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Abstract— The Airbag system was first introduced in 4-

wheeled vehicles but this research gives information about 

the introduction of the airbag system that can be used in the 

two wheelers (bikes). The concept of airbag system is: “To 

reduce the injuries to a rider when impacting with an 

opposing vehicle and/or opposing object in frontal collisions 

by absorbing rider kinetic energy and by reducing rider 

separation velocity from motorcycle in the forward 

direction.” This can be done with the help of ANGLE sensor, 

an angle indicator and sense of the collision and the large 

frequency vibration for to open the air bag. The material of 

bag will be optimized and calculation will be done 

accordingly. The research will also include the working, 

construction, installation and the problems regarding airbags. 

Some of the limitations perceived in deploying airbags are 

that two wheeler riders are less likely to be in a fixed location 

with respect to the airbag at the point of impact and the lack 

of supporting surface. The nature of such impacts will be 

analyzed in the simulation for a proposed airbag system to 

estimate the head accelerations when the initial contact with 

the airbag is during the deployment phase. By using CAD tool 

like Solid Work 2016 for modeling of airbag and simulation 

for failure analysis of airbag for static and dynamic condition.  

Key words: Air-Bag, Two-Wheeler Automotive, Impact, 

Design, Analysis, Injuries 

I. INTRODUCTION 

A car becomes an essential feature for any service class as 

well as businessman to meet with the stringent demand of 

hectic lifestyle. Safety of the driver as well as passengers 

becomes an important feature along with comfort and 

performance of any family car. Airbags have even been 

suggested from the beginning of the motor vehicle safety. It 

has been used for the protection of head, knees and legs. Rear 

passenger airbags and side airbags in addition to driver air 

bag (Fig.1.1) are developed for providing protection in roll- 

over accidents by shielding the occupants and passengers 

from side window glass and protecting the head. 

II. HISTORICAL PERSPECTIVE - EARLY STEPS 

He Huan, Chen Zhe, He Cheng, Ni Lei, Chen Guoping [1] 

were represented an impact finite element (FE) model for an 

airbag landing buffer system. First, an impact FE model has 

been formulated for a typical airbag landing buffer system. 

They use the independence of the structure FE model from 

the full impact FE model to develop a hierarchical updating 

scheme for the recovery module FE model and the airbag 

system FE model. Second, they define impact responses at 

key points to compare the computational and experimental 

results to resolve the inconsistency between the experimental 

data sampling frequency and experimental triggering. To 

determine the typical characteristics of the impact dynamics 

response of the airbag landing buffer system, we present the 

impact response confidence factors (IRCFs) to evaluate how 

consistent the computational and experiment results are. 

Finally, the developed method has been validated using an 

experimental and computational study on the impact 

dynamics of a classic airbag landing buffer system. 

Taro Sekine [2] was presented approximately 300 

million powered two-wheeler vehicles (PTWs) are currently 

in possession around the world, and PTWs bear the role of 

personal mobility especially in regions of Southeast Asia, 

where motorization is rapidly expanding, while they are also 

coming into focus as a type of vehicle that is better for the 

environment. This paper presents past efforts to utilize PTWs 

and their current situation. In addition, the possibility of 

realizing safe mobility by equipping PTWs with probes is 

examined. 

Takashi Koike, Takahiro Kanno, Joji Sekine [3] had 

represented the installation of airbags as standard equipment 

in modern cars, combined with the use of seat belts, has 

reduced the severity of crash-related injuries. However, new 

airbag-related maxillofacial injuries directly associated with 

airbag deployment raise questions about the potential dangers 

of these devices when they operate improperly. Here, we 

report a rare case of a patient who sustained a mid-facial 

injury, including a naso-orbital-ethmoid fracture, due to an 

airbag that inflated improperly when the driver placed her 

hand on the car’s horn switch. The airbag was thought to be 

deployed following the crash at the same timing of sounding 

the horn. 

