoar | . The later generates

an ASCII file with a list of the fragments and their relevant attributes. One can select to write a file for the

current state only or write files for all states with one file for each state in the model.



Fragments J X
174 fragments
D A Mass Velocity -
33 0.0392977 1778.74
3 0.0535867 184588
|35 000553576 171605
36 0.000600304 160143 [I
37 0.00746717 1730.27
38 0.0025024 1694.59
39 0.00126731 1703.57
40 0.000333505 164391
a1 0.000266802 15773
42 0.0312255 185514
43 0.0019022 177598
44 0.000432293 172331
45 0.000400207 165381
46 0.0275563 1868.23
I 47 0.0019689 181278 e
| |Fragment ID 35
Mass 0.00553576
Element count 166
Part(s) 1
X 65.2519
¥ 663.614
Z 1581.2
Magnitude 1716.05
Center of gravity
X 0.0369989
Y 0.0338182
z 0.0800875
X 14989
Y -7761.12
Z 3188.21
Magnitude 8523.83
| e ] pot |
| & Export mesh & Bxport to .out |

l [ [ e |

~Spedify frame(s) Spedify file name
* Al frames File name base: Ifragnuawt
Current frame Number of digits in sequence number: |4 =
~Spedify destination folder
# Store the image in the same folder as the model
Custom folder
|9
~Output
The next file will be named:

D:\PROJECTS\FRAGMENTATION\11_07_2017_INTERFACE_TEST\RUN_GOTO_EXAMPLE\fragments_0000.out

%. Time

Fragment id

2. Part id

Hass

! Velocity X

t Uelocity ¥

Uelocity Z
Center-of-gravity X

* Center-of-gravity ¥
¢ Center-of-gravity 2
Spin X
Spin ¥
Spin 2

5.000000e-05 1 3.201420e-983 6.898119e+081

! 5.000000e- 05 2 1 3.068029e-03 3.577372e+01
U - 0000008 3 1 3.46820ue-03 3.584673e+01
5.000000e- 05 n 1 5.372827e-03 5.741913e+01
5.000000e-05 5 1 2.998810e-03 5.034927e+01

[| 5.000000e-05 6 1 5.167708e-03 2.519992e+ 81

“1.

W

-1.643966e+03  -1.387368e+01  3.500897e-02  -8.432638e-02  -2.569418e-03  -1.64.750e+03  -2.327248e+03  -9.008573e+03

-1.521687e+03  -2.457984e+02  2.273111e-02 -8.120988e-02 -1.367941e-02  -L.413196e+03  4.676926e+03  —1.265800e+04

-1.322229e+03  -3.498310e+02  1.148243e-02  -7.265494e-02  -2.208238e-02  -1.823328e+03  1.540126e+04  —1.207811e+04

-1. 2 =6 =5.37 ~1.083729e+03 9.177272e+03 ~5.67u8642+03

-0.477638e+02  -1.043562e+03  1.2638000-02  -5.180086e-02 -5.758628e-02  -3.030047e+02  1.477275e+04  -7.808065e+03

~7.768315e+82 =1.35209%4e+03 2.427200e-02 ~4.048401e-02 ~7.288595e-62 ~3.700423e+03 1.254318e+04 ~2.414882e+03
19,1 Top B

The other option of exporting the mesh includes the option of include or exclude nodes/elements and

initial velocities.



(7] =

—Specify file name —Content

File name base: |ﬁ'agments | MNodes and elements
Mumber of digits in sequence number: |2 . | Initial velocity
Format: |IMPEFUS command file {.k) - |

—Specify destination folder
# Store the image in the same folder as the model
Custom folder

|

—Output
The next file will be named:
D:\PROJECTS\FRAGMENTATION\11_07_2017_INTERFACE_TEST\RUN_GOTO_EXAMPLE\fragments02.k

The file is written for the selected time, determined by the current state shown in the graphic window. One

selects the fragments to use, so it is very flexible.

-

E&ﬁagmm—au-emtimemm.[D-.\PRD...ERFACE_TES"EGOTO_D(AMPLE}-GV[M o|E] X

File Edit Tools Syntax Buffers Window Help

AIDE|ee | i@ BRI SEIA|THaOl? A

$ -
l$ Generated by IMPETUS Afea Solver GUI 4.3 .1 ]
$ on 20817-11-[gr1e:[:52

$

*NODE

4184, B.0115777338, O.0568841957, B.0538661456
4185, 0.0189550884, B.8566783771, B8.8535583589

m

1221990, 0.860842329115, 0.0609423671, 0.8522223189
1221991, B.88865826756, B.08689291643, B.8520711429
*=EL EMEHT_CHEX

M3381, 30

J9478, 39479, 30480, 30481, 39482, 39483, w105, 4164, 191256, 191257

191258, 191259, 191268, 191261, 191262, 191263, 191264, 191265, 191266, 191267
191268, 191269, 191270, 191271, 191272, 191273, 191274, 191275, 191276, 191277
191278, 191279, 709656, 709657, 709658, 709659, 709668, 709661, 709662, 709663
92664, 709665, 709666, 709667, 709668, V09669, T7O96708, 709671, 709672, TO96Y3
FA96TY, FOPLF5, FO9676, FO96FF, FO967B, 709679, 1217656, 1217657, 1217658, 1217659
12176608, 1217661, 1217662, 1217663

*IHNITIAL_UVELOCITY
P, 38, B.74161, 1E19.9?, 954481, 3221.43, 9286.23, 61784
8.809526, 0.60580938, 0.8528285

Notice that each fragment has a unique Part ID which has to be specified in the command file. This means
a *PART and *MAT command needs to be specified for each fragment. However, the IMPETUS Afea Solver®
has a very flexible and easy way to do this in a few lines instead of thousands of identical commands. As

input simply use:

*PART
[1.MaxID], MID

Where MaxID is the ID number (Part ID) of the last fragment. The MID is only defined once to reference the
*MAT _option which is the material model applied in the first run.



