
1/5/22, 7:57 AM Helmy Purwanto, Energy absorbers on the steel plate – rubber laminate after deformable projectile impact

journals.uran.ua/eejet/authorDashboard/submission/127345 1/2

127345 /  Purwanto et al.
 /  Energy absorbers on t… Library

Workflow Publication

   Submission Review Copyediting

Production

Submission Files Search


lilya, 1. Energy

absorbers on the steel ...
(EEJET).docx

271889-1 March
30,
2018

Article
Text

Download All Files

Name From Last
Reply

Replies Closed

Pre-Review Discussions Add discussion

Comments
for the
Editor

helmypurwanto
2018-03-30
10:01 AM

- 0

SubmissionsSubmissions


 


Eastern-European Journal of Enterprise TechnologiesEastern-European Journal of Enterprise Technologies Tasks
Tasks
 0

 

EnglishEnglish  

View SiteView Site  

helmypurwantohelmypurwanto

http://journals.uran.ua/eejet/$$$call$$$/tab/author-dashboard/author-dashboard-tab/fetch-tab?submissionId=127345&stageId=1
http://journals.uran.ua/eejet/$$$call$$$/tab/author-dashboard/author-dashboard-tab/fetch-tab?submissionId=127345&stageId=3
http://journals.uran.ua/eejet/$$$call$$$/tab/author-dashboard/author-dashboard-tab/fetch-tab?submissionId=127345&stageId=4
http://journals.uran.ua/eejet/$$$call$$$/tab/author-dashboard/author-dashboard-tab/fetch-tab?submissionId=127345&stageId=5
http://journals.uran.ua/eejet/$$$call$$$/api/file/file-api/download-file?fileId=271889&revision=1&submissionId=127345&stageId=1
http://journals.uran.ua/eejet/$$$call$$$/api/file/file-api/download-all-files?submissionId=127345&stageId=1&filesIdsAndRevisions=271889-1%3B
http://journals.uran.ua/eejet/$$$call$$$/grid/queries/queries-grid/add-query?submissionId=127345&stageId=1
http://journals.uran.ua/eejet/$$$call$$$/grid/queries/queries-grid/read-query?submissionId=127345&stageId=1&queryId=399932
http://journals.uran.ua/
http://journals.uran.ua/eejet/submissions
http://journals.uran.ua/eejet/index


1/5/22, 7:57 AM Helmy Purwanto, Energy absorbers on the steel plate – rubber laminate after deformable projectile impact

journals.uran.ua/eejet/authorDashboard/submission/127345 2/2


 


Eastern-European Journal of Enterprise TechnologiesEastern-European Journal of Enterprise Technologies Tasks
Tasks
 0

 

EnglishEnglish  

View SiteView Site  

helmypurwantohelmypurwanto

http://pkp.sfu.ca/ojs
http://journals.uran.ua/eejet/index


1/5/22, 5:24 AM Email universitas wahid hasyim - license agreement + example

https://mail.google.com/mail/u/0/?ik=71d1b847cd&view=pt&search=all&permthid=thread-f%3A1604373063596412217&simpl=msg-f%3A160437306359641… 1/3

Helmy Purwanto <helmypurwanto@unwahas.ac.id>

license agreement + example
10 pesan

Oksana Nikitinа <0661966nauka@gmail.com> 27 Juni 2018 04.43
Kepada: Helmy Purwanto <helmypurwanto@unwahas.ac.id>

2 lampiran

LICENSE AGREEMENT example.pdf
653K

License_agreement_2018.doc
73K

Helmy Purwanto <helmypurwanto@unwahas.ac.id> 3 Juli 2018 17.26
Kepada: Oksana Nikitinа <0661966nauka@gmail.com>

Dear 
editor EEJET

Good Afternoon
here I attach license agreement Helmy Purwanto et al
thanks

regard
Helmy Purwanto

2018-06-27 4:43 GMT+07:00 Oksana Nikitinа <0661966nauka@gmail.com>:



license agreement Helmy Purwanto.pdf
214K

Oksana Nikitinа <0661966nauka@gmail.com> 4 Juli 2018 02.41
Kepada: Helmy Purwanto <helmypurwanto@unwahas.ac.id>

We ask you to correct, comments in the article, it is asked to correct
the layout, we are waiting. Thank you very much for the contract,
everything is fine.

Purwanto _принято_Возврат_рисунки.doc
1160K

Helmy Purwanto <helmypurwanto@unwahas.ac.id> 4 Juli 2018 16.50
Kepada: Oksana Nikitinа <0661966nauka@gmail.com>

Dear Editor

here I attach the figure improvements in my article
thank you

Regard
Helmy Purwanto

https://mail.google.com/mail/u/0/?ui=2&ik=71d1b847cd&view=att&th=1643e0cd0ede8d39&attid=0.1&disp=attd&realattid=f_jio2oqfb0&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=71d1b847cd&view=att&th=1643e0cd0ede8d39&attid=0.2&disp=attd&realattid=f_jio2p9lu1&safe=1&zw
mailto:0661966nauka@gmail.com
https://mail.google.com/mail/u/0/?ui=2&ik=71d1b847cd&view=att&th=1645fae44498a1d6&attid=0.1&disp=attd&realattid=f_jj5jq84b2&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=71d1b847cd&view=att&th=16461aa648765a41&attid=0.1&disp=attd&realattid=f_jj63na3a1&safe=1&zw


1/5/22, 5:24 AM Email universitas wahid hasyim - license agreement + example

https://mail.google.com/mail/u/0/?ik=71d1b847cd&view=pt&search=all&permthid=thread-f%3A1604373063596412217&simpl=msg-f%3A160437306359641… 2/3

[Kutipan teks disembunyikan]

Purwanto _принято_Возврат_рисунки_REVISED_FIGURE.docx
6965K

Oksana Nikitinа <0661966nauka@gmail.com> 5 Juli 2018 04.17
Kepada: Helmy Purwanto <helmypurwanto@unwahas.ac.id>

return drawings, waiting for the article back

Purwanto _принято_Возврат_рисунки.docx
6954K

Helmy Purwanto <helmypurwanto@unwahas.ac.id> 5 Juli 2018 09.07
Kepada: Oksana Nikitinа <0661966nauka@gmail.com>

Dear Editor

I am sorry, the following figure I have changed and correct.
thanks for the correction

regards
Helmy Purwanto
[Kutipan teks disembunyikan]

Purwanto _принято_Возврат_рисунки_REVISED_FIGURE_2.docx
8632K

Oksana Nikitinа <0661966nauka@gmail.com> 5 Juli 2018 19.06
Kepada: Helmy Purwanto <helmypurwanto@unwahas.ac.id>

the article is accepted, wait for the Journal, have a good day!
[Kutipan teks disembunyikan]

Oksana Nikitinа <0661966nauka@gmail.com> 8 Juli 2018 00.15
Kepada: Helmy Purwanto <helmypurwanto@unwahas.ac.id>

Good evening, the application contains an article from an interpreter, she made all her corrections in red. You do not
have to do anything, I'm sending you an article just for you to see the comments from her.
Good evening.

Oksana

Purwanto.doc
1167K

Helmy Purwanto <helmypurwanto@unwahas.ac.id> 8 Juli 2018 20.47
Kepada: Oksana Nikitinа <0661966nauka@gmail.com>

Ok, thanks very much for your help and cooperation
[Kutipan teks disembunyikan]

Helmy Purwanto <helmypurwanto@unwahas.ac.id> 21 Juli 2018 10.21
Kepada: anindito@ub.ac.id, anindito01@yahoo.com

---------- Pesan terusan ----------
Dari: "Oksana Nikitinа" <0661966nauka@gmail.com>

https://mail.google.com/mail/u/0/?ui=2&ik=71d1b847cd&view=att&th=16464b326f7b5760&attid=0.1&disp=attd&realattid=f_jj6xya6j1&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=71d1b847cd&view=att&th=1646728976918c4f&attid=0.1&disp=attd&realattid=f_jj7mhqr61&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=71d1b847cd&view=att&th=16468317ad182a4b&attid=0.1&disp=attd&realattid=f_jj7wugnh1&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=71d1b847cd&view=att&th=16475bdd6f6e5f90&attid=0.1&disp=attd&realattid=f_jjbo2bnh1&safe=1&zw
mailto:0661966nauka@gmail.com


1/5/22, 5:24 AM Email universitas wahid hasyim - license agreement + example

https://mail.google.com/mail/u/0/?ik=71d1b847cd&view=pt&search=all&permthid=thread-f%3A1604373063596412217&simpl=msg-f%3A160437306359641… 3/3

Tanggal: 8 Jul 2018 12.15 AM
Subjek: Re: license agreement + example
Kepada: "Helmy Purwanto" <helmypurwanto@unwahas.ac.id>
Cc: 
[Kutipan teks disembunyikan]

Purwanto.doc
1167K

mailto:helmypurwanto@unwahas.ac.id
https://mail.google.com/mail/u/0/?ui=2&ik=71d1b847cd&view=att&th=164badb530f1362a&attid=0.1&disp=attd&realattid=f_jjbo2bnh1&safe=1&zw


1/5/22, 5:26 AM Email universitas wahid hasyim - from "Eastern-European Journal of Enterprise Technologies"

https://mail.google.com/mail/u/0/?ik=71d1b847cd&view=pt&search=all&permthid=thread-f%3A1608796115716907553&simpl=msg-f%3A1608796115716907… 1/2

Helmy Purwanto <helmypurwanto@unwahas.ac.id>

from "Eastern-European Journal of Enterprise Technologies"
2 pesan

Редакция Журнала <c7508990@gmail.com> 15 Agustus 2018 00.24
Kepada: helmypurwanto@unwahas.ac.id, rudysoen@yahoo.com, anindito@ub.ac.id, agussuprapto@yahoo.com

Dear Colleague(s),

Your paper has been accepted and will be published in volume No. 4/7(94), 2018, of the journal Eastern-European
Journal of Enterprise Technologies.