Hong-yan WANG, Huang-jie HONG [4] had 

represented a finite element model of vehicle and its airbag 

landing attenuation system is established and verified 

experimentally. Two design cases are selected to constrain 

the airbag design for extreme landing conditions, while the 

height and width of airbag and the area of vent hole are 

chosen as design variables. The optimization is forced to 

compromise the design variables between the conflicting 

requirements of the two extremes. In order to optimize the 

parameters of airbag, the multi-dimensional response 

surfaces based on extended Latin hypercube design and radial 

basis function are employed instead of the complex finite 

element model. Pareto optimal solution sets based on 

response surfaces are then obtained by multi-objective 

genetic algorithm. The results show the optimization method 

presented in this paper is a practical tool for the optimization 

of airbag landing attenuation system for heavy airdrop. 

Zeeshan Ahmad [5] had represented the incidence of 

burns following airbag deployment has been noted at 

1.53%.With reference to the literature plethora of burns has 

been cited, including ocular, facial and inhalational. Rapid 

deceleration of the motor vehicle triggers the combustion of 

various chemicals, including sodium azide, sulphur and 

potassium nitrate resulting in rapid nitrogen production which 

inflates the bag. Bag rupture results in exposure to hot metal 

combustion pipes and spillage of alkaline chemicals which 
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typically cause a liquefactive necrosis. In the above case, the 

driver recalled an odour and a white residue on her clothes 

and the upholstery of the vehicle. 

Alena Høye [6] had represented a meta-analysis has 

been conducted of the effectiveness of frontal airbags in 

reducing driver fatalities, and some potential moderator 

variables for airbag effectiveness have been investigated. The 

results confirm the assumption that airbags reduce accident 

fatalities among belted drivers, but the results are too 

heterogeneous for drawing conclusions about the size of the 

overall effect. No support has been found for the hypothesis 

that airbags increase overall fatality risk, as has been found in 

the study by Meyer and Finney. The results do not seem to be 

affected by publication bias, and no indications of 

confounding effects of vehicle characteristics or impact 

velocity have been found. In frontal collisions belted driver 

fatalities were found to be reduced by about 22% when all 

types of airbags are regarded together. The results show that 

there is a lack of knowledge about the effects of airbags in 

accidents that are not frontal collisions. 

Kwanghyun Cho, Seibum B. Choi, Sungdon Wee, 

Kyungjae Shin [7] had represented an airbag system has been 

a fundamental safety equipment for saving lives of a driver 

and passengers. This system has some problems even though 

it is very efficient for protecting drivers or passengers. After 

a crash is occurred, airbags must be deployed in a proper time 

along the crash situation. But it is tricky to deploy at the exact 

time depending on the situations. These tricky situations 

happen especially for the airbag deployment algorithm using 

only the post-crash signals. In general, the airbag deployment 

algorithm uses airbag control unit (ACU) X-Y sensor and 

frontal impact sensor (FIS). And it discriminates crash 

situations along these sensors signals. Using pre-crash 

information from the radar sensor, the algorithm can judge a 

crash situation before a real crash is occurred and can revise 

the post-crash signal. 

III. PROBLEM DEFINITION 

 When accident is occurring in India in two wheeler, 

highest injury occurs to human. 

 Some research paper indicated about real data analysis 

regarding traffic control and avoiding accident in city 

area. 

 There is possibility of work in direction two wheeler 

vehicle drive in safe mode so for that to develop airbag 

system for such kind of vehicle. 

IV. RESEARCH OBJECTIVE 

The objective of the present work are 

1) To analysis of existing four wheel airbag system for 

safety and identify criteria for location to put airbag in 

two wheeler vehicle. 

2) From data analysis and live case study of four wheeler as 

same practical data will be analysis for two wheeler 

vehicle. 

3) Design & development of airbag for two wheeler 

vehicle. 

V. DEVELOPMENT OF TWO WHEELER AIRBAG 

A. Design of Two Wheeler Airbag 

There are following instruments used for the 2 wheeler 

Airbag system 

 Air bag (leather material with grip technology) 

 Chemical cylinders for releasing the air or gas 

 Sensors (angle sensor and crash sensor) 

 Fitting cage 

 Angle measurement instrument (angle indicator) 

 Battery used (bike battery) 

1) Air bag (leather material with grip technology): 

Airbags are stretchable fabrics or other materials that are 

tightly packed in various locations throughout your vehicle. 

