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DynaTeam
Biz kimiz?

= Haziran 2024

= Ansys LS-DYNA ¢ozumleri
o Egitim
o Danigmanlik
o Teknik destek
o Projeler

= ‘Non-linear Explicit Dynamics'
= Numesys ile LS-DYNA ¢6zum ortakligi
= Bilkent Center - HANE, Cankaya/Ankara
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Kabiliyetlerimiz

Explicit Dynamics Structural Analysis
Impact Mechanics Terminal Ballistics
Crashworthiness Occupant Safety
Blast Modeling Fluid-Structure Interaction
Material Characterization High Strain Rate Testing
Advanced Meshing Meshless Methods

Ne

NUMESYS | t2iDynaTeam



Girig
LS-DYNA Multifizik CozlicUsii

Thermal Solver
Implicit

= Hepsi icin tek bir kod " Radiation

Double precision
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o Hesaplamali akigkanlar dinamigi Double precision e Double precision

» Sikistinlamaz (ICFD)

> Sikigtirilabilir (DualCESE) [ \ /
o Elektromanyetik Particle methods

Explicit
o Pargacik yontemleri oEM
Double precision
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Girig
Genel bakis

= Arbitrary Lagrangian Eulerian (ALE)

= S-ALE Temelleri
= S-ALE ‘Keyword’ Ailesi

= Model Kurulumu
o Ornek model
o S-ALE 2D
o 'Biased mesh’
o ‘Mesh trimming’
o 'Mesh’ hareketi
o *SET... tanimlari

= Savunma Uygulamalari
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Arbitrary Lagrangian-Eulerian (ALE)

Perdenin ardindakiler
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Arbitrary Lagrangian-Eulerian (ALE)

Neden ALE?
Problem Cozum
= YUksek deformasyon = '‘Mesh-adaptivity’

o ‘Remeshing’

= ALE yaklasimi

= Elemanlarda carpilma
= Eleman kalitesinde dust

e,
M NUMEeSYS = t=iDynaTeam
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Arbitrary Lagrangian-Eulerian (ALE)

Hangi ¢cozum: Lagrangian — ALE?

Lagrangian Formulasyon ALE Formulasyonu

= DuUgum noktalari (hode) malzeme ile baghdir = Dugum noktalari malzeme ile bagh degildir
= ‘Mesh’ malzeme ile birlikte deforme olur

= DUgUm noktalari yeniden pozisyon edilir
= Cok ylUksek deformasyonlar igin uygun degildir o Asirt ‘'mesh’ bozulmasi onlenir

o Dovme, ekstrlizyon, vb. = Malzeme ve 'mesh’ goreli hareket eder
o Patlama/detonasyon

o Malzeme akisi

( numesys  *=
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Arbitrary Lagrangian-Eulerian (ALE)

Surekli ortam mekanigi: Lagrangian — Eulerian — ALE

Translation

- Deformation

Lagrangian H:

1

!/////////%/
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Euler-mesh fixed in space

T i

Eulerian H
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Moving ALE-mesh

ALE H

t=t1
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t=t, = Advection

NUMERICAL SYSTEMS
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Arbitrary Lagrangian-Eulerian (ALE)

Cozum adimlari
]

HEEEE | |

ALE ara adimlari
AZACLI » 'Mesh smoothing’
> 'Advection’

» Tamamen Lagrangian

= FEA adimi
o Lagrangian: DUgum noktalar malzeme hareketini takip edecegi icin ‘mesh’ deforme olur

= Ara ALE adimlari
o Mesh smoothing

o Advection: Malzeme akisi (‘Donor cell’, van-Leer metodu, vb.)
= Zaman adimi
o 'Explicit’ FEM'de oldugu gibi CFL stabilite kosuluyla hesaplanir

‘_\ e,
)\ NUMesys  tiDynaTeam
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Arbitrary Lagrangian-Eulerian (ALE)
Lagrangian — ALE karsilastirmasi

i
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Lagrangian ALE
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S-ALE Temelleri

Kullanici dostu ALE
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S-ALE Temelleri