The paper will be available online within 3‒10 days upon being published at the web site of our journal in the Archives
section (http://journals.uran.ua/eejet/issue/archive).

Please find attached the draft of your paper in the .pdf format. We kindly ask you to approve it by 2 p.m. on  August
15, 2018: thereafter the volume will go to press. We may correct the editorial errors only.

Please confirm the receipt of this letter.

With my best regards,

Tatiana Alexandrovna (Ms.) 
Manager
Eastern-European Journal of Enterprise Technologies
phone / fax +38 (057) 750-89-90
e-mail: c7508990@gmail.com
Website: www.jet.com.ua

3 lampiran

ABSTRACT AND REFERENCES.pdf
252K

Content.pdf
81K

P u r w a n t o H e l m y.pdf
845K

Helmy Purwanto <helmypurwanto@unwahas.ac.id> 15 Agustus 2018 07.45
Kepada: Редакция Журнала <c7508990@gmail.com>

Dear Ms. Tatiana Alexandrovna
Manager EEJET

The following is a correction from us, the authors and author email, the truth is:
Author 1 : Helmy Purwanto 
Author 2 : Rudy Soenoko
Author 3 : Anindito Purnowidodo
Authot 4 : Agus Suprapto
(attached in this email)

so that later it synchronizes with Scopus indexing

Helmy Purwanto (Author ID Scopus: 57194497351)
Rudy Soenoko (Author ID Scopus: 55354425000)
Anindito Purnowidodo (Author ID Scopus: 7801332088) 

http://journals.uran.ua/eejet/issue/archive
tel:+380%2057%20750%208990
mailto:c7508990@gmail.com
http://www.jet.com.ua/
https://mail.google.com/mail/u/0/?ui=2&ik=71d1b847cd&view=att&th=1653978b2155a221&attid=0.1&disp=attd&realattid=f_jktyxrrv0&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=71d1b847cd&view=att&th=1653978b2155a221&attid=0.2&disp=attd&realattid=f_jktyxrsb1&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=71d1b847cd&view=att&th=1653978b2155a221&attid=0.3&disp=attd&realattid=f_jktyxrsp2&safe=1&zw


1/5/22, 5:26 AM Email universitas wahid hasyim - from "Eastern-European Journal of Enterprise Technologies"

https://mail.google.com/mail/u/0/?ik=71d1b847cd&view=pt&search=all&permthid=thread-f%3A1608796115716907553&simpl=msg-f%3A1608796115716907… 2/2

Agus Suprapto (Author ID Scopus: 56286295600)

thanks for cooperation

Best Regard

Helmy Purwanto
[Kutipan teks disembunyikan]

4 lampiran

corection 1.jpg
136K

corection 2.jpg
100K

ABSTRACT AND REFERENCES_edit.pdf
290K

P u r w a n t o H e l m y_edit.pdf
1019K

https://mail.google.com/mail/u/0/?ui=2&ik=71d1b847cd&view=att&th=1653b0bdb926e4eb&attid=0.1&disp=inline&realattid=f_jkuctbap3&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=71d1b847cd&view=att&th=1653b0bdb926e4eb&attid=0.2&disp=inline&realattid=f_jkuctk8c4&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=71d1b847cd&view=att&th=1653b0bdb926e4eb&attid=0.3&disp=attd&realattid=f_jkucts8i5&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=71d1b847cd&view=att&th=1653b0bdb926e4eb&attid=0.4&disp=attd&realattid=f_jkuctz0e6&safe=1&zw


1/5/22, 7:59 AM Helmy Purwanto, Energy absorbers on the steel plate – rubber laminate after deformable projectile impact

journals.uran.ua/eejet/authorDashboard/submission/127345 1/2

127345 /  Purwanto et al.
 /  Energy absorbers on t… Library

Workflow Publication

   Submission Review Copyediting

Production

Name From Last
Reply

Replies Closed

Copyediting Discussions Add discussion

Copyediting —
2021-
02-10
02:21
AM

- 0

Copyedited Search

No Files

SubmissionsSubmissions


 


Eastern-European Journal of Enterprise TechnologiesEastern-European Journal of Enterprise Technologies Tasks
Tasks
 0

 

EnglishEnglish  

View SiteView Site  

helmypurwantohelmypurwanto

http://journals.uran.ua/eejet/$$$call$$$/tab/author-dashboard/author-dashboard-tab/fetch-tab?submissionId=127345&stageId=1
http://journals.uran.ua/eejet/$$$call$$$/tab/author-dashboard/author-dashboard-tab/fetch-tab?submissionId=127345&stageId=3
http://journals.uran.ua/eejet/$$$call$$$/tab/author-dashboard/author-dashboard-tab/fetch-tab?submissionId=127345&stageId=4
http://journals.uran.ua/eejet/$$$call$$$/tab/author-dashboard/author-dashboard-tab/fetch-tab?submissionId=127345&stageId=5
http://journals.uran.ua/eejet/$$$call$$$/grid/queries/queries-grid/add-query?submissionId=127345&stageId=4
http://journals.uran.ua/eejet/$$$call$$$/grid/queries/queries-grid/read-query?submissionId=127345&stageId=4&queryId=217852
http://pkp.sfu.ca/ojs
http://journals.uran.ua/
http://journals.uran.ua/eejet/submissions
http://journals.uran.ua/eejet/index


1/5/22, 7:59 AM Helmy Purwanto, Energy absorbers on the steel plate – rubber laminate after deformable projectile impact

journals.uran.ua/eejet/authorDashboard/submission/127345 2/2


 


Eastern-European Journal of Enterprise TechnologiesEastern-European Journal of Enterprise Technologies Tasks
Tasks
 0

 

EnglishEnglish  

View SiteView Site  

helmypurwantohelmypurwanto

http://journals.uran.ua/eejet/index


ВНИМАНИЮ АВТОРА! Синим цветом выделены слова и словосочетания, 

которые являются не совсем корректными и подлежат замене 

(исправлению). 

 

Красным цветом написаны замечания (рекомендации, вопросы…) 

рецензентов. 

 

Просим также не переписываться с рецензентами на страницах статьи, это 

затрудняет их работу 

 

 «Восточно-Европейский журнал передовых технологий» не публикует  

рукописи, содержащие плагиат или самоплагиат (подробнее http://jet.com.ua/). 

 

From the reviewer 

 

«The relationship between the energetic state of the surface of the projectile and the 

target will find the optimal solution in the correct choice of the materials  for the 

manufacture of the products. 

Clear and competent presentation of the research results allows to recommend this 

article to the publication. 

There is only one comment. It is indicated in the section "Discussion of the absorbers 

energy "» 

 

UDC 621 

 

Energy absorbers on the steel plate – rubber laminate after deformable 

projectile impact 

 

Helmy Purwanto, Rudy Soenoko, Anindito Purnowidodo, Agus Suprapto 

 

The ability of energy absorption can be used to measure the strength of material 

against ballistic impact. This paper aims to analyze the rubber plated energy 

absorption plate that was shot with deformable projectiles. This study was conducted 

using numerical simulations based on finite element that have been verified with 

experimental results. The simulation setting on steel plate with different hardness 

with the addition of rubber thickness prepared as ballistic test panel. Manufacturing 

between layers made non fix with back plate. Panel shot by using 5.56x 45 mm 

deformable caliber bullet with a distance of 15 m of normal attack angle. Finite 

element code with Johnson-Cook and Mooney-Rivlin elasto-plastic material model 

was employed to perform the simulation study. Simulation results show the energy 

due to ballistic impact received and absorbed by the panel rises significantly shortly 

after the collision until reaching a certain number on a single plate where energy will 

decrease because the projectile successfully penetrated the plate. While on a layered 

plate, after the projectile succeeded in penetrating the front side plate, the absorption 

energy reached the maximum number and then remained constant, which caused the 

http://jet.com.ua/


projectile not to be able to penetrate the next layer. These findings indicate that the 

addition of rubber with a layered structure is able to absorb energy ballistic impact 

Keywords: Energy absorber, hard plate, soft plate, ballistic laminate plate, 

rubber, ballistic impact, simulation 

1800 characters required 

 

1. Introduction 

Defense and security play an important role in state sovereignty. One of the 

most common defense equipment used in the military world is combat vehicles. 

Combat vehicles are special vehicles equipped with combat equipment and must be 

able to withstand the opponent's attacks. The success of combat vehicles is in the 

completion of defense and defense missions [1]. 

