ne,
Qun
11

Dynaleam

M. Emin Akca

Kidemli Analiz Muhendisi




M. Emin Akca e,
! : seaDynaleam
Ozgecmis

B DynaTeam, Kidemli Analiz Muhendisi, 2024 - ...
B Roketsan, Tank Zirh Sistemleri Analiz MUhendisi, 2023-2024
B Nurol Teknoloji, Analiz ve Simulasyon Muhendisi, 2022-2023

B MS, ODTU METE, 2022 - 2025
B BS, ODTU METE, 20192022
B BS, ODTU CE, 2016-2019

10 Eylul 2026
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Firmamiz v,
Biz kirmiz? seeDYynaleam

B Haziran 2024

B Ansys LS-DYNA cozumleri
o Egitim
o Danismanlik
o Teknik destek
o Proje desteqi
B ‘Non-linear Explicit Dynamics' \nsys
B Resmi Ansys LS-DYNA Turkiye cozum partnerligi
B Resmi Oasys LS-DYNA Environment (ARUP) Turkiye temsilciligi
® Bilkent Center - HANE, Cankaya/Ankara 935\/5 :::::

10 Eylul 2026

P 12. Savunma Teknolojileri Kongresi (SAVTEK 2026) 3
ersembe
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Firmamiz
“2iDynaTleam

Teknik kabiliyetlerimiz s

Explicit Dinamik Yapisal Analiz

Darbe Mekanidi Terminal Balistik

Kaza Dayanimi Yolcu & Yaya Guvenligi
Patlama & Sok Akiskan-Yapi Etkilesimi (FSI)

falzeme Karakterizasyonu  Yiiksek Hizll Malzeme Testi

A ! lleri Mesh Olusturma - ParcackYéntemleri

| . "

10 Eylil 2026
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Izlence

B Problem Tanimi
B Deneysel Calismalar

B NUumerik Modelleme
= Asama l. Detonasyon
= Asama 2: Penetrasyon

B Sonuclar
B Kapanis
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Problem Tanimi
Penetrator ve zirh



Problem tanimi .'“D i
Kinetik enerji penetratorleri sanlynaicam
B APFSDS -
o Armor Piercing Fin Stabilized Discarding Sabot =
o Zirh Delici, Kanatgikla Stabilize, Ayrilmali Kovanli Sabot

B Modern anti-tank muhimmatlari
B 1500 m/s ve Uzeri hizlar

T

15 y .
M '\\’ l'~ 1
)

10 Eylul 2026
Persembe
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Problem Tanimi .‘“D :
Reaktif zirh sanbynaiecam

B Modern tank zirh sistemleri
B Cukur imla hakki ve KE penetratorlerine karsi

B Explosive Reactive Armor (ERA)
B Sel/f-Limiting Explosive Reactive Armor (SLERA) =
B Non-Energetic Reactive Armor (NERA) Front flyer plate motton
B Non-Explosive Reactive Armor (NxXRA)

Shaped —— Expanding

charge  2s2==> explosive fill
> 4./-5/ //

warhead

Mg

Remnant jet fragments

Rear flyer plate motion

10 Eylul 2026
Persembe
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Deneysel Calismalar

Terminal balistik

12. Savunma Teknolojileri Kongresi (SA H



Deneysel Calismalar

Balistik test konfigurasyonu

e,
“22DynaTleam

B Fransiz-Alman Saint-Louis Arastirma Enstitusu (ISL), Baldersheim, Fransa

B G230 APFSDS penetrator
o L/D=20, D=7 mm

B Armox 500T PRZ celikleri
B Semtex Pl| SE M patlayici

186

176

%1 . 35

M8x0,75 x 72

i |
)
L/D = 141/8 = 17,6
G230 projectile, as a medium caliber projectile (40 mm), L/D 20, velocity = 1400 m/s
i
=
=
!
_ P. Moldtmann, J. Limido, A. Klavzar, S. Ryan, “ERA Targets Against
Different Threats: Numerical Simulations and Experimental Results”,
33. Uluslararasi Balistik Sempozyumu, Bruges, Belcika, 2023
oy 12. Savunma Teknolojileri Kongresi (SAVTEK 2026) 10

Persembe



Numerik Modelleme

Sonlu Eleman Analizleri

12. Savunma Teknolojileri Kongresi (SA H



Numerik Modelleme e,
, T =aaDynaleam
Asama 1. PRZ detonasyonu — Geometrik ozellikler

SAVTEK'26 | #1: ERA detonation to collect FSI forces

SAVTEK'26 |#1: ERA @

Armox 500T, 4 mm

Armox 500T, 10 mm

Semtex PI SE M, 6 mm

B 100x260x4 mm on plaka, Lagrangian FE B 140x260x50 mm ALE uzay!
B 100x260x10 mm arka plaka, Lagrangian FE | 1,651,500 Lagrangian FE

