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GIRIS | Seramik Zirh Sistemleri .
sezDynaleam

Gorsel yapay zeka ile olusturulmustur!

STANAG 4569 Seviye 2, 7.62 X 39mm, 715 m/s

Alimina/SiC Seramik + ARMOX 500T Celik Destek

LS-DYNA, LAG ve Solid-to-SPH

GELIK DESTEK /

PLAKASI

[ Hafif zirhli araglar ve personel korumada agirlik avantaji saglamak i¢in seramik koruma yapilari vazgegilmezdir. ]
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Abstract: This article presents an analysis of the i ss of available erical techniques in
mapping the characteristic behavior of ballistic ceramics under projectile impact conditions. As part
of the work, the ballistic tests were performed on the layened ceramic/steel composite armor and
tested with the 7.62 x 39 mm, plercing o diary (API) BZ projectile. The experi I tests
wene then mapped using comp imulati In ical analyses, four different techniques
wene used to describe cubic ceramic tiles Al;O5 placed on the ARMOX 500T steel backing plate,
ie,: the Finite Element Method without Erosion (FEM), Finite Element with erosion (FEM + Erosion),
S thed Particdes Hydrody ics (SPH) and a hybrid method that converts finite elements to SPH
particles after exceeding the defined failune criteria (FEM to SPH conversion). The effectiveness of
the individual methods was compared in terms of quality (mapping of ch istic ph

ing during the g Son process), quantity (bulge height of the backing plate) and time
needed to complete the calculations. On the basis of the fesults of the experiments and numerical
simulations, it was noticed that the most accurate reproduction of the phenomenon of ballistic impact
of AP projectiles on aeramic/steel composite armor can be obtained by using a hybrid method,
incorporating the conversion of finite elements into SPH particles. This method should be used
in cases whene accuracy of the results is more important than the time required to complete the
calculations. In other situations whese the purpose of the calculation is not to determine, for example,
the exact value of penetration depth but only to observe a certain trend, the FEM method with defined
erosion criteria (variant 2), which is more than 10 imes faster, can be successfully used.

Keywords: ballistic impact; ceramic armor; numerical simulation; finite element method; smoothed

aticon

particles hydrody

Zochowski et al. (2020)

“Comparison of Numerical Simulation Techniques of Ballistic Ceramics under Projectile Impact Conditions”
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mm) Malzeme Sinanmasi

| Parametre | A0, | ___sic____|

N “I.l'i'lll\'l'.l'l\'.

(o
i

p [g/cm?]

o
o

T [MPa]

PHEL [MPa]
Beta

i
i

*MAT_ADD_EROSIO
N
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VOLEPS = 0.05

3.16
183
0.96
0.35

0.65

370
0.8
14570
5900

0.48
0.48
204.8
0
0
VOLEPS = 0.05



SAYISAL MODELLEME | Genel Model Tanimi e,

Qun
EEE DynaTe dim
Bakir Kursun
Yakici Madde s
'IE‘“"’“” Ceket 7.62 x 39mm miihimmat, 50 x 50 x 4 mm
ursun Lexet seramik plaka ve 500 x 500 x 4 mm ARMOX
Celik Ceket 500T Celik destek plakasi var.
Sertlestirilmis Cekirdek
Tombak Ceket
715 m/s
Seramik Plaka
.\(1 Celik Destek Plaka
s Simetri
[ Destek plakalarinin dis kenarlarindan sabit sinir kosullariyla mesnetlendigi kabul edilmistir. ]
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SAYISAL MODELLEME | Malzeme Modelleri e,

AT

sasDynaleam

- Celik cekirdek ve metalik bilesenlerin plastik deformasyonu icin.

T T I o e e e g\lumlna (,fll.2 03) ve SiC seramiklerin dinamik hasar ve kirilma
avranisl icin.

ARMOX 500T c¢elik plakanin yiksek mukavemet ve akma davranisi
icin.

*MAT_MODIFIED_JOHNSON_COOK

[ LS-DYNA'da malzeme hasar ve deformasyon siire¢leri; Johnson-Cook ve JH-2 durum denklemleriyle simiile edilmistir. ]
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SAYISAL MODELLEME | LAG Yontemi AL
sezDynaleam

STANAG seviye 2 igin 715 m/s mihimmat baslangig hizi

Malzemelerde fail tanimi oldugu igin tim temaslar eroding
opsiyonuyla tanimlanmistir.

y =0, z = 0 simetri dizlemi

Mihimmatin carpma boélgesinde yogun mesh — uzak bélgelerde kademeli seyrelme

Muhimmat, seramik ve destek plakalarinin timu Lagrangian yontemle modellenmistir.
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SONUCLAR VE KARSILASTIRMA| Destek Plakasindaki Cokme .
=esDynaleam

Al,0,

Eftective Plastic Strain

1.000e-02
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CIKARIM: Alumina seramik malzemesi Silisyum Karbiir seramik malzemesine gore gosterdigi enerji soniimleme miktari merminin hizini

14.09.2026

fazla duigsurerek arkasindaki destek plakasinin gokme miktarini azaltmaya yardimci olmaktadir.
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SAYISAL MODELLEME | Model Tanimi - Solid to SPH AL
sezDynaleam

l

14.09.2026

Erozyon ve Kiitle Kaybi
Kontrolii

Standart Lagrange
cOzumunde hasar kriteriyle
silinen elemanlarin modelden
tamamen yok olmasini ve
kUtle kaybini dnlemek
amaciyla tercih edilir.

N /

Calisma Prensibi

Belirli bir hasar veya gerilme
kriterine ulasan kati
(Lagrange) elemanlar, anlik
olarak SPH parcaciklarina
donustaraldr.

N /

Balistik Analize Katkisi

Seramik tozlasmasi,
malzeme sigcramalari ve
merminin plaka igindeki
ilerleme davranisi cok daha
yuksek dogrulukla simule
edilir.

- /

Hibrit Yaklasim: Standart FEM yonteminin tikandigi asiri hasar bolgelerinde, Solid-to-SPH doniisiimii sayesinde simiilasyonun

kesintisiz devam etmesi saglanmistir.

SAVTEK 2026, 12. SAVUNMA TEKNOLOJILERI KONGRESI

)



SONUCLAR VE KARSILASTIRMA| Solid to SPH Metod e,

AT

EEE DynaTeam

SiC Ceramic -Convert to SPH -
Time =0.000126 ° 3

Deplasman Karsilagtirmasi

Model Title

_A_Solid-to-SPH Model

..... %\ B -.\ _B_Lagrange Model
r / \ |
4

3
P /
c L
2
gE 2
s //
g |

] /

0 / Il 1 1 1 1 1

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

.......... Time (E-03)

Niimerik Model
Lagrange Model 3.66 Referans
Solid-to-SPH Model 3.03 -%17.21

CIKARIM: Alumina seramik malzemesi Silisyum Karbur seramik malzemesine gore gosterdigi enerji soniimleme miktari merminin hizini
fazla diisurerek arkasindaki destek plakasinin gokme miktarini azaltmaya yardimci olmaktadir.
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