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problems around the world and for the presentation of results. It is aimed only at the 

Natural and Engineering sciences. 
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• Computer Engineering 
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• Human-machine systems 
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• Renewable energy 
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• Artificial intelligence and its applications 

• Theoretical studies 

Papers submitted should address Stardom Natural and Engineering sciences issues 
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the application of science, engineering and technology to questions of environmental 

concern or mathematical and computer modeling techniques with the aim of 

informing both the researcher and practitioner.  
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rearranged and (b) written confirmation (e-mail, fax, letter) from all authors that they 

agree with the addition, removal or rearrangement. In the case of addition or removal 
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not a mixture of these). Authors who feel their English language manuscript may 

require editing to eliminate possible grammatical or spelling errors and to conform 
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Submission  

Submission to this journal proceeds totally online and you will be guided stepwise 

through the creation and uploading of your files. The system automatically converts 

source files to a single PDF file of the article, which is used in the peer-review 
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199 

Referees  

Please submit, with the manuscript, the names and addresses of at least three 
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It is important that the file be saved in the native format of the word processor used. 

The text should be in single-column format. Keep the layout of the text as simple as 

possible. Most formatting codes will be removed and replaced on processing the 

article. In particular, do not use the word processor’s options to justify text or to 
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or not you embed your figures in the text. 

To avoid unnecessary errors, you are strongly advised to use the 'spell-check' and 

'grammar-check' functions of your word processor. 

Please do not add line numbering to the text document. 

Article structure 
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be numbered 1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in 

section numbering). Use this numbering also for internal cross-referencing: do not 
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Material and methods  

 

Provide sufficient detail to allow the work to be reproduced. Methods already 

published should be indicated by a reference: only relevant modifications should be 

described. 

Results  

Results should be clear and concise. 

Discussion  

This should explore the significance of the results of the work, not repeat them. A 

combined Results and Discussion section is often appropriate. Avoid extensive 

citations and discussion of published literature. 

Conclusions  

The main conclusions of the study must be presented in a short Conclusions section, 

which may stand alone or form a subsection of a Discussion or Results and 

Discussion section. 

Essential title page information  

• Title. Concise and informative. Titles are often used in information-retrieval 

systems. Avoid abbreviations and formulae where possible. 

• Author names and affiliations. Where the family name may be ambiguous (e.g., 

a double name), please indicate this clearly. Present the authors' affiliation addresses 

(where the actual work was done) below the names. Indicate all affiliations with a 

lower-case superscript letter immediately after the author's name and in front of the 

appropriate address. Provide the full postal address of each affiliation, including the 

country name and, if available, the e-mail address of each author. 

• Corresponding author. Clearly indicate who will handle correspondence at all 

stages of refereeing and publication, also post-publication. Ensure that phone 

numbers (with country and area code) are provided in addition to the e-mail 

address and the complete postal address. Contact details must be kept up to 

date by the corresponding author. 

• Present/permanent address. If an author has moved since the work described in 

the article was done, or was visiting at the time, a 'Present address' (or 'Permanent 

address') may be indicated as a footnote to that author's name. The address at which 

the author actually did the work must be retained as the main, affiliation address. 

Superscript Arabic numerals are used for such footnotes. 

Abstract  

A concise and factual abstract is required. The abstract should state briefly the 
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purpose of the research, the principal results and major conclusions. An abstract is 

often presented separately from the article, so it must be able to stand alone. For this 

reason, References should be avoided, but if essential, then cite the author(s) and 

year(s). Also, non-standard or uncommon abbreviations should be avoided, but if 

essential they must be defined at their first mention in the abstract itself. Not more 

250 words. 

Graphical abstract  

A Graphical abstract is optional and should summarize the contents of the article in 

a concise, pictorial form designed to capture the attention of a wide readership 

online. Authors must provide images that clearly represent the work described in the 

article. Graphical abstracts should be submitted as a separate file in the online 

submission system. Image size: Please provide an image with a minimum of 531 × 

1328 pixels (h × w) or proportionally more. The image should be readable at a size 

of 5 × 13 cm using 

a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS 

Office files. 

