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Abstract 
 

As per Government of India (Ministry of Road Transport and Highways 

Transport Research Wing), Road accidents deaths is almost 1.5 lakh people 

annually in India.India contributing for nearly 11% of the road accident deaths in 

the globe. In Motorcycles accidents 29% of kills can be credited for non-wearing 

of helmets. Helmet is very essential safety tool for motorcyclists. The new 

stringent policies and traffic rules in India, it is compulsory to wear the helmet 

for safety while riding two wheeler for driver and pillion driver also.For offering 

better safety for the rider, helmets are designed with light weight plastic exterior 

material, protective polystyrene layer and urethane padding for comfort are 

added. The weight and comfort level are significant factors for wearing helmet. 

This paper presents the design of helmet with Indian standards with parametric 

modeling technique using CATIA software. A popular technique Finite Element 

Analysis (FEA) was used for the analysis to motorcycle helmet.Performed 

different analysis by using ANSYS software for the proposed helmet model to 

get better results for the design. Firstly structural analysis is performed to find 

deformation and stresses imposed in the helmet. Secondly Impact test is 

conducted to find the failure analysis for the helmet hit with concrete wall with 

high velocity. Finally Computational Fluid Dynamic (CFD) analysis is  
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performed by using FLUENT version in ANSYS software to finding airflow of 

helmet. 

 
Keywords: Motorcycle Helmet, Finite Element Analysis, Structural 

Analysis, Impact analysis and Computational Fluid Dynamics. 

 

1 Introduction 
 

Road accidents are becoming one of the primary causes of deaths in the 

world as per World Health Organization (WHO). As per Ministry of Road 

Transport and Highway (MoRTH) - Transport Research Wing (Government 

of India), Road accidents in India kill almost 1.5 lakh people annually. India 

shares for almost 11% of the accident associated deaths in the global. As in 

step with the world health organisation, road accident related deaths, are 

known to be the 8th leading cause of death [1] and the first biggest reason of 

loss of life among youngsters aged 5-14 and adults within the age of 15-29. 

In global, 54% of accident related deaths were pedestrians, cyclists and 

motor cyclists. Non-use of helmets via motorbike riders induced 43,614 

deaths and take into account for 28.8 percentage of overall road accident 

deaths within the country for the duration of the year 2018. This outcomes 

deaths or injuries had been effecting in significant financial losses not most 

effective to private, their households, but additionally to the country as an 

entire. Two wheeler riders are at high chance of damage in traffic crashes 

and the head is one of the number one areas of subjected to crucial and fatal 

accidents. Head accidents are one of the most common injuries that stop end 

result from motorcycle injuries the losses are due to value of remedy 

similarly to misplaced productivity for the ones killed or disabled by way of 

their injuries, loss of productivity of family members who want to take time 

without work artwork or college to care for the injured and many others. 

Helmets [2] had been used as a primary protection device of safety for a 

long term, by using defensive the head towards weapons hits and any sort of 

perforation in motorcycle riding. Therefore, the essential helmet’s challenge 

became the reduction of head damage particularly in accident happens. 

Advanced studies is gaining within the evolution of societies, the substances 

and the design strategies utilized in helmet’s production. Furthermore, 

helmets developed and varied with the rising of recent needs of head safety 

towards any kind of effect. The modern motorcycle helmet consists of 

following important components very thin and strong outer shell, internal 

liner, comfort padding, retention device, and visor with air flow facility. This 

examine is ready design and analysis of outer shell within the helmets. 

This paper adopted the following methodology to perform the work in 

Figure 1 shows the work flow of flow diagram. As per methodology it 

consists of Design section and Analysis section. In design section, parametric  
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design of helmet with concept model is done with CAD software. In Analysis 

section, Finite Element Analysis is employed for the analysis of motorcycle 

helmet.Performed different analysis by using ANSYS software for the 

proposed helmet model to get better results for the design. Firstly structural 

Analysis is performed to find deformation and stresses imposed in the 

helmet. Secondly Impact test is conducted to find the failure analysis for the 

helmet hit with concrete wall with high velocity. Finally Computational Fluid 

Dynamic (CFD) analysis is performed by using FLUENT version in ANSYS 

software to finding airflow of helmet.  