Material on combat vehicles in general is a steel plate. Steel is used because it 

has characteristics that can be strengthened, easily shaped and can form a structure. 

Steel is easily made and also has the nature of protection against ballistics. Ballistics 

is the study of the acceleration of moving objects, in modern ballistics science it is 

further defined as the study of the force, motion and impact of a projectile fired from 

a weapon [2]. Projectile clash with the plate resulted in very high strain on the narrow 

area [3]. 

Ballistic resistance is not only influenced by target violence. Ballistic resistance 

is a complex function of hardness, toughness, tensile strength, tenacity and yield 

strength [4]. High impact energy absorption is one of the performances of ballistic 

resistant materials [5]. So do layered manufacturing of some materials to combine 

these properties. Rubber is one of the elastic materials that can absorb impact energy. 

Damage caused by ballistics is one of the causes of the inability to absorb impact 

energy between the panel and projectile. The coating of elastomers [6] and polyurea 

[7] on metals can enhance ballistic resistance. 

Ballistic impact parameters are complex, such as the relative speed of projectiles 

and targets, projectile and target shapes, relative stiffness and projectile mass and 

targets, contact surfaces, geometry and boundary conditions and projectile material 

characteristics and targets [8] and environmental factors such as speed and direction 

of wind, if testing is done outdoors. Hence, the resulting failure is very complex. It 

takes deep observation and analysis and focuses on knowing every difference from 

the experiment. 

Using a physical model in an experiment requires a lot of experimentation that 

take a long time and is quite costly. Technological advances to avoid the number of 

experiments are offered using numerical simulations [8, 10]. 

In the test experiment sometimes no data obtained detail and desired. The 

numerical simulation of selected models can obtain detailed and comprehensive data 

and results [11]. The simulation results should be certified by using test experiments 

to obtain accuracy. A good correlation between the simulation using commercial 

code and the experimental method was obtained on thin laminate composites with 

Kevlar 29 reinforcement [8]. 

 

2. Literature review and problem statement 



Preparation of layered panels, each layer has its own function, the main function 

of the front layer is to absorb the kinetic energy of the bullet, balancer, deflection and 

deformation, while the next layer plate serves to absorb the remaining energy of 

kinetic and shrapnel [12]. The first layer of sanitary composite armor is made with 

the aim of collecting and breaking the projectile while the next layer and the back-

plate function to absorb the remaining kinetic energy from the projectile to stop its 

speed [13]. 

The weight and shape of the projectile tip affect the impact of ballistics. The 

simulation results found that the double layer was able to increase the ballistic 

resistance of 8.0-25.0 % for the shape of the flat bullet tip, compared with single 

plates of the same weight. While the impact of projectiles for conical tip projectiles is 

almost the same on double plates as well as single plates [14]. In contrast to [15] that 

single plate has superior performance compared to multilayer plate. 

The simulation shows that projectile nose shape independently affects minimum 

ballistic limit [16]. The blunt end of the projectile project increases the ballistic limit 

on the double plate, but falls when using the ends of the ogival projectile. With the 

simulations proved, the greater the projectile durability of ballistic resistance 

increased on the monolithic plate compared to the aluminum-coated plate and the 

projectile size was more influential than the target configuration variation [17]. 

Using numerical analysis, the addition of polyuria is capable of absorbing 

projectile impact energy [7] and contributes positively to the reduction in the residual 

velocities of projectiles fired on layered composites [18]. The thicker the ceramic 

layer on the ramp plate , with simulations and ballistic resistance experiments 

increasing [19]. Ballistic resistance increased with the addition of epoxy adhesive to 

the ceramics [20]. Polymer composites are used in sandwich form because they are 

capable of inhibiting projectiles by reducing kinetic energy due to ballistic impact 

[21]. 

The process of bullet penetration and evaluation of the energy changes that 

occur during projectile collisions is done with finite element software. Panels with 

alumina layer Ti 6Al4V, UHMPE and as back-plate were varied using Ti6Al4V 

material, carbon fiber plate and aluminum alloy. 60 % projectile energy was 

transferred to the alumina. Back plate Ti6Al4V provides the best resilience compared 

to carbon fiber plate and aluminum alloy as it improves the energy balance in 

UHMPE middle layer [22]. The ballistic impact resistance and impact energy 

absorption of the hybrid composite laminates were enhanced by deposition of micro 

and nano-fillers into surface of the Kevlar fibers fabrics [23]. 

Ballistic resistance is affected by material and manufacturing properties. 

Ballistic resistance of a ballistic resistant material can be observed from damage 

caused by projectile impacts called ballistic effects. This ballistic impact is influenced 

by the ability of the material panel to absorb the impact energy. The layered 

manufacturing produces a different impact with a single plate. Rubber has an elastic 

material capable of reducing the impact. In this study focused on panel manufacturing 

independent (non-fix) of black plate. This manufacturing has not been much of a 

focus on previous research. The effect of layered plate manufacturing is made 



independent of one other through the addition of rubber to its ballistic capability in 

terms of energy absorbed by projectile impact. 

 

3. The aim and objectives of the study 

The purpose of this study is to determine and analyze the energy absorbed on a 

single plate and a layered plate with rubber damper due to deformable projectile shot 

by using finite element numeric simulation. 

To accomplish the set goal, the following tasks were set: 

– selection of material model and simulation and verification with experimental 

test result 

– analyze the results of the simulation in various variables to determine the 

influence. 

 

4. Material, methods and numerical model of research 

In this study the materials used as test experiments for validation are commercial 

steel plate (soft plate / back plate), hard plate and commercial rubber. Each of these 

materials has properties as shown in Table 1. Model of steel plate and projectile using 

Johnson-Cook strength equation (1)  [24], while rubber uses Mooney-Rivlin equation 

(2) [24–26]. Material data for simulation is shown in Table 2. 

Plasticity of metal plat using Johnson Cook Strength equation; 

 

   * 0

0

       1  ln 1 ,
  
     
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M

N

eq

melt

T T
A B C

T T
       (1) 

 

with eq  is equivalent stress (MPa), A is yield stress constant (MPa), B is 

hardening constant (MPa), ε is equivalent strain, C is strain rate constant, N is 

hardening exponent, M is thermal softening exponent, *  is the plastic strain rate and 

meltT .  is the melting temperure of the material (K). While hyperelastic rubber using 

Mooney-Rivlin equation; 

 

1 23 3

1 1
2   2   1   ,

   
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   
C D C

D D
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with σ being equivalent stress (MPa), C1 and C2 are probability constants (MPa) 

and D is extension ratio (MPa). 

 

Table 1 

The average mechanical properties of materials 

Material Hardnes 

Max 

Stress 

(MPa) 

 

(%) 

Impact 

Energy 

(J) 

Tear 

strength 

(N/mm) 

Determination 

of 

compressions 

(%) 

Soft 118.21 458.16 31 62.48 – – 



plate/back 

plate 

BHN 

Hard plate 
478.23 

BHN 

1466.19 13 47.77 – – 

Rubber 
67 Shore 

A 

4.21 120 – 2.08 34.01 

 

Table 2 

Material data for steel plate [27] and data for rubber materials [25] 

Data Material Lead Brass Soft Plate 
Hard 

Plate 
Rubber 

Density r (kg/m
3
) 10660 8520 8859.782 9112.439 1000 

Young's modulus E (MPa) 1000 115000 200000 210000 – 

Poisson's ratio n 0.42 0.31 0.3 0.33 – 

Specific heat Cp (J/kgK) 124 385 486 452 – 

Initial Yield Stress A (MPa) 24 206 146.7 819 – 

Hardening Constant B (MPa)  300 505 896.9 308 – 

Hardening Exponent N 1 0.42 0.32 0.64 – 

Strain Rate Constant C 0.1 0.01 0.033 0.0098 – 

Thermal Softening Exponent M  1 1.68 0.323 1 – 

Melting Temperature Tmelt (K) 760 1189 1773 1800 – 

Material constant C10 (MPa) – – – – 150 

Material constant C01 (MPa) – – – – 1.5 

 

The simulation design is shown in Fig. 1 and meshing 0.1 mm is shown in Fig. 

2. The speed of the projectile is set at 989 m / s, the time before the start of the 

collision until the end of the program is 1.5 x 10
-4

 seconds. While the test scheme 

corresponds to Fig. 3, the research variables are shown in Table 3. The total energy 

absorbed is obtained by regulating the solution data of total energy received on the 

panel. 