Highlights  

High lights are mandatory for this journal. They consist of a short collection of bullet 

points that convey the core findings of the article and should be submitted in a 

separate file in the online submission system. Please use 'Highlights' in the file name 

and include 3 to 5 bullet points (maximum 85 characters, including spaces, per bullet 

point).  

Keywords  

Immediately after the abstract, provide a maximum of 6 keywords, using American 

spelling and avoiding general and plural terms and multiple concepts (avoid, for 

example, 'and', 'of'). Be sparing with abbreviations: only abbreviations firmly 

established in the field may be eligible. These keywords will be used for indexing 

purposes. 
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Collate acknowledgements in a separate section at the end of the article before the 

references and do not, therefore, include them on the title page, as a footnote to the 

title or otherwise. List here those individuals who provided help during the research 

(e.g., providing language help, writing assistance or proof reading the article, etc.). 

Math formulae 

Present simple formulae in the line of normal text where possible and use the solidus 

(/) instead of a horizontal line for small fractional terms, e.g., X/Y. In principle, 

variables are to be presented in italics. Powers of e are often more conveniently 



 

 

202 

denoted by exp. Number consecutively any equations that have to be displayed 

separately from the text (if referred to explicitly in the text). 

Footnotes  

Footnotes should be used sparingly. Number them consecutively throughout the 

article, using superscript Arabic numbers. Many word processors build footnotes 

into the text, and this feature may be used. Should this not be the case, indicate the 

position of footnotes in the text and present the footnotes themselves separately at 

the end of the article. Do not include footnotes in the Referencelist.  

Table footnotes  

Indicate each footnote in a table with a superscript lowercase letter. 

Artwork 

Electronic artwork  

General points  

• Make sure you use uniform lettering and sizing of your original artwork.  

• Save text in illustrations as 'graphics' or enclose the font.  

• Only use the following fonts in your illustrations: Arial, Courier, Times, Symbol.  

• Number the illustrations according to their sequence in the text.  

• Use a logical naming convention for your artwork files.  

• Provide captions to illustrations separately.  

• Produce images near to the desired size of the printed version.  

• Submit each figure as a separate file. 

Formats  

Regardless of the application used, when your electronic artwork is finalized, please 

'save as' or convert the images to one of the following formats (note the resolution 

requirements for line drawings, halftones, and line/halftone combinations given 

below):  

EPS: Vector drawings. Embed the font or save the text as 'graphics'.  

TIFF: Color or grayscale photographs (halftones): always use a minimum of 300 

dpi.  

TIFF: Bitmapped line drawings: use a minimum of 1000 dpi.  

TIFF: Combinations bitmapped line/half-tone (color or grayscale): a minimum of 

500 dpi is required. 

If your electronic artwork is created in a Microsoft Office application (Word, 

PowerPoint, Excel) then please supply 'as is'. 
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Please do not:  

• Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the 

resolution is too low;  

• Supply files that are too low in resolution;  

• Submit graphics that are disproportionately large for the content. 

Color artwork  

Please make sure that artwork files are in an acceptable format (TIFF, EPS or MS 

Office files) and with the correct resolution. If, together with your accepted. 

Please note: Because of technical complications which can arise by converting color 

figures to 'gray scale' (for the printed version should you not opt for color in print) 

please submit in addition usable black and white versions of all the color 

illustrations. 

Figure captions 

Ensure that each illustration has a caption. Supply captions separately, not attached 

to the figure. A caption should comprise a brief title (not on the figure itself) and a 

description of the illustration. Keep text in the illustrations themselves to a minimum 

but explain all symbols and abbreviations used. 