This paper is organized by following chapters, firstly introduction to road 

accidents, significance of helmet in motorcycle riding, second chapter 

discuss about review of related work with different sources of journals, 

books, thesis to make the hypothesis. Third chapter discuss about design the 

helmet with parametric design approach.  

Fourth chapter is about Analysis of helmet, which consists of Finite 

Element Analysis from these structural analysis and impact analysis is 

perform then Computational fluid dynamics analysis will perform to the 

proposed helmet model. Finally fifth chapter is about results and discussion 

will show different results derived from ANSYS software then proper 

justification will made to results.   

  

 
Figure 1 Work flow for design and analysis of helmet 
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2 Related Works 
 

Smith T [3] Study proved that Finite Element Analysis was a powerful 

tool for the design and analysis of both upcoming and existing helmet 

models. The software of finite element analysis were utilized for helmet 

design models to the simulation and found the different effects on helmet 

models were carried out and provided [4-6]. With the help of LS-DYNA the 

design of helmet is simulated and compared with the experimental 

values.This examine shows that the improvement and validation of helmet 

impact test simulations correlate reasonably with practical experiment tests 

[7]. 

The experimental technique is a scientific technique and achieves results 

carefully comparable to actual accident.Researcher’s attention on the 

experimental overall performance of helmet capabilities. They compare drop 

tests [8] based on standard methods and criteria and compare the overall 

performance of different existing helmet models. 

Motorcycle helmet had been simulated by the use of CAE software at 

different loading conditions [9]. For imposing boundary condition, effects of 

various parameters like von Mises stress, overall deformation, and equivalent 

strain energy had been as compared with the standard experimental values 

proposed by using the Bureau of Indian standards (BIS). 

FEA of the oblique effect of a motorcycle helmet to examine the same 

parameters was carried out [10]. It was determined that the peak rotational 

accelerations had been probably injurious. And the good technique of 

decreasing the head rotational acceleration will be a reduction within the 

linear acceleration limit of the helmet requirements. 

Rueda and Gilchrist [11] performed the helmet design and finite element 

analysis with the aspects in terms of different variables apart from headform 

linear acceleration, consisting of the space among the liner and shell, 

ventilation holes, and ridges at the helmet. [17,19]Liner to decide the 

excellent performing helmet configurations by studying there had an impact 

on helmet performance. 

Research is carried out on the different helmet models to study the 

impact of human skull and brain at different conditions. Jacob et al., [12] 

considered design of motorcycle helmet and simulated different impact cases 

using FEA software such as HyperMesh and ABAQUS. By applying 

different materials to the helmet, stresses absorbed by the skull and brain and 

the displacements induced by the whole system during the impact was 

compared. The results [18,20] proved that helmets were significantly reduced 

the damage to human skull and brain. 

The motorcycle helmet was examined by the taking of no outer shell or 

with the combination of lightweight outer shell (Sikri et al., [13]). They 

conducted experiment by using different materials for the shell and head 

foam in order to examine if a helmet provide the same safety as normal  
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helmets. By the using different composite materials [16] polypropylene 

foam,Foam thickness was reduced in case of polycarbonate shell, and 

Expanded Polystyrene (EPS) liner foam had only excellent first impact 

performed. Finally found that by using composite materials the helmet 

weight was reduced. 

Research was conducted on full-face motorcycle helmet [14], the testing 

had been performed by using Hyper Works and LS-DYNA and as per 

regulation of the DOT FMVSS 218. They were simulated to ensure the 

impact capacity of the helmet at different examinations. They found 

important fact that the foam thickness played a very vital role in the peak 

headform acceleration. When the helmet [21] foam thickness was varied to 

higher, then the helmet is best and passed all the tests and fit to the safety 

requirements of the regulation. 

 

3 Design of Helmet 
 

Helmet consists of different components in it. Outer shell is key 

component in the helmet to protect from head injuries. Figure 2 shows the 

schematic representation of proposed helmet with different views.    