 



                 
a                                                        b 

Fig. 1. Design simulation: a – panel target; b – projectile 

 

 

               
 

Fig. 2. Meshing concretize 

 



 
Fig. 3. Experimental testing scheme and conditioning in the simulation 

 

Table 3 

Sandwich plate configurations 

Configuration Geometry Thickness Code 

Soft plate 

 

6 mm soft plate S 

Soft-soft plate 

 

6 mm soft plate - 6 mm back plate S.0 

Soft-rubber-soft 

plate 
 

6 mm soft plate - 2 mm rubber - 6 mm 

back plate 

S.2 

 

6 mm soft plate - 4 mm rubber - 6 mm 

back plate 

S.4 

 

6 mm soft plate - 6 mm rubber - 6 mm 

back plate 
S.6 

Hard plate 

 

6 mm hard plate H 

Hard-soft plate 

 

6 mm hard plate - 6 mm back plate H.0 

Hard-rubber-soft 

plate 
 

6 mm hard plate - 2 mm rubber - 6 mm 

back plate 

H.2 

 

6 mm hard plate - 4 mm rubber - 6 mm 

back plate 

H.4 

 

6 mm hard plate - 6 mm rubber - 6 mm 

back plate 
H.6 



 

5. Validation simulation 

Multiple test experiments were performed to validate numerical simulations. 

This is done to see the similarity of ballistic impact on experiment and simulation. 

The result of experimental and simulated ballistic effects as shown in Fig. 4. 

 

              
a                                                        b 

 

Fig. 4. Ballistic test result: a – experiment; b – simulations 

 

From Fig. 4, measured dimensions of ballistic impact on the experiment and 

simulation. From the measurement results obtained the level of similarity of ballistic 

impact is 93 % or with error 7 %. 

 

6. The result of the absorbers energy 

The result of numerical simulation is obtained the total energy absorbed at the 

time of stopping in each configuration. The energy absorbed by each configuration 

for a given time is 1.5 x 10
-4

 seconds as shown in Fig. 5. 

 

 
Fig. 5. Total energy versus time 



 

Energy absorbed rises shortly after a collision between projectiles and 

panels. The process of energy absorption on a single plate increases until the 

maximum number and decreases in a constant manner. In the S configuration, energy 

rises significantly until it reaches a maximum of 473.70 J and occurs in 3.10 x 10
-5

 

seconds. After achieving the maximum amount of energy absorbed, the energy 

decrease occurs at 6.38 x 10
-5

 seconds and constantly does to 410.66 J until the 

simulation is terminated. 

Similar to the S configuration, in the H configuration the energy absorption rises 

significantly to a maximum of 518.53 J and occurs in 2.25 x 10
-5

 seconds. After 

reaching the maximum energy level it drops to 464.48 J in 5.90 x 10
-5

 seconds and 

then tends to be constant until the simulation is terminated. 

Energy absorption on layered plates tends to be different from single plates. The 

amount of energy rises significantly shortly after a collision to a certain point and 

becomes stable until the simulation is terminated. The average energy absorbed in the 

layered plated plate configuration is faster than the single plate configuration.   

The energy absorption capability of each configuration is different. The greatest 

energy absorbed by each configuration is shown in Fig. 6. 

 

 
Fig. 6. Total energy versus configuration 

 

The energy absorption on a single plate between soft plate (S) is smaller than the 

hard plate (H). However, for layered-plate configurations the average high energy 

absorption occurs on the plate using the soft configuration. The greatest energy 

occurs in the S2 consolidation on the soft-rubber-soft plate panel with the addition of 

2 mm thick rubber. The same is true for the hard configuration plate, where the 

highest total absorbed energy in the H2 configuration was achieved through adding 2 

mm of rubber. 

Fig. 7 shows the equivalent stress when the energy reaches the maximum value 

and the stable value after the maximum in the S configuration. Fig. 8 shows the same 

conditions in the H-configuration and Fig. 9 shows equivalent stress on the S2 and 



H2 configuration plates. The color of the simulation results shows the distribution of 

the received voltage of the plate due to the projectile impact force. Red color shows 

higher concentration of force while blue color shows lower concentration of force. 

 

 

 

 

 
t = 3.10 x 10
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 t = 6.38 x 10

-5
 

  

a                                                        b 

 

Fig. 7. Equivalent stress on a single configuration plate S: a – when the 

maximum absorption energy is reached; b – the absorption energy stabilizes 
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Fig. 8. Equivalent stress on single configuration plate H: a – when the maximum 

absorption energy is reached; b – the absorption energy stabilizes 
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a                                                        b 

 

Fig. 9. Equivalent stress on layered plates when maximum absorption energy is 

reached: a – S2 configuration; b – H2 configuration 

 

7. Discussion of the absorbers energy 

The maximum energy absorption on a single configuration plate S occurs at 

approximately seconds to 3.1 x 10
-5

. And after reaching that time the energy 

absorption decreased. This is because at that moment the projectile has penetrated the 

plate in a single configuration as shown in Fig. 7 .The impact of a large projectile 

cannot hold the panel so that the panel reaches its maximum voltage and the panel is 

pierced after a second to 6.38 x 10
-5

 .After the seconds and the projectiles have 

passed through the panel, the remaining energy is proved by the tension still visible 

on the plate (Fig. 7, b). 

This is also the case with single H configuration plate. The maximum energy 

occurs just before the projectile passes through the plate as shown in Fig. 8a. this 

process occurs at seconds to 2.25 x 10
-5

. Also visible voltage on the plate reaches the 

maximum around the impact of the projectile. The energy decreases and is relatively 

stable after 5.90 x 10
-5

 seconds, this occurs after the projectile passes through the 

plate as shown in Fig. 8, b. 

In contrast to the plated plates, energy rises significantly shortly after the 

projectiles consume the panel until it reaches a certain number and then tends to be 

constant. This boundary mark with a perverted projectile will pierce the front plate in 

a layered configuration. In the S2 configuration panel this condition occurs at 1.80 x 

10
-5

 seconds as shown in Fig. 9, a, as seen from the projectile condition will penetrate 

the front plate. 

In H2 configuration, the process occurs similarly to the S2 

configuration. Energy rises significantly shortly after the projectile strikes the plate 

up to a certain value. The limit of increase until it reaches energy that tends to 

constant occur at seconds to 2.40 x 10
-5

 .This condition occurs when the projectile is 

capable of piercing the front plate in the H2 configuration as shown in Fig. 9, b. 



The larger S2 configuration absorbs the impact energy of the bullet (Fig. 6), this 

is because the S configuration consists of soft-rubber plates and soft plates. The soft 

plate energy impeller is larger than the hard plate (Table 1) in the H configuration the 

addition of rubber thickness increased to 6 mm actually weakens the layered plate 

structure which causes the total energy to decrease compared to rubber thickness of 2 

mm. 

The author made an interesting interpretation of the results. This is not a 

complete section of the discussion. It is necessary to answer these questions: 

– what are the shortcomings of the research and what restrictions can be imposed 

on the use of the results? 

– what can be the development of this research and why exactly in this, and also 

what threats can there be in trying to develop this research in these areas? 

 

8. Conclusion 

The results of the research can be concluded: 

1. Experimental and simulation results ballistic impact tests look similar. 

The level of similarity of ballistic impact is 93 % or with error 7 %. 

2. Energy due to the impact ballistic received and absorbed on the panel 

rises significantly shortly after the collision. On a single plate, this occurs until it 

reaches a certain number then the energy will decrease because the projectile 

succeeded in penetrating the plate. While on the layered plate, after the projectile 

successfully penetrates the front side plate, absorption energy reaches the maximum 

number and then remains constant until the end of the simulation, which caused the 

projectile to be unable to penetrate the next plate layer. 
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The ability of energy absorption can be used to measure the strength of material 

against ballistic impact. This paper aims to analyze the rubber plated energy 

absorption plate that was shot with deformable projectiles. This study was conducted 

using numerical simulations based on finite element that have been verified with 

experimental results. The simulation setting on steel plate with different hardness 

with the addition of rubber thickness prepared as ballistic test panel. Manufacturing 

between layers made non fix with back plate. Panel shot by using 5.56x 45 mm 

deformable caliber bullet with a distance of 15 m of normal attack angle. Finite 

element code with Johnson-Cook and Mooney-Rivlin elasto-plastic material model 

was employed to perform the simulation study. Simulation results show the energy 

due to ballistic impact received and absorbed by the panel rises significantly shortly 

after the collision until reaching a certain number on a single plate where energy will 

decrease because the projectile successfully penetrated the plate. While on a layered 

plate, after the projectile succeeded in penetrating the front side plate, the absorption 

energy reached the maximum number and then remained constant, which caused the 

projectile not to be able to penetrate the next layer. These findings indicate that the 

addition of rubber with a layered structure is able to absorb energy ballistic impact. 

 

Keywords: Energy absorber, hard plate, soft plate, ballistic laminate plate, 

rubber, ballistic impact, simulation.  Keywords in English up to 10 words 

 

We draw your attention that in the text of the article there should be links to all 

sources of information used, arranged in order, for example, from 1 to 10 

 

1. Introduction 

Defense and security play an important role in state sovereignty. One of the 

most common defense equipment used in the military world is combat vehicles. 

Combat vehicles are special vehicles equipped with combat equipment and must be 

http://www.udcc.org/udcsummary/php/index.php?lang=en&pr=Y


able to withstand the opponent's attacks. The success of combat vehicles is in the 

completion of defense and defense missions [1]. 

Material on combat vehicles in general is a steel plate. Steel is used because it 

has characteristics that can be strengthened, easily shaped and can form a structure. 

Steel is easily made and also has the nature of protection against ballistics. Ballistics 

is the study of the acceleration of moving objects, in modern ballistics science it is 

further defined as the study of the force, motion and impact of a projectile fired from 

a weapon [2]. Projectile clash with the plate resulted in very high strain on the narrow 

area [3]. 