Tables  

Number tables consecutively in accordance with their appearance in the text. Place 

footnotes to tables below the table body and indicate them with superscript 

lowercase letters. Avoid vertical rules. Be sparing in the use of tables and ensure that 

the data presented in tables do not duplicate results described elsewhere in the article. 
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Citation in text  

Please ensure that every reference cited in the text is also present in the reference list 

(and vice versa). Any references cited in the abstract must be given in full. 

Unpublished results and personal communications are not recommended in the 

reference list, but may be mentioned in the text. If these references are included in 

the reference list they should follow the standard reference style of the journal and 

should include a substitution of the publication date with either 'Unpublished results' 

or 'Personal communication'. Citation of a reference as 'in press' implies that the item 
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listed separately (e.g., after the reference list) under a different heading if desired, or 

can be included in the reference list. 
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Please ensure that the words 'this issue' are added to any references in the list (and 

any citations in the text) to other articles in the same Special Issue. 
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actual authors can be referred to, but the reference number(s) must always be given.  

Example: '..... as demonstrated [3,6]. Barnaby and Jones [8] obtained a different 
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List: Number the references (numbers in square brackets) in the list in the order in 
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Examples:  

Reference to a journal publication: 
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details of any item.  

Ensure that the following items are present: 



 

 

205 

One author has been designated as the corresponding author with contact details:  

• E-mail address 

• Full postal address  

• Phone numbers  

All necessary files have been uploaded, and contain:  

• Keywords  

• All figure captions  

• All tables (including title, description, footnotes)  

Further considerations  

• Manuscript has been 'spell-checked' and 'grammar-checked'  
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Abstract 

Achieving the safety factor is very important in all vehicles including the Cars. More 

than 1.3 million people die every year as a result of road traffic accidents, and 

between 20 to 50 million people suffer from non-fatal injuries, according to United 

Nations statistics. Minimizing the effect of the impact of car accident can prevent a 

serious injury or could possibly prevent a deadly accident. The main objective of 

this study is to reduce the effect of the impact when car accident occurs. In order to 

make this possible was a suitable design and manufacture a mechanical device 

performing the external inversion (curling) of circular tubes under dynamic axial-

force. Effect of the designed mechanical device on the tube inversion forming 

process is studied through applying the system and fix it in front of the car in order 

to absorb the impact of the accident. The effect of used the aluminum and copper 

tubes in the absorbing the energy is studied through applying the load that is 

generated by Universal Testing Machine (UTM) and ABAQUS simulation 

methods.   The results show that the 80 mm Copper tube with Die & Foam were 

satisfying because the amount of energy absorbed was much higher and twice 

comparing with the ordinary tubes.  It is therefore recommended that the 80 mm 

Copper tube with Die & Foam is suitable design and can be considered as an 

efficient energy-dissipating device since it provides favorable crashworthiness 

characteristics and excellent energy absorption capacity for optimum safety while 

preserving enhanced manufacturability. 

Keywords:  Impact Testing, Die, Tubes, Dynamic Load, Energy Absorbed, 

Cracking. 

 امتصاص تأثير الاصطدام لحوادث السيارات بواسطة انعكاس الأنابيب  التحقق من 

أكثر من   المركبات بما في ذلك السيارات. ويموت  مليون    1.3إن تحقيق عامل الأمان مهم جدًا في جميع 
مليون شخص من إصابات    50إلى    20شخص كل عام نتيجة لحوادث المرور على الطرق، ويعاني ما بين  

السيارة يمكن   المتحدة. إن التقليل من تأثير حادث  أن يمنع وقوع إصابة  غير مميتة وفقاً لإحصاءات الأمم 
خطيرة أو ربما يمنع وقوع حادث مميت. الهدف الرئيسي من هذه الدراسة هو تقليل تأثير الاصطدام عند وقوع 
حادث سيارة. ولجعل ذلك ممكنًا، تم تصميم وتصنيع جهاز ميكانيكي مناسب يقوم بالقلب الخارجي )الشباك(  

