A behavioral study of cylindrical object impacted by bullet using FEA
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ABSTRACT

At present, the rich variety of crimes news appear on the different types of mass media. The weapons that offender common use to make trouble as a pocketknife and a firearm. Although, the pocketknife is inexpensive and normally found, the firearm can be possessed easily in our country also. People are considerable who have occasion to survive from gunshot. The articles carried in the pocket of shirt may be a cause of survival. Especially, a metal pen is most favorite to take away. This research aims to study a deformation behavior of the cylindrical object impacted by 9 mm FMJ (Full Metal Jacket) bullet at various conditions. The finite element method (FEM) were applied to simulate the different conditions of shooting. From comparing, the finite element simulation results and shooting test results in the same case show that the cylindrical object and stainless steel pen give a behavioral result similar. Therefore, the simulation result can be used to support for forensic science. In addition, the result achieved can be analyzed that is possible that the pocket pen can helps to have a chance of survival after being shooting by a bullet. 
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1. INTRODUCTION

Currently, firearms are used in most crimes. Because it is a powerful weapon, cause damage to life and property. The offender with the use of firearms is a serious offence and shocking case. Therefore, forensic evidence of bullets and gunshot wounds is very important. This is the information leading to the investigation of the offender. It can also control, and to prevent the crime will occur in society. Now, the advancement of technology has played a greater role in the lives of people. The concept of applying technology to forensic examinations on bullets reduces the time and cost of simulating real life situations. Moreover, the result of analysis can be used to confirm the forensic examination of the bullets.
The previous study,  M.R. Ahmad et al. efforts to bring natural rubber to improve the structure of armor bullets to increase efficiency.Nonwoven fiberglass coated with natural rubber latex (NRL) specially prepared from Revertex (Malaysia) has 12 layers of overlays, increase absorbing up to 17% [1]. Mario Štiavnicky et al. also attempts to experiment using of various composite materials as armor in the Arm, with a lighter weight than other materials at a thickness of 50 mm. It was found that Kevlar fabric as the material can reduce the speed of the bullet better than ceramic plates [2]. In case of the ammunition, Roger Alimi, et al. tested in the laboratory to find compensation temperatures that affect the efficiency of 40 mm projectile propulsion by generating more than 1 MJ of power from a 1 GW power, it can increase the propulsion of the projectile by 20% for a 300-gr projectile [3]. In the behavioral studies of various shapes from bullets fired, the finite element method is often used. Because it can reproduce without the cost of real trial cost and it is accurately as the real experiment. Chuan Xua et al. compared the wounds of 17 pigs head firearm was hit by M43 bullet with the results of the finite element method results in the same direction [4]. In addition to modeling finite element method in animals, there are also human models as well. Jianyi Kang et al. studied the behavior of the organs in the chest while wearing light armor after being hit with a bullet 9 mm that result of simulation methods finite element made aware of the forces acting on the internal organs. As a result, the lungs are injured and may cause Epicardium hemorrhage [5-7]. Kui Li et al. investigated the behavior of various organs from being hit by a bullet, There is a study of the behavior of the brain injury caused by iron and wood sticks using finite element finite element method [8]. Finally, Jean-Sébastien Raul et al. analyzed the behavior of various shapes with finite element method is popular in forensic science because the result has accuracy and reliability [9-10].
From the above research, there are a lot of people who try to develop and improve the material to prevent the influence of bullets. But research on the effects of the shape of the material on the impact of ammunition has not been found. From the concept, in everyday life a lot of people put their pen and belongings in their pocket. It is possible that helps to have a chance of survival after being shooting by a bullet. So a cylinder object model substituting a stainless steel pen with the 9mm FMJ (Full Metal Jacket) bullet covered copper model has been created to inveatage the behavior of the object by firing it at various distances with finite element method.