Ballistic resistance is not only influenced by target violence. Ballistic resistance 

is a complex function of hardness, toughness, tensile strength, tenacity and yield 

strength [4]. High impact energy absorption is one of the performances of ballistic 

resistant materials [5]. So do layered manufacturing of some materials to combine 

these properties. Rubber is one of the elastic materials that can absorb impact energy. 

Damage caused by ballistics is one of the causes of the inability to absorb impact 

energy between the panel and projectile. The coating of elastomers [6] and polyurea 

[7] on metals can enhance ballistic resistance. 

Ballistic impact parameters are complex, such as the relative speed of projectiles 

and targets, projectile and target shapes, relative stiffness and projectile mass and 

targets, contact surfaces, geometry and boundary conditions and projectile material 

characteristics and targets [8] and environmental factors such as speed and direction 

of wind, if testing is done outdoors. Hence, the resulting failure is very complex. It 

takes deep observation and analysis and focuses on knowing every difference from 

the experiment. 

Using a physical model in an experiment requires a lot of experimentation that 

take a long time and is quite costly. Technological advances to avoid the number of 

experiments are offered using numerical simulations [8, 10]. 

In the test experiment sometimes no data obtained detail and desired. The 

numerical simulation of selected models can obtain detailed and comprehensive data 

and results [11]. The simulation results should be certified by using test experiments 

to obtain accuracy. A good correlation between the simulation using commercial 

code and the experimental method was obtained on thin laminate composites with 

Kevlar 29 reinforcement [8]. 

 

2. Literature review and problem statement 

Preparation of layered panels, each layer has its own function, the main function 

of the front layer is to absorb the kinetic energy of the bullet, balancer, deflection and 

deformation, while the next layer plate serves to absorb the remaining energy of 

kinetic and shrapnel [12]. The first layer of sanitary composite armor is made with 

the aim of collecting and breaking the projectile while the next layer and the back-

plate function to absorb the remaining kinetic energy from the projectile to stop its 

speed [13]. 

The weight and shape of the projectile tip affect the impact of ballistics. The 

simulation results found that the double layer was able to increase the ballistic 

resistance of 8.0-25.0 % for the shape of the flat bullet tip, compared with single 



plates of the same weight. While the impact of projectiles for conical tip projectiles is 

almost the same on double plates as well as single plates [14]. In contrast to [15] that 

single plate has superior performance compared to multilayer plate. 

The simulation shows that projectile nose shape independently affects minimum 

ballistic limit [16]. The blunt end of the projectile project increases the ballistic limit 

on the double plate, but falls when using the ends of the ogival projectile. With the 

simulations proved, the greater the projectile durability of ballistic resistance 

increased on the monolithic plate compared to the aluminum-coated plate and the 

projectile size was more influential than the target configuration variation [17]. 

Using numerical analysis, the addition of polyuria is capable of absorbing 

projectile impact energy [7] and contributes positively to the reduction in the residual 

velocities of projectiles fired on layered composites [18].  (Mohotti et al., 

2013)[6](Mohotti et al. 2013). (the surname is not mentioned in scientific articles, 

there are enough references to the works) The thicker the ceramic layer on the ramp 

plate , with simulations and ballistic resistance experiments increasing [19]. Ballistic 

resistance increased with the addition of epoxy adhesive to the ceramics [20]. 

Polymer composites are used in sandwich form because they are capable of inhibiting 

projectiles by reducing kinetic energy due to ballistic impact [21]. 

The process of bullet penetration and evaluation of the energy changes that 

occur during projectile collisions is done with finite element software. Panels with 

alumina layer Ti 6Al4V, UHMPE and as back-plate were varied using Ti6Al4V 

material, carbon fiber plate and aluminum alloy. 60 % projectile energy was 

transferred to the alumina. Back plate Ti6Al4V provides the best resilience compared 

to carbon fiber plate and aluminum alloy as it improves the energy balance in 

UHMPE middle layer [22]. The ballistic impact resistance and impact energy 

absorption of the hybrid composite laminates were enhanced by deposition of micro 

and nano-fillers into surface of the Kevlar fibers fabrics [23]. 

Ballistic resistance is affected by material and manufacturing properties. 

Ballistic resistance of a ballistic resistant material can be observed from damage 

caused by projectile impacts called ballistic effects. This ballistic impact is influenced 

by the ability of the material panel to absorb the impact energy. The layered 

manufacturing produces a different impact with a single plate. Rubber has an elastic 

material capable of reducing the impact. In this study focused on panel manufacturing 

independent (non-fix) of black plate. This manufacturing has not been much of a 

focus on previous research. The effect of layered plate manufacturing is made 

independent of one other through the addition of rubber to its ballistic capability in 

terms of energy absorbed by projectile impact. 

Section of the article "Analysis of literary data" is intended to show (highlight) 

unsolved by other scientists part of the problem. The result of the survey is the 

identification of a "niche" of research not occupied by other scientists in this issue. 

This section is written on the basis of publications of periodical scientific 

publications (books, textbooks, monographs to those do not apply). The review of 

periodicals on the problem investigated by the author should include sources no more 

than 5-10 years ago, and a review of foreign scientific periodicals on the problem 

investigated by the author is mandatory. 



You can see articles on your topic through keyword search in any database. For 

example, 

1) https://doaj.org/ 

2) http://www.sciencedirect.com/science/search 

3) http://search.crossref.org/ 

4) http://journals.indexcopernicus.com/ 

5) http://www.worldcat.org/ 

Use 7-10 references to used literature, each of the sources used should be 

accompanied by a comment (at least one sentence) 

 

3. The aim and objectives of the study 

The purpose of this study is to determine and analyze the energy absorbed on a 

single plate and a layered plate with rubber damper due to deformable projectile shot 

by using finite element numeric simulation. 

We completed the following tasks in order to achieve the objective: 

To accomplish the set goal, the following tasks were set: 

- Selection of material model and simulation and verification with experimental 

test result 

- Analyze the results of the simulation in various variables to determine the 

influence. 

 

4. Material, methods and numerical model of research 

In this study the materials used as test experiments for validation are commercial 

steel plate (soft plate / back plate), hard plate and commercial rubber. Each of these 

materials has properties as shown in Table 1. Model of steel plate and projectile using 

Johnson-Cook strength equation (1)  [24], while rubber uses Mooney-Rivlin equation 

(2) [24–26]. Material data for simulation is shown in Table 2. 

- The numbering of the formulas must have the form (1), (2), (3) 

- Formulas must be typed in the formula editor MathType 

- References to the formula in the text have the form (1), (2) - (4) 

- Formulas must be numbered 

- Align the numbering to the right 

- The formula is part of the text, therefore, after the formula there should be a 

semantic sign: if a further sentence goes on, then the point; If there is further 

clarification, then the comma 

Plasticity of metal plat using Johnson Cook Strength equation; 
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with     is equivalent stress (MPa), A is yield stress constant (MPa), B is 

hardening constant (MPa), ε is equivalent strain, C is strain rate constant, N is 

hardening exponent, M is thermal softening exponent,    is the plastic strain rate and 

      is the melting temperature of the material (K). While hyperelastic rubber using 

Mooney-Rivlin equation; 
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with σ being equivalent stress (MPa), C1 and C2 are probability constants (MPa) 

and D is extension ratio (MPa). 

 

Table 1 

The average mechanical properties of materials 

Material Hardnes 

Max 

Stress 

(MPa) 

 

(%) 

Impact 

Energy 

(J) 

Tear 

strength 

(N/mm) 

Determination 

of 

compressions 

(%) 

Soft 

plate/back 

plate 

118.21 

BHN 

458.16 31 62.48 - - 

Hard plate 
478.23 

BHN 

1466.19 13 47.77 - - 

Rubber 
67 Shore 

A 

4.21 120 - 2.08 34.01 

 

Table 2 

Material data for steel plate [27] and data for rubber materials [25] 

Data Material Lead Brass Soft Plate 
Hard 

Plate 
Rubber 

Density r (kg/m
3
) 10660 8520 8859.782 9112.439 1000 

Young's modulus E (MPa) 1000 115000 200000 210000 - 

Poisson's ratio n 0.42 0.31 0.3 0.33 - 

Specific heat Cp (J/kgK) 124 385 486 452 - 

Initial Yield Stress A (MPa) 24 206 146.7 819 - 

Hardening Constant B (MPa)  300 505 896.9 308 - 

Hardening Exponent N 1 0.42 0.32 0.64 - 

Strain Rate Constant C 0.1 0.01 0.033 0.0098 - 

Thermal Softening Exponent M  1 1.68 0.323 1 - 

Melting Temperature Tmelt (K) 760 1189 1773 1800 - 

Material constant C10 (MPa) - - - - 150 

Material constant C01 (MPa) - - - - 1.5 

 

The simulation design is shown in Fig. 1 and meshing 0.1 mm is shown in Fig. 

2. The speed of the projectile is set at 989 m / s, the time before the start of the 

collision until the end of the program is 1.5 x 10
-4

 seconds. While the test scheme 

corresponds to Fig. 3, the research variables are shown in Table 3. The total energy 

absorbed is obtained by regulating the solution data of total energy received on the 

panel. 