كية. تمت دراسة تأثير الجهاز الميكانيكي المصمم على عملية  للأنابيب الدائرية تحت القوة المحورية الدينامي
تشكيل الأنبوب المعكوس من خلال تطبيق النظام وتثبيته أمام السيارة لامتصاص تأثير الحادث. تمت دراسة  
المتولد بواسطة آلة   الحمل  الطاقة من خلال تطبيق  أنابيب الألمنيوم والنحاس في امتصاص  تأثير استخدام 
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مم   80أظهرت النتائج أن الأنبوب النحاسي مقاس   ABAQUS. وطرق محاكاة  UTM) الاختبار العالمية )
ومضاعفة مقارنة بالأنابيب العادية.  مع القالب والرغوة كان مرضيًا لأن كمية الطاقة الممتصة كانت أعلى بكثير  

مم مع القالب والرغوة تصميمًا مناسبًا ويمكن اعتباره جهازًا    80ولذلك يوصى بأن يكون الأنبوب النحاسي مقاس  
فعالًا لتبديد الطاقة لأنه يوفر خصائص ملائمة لمقاومة التصادم وقدرة ممتازة على امتصاص الطاقة لتحقيق  

 . اظ على قابلية التصنيع المحسنةالسلامة المثلى مع الحف

 اختبار التأثير، القالب، الأنابيب، الحمل الديناميكي، امتصاص الطاقة، التشقق   الكلمات المفتاحية:

 
1.0 INTRODUCTION 
 

Thin-walled tubes are widely used in aerospace factories, cars manufacturing, 

pipelines, etc. These cylindrical tubes are very beneficial in account of its tiny 

weight, high strength and easy building [1]. As example, tubes are characterized by 

geometrical effect, radius, thickness and length, and are mostly used as energy 

absorbents in deformation phenomenon such as buckling, expansion, cracking and 

inversion [2, 3]. Among the deformation phenomenon described, the expansion of 

the tube has certain important properties that make it a good absorbent. Studying the 

importance of the cylindrical tubes of such systems and  the dynamic behavior of 

these structures is our great concern [4, 5]. Hence this study is aimed to Investigate 

the absorbing the crash impact of car accident due tube inversion by design and 

manufacture a mechanical device performing the external inversion (curling) of 

circular tubes under dynamic axial-force. In the present study, in order to recognize 

the effect of load on the tubes and how much energy is absorbed by the tubes that 

are located in a steel die the Universal Testing Machine (UTM) used to apply the 

axial force. UTM also used to test the compressive strength and tensile strength of 

materials. ABAQUS simulations program was employed to evaluate the 

effectiveness of the designed mechanical device on the tube inversion forming 

process is studied through applying the system and fix it in front the car in order to 

absorb the impact of the accident. Using ABAQUS software is one of the best 

modeling ways to get the data that we want. ABAQUS is a Finite Element Analysis 

(FEA) [6]. Due to improved computing capacity and the ability of FEA software 

packages to model extremely complicated components, structures and systems under 
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a wide range of circumstances and loading conditions, the use of FEA devices has 

become widespread. ABAQUS/CAE is used for model development (including load 

assignment, boundary conditions, etc.), analysis, job management, and visualization 

of the tests [7]. The ABAQUS/Regular tool is used in static and low-speed dynamics 

to provide reliable stress solutions. ABAQUS/Explicit is used for transient dynamics 

and is ideal for effects or events of short lasting [8]. The other key product available 

is ABAQUS/CFD, which is dedicated to fluid dynamics simulation and heat transfer 

and is suitable for thermal and fluid structural applications. 

 

2.0 MATERIALS AND METHODS 

2.1 Material Preparation 

Material used in this study for the tube is Aluminum, copper, a prototype of tube as 

shown in Figure (1a). Die is made of steel with different geometries and fillet radius 

with final shape of the die as shown in Figure (1b). The tube was filling by foam to 

enhance the possibilities of inversion to occur. The reason why is because foam is 

working as supportive agent and help in avoiding buckling. 