These bags are compressed and kept in a small area. When 

there is an accident, the airbags fill up with air very quickly 

to provide a cushioning system for the people on the 

motorcycle so that they are not thrown around in the event of 

a crash. While this does not necessarily prevent total injury or 

death, it can be very helpful in cushioning the passengers in 

many cases. 

2) Design of strong leather grip technology air bag: 

 Strong leather with grips is used to construct the air bags. 

 Especially as the lower surface of the air bags take the 

friction caused due to the road surface. 

 The grip is used to avoid slipping or skidding of the bike 

on the oily or wet surface areas. 

 The shape of the air bag is semi-circular “D” shape on 

both sides of the bike. 

3) Chemical reaction behind opening of airbag: 

Actual opening of air bag is due to the chemical reaction 

occurred in between two chemical cylinders which are fitted 

at the bottom of bike. When an external force or collision of 

two objects with bike occur then those two chemical cylinders 

mixes with each other and the chemical reaction takes place 

inside the cylinder. At the outlet of the cylinder, the high 

pressure exhaust gas (air) is expanded from exit valve. The 

pressure can be controlled by pressure valve in between air 

bag and chemical cylinder. This exhaust air or gas is used to 

fill the air bag and hence an air bag will open. The signals 

from the various sensors are fed into the Airbag control unit, 

which determines from them the angle of impact, the severity, 

or force of the crash, along with other variables. Each restraint 

device is typically activated with one or more pyrotechnic 

devices, commonly called an initiator or electric match. The 

electric match, which consists of an electrical conductor 

wrapped in a combustible material, activates with a current 

pulse between 1 to 3 amperes in less than 2 milliseconds. 

When the conductor becomes hot enough, it ignites the 

combustible material, which initiates the gas generator. In a 

seat belt pre-pensioner, this hot gas is used to drive a piston 

that pulls the slack out of the seat belt. [15] 

In an airbag, the initiator is used to ignite solid 

propellant inside the airbag inflator. The burning propellant 

generates inert gas which rapidly inflates the airbag in 

approximately 20 to 30 milliseconds. An airbag must inflate 

quickly in order to be fully inflated by the time the forward-

traveling occupant reaches its outer surface. Typically, the 

decision to deploy an airbag in a frontal crash is made within 

15 to 30 milliseconds after the onset of the crash, and both the 
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driver and passenger airbags are fully inflated within 

approximately 60-80 milliseconds after the first moment of 

vehicle contact. If an airbag deploys too late or too slowly, 

the risk of occupant injury from contact with the inflating 

airbag may increase. Since more distance typically exists 

between the passenger and the instrument panel, the 

passenger airbag is larger and requires more gas to fill it. 

Airbag systems contained a mixture of sodium azide 

(NaN3), KNO3, and SiO2. A typical driver-side airbag 

contains approximately 50-80 g of NaN3, with the larger 

passenger-side airbag containing about 250 g. Within about 

40 milliseconds of impact, all these components react in three 

separate reactions that produce nitrogen gas. The reactions, in 

order, are as follows [15]. 

(1) 2 NaN3 → 2 Na + 3 N2 (g) 

(2) 10 Na + 2 KNO3 → K2O + 5 Na2O + N2 (g) 

(3) K2O + Na2O + 2 SiO2 → K2O3Si + Na2O3Si (silicate 

glass) 

The first reaction is the decomposition of NaN3 

under high temperature situation using an electric impulse. 

This impulse generates to 300 °C temperatures required for 

the decomposition of the NaN3 which produces Na metal and 

5N2 gas. Since Na metal is highly reactive, the KNO3 and 

SiO2 react and remove it, in turn producing more N2 gas. The 

second reaction shows just that. The reason that KNO3 is used 

rather than something like NaNO3 is because it is less 

hygroscopic. It is very important that the materials used in 

this reaction are not hygroscopic because absorbed moisture 

can de-sensitize the system and cause the reaction to fail. The 

final reaction is used to eliminate the K2O and Na2O produced 

in the previous reactions because the first-period metal oxides 

are highly reactive. These products react with SiO2 to produce 

a silicate glass which is a harmless and stable compound [15]. 