 

                     



                 
                                   

Fig. 1. Design simulation: a – panel target; b – projectile. 
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Fig. 2. Meshing concretize 
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Fig. 3. Experimental testing scheme and conditioning in the simulation 

 

Table 3 

Sandwich plate configurations 

Configuration Geometry Thickness Code 

Soft plate 

 

6 mm soft plate S 

Soft-soft plate 

 

6 mm soft plate - 6 mm back plate S.0 

Soft-rubber-soft 

plate 
 

6 mm soft plate - 2 mm rubber - 6 mm 

back plate 

S.2 

 

6 mm soft plate - 4 mm rubber - 6 mm 

back plate 

S.4 

 

6 mm soft plate - 6 mm rubber - 6 mm 

back plate 
S.6 

Hard plate 

 

6 mm hard plate H 

Hard-soft plate 

 

6 mm hard plate - 6 mm back plate H.0 

Hard-rubber-soft 

plate 
 

6 mm hard plate - 2 mm rubber - 6 mm 

back plate 

H.2 

 

6 mm hard plate - 4 mm rubber - 6 mm 

back plate 

H.4 

 

6 mm hard plate - 6 mm rubber - 6 mm 

back plate 
H.6 



 

5. Validation simulation 

Multiple test experiments were performed to validate numerical simulations. 

This is done to see the similarity of ballistic impact on experiment and simulation. 

The result of experimental and simulated ballistic effects as shown in Fig. 4. 

 

              
Fig. 4. Ballistic test result: a – experiment; b - simulations 

 

From Fig. 4, measured dimensions of ballistic impact on the experiment and 

simulation. From the measurement results obtained the level of similarity of ballistic 

impact is 93 % or with error 7 %. 

 

6. The result of the absorbers energy 

The result of numerical simulation is obtained the total energy absorbed at the 

time of stopping in each configuration. The energy absorbed by each configuration 

for a given time is 1.5 x 10
-4

 seconds as shown in Fig. 5. 
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Fig. 5. Total energy versus time 

 

Energy absorbed rises shortly after a collision between projectiles and 

panels. The process of energy absorption on a single plate increases until the 

maximum number and decreases in a constant manner. In the S configuration, energy 

rises significantly until it reaches a maximum of 473.70 J and occurs in 3.10 x 10
-5

 

seconds. After achieving the maximum amount of energy absorbed, the energy 

decrease occurs at 6.38 x 10
-5

 seconds and constantly does to 410.66 J until the 

simulation is terminated. 

Similar to the S configuration, in the H configuration the energy absorption rises 

significantly to a maximum of 518.53 J and occurs in 2.25 x 10
-5

 seconds. After 

reaching the maximum energy level it drops to 464.48 J in 5.90 x 10
-5

 seconds and 

then tends to be constant until the simulation is terminated. 

Energy absorption on layered plates tends to be different from single plates. The 

amount of energy rises significantly shortly after a collision to a certain point and 

becomes stable until the simulation is terminated. The average energy absorbed in the 

layered plated plate configuration is faster than the single plate configuration.   

The energy absorption capability of each configuration is different. The greatest 

energy absorbed by each configuration is shown in Fig. 6. 
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Fig. 6. Total energy versus configuration 

 

The energy absorption on a single plate between soft plate (S) is smaller than the 

hard plate (H). However, for layered-plate configurations the average high energy 

absorption occurs on the plate using the soft configuration. The greatest energy 

occurs in the S2 consolidation on the soft-rubber-soft plate panel with the addition of 

2 mm thick rubber. The same is true for the hard configuration plate, where the 

highest total absorbed energy in the H2 configuration was achieved through adding 2 

mm of rubber. 

Fig. 7 shows the equivalent stress when the energy reaches the maximum value 

and the stable value after the maximum in the S configuration. Fig. 8 shows the same 

conditions in the H-configuration and Fig. 9 shows equivalent stress on the S2 and 

H2 configuration plates. The color of the simulation results shows the distribution of 

the received voltage of the plate due to the projectile impact force. Red color shows 

higher concentration of force while blue color shows lower concentration of force. 
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Fig. 7. Equivalent stress on a single configuration plate S: a - when the 

maximum absorption energy is reached; b - the absorption energy stabilizes 
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Fig. 7. The main signature: a - .....; b - ........ 
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Fig. 8. Equivalent stress on single configuration plate H: a - when the maximum 

absorption energy is reached; b - the absorption energy stabilizes 
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Fig. 9. Equivalent stress on layered plates when maximum absorption energy is 

reached: a - S2 configuration; b - H2 configuration 
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7. Discussion of the absorbers energy 

The maximum energy absorption on a single configuration plate S occurs at 

approximately seconds to 3.1 x 10
-5

. And after reaching that time the energy 

absorption decreased. This is because at that moment the projectile has penetrated the 

plate in a single configuration as shown in Fig. 7 .The impact of a large projectile 

cannot hold the panel so that the panel reaches its maximum voltage and the panel is 

pierced after a second to 6.38 x 10
-5

 .After the seconds and the projectiles have 

passed through the panel, the remaining energy is proved by the tension still visible 

on the plate (Fig. 7, b). 

a b

a 

a b

a 



This is also the case with single H configuration plate. The maximum energy 

occurs just before the projectile passes through the plate as shown in Fig. 8a. this 

process occurs at seconds to 2.25 x 10
-5

. Also visible voltage on the plate reaches the 

maximum around the impact of the projectile. The energy decreases and is relatively 

stable after 5.90 x 10
-5

 seconds, this occurs after the projectile passes through the 

plate as shown in Fig. 8, b. 

In contrast to the plated plates, energy rises significantly shortly after the 

projectiles consume the panel until it reaches a certain number and then tends to be 

constant. This boundary mark with a perverted projectile will pierce the front plate in 

a layered configuration. In the S2 configuration panel this condition occurs at 1.80 x 

10
-5

 seconds as shown in Fig. 9, a, as seen from the projectile condition will penetrate 

the front plate. 

In H2 configuration, the process occurs similarly to the S2 

configuration. Energy rises significantly shortly after the projectile strikes the plate 

up to a certain value. The limit of increase until it reaches energy that tends to 

constant occur at seconds to 2.40 x 10
-5

 .This condition occurs when the projectile is 

capable of piercing the front plate in the H2 configuration as shown in Fig. 9, b. 

The larger S2 configuration absorbs the impact energy of the bullet (Fig. 6), this 

is because the S configuration consists of soft-rubber plates and soft plates. The soft 

plate energy impeller is larger than the hard plate (Table 1) in the H configuration the 

addition of rubber thickness increased to 6 mm actually weakens the layered plate 

structure which causes the total energy to decrease compared to rubber thickness of 2 

mm. 

 

8. Conclusion 

In this section, describe the conclusions in the conclusions of the tasks that you 

set yourself in Section 3, but do not repeat the tasks themselves verbatim - this should 

be a description of the solutions to problems 

As a result of the research: 

1. ... indicating the qualitative or quantitative indicators of the results of the 

study 

2. ... indicating the qualitative or quantitative indicators of the results of the 

study 

3. ... indicating the qualitative or quantitative indicators of the results of the 

study 

The results of the research can be concluded: 

1. Experimental and simulation results ballistic impact tests look similar. The 

level of similarity of ballistic impact is 93 % or with error 7 %. 

2. Energy due to the impact ballistic received and absorbed on the panel rises 

significantly shortly after the collision. On a single plate, this occurs until it 

reaches a certain number then the energy will decrease because the projectile 

succeeded in penetrating the plate. While on the layered plate, after the 

projectile successfully penetrates the front side plate, absorption energy 

reaches the maximum number and then remains constant until the end of the 



simulation, which caused the projectile to be unable to penetrate the next 

plate layer. 

 

The simulation results show the energy due to the impact ballistic received and 

absorbed on the panel rises significantly shortly after the collision. On a single plate, 

this occurs until it reaches a certain number then the energy will decrease because the 

projectile succeeded in penetrating the plate. While on the layered plate, after the 

projectile successfully penetrates the front side plate, absorption energy reaches the 

maximum number and then remains constant until the end of the simulation, which 

caused the projectile to be unable to penetrate the next plate layer. 
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ENERGY ABSORBERS ON THE STEEL PLATE – RUBBER LAMINATE 

AFTER DEFORMABLE PROJECTILE IMPACT 

 

Helmy Purwanto, Rudy Soenoko, Anindito Purnowidodo, Agus Suprapto 

 

The ability of energy absorption can be used to measure the strength of material 

against ballistic impact. This paper aims to analyze the rubber plated energy 

absorption plate that was shot with deformable projectiles. This study was conducted 

using numerical simulations based on finite element that have been verified with 

experimental results. The simulation setting on steel plate with different hardness 

with the addition of rubber thickness prepared as ballistic test panel. Manufacturing 

between layers made non fix with back plate. Panel shot by using 5.56x 45 mm 

deformable caliber bullet with a distance of 15 m of normal attack angle. Finite 

element code with Johnson-Cook and Mooney-Rivlin elasto-plastic material model 

was employed to perform the simulation study. Simulation results show the energy 

due to ballistic impact received and absorbed by the panel rises significantly shortly 

after the collision until reaching a certain number on a single plate where energy will 

decrease because the projectile successfully penetrated the plate. While on a layered 

plate, after the projectile succeeded in penetrating the front side plate, the absorption 

energy reached the maximum number and then remained constant, which caused the 

projectile not to be able to penetrate the next layer. These findings indicate that the 

addition of rubber with a layered structure is able to absorb energy ballistic impact 

Keywords: Energy absorber, hard plate, soft plate, ballistic laminate plate, 

rubber, ballistic impact, simulation 

 

1. Introduction 

Defense and security play an important role in state sovereignty. One of the 

most common defense equipment used in the military world is combat vehicles. 