(a) (b) 
Figure 1: (a) Cylindrical Tube, and (b) Die 

2.2 Testing Procedure 

In the present study, the Universal testing machine (UTM) and Charpy impact 

machine are the best machines that can be used to apply the axial force and get the 

amount of energy absorb by the specimen easily and also UTM machine gives 

possibility to apply the force at different speed. The universal testing machine 

(UTM) is used to test the compressive strength and tensile strength of materials. 

UTM has the ability to do all the tests required in this study such as compression, 

bending, and it performs tension test. The good thing about this machine is the 

presence of load cells and extensometers that measure the required parameters such 
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as force and deformation. In addition, it is connected to a computer and also used to 

simulations by ABAQUS program and can be collected data easily as shown in 

Figure (2). 

 

Figure 2: universal testing machine (UTM). 

2.3 Mechanical Property Test 

In this study the evaluation of examining the best dimension and characteristics of 

the tube and the die by Experimental setup and Modeling ABAQUS program. So, 

ABAQUS contain three important tasks, starting with drawing the parts, and then 

add the material to the program, and assign the characteristics that we want, such as 

the density, young modules of and Poisson's ratio, etc. to the part. And simulates the 

modeling and visualizes the deformation on the material, also, it shows the results 

that are required. Using this program will give us a good result of our inversion tests, 

on Aluminum tube and other material that could be used later such as Copper. And 

be able to know how much energy that the material can absorb and notice the 

deformation. 

2.4 Software Testing and Validation 

2.4.1 First simulation trail  
Material that is used in this trail is Aluminum. The reason of choosing aluminum 

because it can deform easily and gives a good result to see either the buckling or the 

inversion that occurs. The mechanical properties of aluminum tube that used on the 

ABAQUS program are shown in Table (1) and Table (2).  
Table 1: Mechanical properties of Aluminum 

Properties Value 
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density ( 

ton/mm3) 

2.71e-9 

ton/mm^

3 

young 

modulus 

(n/mm2) 

71700 

poisson 

ratio 
0.33 

Yield 

strength 

(MPa) 

185 

Ultimate 

strength 

(MPa) 

214 

Table 2: Mechanical properties of Aluminum were used in ABAQUS 

Yield Stress 
Plastic 

Strain 

350 0 

368.71 0.001 

376.5 0.002 

391.98 0.005 

403.15 0.008 

412.36 0.011 

422.87 0.015 

444.17 0.025 

461.5 0.035 
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507.9 0.07 

581.5 0.15 

649.17 0.25 

704.22 0.35 

728.78 0.4 

751.85 0.45 

773.68 0.5 

794.44 0.55 

814.28 0.6 

Many parameters have been chosen, to ensure that the external inversion occurs are 

shown in Figure (3). Figure (3) shows the thickness (t) of the tube, ri, ro are the 

inner and outer radius, respectively. R is the radius of the fillet, and H is the height 

of inner fillet, instead of using foam, we raise the length of the die, to avoid buckling. 

And l which is the length of the tube. The dimensions that we used in this experiment 

for the tube and the die, are given by ld = 25mm, R = 3mm, Rd = 19.5mm, ϴ = 

43mm, t = 1.5mm, l = 97mm, α = 75 degree. 

(a) (b) 
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Figure 3: Details of the specimen design with (a) a rigid die, external inversion, and (b) a rigid 

die, external inversion. 

 

Figure (4) shows the, Tube, Die and Upper Plate used for Design the mechanical device on the 

tube inversion forming process is studied through applying the system and fix it in front the 

car in order to absorb the impact of the accident. Figure (5) shows the, assembly of 

all parts that contact with Aluminum tube, starting from the tube, and also the die 

that works as the base of the tube, and designed it to be rigid so it will not deform 

when the load is pushing the aluminum tube downward, and finally the plate, which 

weighs two tons, so that can crash the tube and make it deform. 

(a) (b) (c) 
Figure 4: (a) Tube, (b) Die and (c) Upper Plate. 

