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ABSTRACT 
 
 

INVESTIGATION OF NEW GENERATION BALLISTIC FABRIC DESIGN 
AND ENERGY ABSORPTION IN SIMULATIVE ENVIRONMENT 

ACCORDING TO NIJ 3A STANDARD 
 
 

,  
MSc. Thesis, Department of Mechanical Engineering 

Supervisor: Assist. Prof. Dr.  
November 2019, 55 pages 

 
 In this study, high density polyethylene and ballistic tests according to NIJ 3A 

standard were analyzed in simulated environment and the results were examined. The 

biggest disadvantage is that the surface or similar material tests, which are considered to 

be used in the field of ballistics, are both long in process and high in cost. It is a significant 

advantage to use real-time and low-error simulation programs instead of performing these 

tests by preparing individual prototypes or samples. The aim of this study is to save both 

time and cost. 

 One of the most important parameters for ballistic protective materials is the 

ability of the surface or material to absorb energy. Therefore, it is aimed to minimize the 

ballistic effect affecting the body of the person wearing the ballistic material. Within the 

scope of this study, 450 m /s metal coated shells were sent to the high density polyethylene 

(HDPE) surfaces, which were designed in Ansys program and whose thickness was 

between 1 and 8 mm, within the scope of NIJ 3A standard. After completing the ballistic 

performance tests with the finite element method on the designed surfaces, the analysis 

results were examined. Thus, the ballistic performance of the new generation high density 

polyethylene (HDPE) surface modeled and the energy damping ability were revealed. 

 

 Keywords: Ballistic energy, Ballistic defence, Finite elements method.   
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1.1. Balistik Bilimi 

 

   

 

  

  

.  

 

 
 

.1.   

 

1.1.1.  balistik bilimi 

 

 Mermi ya da 

kimyasal olaylar incelenmektedir (Uslu, 2007). 
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2.  

 

1.1.2. Ara balistik bilimi 

 

 

-

, 

 gibi kavramlar incelenmektedir (Anonim, 2016). 

 

1.1.3. balistik bilimi 

 

e

 .   
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1.1.4. Hedef balistik bilimi 

 

 

sonra meydana gelen deformasyon gibi fiziksel ve kimyasal etkiler incelenmektedir 

(Candan, 2005).           

 

1.2.  

 

 Balistik biliminin orta

 en NIJ 

Institute of Justice),  Scientific Development 

Branch) olarak belirtilmektedir. 

 

 (Temiz, 2005). 
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. NATO ve TSE andart isimleri ve 
 

STANDART NO STANDART ADI 

 
TS 11164 

Balistik koruyucu  

 
TS 13349 

Askeri -  

MIL-A-46103 C Gereksinimleri 
 
MIL-B-44053 A 

 

 
MIL-STD-662 F 

 

 
NIJ-STD-0101.04 

 

 
NIJ-STD-0101.06 

 

 
NIJ-STD-0108.04 

NIJ-STD-0108.04 Koruyucu Malzemelerin Balistik Direnci 

 
STANAG 2920 

 

 
UK/SC/4697 

 
 

PPAA STD-1989-05 
 

 
 
UL 752 

 

 
MIL-B-44194 A 

 

MIL-P-46199  

Pr EN ISO 14876-2 
-

 
 

1.2.1. NIJ s  

 

 NIJ (National Institute of Justice) 
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NIJ-STD-0101.04 ve NIJ-STD-0101.06 st

irleyerek balistik performans 

 

 

 

4. NIJ 3A  

 

 NIJ 

 

  

edilmektedir. 
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. NIJ 0101.06 standard  
K

O
R

U
M

A
    

(G
ra

m
) 

 H
IZ

I 

(M
et

re
/S

an
iy

e)
  

(m
m

) 

 

 

IIA 

 

 

9 mm Tam metal kaplama 

 (FMJ RN) 

 

40 S&W Tam metal kaplama 

yuvarlak  

 

8.0 

 

 

11.7 

 

1 

 

 

.1 

44 

II 

 

 

 (FMJ RN) 

 

357 Magnum M

 

 

8.0 

 

 

10.2 

1 

 

 

.1 

44 

IIIA 

 

 

357 SIG Tam metal kaplama 

 (FMJ FN) 

 

 (SJHP) 

8.0 

 

 

15.6 

.1 

 

 

1 

44 

III 

 

7,62 mm Tam metal kaplama 

mermi (FMJ) 

9.6 8 1 44 

 

IV 

 

 10.8 1 44 
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2. KAYNAK   

 

 

 

. 

plakalarda ba

 

 

  

 

 

 18, 20, 22 ve 

24 kat aramid  

polimer matrisli kompozit plakalar ol

Justice (NIJ) 0101.04 ve Nato Stanag 2920 
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n elde edilen plaka 

kat 

 20 kat ve 7. -63 

 (Barut,2015).  