Combat vehicles are special vehicles equipped with combat equipment and must be 

able to withstand the opponent's attacks. The success of combat vehicles is in the 

completion of defense and defense missions [1]. 

Material on combat vehicles in general is a steel plate. Steel is used because it 

has characteristics that can be strengthened, easily shaped and can form a structure. 



Steel is easily made and also has the nature of protection against ballistics. Ballistics 

is the study of the acceleration of moving objects, in modern ballistics science it is 

further defined as the study of the force, motion and impact of a projectile fired from 

a weapon [2]. Projectile clash with the plate resulted in very high strain on the narrow 

area [3]. 

Ballistic resistance is not only influenced by target violence. Ballistic resistance 

is a complex function of hardness, toughness, tensile strength, tenacity and yield 

strength [4]. High impact energy absorption is one of the performances of ballistic 

resistant materials [5]. So do layered manufacturing of some materials to combine 

these properties. Rubber is one of the elastic materials that can absorb impact energy. 

Damage caused by ballistics is one of the causes of the inability to absorb impact 

energy between the panel and projectile. The coating of elastomers [6] and polyurea 

[7] on metals can enhance ballistic resistance. 

Ballistic impact parameters are complex, such as the relative speed of projectiles 

and targets, projectile and target shapes, relative stiffness and projectile mass and 

targets, contact surfaces, geometry and boundary conditions and projectile material 

characteristics and targets [8] and environmental factors such as speed and direction 

of wind, if testing is done outdoors. Hence, the resulting failure is very complex. It 

takes deep observation and analysis and focuses on knowing every difference from 

the experiment. 

Using a physical model in an experiment requires a lot of experimentation that 

take a long time and is quite costly. Technological advances to avoid the number of 

experiments are offered using numerical simulations [8, 10]. 

In the test experiment sometimes no data obtained detail and desired. The 

numerical simulation of selected models can obtain detailed and comprehensive data 

and results [11]. The simulation results should be certified by using test experiments 

to obtain accuracy. A good correlation between the simulation using commercial 

code and the experimental method was obtained on thin laminate composites with 

Kevlar 29 reinforcement [8]. 

 

2. Literature review and problem statement 

Preparation of layered panels, each layer has its own function, the main function 

of the front layer is to absorb the kinetic energy of the bullet, balancer, deflection and 

deformation, while the next layer plate serves to absorb the remaining energy of 

kinetic and shrapnel [12]. The first layer of sanitary composite armor is made with 

the aim of collecting and breaking the projectile while the next layer and the back-

plate function to absorb the remaining kinetic energy from the projectile to stop its 

speed [13]. 

The weight and shape of the projectile tip affect the impact of ballistics. The 

simulation results found that the double layer was able to increase the ballistic 

resistance of 8.0–25.0 % for the shape of the flat bullet tip, compared with single 

plates of the same weight. While the impact of projectiles for conical tip projectiles is 

almost the same on double plates as well as single plates [14]. In contrast to [15] that 

single plate has superior performance compared to multilayer plate. 



The simulation shows that projectile nose shape independently affects minimum 

ballistic limit [16]. The blunt end of the projectile project increases the ballistic limit 

on the double plate, but falls when using the ends of the ogival projectile. With the 

simulations proved, the greater the projectile durability of ballistic resistance 

increased on the monolithic plate compared to the aluminum-coated plate and the 

projectile size was more influential than the target configuration variation [17]. 

Using numerical analysis, the addition of polyuria is capable of absorbing 

projectile impact energy [7] and contributes positively to the reduction in the residual 

velocities of projectiles fired on layered composites [18]. The thicker the ceramic 

layer on the ramp plate , with simulations and ballistic resistance experiments 

increasing [19]. Ballistic resistance increased with the addition of epoxy adhesive to 

the ceramics [20]. Polymer composites are used in sandwich form because they are 

capable of inhibiting projectiles by reducing kinetic energy due to ballistic impact 

[21]. 

The process of bullet penetration and evaluation of the energy changes that 

occur during projectile collisions is done with finite element software. Panels with 

alumina layer Ti 6Al4V, UHMPE and as back-plate were varied using Ti6Al4V 

material, carbon fiber plate and aluminum alloy. 60 % projectile energy was 

transferred to the alumina. Back plate Ti6Al4V provides the best resilience compared 

to carbon fiber plate and aluminum alloy as it improves the energy balance in 

UHMPE middle layer [22]. The ballistic impact resistance and impact energy 

absorption of the hybrid composite laminates were enhanced by deposition of micro 

and nano-fillers into surface of the Kevlar fibers fabrics [23]. 

Ballistic resistance is affected by material and manufacturing properties. 

Ballistic resistance of a ballistic resistant material can be observed from damage 

caused by projectile impacts called ballistic effects. This ballistic impact is influenced 

by the ability of the material panel to absorb the impact energy. The layered 

manufacturing produces a different impact with a single plate. Rubber has an elastic 

material capable of reducing the impact. In this study focused on panel manufacturing 

independent (non-fix) of black plate. This manufacturing has not been much of a 

focus on previous research. The effect of layered plate manufacturing is made 

independent of one other through the addition of rubber to its ballistic capability in 

terms of energy absorbed by projectile impact. 

 

3. The aim and objectives of the study 

The purpose of this study is to determine and analyze the energy absorbed on a 

single plate and a layered plate with rubber damper due to deformable projectile shot 

by using finite element numeric simulation. 

To accomplish the set goal, the following tasks were set: 

– selection of material model and simulation and verification with experimental 

test result; 

– analyze the results of the simulation in various variables to determine the 

influence. 

 

4. Material, methods and numerical model of research 



In this study the materials used as test experiments for validation are commercial 

steel plate (soft plate/back plate), hard plate and commercial rubber. Each of these 

materials has properties as shown in Table 1. Model of steel plate and projectile using 

Johnson-Cook strength equation (1) [24], while rubber uses Mooney-Rivlin equation 

(2) [24–26]. Material data for simulation is shown in Table 2. 

Plasticity of metal plat using Johnson Cook Strength equation; 
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  (1) 

 

with eq  is equivalent stress (MPa), A is yield stress constant (MPa), B is 

hardening constant (MPa), ε is equivalent strain, C is strain rate constant, N is 

hardening exponent, M is thermal softening exponent, *  is the plastic strain rate and 

meltT . is the melting temperure of the material (K). While hyperelastic rubber using 

Mooney-Rivlin equation; 
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with σ being equivalent stress (MPa), C1 and C2 are probability constants (MPa) 

and D is extension ratio (MPa). 

 

Table 1 

The average mechanical properties of materials 

Material Hardnes 

Max 

Stress 

(MPa) 

 

(%) 

Impact 

Energy 

(J) 

Tear 

strength 

(N/mm) 

Determination 

of 

compressions 

(%) 

Soft 

plate/back 

plate 

118.21 

BHN 

458.16 31 62.48 – – 

Hard plate 
478.23 

BHN 

1466.19 13 47.77 – – 

Rubber 
67 Shore 

A 

4.21 120 – 2.08 34.01 

 

Table 2 

Material data for steel plate [27] and data for rubber materials [25] 

Data Material Lead Brass Soft Plate 
Hard 

Plate 
Rubber 

Density r (kg/m
3
) 10660 8520 8859.782 9112.439 1000 

Young's modulus E (MPa) 1000 115000 200000 210000 – 

Poisson's ratio n 0.42 0.31 0.3 0.33 – 

Specific heat Cp (J/kgK) 124 385 486 452 – 



Initial Yield Stress A (MPa) 24 206 146.7 819 – 

Hardening Constant B (MPa)  300 505 896.9 308 – 

Hardening Exponent N 1 0.42 0.32 0.64 – 

Strain Rate Constant C 0.1 0.01 0.033 0.0098 – 

Thermal Softening Exponent M  1 1.68 0.323 1 – 

Melting Temperature Tmelt (K) 760 1189 1773 1800 – 

Material constant C10 (MPa) – – – – 150 

Material constant C01 (MPa) – – – – 1.5 

 

The simulation design is shown in Fig. 1 and meshing 0.1 mm is shown in Fig. 

2. The speed of the projectile is set at 989 m/s, the time before the start of the 

collision until the end of the program is 1.5×10
-4

 seconds. While the test scheme 

corresponds to Fig. 3, the research variables are shown in Table 3. The total energy 

absorbed is obtained by regulating the solution data of total energy received on the 

panel. 