 
 

Figure 5: assembly of all parts that contact with Aluminum tube 
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2.4.2 Second simulation trail:  

Material that is used in Second simulation trail is Copper. The reason of choosing 

Copper because it can deform without needing of big force and give kind of a good 

result to see either the buckling or the inversion occurs. The mechanical properties 

of Copper tube that used on the ABAQUS program are shown in 

 

 
Table (3) and Table (4). 

Table 3: Mechanical properties of Copper 

Properties value 

density 

(ton/mm3) 

8.96e-9 

ton/mm

^3 

young 

modulus 

(n/mm2) 

117000 

Poisson 

ratio 

0.34 

Yield 

strength 

(MPa) 

33.3 

Ultimate 

strength 

(MPa) 

210 



 

 

215 

 

 

 

 

Table 4: Mechanical properties of Copper were used in ABAQUS 

yield 

stress 

plastic 

strain 

297.37

30 

0.0000 

343.23

20 

0.0012 

366.1620 0.0022 

390.5250 0.0040 

400.5570 0.0060 

406.2900 0.0088 

410.5890 0.0140 

413.4550 0.0213 

414.1720 0.0254 

414.8890 0.0282 

 

Figure (6) shows the, assembly of all parts that contact with Copper tube, starting 

from the tube, and also the die that works as the base of the tube, and designed it to 

be rigid so it will not deform when the load is pushing the aluminum tube downward, 

and finally the plate, which weighs two tons, so that can crash the tube and make it 

deform. The dimensions that we used in this experiment for the tube and the die, are 

given by ld= 25mm, R=2mm, Rd=10mm, ϴ=22mm, t=0.5mm, l=70mm, α=60 

degree. 
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Figure 6: Assembly of all parts that contact Copper tube 

2.5 Experimental Setup 

In experimental part, the copper tube only chooses with different length and cases as shown in  

Figure (7) and Figure (8). In copper experiment, the load vs Displacement were indicated at Time 

= 120s and 𝛼 = 75°, with length = 70 mm & 80 mm, after that use Ls-Prepost software to get area 

under Load vs Displacement curve witch it will be the amount of energy absorption as shown in 

Table (5). 

(a) (b)  
Figure 7: (a) Copper tube samples, and (b) Steel die. 

(a) First Trail (b) Second  Trail (c) Third Trail

(d) Forth Trail (e) Fifth Trail (f) Sixth Trail  
Figure 8: Copper tubes samples for different experimental trail 



 

 

217 

Table 5: The descriptions of the experimental trail 

Experiment

al Trail 

Length of 

Copper Tube 

(mm) 

Description 

First 70 without Die 

Second 70 with Die 

Third 70 with Die & Lubricant 

Fourth 80 with Die & Lubricant 

Fifth 80 with Die & Lubricant & Foam 

Sixth 80 with Die & Foam 

3.0 RESULTS AND DISCUSSION 

3.1 Results and Discussion of ABAQUS Simulation 

First it should be known that ABAQUS is a very sensitive tool, so if there is such a 

small error, the process will fail, and the tube will buckle, and inversion will not 

accrue. Unfortunately, the experiment not succeeded as planned, even though we 

used and define new parameters for the die. The buckling accrues and the fully 

inversion didn't appear as expected. But despite this we are very satisfied with the 

result, especially the inversion accrues in the first few seconds. So, after drawing 

the parts, we assigned aluminum material to the tube, and then we gave the upper 

plate ((which is a discrete rigid)), with inertia that is as 2 tons’ weight, and moving 

towards the tube with speed of 1 m/s. also, we defined a friction coefficient between 

the surfaces as 0.2, with step time period as 0.05. This force is generated from the 

upper plate and going downward will make the tube to be crushed. And in his way, 

we can observe the reaction that occurs either inversion or buckling. To avoid the 

die from deforming we made it as discrete rigid, and, we have fixed it, so it will not 

move in any direction. 