2. METHODOLOGY

2.1  3D Modeling
The 3D Model of the metal pen and the 9mm FMJ bullet have created in this research.Actually, the structure of these objects are complex. In 3D modeling, only some of the parts of object that affect the simulation were selected to create. In the case of the stainless steel pen, assume that the pen and gel refill are very close together without the volume of ink inside the pen. Since cylindrical objects are symmetrical throughout, a specific length has been used for modeling. This model is similar to a commercial stainless steel rod with a diameter of 7.525 mm, an external diameter of 9.525 mm and a length of 40 mm as shown in Figure 1. In this study, the 9 mm FMJ bullets made from copper has been used. In order to reduce time in processing using FEA, bullet without shell case after fired has been created. It has a diameter of 4.515 mm, a length of 10.54 mm and a length from the tip of bullet to the base of bullet 8.54 mm, this section is symmetrically curved as shown in Figure 2. Then, the type of element to fit has been identified properly for reality of simulation result. 
	
[image: ]
Figure 1  Dimension of a 3D cylindrical object model
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Figure 2  Dimension of a 9 mm FMJ bullet model


2.2 Material Properties

Table 1 Material properties of 304 Stainless steel [11]
	Mechanical Properties
	Metric

	Young's modulus
	


	Poisson's ratio
	


	Mass density
	


	Yield stress
	


	Tangent modulus
	







Table 2 Material properties of Copper [12]
	Mechanical Properties
	Metric

	Young's modulus
	


	Poisson's ratio
	


	Mass density
	


	Yield stress
	


	Tangent modulus
	




The material properties of 304 stainless steel for the cylindrical object and copper for the bullet have been defined as shown in table 1 and table 2, respectively. 
In addition, the velocity of the bullet has been defined according to data from Marshall and Sanow's experiments, 9 mm bullets were tested to study the permanent cavity volumes and temporary stretch cavity volume from ballistic gelatin. They has used 9 mm FMJ Winchester bullet weighing 7.5 g, velocity 352 m/s, expansion 9.1 mm, penetration 620 mm, permanent cavity volumes 41 mL and temporary stretch cavity volume 174 mL. [13]
	
2.3 Boundary Conditions and Simulation
In this study, the firing a bullet into a cylindrical object has been simulated. Therefore, the characteristics of the bullet impacted to the cylindrical object designed to investigate the behavior of the cylindrical object were divided to four cases at various positions of object as following. 
	2.3.1 The bullet hit the center of the cylindrical object as shown in Figure 3
. 	2.3.2 The bullet hit the 3/4 of the diameter of the cylindrical object as shown in Figure 4
	2.3.3 The bullet hit the edge of the circumference of the cylindrical object, as shown in Figure 5.
	2.3.4 The bullet hit the edge of the circumference of the cylindrical object and an additional speed of the pen moving towards the bullet, as shown in Figure 6.
In cases 1-3, the cylindrical object was fixed in the same plane as the direction of the bullet because assume that pen is attached to the chest. In case 4, the cylindrical object can be moved towards the bullet, assume that the human body remove to avoid the bullet while shock. 
	

.[image: ]
Figure 3 Case 1 : The bullet impacts the center of the cylindrical object.
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Figure 4  Case 2 :  The bullet impacts the 3/4 of the diameter of the cylindrical object.


[image: ]
Figure 5  Case 3 :  The bullet impacts the edge of the circumference of the cylindrical object.
		
[image: ]
Figure 6 Case 4 : The bullet impacts the edge of the circumference of the cylindrical object that can move towards the bullet.


2.4 Validation
The simulation results have been compared with the result from the shooting testing by shooter at bullet shooting range which can confirm the accuracy of the simulation results. The cylindrical object and bullet of the same size as the 3D model of both objects were used. Figures 7 and 8 show the length of 9 mm FMJ bullet covered copper and the diameter of the cylindrical object, respectively.

[image: C:\Users\matexuo\Downloads\27901391_10213198874465543_33064929_o.jpg]

Figure 7  Length of 9 mm FMJ bullet covered copper.
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Figure 8 Diameter of cylindrical object.