Girig

= S-ALE = Structured ALE

= Blok ‘mesh’lerin otomatik olusturulmasi
= 2017, LS-DYNA R10

= SMP/MPP

= 2D/3D

= Farkl implementasyon
o Daha verimli ve temiz bir kod
o Daha dusuk RAM kullanimi
o Daha hizli ¢ozucu
o Daha stabil ve kullanici dostu

e,
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S-ALE Temelleri
Girig
= Avantajlari
o Otomatik ‘mesh’ olusturma
o Daha kucguk girdi dosyalari
o Kolay ALE ‘'mesh’ modifikasyonlari
o MPP c¢cozumler icin iyilestirilmis paralelizasyon
o Daha hizli 'sorting’ ve arama islemleri
= Dezavantajlari

o Kompleks ALE mesh olusturma
o ALE ile Lagrangian elemanlari birlestirilemez

= ALE'den temel farki

o ALE parcasi ayni anda ‘mesh’ ve malzemeyi
temsil edemez

o *SET ... olusturmak icin yeni opsiyonlar
e,
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ALE > 66 dk 58 s

S-ALE 40dk 42 s
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S-ALE Temelleri
ALE vs. S-ALE

= Hao Chen, Ansys

LBE/ALE Coupling LBE/S-ALE Coupling

v .‘-
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S-ALE Temelleri
ALE vs. S-ALE

= Hao Chen, Ansys

Tracer particle file
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S-ALE Temelleri

ALE
ALE VS. S'ALE Problem time = 7.0007E+02
Problem cycle = 2672
Total CPU time = 445 seconds ( 0 hours 7 minutes 25 seconds)

1244 .695 nanoseconds
1245.364 nanoseconds

CPU time per zone cycle
Clock time per zone cycle

= Birebir ayni ‘tracer’ basin¢ sonuclari Number of CPU's 1

NLQ used/max 192/ 192
Elapsed time 445 seconds for 2672 cycles using 1 SMP thread

= Dosya boyutlari (0 hour 7 minutes 25 sbconds)
o ALE .k dosyasi 21206 KB Normal termination
o S-ALE .k dosyasi 853 KB

" CPU Zamanl Problem time 7.0007E+02

Problem cycle 2672

O 1 CPU (}Ozum Total CPU time = 305 seconds ( 0 hours 5 minutes 5 seconds)

CPU time per zone cycle 851.338 nanoseconds

O S—AI_E gozumu 1.46 kat daha h|Z|| Clock time per zone cycle 852.939 nanoseconds

SALE

Number of CPU's 1

NLQ used/max 192/ 192

Elapsed time 304 seconds for 2672 cycles using 1 SMP thread
( 0 hour 5 minutes 4 seconds)

Normal termination

e,
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S-ALE Keyword Ailesi

Kartlar yeniden dagitiliyor
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S-ALE Keyword Ailesi

*ALE STRUCTURED..

_FST
_MESH

o CONTROL POINTS
o JOIN

o MOTION

o0 REFINE

o TRIM

0 VOLUME FILLING

 MULTI-MATERIAL GROUP

o PLNEPS
o AXISYM

A numesys

NUMERIC TEMS

» Otomatik FSI (*CT1.15'i baz alarak)

» Otomatik ‘mesh’ ve S-ALE ¢ozucusunun ¢agriimasi
» 'Mesh’ diskritizasyon ayarlari
> Birbirine baglanan farkli S-ALE ‘'mesh’leri
» '‘Mesh’ hareketi
» Eleman boyutlarini ki¢ultmek
» Gereksiz S-ALE elemanlarini kirpmak
» ALE hacimlerinin malzeme ile eslestiriimesi

» ALE akigskan malzemelerinin tanimlanmasi
» 2D 'plane strain’ eleman formulasyonu
» 2D eksenel simetrik eleman formulasyonu

e, n.b. *ATLE_STRUCTURED_ MESH

: 1 DynaTea m icerisinde CPTDX=-1 girilirse S-ALE

¢ozUucusu aktive edilir.



S-ALE Keyword Ailesi

Digerleri
= *ATRBAG SALE » Hava yastigi modellerinde gazin S-ALE ile modellenmesi
= *BOUNDARY » Sinir kosullari
0 AMBIENT » *LBE "coupling’ icin S-ALE ‘ambient’ eleman tanimi
o SALE MESH FACE » S-ALE yUzeylerine sinir kosulu tanimlari ig¢in makro
* FIXED » Sabitlenmis S-ALE eleman digim noktalari
* NOFLOW » Yuzeydeki akisin kisitlanmasi
* SYM » Simetrik sinir kosullari
 NONREFL » Empedans sinir kosulu, dalganin yuzeyden yansimamasi
* PRES » Yuzeylere zamana bagl basing yuklemesi
= *DATABASE SALE = 'Post-processing’ verisinin d3plot'tan d3sale’ye ayrilmasi
= *SET ... GENERAL = Dugum noktasl, eleman, segment setlerinin tanimlanmasi