3.1.1 Results and Discussion of ABAQUS for First simulation trail 

The dimensions that we used in this experiment for the tube and the die, are given by 

ld = 25mm, R = 3mm, Rd = 19.5mm, ϴ = 43mm, t = 1.5mm, l = 97mm, α = 75 

degree. Figure (9) shows the upper plate moves only in Y direction downward, and 

crash the tube and succeed with the curling of the aluminum tube but while the 

process continued the buckling occurred. The relationship between the force and 
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the time is given by Figure (10). Finally, we have used '' LS-PrePost '', to calculate 

the amount of energy absorbed by the Aluminum tube, Figure (11) shows that 

program, and the energy absorbed was 982 joules. 

(a)

 
(b) 

 

Figure 9: Modeling deformation of first trail 
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Figure 10: Force VS Displacement for 97mm Aluminum tube with Die & 𝛼=75° 

 

Figure11: Energy absorbed for Aluminum first trail 

3.1.2 Results and Discussion of ABAQUS for Second simulation trail 

The dimensions that are used in this experiment for the tube and the die, are given 

by ld = 25 mm, R = 2mm, Rd = 10 mm, ϴ = 22 mm, t = 0.5 mm, l = 70 mm, α = 60 

degree. The amount of inertia that is used is 2 tons weight and moving towards the 

tube with coefficient of friction between the surfaces as 0.2, with step time period 

as 0.05s. This force that is generated from the upper plate and going downward will 

make the tube to be crushed. From the results, it has been observed that, the reaction 

that occurs either inversion or buckling. As you can see from the Figures (12) the 

upper plate moves only in Y direction, and crash the tube and succeed with the 

curling of the Copper tube but while the process continued the buckling occurred. 

The relationship between the force and the time is given by Figure (13). Finally, we 

have used '' LS-PrePost '', to calculate the amount of energy absorbed by the Copper 

tube, Figures (14) shows that program, and the energy absorbed was 615 joules. 
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Figure 12: Modeling deformation of Second trail 
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Figure 13: Force VS Displacement for 70mm Copper tube with Die & 𝛼=60° 

 

Figure 14: Energy absorbed for second trail for copper 
3.2 Experimental Result  

Figure (15) and Figure (16) show a comparison between the different experimental 

result trail. It can be observed that for all the experimental result trail, the first 

experiment for copper, we take load vs Displacement at Time=120s and 𝛼 = 75° 

after that we use Ls-Prepost software to get area under Load Vs Displacement curve 

witch it will be the amount of energy absorption. The length of copper tube is 70 

mm, without Die. Amount of energy absorbed in the first trail was = 72.3 J. For 

second trail using copper we did the experiment, and we take load vs Displacement 

at Time=120s and 𝛼 = 75°, after that we use Ls-prepost software to get area under 

Load Vs Displacement curve witch it will be the amount of energy absorption. The 

length of copper tube is 70mm, with Die. Amount of energy absorbed in the second 

trail was = 167 J. For third trail using copper we did the experiment, and we take 

load vs Displacement at Time=120s and 𝛼 = 75°, after that we use Ls-prepost 

software to get area under Load Vs Displacement curve witch it will be the amount 
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of energy absorption. The length of copper tube is 70mm, with Die & Lubricant. 

Amount of energy absorbed in the third trail was = 136 J. For forth trail using copper 

we did the experiment, and we take load vs Displacement at Time=120s and 𝛼 = 

75° after that we use Ls-Prepost software to get area under Load Vs Displacement 

curve witch it will be the amount of energy absorption. The length of copper tube is 

80 mm, with Die & Lubricant. Amount of energy absorbed in the fourth trail was = 

67.2 J. For fifth trail using copper we did the experiment, and we take load vs 

Displacement at Time=120 s and 𝛼 = 75°, after that we use Ls-Prepost software to 

get area under Load Vs Displacement curve witch it will be the amount of energy 

absorption. The length of copper tube is 80mm, with Die & Lubricant & Foam. 