The effect of introducing a helmet and backing 

surface as well as seat belts to avoid head/neck injury are 

currently being studied. The study is limited by the fact that 

the only one type of the airbag (some folding pattern and 

single cylinder) was used in study. 

In 2-wheeler vehicle system, the air bags are fitted 

in both sides of the bike. Figure 4.3 shows the position of the 

air bag system to be fitted so that the total protection of the 

vehicle can be covered hence they pedestrian safety can be 

achieved. 

4) Sensors (angle sensor and crash sensor): 

The most important parts of the success of the airbag system 

are the sensors. These small pieces of electronics are designed 

to tell when the vehicle has been damaged in an accident. 

They respond to several different sets of stimuli, including 

sudden stopping, increased pressure as pieces of the 

motorcycle are moved due to the force of the collision, and 

angle between road surface and tires of motorcycle. Different 

types of sensors measuring wheel speed, seat occupant status, 

brake pressure and impact, and other vehicle status indicators 

are monitored by the airbag control unit located in the front 

portion of the cabin. The sensors relay signals to the airbag 

control unit, which analyzes the data and can orchestrate 

safety features like seat belt lock, automatic door locks, as 

well as airbag deployment. Two types of airbag sensors used 

in automobiles are electrical and mechanical. Electrical 

sensors vary in design. Some use an electromechanical "ball 

and tube" mechanism, which basically consists of a small 

tube containing a circuit switch and ball that's held together 

by a small magnet. If a collision occurs, the ball is dislodged 

from the magnet and rolls forward in the tube, hitting a switch 

that completes the electrical circuit. Other electrical designs 

are similar in principle, using a metal roller or spring loaded 

weight instead of a ball, Mechanical sensors work 

independent of the electrical system and respond similarly to 

the electrical sensors, with a design that actuates a firing pin 

triggering a small explosion after a crash. Since a mechanical 

sensor does not require a power source, it cannot be 

deactivated like an electrical sensor can when the battery is 

disconnected. 

The success of the airbag system relies upon the 

crash sensors working not only accurately but also extremely 

quickly, so the most expensive and technologically advanced 

part of the airbag system are here. 

5) Inflator: 

Once the control unit determines there is an accident, it sends 

a signal to the inflator system. The inflator sets off a chemical 

charge, producing an explosion of nitrogen gas, filling up the 

airbag. As the airbag fills up, it bursts through the paneling 

that contains it and order to protect you. This all happens in 

an instant, usually within 25 or 50 milliseconds. That 

translates to almost 200 miles per hour. The airbag then will 

deflate itself on its own once it deploys. 

6) Angle sensor: 

The TLE5012B is a 360° angle sensor that detects the 

orientation of a magnetic field. This is achieved by measuring 

sine and cosine angle components with monolithic integrated 

Giant Magneto Resistance (iGMR) elements. High precision 

angle values are achieved over temperature and lifetime using 

internal auto calibration algorithm. Data communications are 

accomplished with a bi-directional SSC Interface that is SPI 

compatible. The absolute angle value and other values are 

transmitted via SSC or via a Pulse-Width- Modulation 

(PWM) Protocol. Also the sine and cosine raw values can be 

read out. These raw signals are digitally processed internally 

to calculate the angle orientation of the magnetic field 

(magnet). The TLE5012B is a pre calibrated sensor. The 

calibration parameters are stored in laser fuses. At start-up the 

values of the fuses are written into Flip-Flops, where these 

values can be changed by the application specific parameters 

[16]. 

B. Conceptual Model of Two Wheeler Airbag Fitting Case 

 
Fig. : 3D Model of Motorcycle for Airbag Container 

Location 
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Figure shows that the modification is required for the storage 

of airbag. This cage is made up of metal strips with two 

openings for airbag. 

 
Fig. : Airbag open in right side of bike 

From Figure motorcycle exceeds the angle less than 

30 degree in between road surface and motorcycle tires by 

using an angle sensor, hence as given above chemical 

reaction takes place and airbag opens in right side of the 

motorcycle. In this Figure 4.5 shows that the airbag contains 

Grips to the lower surface of it. 