B 100x261x6 mm PRZ patlayici, ALE B 1381250 ALE elemani

B 0.4 mm eleman boyutu + biased mesh B 3B yari-simetrik sinir sartlari

10 Eylul 2026
Persembe
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Numerik Modelleme "e,

.IID
. : : naleam
Asama 1: PRZ detonasyonu — Malzeme ozellikler; =
B Armox 500T
o *MAT_MODl Fl ED_JOHNSO N_COOK SAVTEK'26 | #1: ERA detonation to collect FSI forces

o Johnson-Cook metal plastisite
o Cockroft-Latham hasar modeli

B Semtex PISEM
o *MAT_HIGH_EXPLOSIVE_BURN
o *EOS_JWL
o Detonasyon hizi, basinci, basing-hacim-enerji iliskisi

Armox 500T, 4 mm

Armox 500T, 10 mm

Semtex PISE M, 6 mm

10 Eylul 2026
Persembe
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Numerik Modelleme 1:=D ;
Asama 1: PRZ detonasyonu — S-ALE LS-DYNA keyword yapisi " ynalieam

B *ALE_STRUCTURED_MESH
®*ALE_STRUCTURED_MESH_CONTROL_POINTS |

— S-ALE mesh bilgisi

B *ALE_STRUCTURED_MULTI-MATERIAL_GROUP - S-ALE malzeme bilgisi

—

B *ALE_STRUCTURED_MESH_VOLUME_FILLING [ S-ALE uzayinda hacim bilgisi

=

m*ALE_STRUCTURED_FSI FSI ¢6zUcusu ve analiz sonunda FSI kuvvet-zaman
B*ALE FS| TO LOAD NODE bilgilerini 1 us araliklarla yazma girdisi

B *INITIAL_ DETONATION } Detonasyon koordinat girdileri icin baslangi¢c kosulu

10 Eylul 2026
Persembe
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Numerik Modelleme e,
Asama 2: Balistik penetrasyon

SAVTEK'26 | #2: G230 APFSDS impact on ERA plates

t22Dynaleam

,” SAVTEK'26 | #2: G230 APFSDS impact on ERA plates

B 53,310 Lagrangian FE B Tungsten agir alasimi
B 0.4 mm eleman boyutu B *MAT_MODIFIED_ZERILLI_,ARMSTRONG
B 3B yari simetrik sinir sartlari B *EOS_GRUNEISEN

10 Eylul 2026
Persembe
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NUumerik Modelleme ., ,

Qun

Asama 2: Balistik penetrasyon — LS-DYNA keyword yapisi s3iDynaleam
m*LOAD_NODE

o Detonasyon analizi PRZ plaka yuzeyleri uzerinden alinan FSI kuvvet-zaman girdisi

B *INITIAL_VELOCITY_GENERATION
o MUhimmat hizi olarak 1400 m/s tayini

B *CONTACT_ERODING_SURFACE_TO_SURFACE

o Muhimmat ve PRZ plakalari arasinda temas algoritmasi

B *CONTACT_ERODING_SINGLE_SURFACE

o Analiz boyunca olusacak muhimmat fragmentlerinin kendi icindeki temaslari

Loefgelﬂég% 12. Savunma Teknolojileri Kongresi (SAVTEK 2026) 16



Sonuclar

12. Savunma Teknolojileri Kongresi (SAV



Sonuclar
Asama 1: PRZ detonasyonu

 1-Step #1: ERAdetonatlontocollectFSlforces
; ; ; ! Time =1 81796e-05

=17 Post

Time =1 .81796e-05 ;

10 Eylul 2026
Persembe

.‘
lll DynaTea m

~ 2-Step #1: ERAdetonatlontocollectFSlforces

. Pressure in MPa

12. Savunma Teknolojileri Kongresi (SAVTEK 2026) 18



Sonuclar W o
Asama 1. PRZ detonasyonu sasDynaleam

SAVTEK'26 | #1: ERA detonation to collect FSI forces - . ' : : : A :
Ym :3"3”9905 peman oiisn shiasias . s . Aiids *n « e« e eh i e ths pssen ® e« e e « e« e exiianiie pssen’ ® « e . « e« . ey pssen ® pxices ‘a « e« . spXas M .