Amount of energy absorbed in the fifth trail was = 149 J. For sixth trail using copper 

we did the experiment, and we take load vs Displacement at Time=120s and 𝛼 = 

75°, after that we use Ls-prepost software to get area under Load Vs Displacement 

curve witch it will be the amount of energy absorption. The length of copper tube is 

80mm, with Die & Foam. Amount of energy absorbed in the sixth trail was = 158 

J. 

(a)  First trail: 70mm Copper tube without Die (b) Second trail: 70 mm Copper tube with Die

(c) Third trail: 70 mm Copper tube with Die & Lubricant (d)  Forth trail: 80 mm Copper tube with Die & Lubricant

(e) Fifth trail: 80 mm Copper tube with Die & Lubricant & Foam (f) Sixth trail: 80 mm Copper tube with Die & Foam

 
Figure 15: Energy absorbed for different trails for copper 
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(a)  First trail (b) Second trail

(c) Third trail (d)  Forth trail

(e) Fifth trail (f) Sixth trail

 
 Figure 16: 

Energy absorbed for different trail for copper 
3.3 Comparison of results of Experimental trails and Simulations 

The method executed to assess the investigation of absorbing the crash impact of 

car accident due tube inversion was by compare the result of experimental and 

simulation of the different trails are shown in Figure (17) and Table (6). From the 

results, it has been observed that, 80 mm Copper tube with Die & Foam is good 

material for absorbing the crash impact of car accident. The amount of energy 

absorbed for 80 mm Copper tube with Die & Foam is higher about 158 J. The results 

show that the amount of energy absorbed for 80 mm Copper tube with Die & Foam 

recorded the higher comparing with the another trails. 
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Figure 17: Comparison between load vs displacement of copper with different length & 

situations 

 

 

 

 

 

 

Table 6: Comparison of the amount of energy absorbed and Energy density of different trails  

ABAQUS 

Test mood 

Amount of 

energy 

absorbed 

(J) 

Energy 

density 

(MJ/𝒎𝟑) 

97 mm Aluminum tube with Die & 𝛼 = 75° 98

2 

153.45130

5 

70 mm Copper tube with Die& 𝛼 = 60° 61

5 

133.17046

26 

Experimental 
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70 mm Copper tube without Die 72

.3 

15.655649

5 

70 mm Copper tube with Die 16

7 

36.161735

37 

70 mm Copper tube with Die & Lubricant 13

6 

29.449077

91 

80 mm Copper tube with Die & Lubricant 67

.2 

12.732395

45 

80 mm Copper tube with Die & Lubricant & 

Foam 
14

9 

28.231055

38 

80 mm Copper tube with Die & Foam 15

8 

29.936286

91 

4.0 CONCLUSION 

This study has presented the results of an experimental and simulation of different 

trails that aimed to assess the design and manufacture a mechanical device 

performing the external inversion (curling) of circular tubes under dynamic axial-

force. The effect of the designed mechanical device on the tube inversion forming 

process is studied through applying the system and fix it in front the car in order to 

absorb the impact of the accident. The die has a fillet radius of 3 mm and high of 25 

mm, the radius of the die is Rd = 19.5 mm, α = 75 degree. In experimental part the 

copper tube only chooses with different length and cases. The copper material has 

been given a good result in the previous researches. The length of the samples that 

used in the experiments was 70 mm and 80 mm with thickness of 1 mm. In 

simulation part the aluminum material as added beside copper material because not 

able to provide aluminum material in the experimental part. The dimension that used 

in simulation part are much similar to the experimental part. From the results, it has 

been observed that, the 80 mm Copper tube with Die & Foam has excellent energy 

absorption ability compared to the ordinary tube. The amount of energy absorbed 

for 80 mm Copper tube with Die & Foam recorded the higher comparing with the 

another trails about 158 J. Therefore, the 80 mm Copper tube with Die & Foam can 

be considered as an efficient energy-dissipating device since it provides favorable 

crashworthiness characteristics, while preserving enhanced manufacturability. 
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