 

 hasar modelleri 

-aramid hibrid  

mm 

-

-epoksi plaka karbon-aramid-

 (Berk, 2014).   

 

ANSYS pr  analiz 

olarak 
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.

em de 

 018).  

 

 

inc

PI

ellemelerle de  

 , 2015).    

 

 mermi, Kevlar 

NIJ 

 (Tham ve ark., 2008).  
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NIJ  olarak 

Twaron CT 710 tipi   310 mm x 310 mm boyutunda, 20 ile 

 

Testler 2.

tipte ise kenar ve 5 c

 

enerjide % 59.8 oran

 

40 o

 (Karahan ve ark., 2007). 

 -

  

Balistik performans testleri 7.62 AP, 12.7 AP ve 14.

-2D modelleme 

Chocron-

-kompozit  

 (Galvez ve Rubio, 1998).  
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 (Roeder ve Sun, 2001).  

 Seramik-

-Eulerian yerine 

-metal kompozit balistik 

 (Lee ve Yoo, 2001).     

 

- . 

 

 (Fawaz ve ark., 2004).       

 Seramik kompozit ve seramik-

-

 (Mobasseri ve ark., 2013).    

  

 (Minh ve ark., 2011)      
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tirme 

 (Tawadrous ve ark., 2015). 

 -Kevlar49 epoksi 

-Dyna 

 

-

 (Shokrieh ve Javadpour, 2008).    

  

 

kevlar  -

-

kevlar   (Yang ve 

Dai, 2010).  

 

balistik pe

 

2008).  

 NIJ 

korum

in 

-kevlar hibrit kompozit 
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. 

n 

 

 

 

polietilen 

 (Wambua ve ark., 2007).  

 

7. -Cook 

 (Deniz, 2010). 
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 (Mohan ve Velu, 2014). 

 

takviyeli polimer kompozitler lif y

tir (Hammond ve ark., 2004).      

 

kompozit  -

 (Wielewski ve ark., 2013).   

 

-

k -

 (Borvik ve 

ark., 1999).    

 

 e daha 

 (Zhou ve Chen 2015).  

  

kapsamd  
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 (Tan ve ark., 2006).   

 

-

-plastik levhada meydana gelen darbe 

 (Roisman ve ark., 2001)   

 

Deney

 (Dey ve ark., 2007).  

 

-

 

elemanlar 

 (Lim ve ark., 2003).   

 

 

-
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Balistik koruyucu olarak tasarlanan ve 

polietilen hammaddeye sahip balistik  Ansys 

 

  

3.1. Sonl ) 

 

 

 fiziksel bir sistem ya 

da mekanizma  

basit 

 

.  

 olarak 

 Sonlu 

 nde 

 

 

emi ifade eden denklem 
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. Fiziksel olarak sonlu elemanlar sistemi. 

 

 Sonlu ele

in 

 

 

k-elektronik 

 

 Sonlu elemanl  , cak 

modelin fiziksel yap belirlenen 

belirlen
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                   (3.1) 

                    (3.2) 

 

,            (3.3) 

 

  p indisi 

polinomun derecesini,  

 

 

                 (3.4) 

 

 indisi ise problem 

kli noktalardaki 

Enterpolasyon fonksiyonu, 

bilmektedir. 

 

 

 

.  
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3.2. Kinetik  

 

  

 

  balistik 

 

 

 

 

 

 

 hesaplanabilecektir.  ya 

 deldikten hemen 

 

 

                    (3.5) 

 

                  (3.6) 

 

                    (3.7) 

 

                 (3.8) 
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3.3. NIJ 3A   

 

 NIJ 3A 

 (FMJ) 

 (Anonim, 2017). 

 

e 3.1. NIJ 3A . 
9 mm x 19 mm FMJ Mermi 

 29.69 mm. 

 12-15 gr. 

 2850 bar. 

Kuvvet 20.4 kgf 

 8 gr 

 9 mm 

 450 m/sn 

  

tipi  

 

3.4. Polietilen  

  

 

 Polietilen, kimya 
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3.5. Polietilenler  

 

 

 Bu polietilenler, UHMWPE 

(u ), pe), PEX 

pe), pe), pe), 

pe), pe), MDPE 

 (Yavas, 2008). 

 

3.5.1.  

  

 

 fikri ortaya 

Jel lif 

 

Hearle, 2004).  
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.  