Ny,
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Model Kurulumu

Basit bir ornek ve ozellikler
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Model Kurulumu
Egimli yuksek hizli carpma analizi

= Uzun bir rodun egimli ¢celik plakaya carpmasi (Fugelso & Taylor, 1978)
= Model boyutlari ARL-TR-2173 (Schraml & Kimsey 2000)

= Malzeme modelleri *“MAT JOHNSON COOK ve *EOS LINEAR POLYNOMIAL

o “Numerical Simulation of High-Velocity Oblique Impacts of Yawed Long Rod Projectile Against Thin-Plate”
o Yo-Han Yoo, 2002

9;?
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Model Kurulumu

*ALE STRUCTURED MESH

S-ALE 'mesh’ olusturma $# mshid dpid nbid ebid
1 101 10001 10001
$#  cpidx cpidy cpidz
1001 1002 1003
*ALE_S TRUCTURED_MESH_CONTROL_POINTS
S# cpid
1001
S# n x
1 -107.5
216 107.5
S# cpid
1002
S# n X
1 -30.0
61 30.0
S# cpid
1003
S# n X

NUMERICAL SYSTEMS

.\ be, 31 15.0
 NUMEesYS | taiDynaTeam
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Model Kurulumu
‘Multi-material’ fraksiyonlar

O

NUMERICAL SYSTEMS

12 Haziran 2025 Persembe

*ALE STRUCTURED MULTI-MATERIAL GROUP

S# ammgnm mid eosid
rod 1 1
vacuum 2
plate 3 3
*ALE STRUCTURED MESH VOLUME FILLING
S# mshid unused ammgto unused
1 vacuum
S# geom
ALL
*ALE STRUCTURED MESH VOLUME FILLING
S# mshid unused ammgto unused
1 plate
S# geom in/out boxid
BOXCOR 0 1
*ALE STRUCTURED MESH VOLUME FILLING
S# mshid unused ammgto unused
1 rod
S# geom in/out nidl nid2
CYLINDER 0 1 2

*n

a=Dynaleam

Savunma Uygulamalari igin LS-DYNA ile S-ALE Cozumleri
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vid

vid

vid

radii2
3.835
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Model Kurulumu
Sonug

DynaTeam: Oblique HVI with S-ALE
Time = 0.050427

= 1T mm HEX, 387.000 eleman

= 0.1 saniye analiz
o 8 CPU MPP
o Intel MPI decomposition
o R16 ¢ozucu
o 1 dakika 4 saniye

3
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Model Kurulumu
S-ALE 2D

" *ALE STRUCTURED MULTI-MATERIAL GROUP..

o PLNEPS — *SECTION ALEZ2D, 'plane strain’eleman formulasyonu
o AXISYM — *SECTION ALE2D,eksenel simetri, ‘area-weighted’ eleman formulasyonu
o AXIVOL - *SECTION ALE2D,eksenel simetri, ‘'volume-weighted’ eleman formulasyonu

= 1kg TNT'nin 1 m mesafeden AA6061-T6 plakaya karsi patlama analizi

A Uy,
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NUMERICAL SYSTEMS

12 Haziran 2025 Pergembe Savunma Uygulamalari igin LS-DYNA ile S-ALE Cozumleri 25 of 46



Model Kurulumu
S-ALE 2D

*ALE STRUCTURED MESH

S# mshid dpid nbid ebid
1 101 1000001 1000001

S# cpidx cpidy cpidz nido
1001 1002 0 0

*ALE STRUCTURED MESH CONTROL POINTS

S# cpid unused icase sfo
1001 0 1.0
S# n x
1 0.0
151 1500.0

*ALE STRUCTURED MESH CONTROL POINTS
S# cpid unused icase sfo
1002 0 1.0
S# n x
1 -500.0
151 1000.0

N numesys

NUMERICAL SYSTEMS

12 Haziran 2025 Persembe

lcsid
0
unused offo
0.0
ratio/x1
0.0
0.0
unused offo
0.0
ratio/x1
0.0
0.0
.‘.

tdeath
1.00000E1l6

MESHID:
DPID:
NBID:
EBID:

CPIDy:

ICASE:

N:

X:
RATIO/XL:

L22DynaTeam

SALE mesh ID.

Default part ID for SALE part.

Starting node number.

Starting element number.

Control point IDs in XYZ-space.

Selection of progressive mesh spacing algorithm.
Control point node number.

Control point position.

Ratio for progressive mesh spacing.