                                  

 
 

 

 

 

 

 

 

 

Figure 2 Schematic representation of proposed Motorcycle Helmet with different 

views 

Parametric design is adopted for modeling helmet in Computer Aided 

Design(CAD). Two dimensions in head circumfrence are taken to model the 

helmet in CATIA V5 R24 software. 

 

                                                    
 

 

 

 

 

 

 

Figure 3 Parametric design of helmet in CAD 
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In Figure 3 shows the parametric designing in CATIA, by giving two 

parameters in head circumference the shape of helmet is designed. 

Dimensions are considered as per Bureau of Indian Standards (BIS) for 

medium size 57-58cm as head circumference.Based on parametric design 

model final 3D model is developed. 

 

 
Figure 4 Solid model of Proposed Motorcycle Helmet 

 

Adding the thickness to parametric design solid model is developed. 

Figure 4 shows the final model of motorcycle helmet. The designed model is 

taking to next for Finite Element Analysis in the Analysis phase. The design 

CAD model is converted to IGS file to perform the analysis in ANSYS 

software. 

 

4 Analysis of Helmet 
 

Finite Element Analysis is a power full tool to deal various types of 

analysis. The applications of Finite element analysis are analysis of systems, 

electronics, or system additives for studying strength, toughness, elasticity, 

temperature distribution, electromagnetism, fluid float, and other attributes. 

For this motorcycle helmet study structural analysis, Impact analysis and 

Computational Fluid Dynamic (CFD) analysis are performed to check the 

helmet model in various aspects. 

 

 
Figure 5 Steps in Finite Element Analysis procedure 
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In order to perform Finite Element Analysis we need to perform 

sequence of steps as shown in Figure 5. Firstly design the required model in a 

CAD software with specifications and save the file in required format. Now 

open the analysis software import the CAD model. Table 2 shows geometric 

properties of helmet model with volume of 3.2975e-004 m³ and mass of 

0.3957 kg for designed model. Assign the material to the model, if material 

not in ANSYS material library then create a new material by assigning 

properties to material. Table 1 shows the ABS material properties [15] like 

density, elastic limit, young’s modulus and Poisson ratio based on properties 

new material is created and assigned to the model. Meshing is important 

criteria in FEA analysis results are depends on accuracy of meshing 

performed. Meshed model of helmet is shown in Figure 6 Assign boundary 

conditions to model based on physics of the problem give supports and loads 

to the model. After completion of all the tasks solve the problem. Based on 

basic expression F= [K].[Q] software solve the problem for each element in 

the model. Finally in post processing results section required results are 

extracted from the model for interpreting the model. ANSYS 18.1 is used for 

conducting Finite Element Analysis in the study. 

 
Table 1 ABS material properties 

 

Property  Minimum 

Value (S.I.)  

Minimum 

Value (S.I.)  

S.I. Units  Property  

Density  1.27  1.38  Mg/m3  Density  

Elastic Limit  99.2  132  MPa  Elastic 

Limit  

Young's Modulus  13.5  21.4  GPa  Young's 

Modulus  

Poisson's Ratio  0.3182  0.3487    

 
Table 2 Properties of model 

 

Properties 

Volume 3.2975e-004 m³ 

Mass 0.3957 kg 

Scale Factor 

Value 
1 
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Figure 6 Meshed Helmet 

 

After performing meshing with course to fine mode, Number of nodes 

generated are 17001 and total number of elements generated are 8263 for the 

proposed motorcycle helmet model. 

Computational Fluid Dynamics (CFD) is uses numerical analysis with 

data structures for research and resolve physics that contain fluid and air 

flows. It is the fastest tool used by researchers over the globe. FLUENT 

module is used for the study in ANSYS 18 version software. The CFD 

analysis had been carried out using ANSYS Workbench 18.0 and the result 

we want to show how the airflow is taking place and the velocity is 

differentiated by the colours of stream lines. 

 

5 Results and Discussions  
 

After completion of design and inputs to analysis of helmet model 

following results are extracted from ANSYS workbench 18 version. Firstly 

static structural analysis, impact analysis and CFD analysis were presented 

by step by step. 