  Birim 

 0.96 g/cm3 

 130  

 110  

 -78  

 139  

 73  

 95  

 

 

.    

  Birim 

Gerilme Mukavemeti 31 MPa 

Basma Mukavemeti 31 MPa 

 3 MPa 

Kopma Esnemesi 100 % 

 2.56 J/cm 

Sertlik SD65  
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3.6. Ansy  

 

 

 

 

   

 

Ans

Ansys 

 

 

  

 

yap -
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uzay meki -  

Cimbala, 2015). 

 

3.7.  

  

 m ile 

 HDPE plaka modelleri, 

Ansys  

 1 mm, 2 mm, 3 mm, 4 mm, 5 mm, 6 mm, 7 mm ve 8 HDPE 

NIJ 3A 

 

 

 

 

ekil 3.3. Programda   

 

 HDPE n ilen 

kareler halinde 
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4.   
 

 

. 

 

 

 
 

. NIJ 3A 
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 Bu  HDPE 

HDPE malzemen

  

 

 

 
 

.  . 
 

 

belirlenm  

 
 

3.7.   
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 NIJ 3A  edilip 

 

yak   

 

 
 

.  
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4. BULGULAR 

 

 

  

sahip mermi inin,  

 

 

 

 

 ve modeli

 

i de meydana 

  

meydana gelen darbe derin  

 

 
 

.   
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e i deldikten sonra 299.03 

i i 

  

 

 
 

.  -z  

 

  

Von-Mises 

sonucunda  805.49 MPa olarak 

elde   

 

 
 

.  -  
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   ve 

 

 

  

sahip   

ekil 4.4  

 
 

.   

 

  deldikten sonra 216.08 

 , mermi 

 

ya   
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.  -  

 

  

Von-Mises 

sonucunda  

  

 

 
 

.  -  
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.   

 

  deldikten sonra 165.3 

  delip 
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.  -  

 
 

  

Von-Mises 

sonucunda  

 

 

 
 

.  zerinde meydana gelen gerilme-  
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.   
 
 

  deldikten sonra 65.157 

  delip 
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.  -zaman 

 

 

  

Von-Mises 

sonucunda  1255.9 MPa olarak 

 

 

 
 

.  -  
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 milimet   

 

gelen deformasyon, d

 

 

 meydana 

 

 

 
 
 

.   
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 NIJ 3A 

 

  

 

 
 

.  -zaman 
 

 

  

Von-Mises 

 

 

 

 
 

.  -  
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meydana ge

  

 

 
 

.   

 

  

 NIJ 3A 

 

  



42 
 

 
 

 
 

. 6  -zaman 
 

 

  

Von-Mises 

 

 

 

 
 

.  -  

 

Yedi   

ve mode
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 meydana 

 

 

 
 

.   

 

  

 NIJ 3A 
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. 7 mm kal  -zaman 

 

 

  

Von-Mises 

 

 

 

 
 

.  -  
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Sekiz   

ve modelin 

 

 

 meydana 

ekil 4.22 de  

 

 
 

.   

 

   

 NIJ 3A 
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. 8 mm ka  -zaman 
 

 

  

Von-Mises 

 

 

 

 
 

.  -  
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yeni nesil  (HDPE) malzemenin 

NIJ 3A  

polietilen(HDPE)  

merminin balistik 

 

 

 

  
 

  

Enerji 

Mikt  

 

Gerilme 

 

Darbe 

 
(Delinme) 

1 450 452.68 805.49 - Var 

2 450 611.26 924.33 - Var 

3 450 701.07 1106.1 - Var 

4 450 793.38 1255.9 - Var 

5 450 810 1086 57.11 Yok 

6 450 810 981 47.25 Yok 

7 450 810 905.88 27.66 Yok 

8 450 810 834.51 24.37 Yok 

 
 

 Balistik analizler neticesinde 1, 2, 3 ve 4  mermiyi 

 

 

kalan  

Ancak 5 ve 6 mm ka  

darbe derinlikleri, NIJ 3A  bu standart 
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 NIJ 3A 

 

 

 
 

.  

 

  

. 

 

bulunan   . 

 e analizleri sonucunda  

 Elde edilen bu 

  Aksi takdirde 1 mm 

 

  gelene kadar 

 

aruz kalan 1255.9 MPa gerilme 

 

sahip   
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. ki   

 

 

 

 

 

 NIJ 3A 

NIJ 3A  sadece 
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.  
. 

 
 
 

 

. Balistik koruma 

  

 gibi 

bor karbid, fiber ve metal malzemelere 
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