Savunma Uygulamalari igin LS-DYNA ile S-ALE Cozumleri 26 of 46



Model Kurulumu
S-ALE 2D

*ALE STRUCTURED_MULTI—MATERIAL_GROUP_AXISYM
S# @ mid eosid unused unused unused unused pref
11 11

S# ammgnm mid eosid unused unused unused unused pref
air 12 12 0.101325

*ALE STRUCTURED NF'SH VOLUME FILLING

S# mshid unysed ammgto unused nsample unused unused- vid
1 air 3 0

S# geom in/dut el e2 e3 ed e5

ALL 0 0.0 0.0 0.0 0.0 0.0

*ALE STRUCTURED MESH VOLUME_FILLING

S# mshid unused unused nsample unused unused- vid
1 3 0

S# geom in/out boxid e2 e3 ed e5

BOXCOR 0 1 0.0 0.0 0.0 0.0

*BOUNDARY SALE MESH FACE |

mshid negx posx negy posy negz posz

L ‘2- ) X
NUMESYS  tiiDynaleam o]
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Model Kurulumu

S-ALE 2D
I
Volume fractions Blast wave
) L NUMesys | f{aiDynaTeam
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MOdeI Ku rUIumu *ALE STRUCTURED MESH

i , $# mshid dpid nbid ebid
Biased mesh 1 0 o i |
S# cpidx cpidy cpidz nido0 lcsid
10 20 30 0 0

*ALE_STRUCTURED MESH CONTROL POINTS

S# cpid unused icase sfo unused offo
10 0 1.0 0.0
S# n x ratio/x1
o e 1 0.0 0.0
Kdgulen 11 100.0 0.0
Y *ALE_STRUCTURED MESH CONTROL POINTS
| S# cpid unused icase sfo unused offo
Sabit 20 0 1.0 0.0
v S# n X ratio/x1l
1 0.0 -0.1
. 11 75.0 0.0
Buyuyen 21 125.0 0.0
31 200.0 0.1
v *ALE_STRUCTURED MESH CONTROL POINTS
S# cpid unused icase sfo unused offo
30 0 1.0 0.0
v S# n b4 ratio/x1
Q 1 0.0 0.0
16 150.0 0.0

n.b. CP'inilk kartindaki TCc2ASsE ile 3 farkh

= Ne,
| | n U m e SyS : = DynaTea M ‘biased mesh’ yonteminden biri segilebilir

NUMERICAL SYSTEMS
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Model Kurulumu
‘Mesh trimming’

*ALE STRUCTURED MESH

S# mshid dpid nbid ebid
1 1 1001 1001
S# cpidx cpidy cpidz nido0 lcsid
123 123 123 0 0
*ALE STRUCTURED MESH CONTROL POINTS
S# cpid unused icase sfo unused offo
123 0 1.0 0.0
S# n x ratio/x1l
1 -100.0 0.0
201 100.0 0.0
*ALE STRUCTURED MESH TRIM
S# mshid option oper out/in nid r
1 SPHERE 0 0 1 50.0 ‘rf\

Opsiyonlar: PARTSET, SEGSET, PLANE, CYLINDER, BOXCOR, BOXCPT, SPHERE

NUME
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Model Kurulumu

‘Mesh’ hareketi
*ALE_S TRUCTURED_ME SH_MOT ION

S# mshid option ammgsid explim
1 FOLLOW GC 1 2.0
= Opsiyonlar

o FOLLOW GC: 'Mesh’ bir ALE akigkaninin kutle merkezini takip eder
o COVER LAG: 'Mesh’ bir Lagrangian parcayi takip eder

» Geleneksel ALE'deki *ALE REFERENCE SYSTEM GROUP
= Kus carpmasi, ‘sloshing’ gibi problemler

=\ e,
NUMEeSYS | taiDynaTeam

NUMERICAL SYSTEMS

12 Haziran 2025 Pergembe Savunma Uygulamalari igin LS-DYNA ile S-ALE Cozumleri
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Model Kurulumu

*SET ...