. o0

Resultant velocity m's)
s 5 kb S BB ORL MR OO W

W e Je® R i TTws
Cimele) C e

10 Eylul 2026
Persembe
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Sonuglar o
Asama 1: PRZ detonasyonu =2aDynafleam

0.54 N —_ GLSTAT 1-+F GLSTAT
0.5 ™ N s
E " ™~ _A_Kinetic Energy g = = _A _Energy Ratio
L \ T
0.46 + \C i - _B_Internal Energy 0.96 |
L N i =
0.42 N c _C Total Energy C N\
r N\ — D Hourglass Energy 0.94 T \
D38 AN _E_Sliding Energy 0.92 & \
5034 L N : \
+ - N 0.9 C \
W g3k g 2 A - \
= 2 - 0.88 + \
£ 0.26 + )<’ 5035 r \\
Z 022 | A i ¢ &
= . B 0.84 f L
=0.18 | H -
c : / & 0.82 ©
w 0.14 + p 7 . T
0.1+ —/ = AN
0.06 | 4 0.78 + <&
0.02 : ’// 0.76 - N
02 | D _F D ,=_QT5= = NG
_0-02 [ 1 | I | | ! Il 1 | | | | I 1 | 1 | 1 | | | | | | 1 0-74 [ 1 | | | I Il Il 1 | | I I Il Il Il 1 | |
0 0.004 0.008 0.012 0.016 0.02 0.024 0.028 0.032 0 0.004 0.008 0.012 0.016 0.02 0.024 0.028 0.032 0.036

Zaman [s] (E-03) Zaman [s] (E-03)

Detonasyon: Global enerji-zaman grafikleri Detonasyon: Anlik/ilk enerji orani

10 Eylul 2026
Persembe
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Sonugclar ——

®an
Isti naleam
Asama 2: Balistik penetrasyon =aa Dy
Step #2: G230 APFSDS impact on ER b
Persembe. 12. Savunma Teknolojileri Kongresi (SAVTEK 2026) 1

Persembe



Sonuclar . —_
Asama 2 Ballstlk penetrasyon “2iDynaTeam

'ﬂme =9.99991e-05

10 Eylul 2026
Persembe
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Sonugclar =:=D i
Asama 2: Balistik penetrasyon ssalynaicam

t=0 t=40pus t=80pus

SAVTEK'26 | #2: G230 APFSDS impact on ERA plates SAVTEK'26 | #2: G2: imy ERA pla SAVTEK'26 | #2: G230 APFSDS Impact on ERA plates SAVTEK'26 | #2: G230 APFSDS Impact
Tme v 03807e. Time +2.079880.05 y Trne =0.000121198

X

0-200 ps arasinda tungsten KE penetrator ve PRZ plakalar etkilesimleri: nUmerik analiz ve FXR goruntUlerinin kiyaslanmasi.

P. Moldtmann, J. Limido, A. Klavzar, S. Ryan, “ERA Targets Against Different Threats: Numerical Simulations and Experimental Results”, 33. Uluslararasi Balistik Sempozyumu, Bruges, Belgika, 2023

10 Eylul 2026
Persembe
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Sonugclar =:=D i
Asama 2: Balistik penetrasyon saslynaicarm

0.36 C
¥ 2 c GLSTAT 1+ \ GLSTAT
0.32 ] d _A Kinetic Energy 0.9999 -© _A_Energy Ratio
5 / A A _B Internal Energy r
0281 17 _C Total Energy 0.9998 --
_D Hourglass Energy T
0.24 I _E_sliding Energy 0.9997 ""W\
5+? B ” - ﬁ"lﬁm A
B pat If 0.9996 o M 1
= Jii A XY VA ' A e
£ - £ 0.9995 - W WL ALY
£ 016 g B W ! A
Z r o C
= C f 0.9994 -
§ 012 B
s : / 0.9993 -
0.08 ] -
N 0.9992
7 I
0.04 - _B B i
& F 0.9991 -
r i 2 = E D.E D = D_E!_,_
o I / : j i i ’ ; - - : = i ! T + 0999 1 | | | | | | | | | | | | | | | | | | |
0 002 004 006 008 01 012 014 016 018 0.2 :

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2

Zaman [s] (E-03) Zaman [s] (E-03)

Balistik penetrasyon: Global enerji-zaman Balistik penetrasyon: Anlik/ilk enerji orani
grafikleri

10 Eylul 2026
Persembe
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Kapanis

Kissadan hisse

12. Savunma Teknolojileri Kongresi (SAV




Kapanis s
Azet seaDynaleam

L S-DYNA R16.1.1 MPP, 8 CPU
B PRZ-APFSDS detonasyon ve carpisma analizi

B PRZ detonasyonu icin LS-DYNA S-ALE ¢ozucUsu
B S-ALE FSI kuvvetleri toplanip sonraki analizlere girdi saglanmasi
B Total Lagrangian balistik penetrasyon analizi

B Flash X-ray deney goruntuleri ile numerik analiz kiyaslamasi

B Muhimmat degisikligi, carpoma acisi degisikligi, vb. icin tek PRZ
detonasyon ¢ozUmu

10 Eylul 2026

Persembe 12. Savunma Teknolojileri Kongresi (SAVTEK 2026) 26
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Yarinin simulasyonu, bugunun gercegi.

Bilgi ve destek icin

info@dynateam.com.tr
destek@dynateam.com.tr

www.dynateam.com.tr
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