 

  
a b 

Fig. 1. Design simulation: a – panel target; b – projectile 

 

 



   
 

Fig. 2. Meshing concretize 
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Fig. 3. Experimental testing scheme and conditioning in the simulation 

Poor picture quality 

 

Table 3 

Sandwich plate configurations 

Configuration Geometry Thickness Code 

Soft plate 

 

6 mm soft plate S 

Soft-soft plate 

 

6 mm soft plate – 6 mm back plate S.0 

Soft-rubber-soft 

plate 
 

6 mm soft plate – 2 mm rubber – 6 mm 

back plate 
S.2 

6 mm soft plate – 4 mm rubber – 6 mm 

back plate 
S.4 



6 mm soft plate – 6 mm rubber – 6 mm 

back plate 
S.6 

Hard plate 

 

6 mm hard plate H 

Hard-soft plate 

 

6 mm hard plate – 6 mm back plate H.0 

Hard-rubber-soft 

plate 
 

6 mm hard plate – 2 mm rubber – 6 mm 

back plate 
H.2 

6 mm hard plate – 4 mm rubber – 6 mm 

back plate 
H.4 

6 mm hard plate – 6 mm rubber – 6 mm 

back plate 
H.6 

 

5. Validation simulation 

Multiple test experiments were performed to validate numerical simulations. 

This is done to see the similarity of ballistic impact on experiment and simulation. 

The result of experimental and simulated ballistic effects as shown in Fig. 4. 

 

  
a b 

 

Fig. 4. Ballistic test result: a – experiment; b – simulations 

 

From Fig. 4, measured dimensions of ballistic impact on the experiment and 

simulation. From the measurement results obtained the level of similarity of ballistic 

impact is 93 % or with error 7 %. 

 

6. The result of the absorbers energy 

The result of numerical simulation is obtained the total energy absorbed at the 

time of stopping in each configuration. The energy absorbed by each configuration 

for a given time is 1.5 x 10
-4

 seconds as shown in Fig. 5. 



 

 
Fig. 5. Total energy versus time 

 

Energy absorbed rises shortly after a collision between projectiles and 

panels. The process of energy absorption on a single plate increases until the 

maximum number and decreases in a constant manner. In the S configuration, energy 

rises significantly until it reaches a maximum of 473.70 J and occurs in 3.10 x 10
-5

 

seconds. After achieving the maximum amount of energy absorbed, the energy 

decrease occurs at 6.38×10
-5

 seconds and constantly does to 410.66 J until the 

simulation is terminated. 

Similar to the S configuration, in the H configuration the energy absorption rises 

significantly to a maximum of 518.53 J and occurs in 2.25×10
-5

 seconds. After 

reaching the maximum energy level it drops to 464.48 J in 5.90×10
-5

 seconds and 

then tends to be constant until the simulation is terminated. 

Energy absorption on layered plates tends to be different from single plates. The 

amount of energy rises significantly shortly after a collision to a certain point and 

becomes stable until the simulation is terminated. The average energy absorbed in the 

layered plated plate configuration is faster than the single plate configuration.  

The energy absorption capability of each configuration is different. The greatest 

energy absorbed by each configuration is shown in Fig. 6. 

 



 
Fig. 6. Total energy versus configuration 

 

The energy absorption on a single plate between soft plate (S) is smaller than the 

hard plate (H). However, for layered-plate configurations the average high energy 

absorption occurs on the plate using the soft configuration. The greatest energy 

occurs in the S2 consolidation on the soft-rubber-soft plate panel with the addition of 

2 mm thick rubber. The same is true for the hard configuration plate, where the 

highest total absorbed energy in the H2 configuration was achieved through adding 2 

mm of rubber. 

Fig. 7 shows the equivalent stress when the energy reaches the maximum value 

and the stable value after the maximum in the S configuration. Fig. 8 shows the same 

conditions in the H-configuration and Fig. 9 shows equivalent stress on the S2 and 

H2 configuration plates. The color of the simulation results shows the distribution of 

the received voltage of the plate due to the projectile impact force. Red color shows 

higher concentration of force while blue color shows lower concentration of force. 
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Fig. 7. Equivalent stress on a single configuration plate S: a – when the 

maximum absorption energy is reached; b – the absorption energy stabilizes 
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Fig. 8. Equivalent stress on single configuration plate H: a – when the maximum 

absorption energy is reached; b – the absorption energy stabilizes 

Poor picture quality 

The drawing should not be placed in a table 

The drawing must be integral or grouped 

 

 

 

 
     t=1.80×10

-5
                       t=2.40×10

-5
 

 

a b 

 

Fig. 9. Equivalent stress on layered plates when maximum absorption energy is 

reached: a – S2 configuration; b – H2 configuration 
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Fig. 10 shows the end simulation results on the plated plates S2, S4 and S6 

configurations. Visible addition of rubber thickness between plates causes increased 

equivalent stress on the back plate. 
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Fig. 10. Equivalent stress on layered plates end of simulation t=4.8001×10
-5 

: a 

– S2 configuration; b – S4 configuration and c – S6 configuration 
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7. Discussion of the absorbers energy 

The maximum energy absorption on a single configuration plate S occurs at 

approximately seconds to 3.1×10
-5

. And after reaching that time the energy 

absorption decreased. This is because at that moment the projectile has penetrated the 

plate in a single configuration as shown in Fig. 7 .The impact of a large projectile 

cannot hold the panel so that the panel reaches its maximum voltage and the panel is 

pierced after a second to 6.38×10
-5

 .After the seconds and the projectiles have passed 

through the panel, the remaining energy is proved by the tension still visible on the 

plate (Fig. 7, b). 

This is also the case with single H configuration plate. The maximum energy 

occurs just before the projectile passes through the plate as shown in Fig. 8a. this 

process occurs at seconds to 2.25×10
-5

. Also visible voltage on the plate reaches the 

maximum around the impact of the projectile. The energy decreases and is relatively 

stable after 5.90×10
-5

 seconds, this occurs after the projectile passes through the plate 

as shown in Fig. 8, b.  

In contrast to the plated plates, energy rises significantly shortly after the 

projectiles consume the panel until it reaches a certain number and then tends to be 

constant. This boundary mark with a perverted projectile will pierce the front plate in 

a layered configuration. In the S2 configuration panel this condition occurs at 

1.80×10
-5

 seconds as shown in Fig. 9, a, as seen from the projectile condition will 

penetrate the front plate. 



In H2 configuration, the process occurs similarly to the S2 

configuration. Energy rises significantly shortly after the projectile strikes the plate 

up to a certain value. The limit of increase until it reaches energy that tends to 

constant occur at seconds to 2.40×10
-5

 .This condition occurs when the projectile is 

capable of piercing the front plate in the H2 configuration as shown in Fig. 9, b. 

The larger S2 configuration absorbs the impact energy of the bullet (Fig. 6), this 

is because the S configuration consists of soft-rubber plates and soft plates. The soft 

plate energy impeller is larger than the hard plate (Table 1) in the H configuration the 

addition of rubber thickness increased to 6 mm actually weakens the layered plate 

structure which causes the total energy to decrease compared to rubber thickness of 2 

mm. 

The addition of rubber to the layered plate arrangement can improve the 

absorption of ballistic impact energy. The rubber between the plates can absorb the 

collision energy of the plate, so that the impact energy is not directly forwarded to the 

next layer plate. This is because rubber is an elastic material and has good energy 

absorption. However the addition of thickness to 4 mm and 6 mm of rubber precisely 

absorption of energy collisions decreased. This is because rubber has non-rigid 

properties and is not resistant to penetration. The addition of rubber thickness 

between the two plates causes an increase in weak space so that the first plate 

fragments and the projectiles penetrating the first plate stronger push the back plate. 

This shows the equivalent stress on the back plate at the end of the simulation as 

shown in Fig. 10. So that the optimum energy absorption on the addition of rubber 

with a thickness of 2 mm, both in soft plate configuration (S configurations) and hard 

plate (H configurations). 

Type of rubber can affect the energy absorption, because each type of rubber has 

different elasticity properties. The selection of rubber types in this study is not a 

concern, so the effectiveness of energy absorption by rubber cannot be analyzed 

further. The bolt tightening system in panel making can also be varied, because bolt 

system makes the impact vibration propagation different. With the addition of 

increasingly complex boundary conditions then the simulation will get more 

complete data but require long simulation calculations and requires a computer with 

higher specifications. 

 

8. Conclusion 

1. Experimental and simulation results ballistic impact tests look similar. The 

level of similarity of ballistic impact is 93 % or with error 7 %. 

2. Energy due to the impact ballistic received and absorbed on the panel rises 

significantly shortly after the collision. On a single plate, this occurs until it reaches a 

certain number then the energy will decrease because the projectile succeeded in 

penetrating the plate. While on the layered plate, after the projectile successfully 

penetrates the front side plate, absorption energy reaches the maximum number and 

then remains constant until the end of the simulation, which caused the projectile to 

be unable to penetrate the next plate layer. And optimal absorption of energy by plate 

occurs in the addition of 2 mm of rubber either on soft plate or hard plate layer. 
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