" *SET NODE GENERAL
" *SET SEGMENT GENERAL
" *SET SOLID GENERAL

d‘\\‘ r“

tanimlari

*BOUNDARY SPC_SET

SH nsid cid
0 0

*SET NODE_ GENERAL
S# sid dal
1 0.0
S# option mshid
{ SALEFAC ) 0

~ -
_________

12 Haziran 2025 Persembe

umesys

NUMERICAL SYSTEMS

= [ki opsiyon

o SALEFAC - YUzey sec¢imi
o SALECPT - Kutu ile secim

= Simetrik sinir kosulu 6rnegi

dofx dofy / N dofrx

0 0 . 1)/ 0

da2 da3 da4 solver

0.0 0.0 0.0 MECH

-X +x -y +y

0 0 0 0
il

*:DynaT
sxm UYNA I€EAM

Savunma Uygulamalari igin LS-DYNA ile S-ALE Cozumleri
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Savunma Uygulamalari

Gercek dunya problemlerinde S-ALE'nin yeri

N\ e,
NUMEeSYS | taiDynaTeam
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Savunma Uygulamalari
Kus carpmasi

Dynaleam

NUMERICAL SYSTEMS

Ny
T numesys @ 4=
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Savunma Uygulamalari
Kus carpmasi

Comparison of ALE, S-ALE and S-ALE trimmed mesh

Solvers

B _C _AALE
Y B S-ALE
_C S-ALE trim

-20 \
-30

Impulse

-50

60 1 1 1

Time (E-03)

, Ne

(numesys  4=ipynaTeam
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Savunma Uygulamalari

Patlama/Detonasyon
Acik havada patlama: 2D/3D

’\ Ne m
) L NUMEeSsSYS  tiiDynaTeam
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Savunma Uygulamalari

Patlama/Detonasyon
Mayin patlamasi

£

i —
NUMESYSs ' LaiDynaTeam
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Savunma Uygulamalari

Patlama/Detonasyon

S ua |t| N p at | ama |a [| Stiffener Coupled Eulerian/Lagrangian

s &

7
=\ e,
NUMesys = taiDynaTeam
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Savunma Uygulamalari

Patlama/Detonasyon
Su alti patlamalart - 1

i
=\ e,
NUMesys = taiDynaTeam
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Savunma Uygulamalari
Suya inig analizleri

‘l

% N
T numesys 4 sDynaTeam

NUMERICAL SYSTEMS
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Savunma Uygulamalari

Balistik
Yumusak dokular

Ne m
7\( NUMEeSYS = 4=iDynaTeam
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Savunma Uygulamalari

o . =N
Balistik , , & * *
[} ‘.
El yapimi patlayicilar * 0 ¢
> & ’ .
&
X “,
\ 8 ’o ,
\\ \.~ /
s -~
? « 2
N .
L 5
\. = ~
ek i Yoy
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Savunma Uygulamalari

Balistik
El yapimi patlayicilar

Patlama sonrasi ‘casing’ ile S-ALE FSI

14" European LS-DYNA Conference 2023, Baden-Baden, Germany

A Numerical Investigation on the
Ballistic Performance of Ceramic Composite Armors
against EFP Threats

M. Emin Akea', M. Bartu Unal?, Koray Kaya®, H. Hiseyin Tiirkmen*

dynalook.com

() Prpe®

‘Slug’ olusumu

e,
T numesys ¢ sDynaTeam

NUMERICAL SYSTEMS

‘EFP slug’ ile kompozit zirh arasinda S-ALE FSI
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Savunma Uygulamalari ,

22222

Balistik
Harp basliklari

2B eksenel simetri
Jet olusumu

N2
*INITIAL ALE MAPPING
N2

3B ‘'mapped’ tehdit e o
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Hedef etkilesimi \

ot

DynaTeam: 2D-to-3D Mapped Shaped Charge Jet using *INITIAL_ALE_MAPPING ™~
Time=  43.63
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Ozet

ALE uzay ve zaman diskritizasyonunu FEA ve CD c¢ercevesinde Lagrangian ve Eulerian mekaniklerini
birlikte kullanarak gerceklestirir

o Lagrangian FEM ¢ozimu ile ‘mesh’ deforme olur
o Deforme olan yapi ‘mesh smoothing’ ile duzeltilir
o 'Advection’ adimi ile duzeltilen ‘mesh’e karsi malzeme akigi ¢ozalur

Structured ALE (S-ALE) yaklasimi, ALE'nin temellerini koruyacak sekilde gelistirilmigtir

Bu yontemde LS-DYNA’'nin keyword yapisi icerisinde ‘mesh’ bilgisi yalnizca parametrelerle tanimlanir,
geometrik olarak olusturulmaz

Analiz c6zUmu baslamadan 6nce LS-DYNA, S-ALE ‘mesh’ini yapilan tanimlara gore otomatik olarak
olusturur

ALE ¢ozUlcuUsune kiyasla daha hizli, daha verimli ve daha stabil ¢cozlUmler saglar
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