 

5.1 Static Structural Analysis 
 

Static structural analysis is basic analysis to test the structural stability of 

the model by analyzing stresses and deflections.In ANSYS workbench file is 

created and helmet model imported, ABS material is assigned, followed by 

assigning boundary conditions bottom of the helmet is fixed and top side of 

helmet applied a remote force of 750N then solved the model. The following 

results are extracted. 
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Figure 7 Von-moises stress of helmet 

Figure 7 shows that, after applying the load of 750 N on a helmet which 

was designed parametrically and the maximum stress of 65.8 MPa was 

identified inside the helmet. Minimum stress obtained as 0.45 MPa on the 

exterior side. 

 
Figure 8 Total deformation of helmet. 

The total deformation that we obtained was a small value approximately 

and 0.0112536m was the maximum deformation that a helmet can undergo 

was shown in Figure 8.  

 

5.2 Impact Analysis 
 

Impact analysis is used to determine the failure of an object when it hits a 

structure with some velocity or it hits in dynamic state. In this analysis we 

explicit dynamics module and the geometry and material is given and the 

velocity is given to the helmet.A cubic box is created and assign the material 

as concrete or a fixed structure so that the deformation and the peak stress 

can be identified. Concrete structure and helmet are going to collision with 

20m/s then following results are obtained.  
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Figure 9  Maximum shear stress 

By using ANSYS EXPLICIT DYNAMICS window a velocity of 20 m/s 

was given to the helmet and a concrete is created and its degrees of freedom 

was constrained in all directions i.e; a fixed support was given in all 

directions. The maximum and minimum shear stresses generated in the 

helmet were 34.3 MPa and 0.027 MPa. The Figure 9 shows the Maximum 

shear stress generated in the helmet when collision between the helmet and 

road occurs. Shear stress is a secondary parameter in other words it cannot be 

the first parameter to judge the safe condition of the material or helmet. So 

there was a parameter called Von-Mises stress and the results of this 

equivalent stress were shown below the Figure 10. 

 

 
Figure 10 Equivalent stress 

Equivalent stress or Von-moises stress is the primary parameter 

considered to judge the safety of the material that undergoes collision. The 

maximum and minimum equivalent stresses generated in the helmet were 

59.6 MPa and 0.027 MPa. Model is safe under the imposed boundary 

conditions. 
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5.3 Computational Fluid Dynamics (Cfd)   
 

The maximum velocity obtained is equal to 36.9 m/s and the min imum 

velocity that we obtained is 0 m/s as shown in Figure 11. Another variation 

to understand the actual flow of airflow at the surface was we are using Iso-

surface it seperates the streamlines and shows a surface which would move 

along the enclosure that we had created and gives the information about the 

velocity in the form of colours. The airflow over the surface of helmet is 

indicated by the use of a Iso-surface and its velocity is resembled with the 

colour as shown in Figure 12. 

 
Figure 10 Air flow in the form of streamlines 

 

 
Figure 12 Iso-surface of helmt model. 
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6 Conclusion 
 

Through this paper an attempt is made to design a comfortable 

motorcycle helmet. In India non-use of helmets by motorcyclists induced 

43,614 [1] deaths and responsible to 28.8 percentage of overall road accident 

kills in the India in 2018. Non-wearing of safety elements such as helmets in 

motorcycle do not cause of accidents but are essential for saving from fatal 

and serious injuries in traffic accident happens 

• Parametric modelling was done in CAD software (CATIA) to 

design the Helmet by using the Head Dimensions. 

• In order to test several aspects of Helmet a Finite Element 

Analysis was conducted for the proposed Helmet model using ANSYS 18 

workbench. 

• Structural (static) analysis of Helmet was given deformation 

value as 0.011m and stress value as 65.8MPa. 

• Impact Analysis was done and found that proposed helmet 

design with in safe limits. 

• Finally by using FLUENT in ANSYS, Computational Fluid 

Dynamics (CFD) was performed and identified flow rate values 36.9 m/s has 

maximum value for the Motorcycle Helmet. 
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