The shooting test for validation to confirm the behavior of the cylindrical object from obtained simulation were designed carefully. Due to the testing of firing a bullet into a cylindrical object, there is a limitation on the testing equipment. Furthermore, the gun is a serious weapon. These causes have a significant effect on the safety of shooter and observer. Therefore, only the first three cases can be tested for the actual shooting. In case 4, although the testing was actually, it has changed from cylindrical objects to actual stainless steel pen under same condition in case 3 has been used. The shooting distances were 5,10,15 and 20 meters. The actual test can be summarized as following:
	2.4.1 The bullet hit the center of the cylindrical object.
	2.4.2 The bullet hit the 3/4 of the diameter of the cylindrical object.	
	2.4.3 The bullet hit the edge of the circumference of the cylindrical object.
	2.4.4 The bullet hit the edge of the circumference of the stainless steel pen.
3. RESULTS
The test results of the actual shooting of the bullet into the cylindrical object have four cases to validate the behavior of the cylindrical object achieved from the FEM simulation results. The results of both the simulation and the actual test showed the bullet trajectory, deformation of bullets and cylindrical objects with the four different cases as shown in Table 3. From the results revealed that, the case 1-3 have the same test conditions and the same results when the simulation results were compared with actual shooting. For example, case 1 of both tests, when the bullet impacted the center of the cylindrical object, the cylindrical object was bent to an angle of about 100 degrees, the bullet was deformed, the cylindrical object was fractured. Figure 9 shows the finite element simulation result comparing with the shooting test from the bullet impacted the cylindrical object (case1).

Table 3   The simulation results comparing with the Shooting test results.

	Test conditions
	Changed bullet trajectory
	Deformation of bullets
	Deformation of cylindrical objects 
	Fracture of cylindrical objects 

	- FEM Simulation
   The bullet hits the center of the cylindrical object.
	

	

	

	


	   The bullet hits the 3/4 of the diameter of the cylindrical object.
	

	

	

	


	   The bullet hit the edge of the circumference of the cylindrical object.
	

	

	

	


	   The bullet hit the edge of the circumference of the cylindrical object and an additional   
   speed of the pen moving towards the bullet.
	

	

	

	


	- Shooting test (cylindrical object)
   The bullet hits the center of the cylindrical object
	

	

	

	


	   The bullet hits the 3/4 of the diameter of the cylindrical object.
	

	

	

	


	   The bullet hit the edge of the circumference of the cylindrical object.
	

	

	

	


	- Shooting test (Stainless steel pen)
   The bullet hit the edge of the circumference of the stainless steel pen.
	

	

	

	





Note : = Yes,  = No
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Figure 9 FEM (left) and actual shooting (right) by the bullet hits the center of the cylindrical object.


The other test results confirms that the cylindrical object and the stainless steel pen have same results, when comparing both test results. In case of bullet impacted the edge of the circumference of the cylindrical object and the stainless steel pen, the cylindrical object was partially deformed, the bullet shifted away from the cylindrical object then push the cylindrical object out in the opposite direction. Similarly, the stainless steel pen occurred deformation as shown in Figure 10.

[image: 27653543_10213132826094375_763209044_o][image: 27605754_10213133758277679_1236881052_o]

Figure 10 The deformation of cylindrical object hit by the bullet at the edge of the circumference (left) and the stainless steel pen hit by the bullet at the edge of the circumference (right).


4. CONCLUSION

The simulation results of a bullet impacted into the cylindrical object that yielded a close approximation to the shooting test on a cylindrical object. That shows that the finite element method plays a very important role in analyzing the behavior of the object from being fired by the bullet at various distances. Especially, it is able to lead be information for support the forensic evidence. Moreover, FEM in this analysis reduces the time and costs that will occur in actual shooting. From the rational, in everyday life many people frequently put their metal pen in their pocket of shirt which may be cause to have a chance of survival after being shooting by a bullet. The finite element simulation results of the firing of the bullet into the cylindrical object and the shooting test results in the same case show that it is possible that the pocket pen is able to helps to have a chance of survival after being shooting by a bullet. That is probable because the stainless steel pen support partially the energy from the bullet and bullet are deflected likely.This may cause the bullet that cannot penetrate the heart directly follow the path of the original shot.
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