Following steps for angle measurement instrument work 

during collision of obstacle. 

 When the proximity sensor is active then it will measure 

the angle between road surface and the tires of the bike. 

 This angle is displayed on the angle indicator which is 

fitted near the speedometer on the handle. 

 This indicator will give signal about the degrees in which 

the bike will turn/tilt. 

 When the angle is less than 30 degrees to the right or to 

the left side, then the air bag will open. 

C. Structural Analysis of Airbag 

1) Basic Steps of FEA Analysis for Airbag: 

From the perspective of FEA software, each application of 

FEA requires three steps: 

1) Preprocessing of the FEA model, which involves 

defining the model and then splitting it into finite 

elements 

2) Solving for desired results 

3) Post-processing for results analysis 

We will follow the above three steps in every 

exercise. From the perspective of FEA methodology, we can 

list the following FEA steps: 

 Building the mathematical model 

 Building the finite element model by discretizing the 

mathematical model 

 Solving the finite element model 

 Analyzing the results 

Step-1 Pre-processing 

1)First Prepare Parts in Solidworks 2016. 

 
Fig. : Geometry of Airbag using static analysis 

The starting point to analysis with SOLIDWORKS 

Simulation is a SOLIDWORKS model. Geometry of the 

model needs to be meshable into a correct finite element 

mesh. This requirement of mesh-ability has very important 

implications. We need to ensure that the CAD geometry will 

indeed mesh and that the produced mesh will provide the data 

of interest (e.g. stresses, displacements or temperature 

distribution) with acceptable accuracy. 

2) Check the Geometry for Meshing 

It is important to mention that we do not always simplify the 

CAD model with the sole objective of making it meshable. 

Often we must simplify a model even though it would mesh 

correctly “as is”, because the resulting mesh would be large 

(in terms of the number of elements) and consequently, the 

meshing and the analysis would take too long. Geometry 

modifications allow for a simpler mesh and shorter meshing 

and computing times. 

1) Apply Material for Each Component 

Nam Silicon 

Model type Linear Elastic Isotropic 

Yield strength 1.2 X 10 8 N/m2 

Elastic modulus 1.124 X 1011N/m2 

Poisson's ratio 0.28 

Mass density 2330 kg/m3 

Shear modulus 4.9 X 1010 N/m2 

Table : Airbag Material Properties (Silicon) 

Having prepared a meshable, but not yet meshed geometry, 

we now define material properties (these can also be imported 

from a CAD model), loads and restraints, and provide 

information on the type of analysis that we wish to perform. 

Static study is the only type of study available in 

some SOLIDWORKS packages. Working with Static study 

we need to accept important limitations: material is assumed 

as linear, and loads are static. 

D. Linear material 

Whatever material we assign to the analyzed parts or 

assemblies, the material is assumed to be linear, meaning that 

stress is proportional to the strain (Figure 4.13). 
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Fig. : The linear material model assumed in SOLIDWORKS 

Simulation 

With a linear material, stress is linearly proportional 

to strain. The linear range is where the linear and nonlinear 

material models are not significantly different. Using a linear 

material model, the maximum stress magnitude is not limited 

to yield or to ultimate stress as it is in reality. Material 

yielding is not modeled, and whether or not yield may in fact 

be taking place can only be established based on the stress 

magnitudes reported in results. Most analyzed structures 

experience stresses below the yield stress, and the factor of 

safety is most often related to the yield stress. Therefore, the 

limitations imposed by linear material seldom impede 

SOLIDWORKS Simulation Professional users. 

4) Create mesh. 

Beam elements 

Beam elements are created by meshing curves (wire frame 

geometry). They are a natural choice for meshing weldments. 

Assumptions about the stress distribution in two directions of 

the beam cross section are made. A beam element does not 

have any physical dimensions in the directions normal to its 

length. It is possible to think of a beam element as a line with 

assigned beam cross section properties. 

 
Fig. : Conceptual Representation of a Beam Element 

Solid mesh (Beam mesh) which is programme generated. 

Fine Meshing is apply 

No. of Nodes:- 37139 

No. of Elements:- 19294 

 
Fig. : Meshing of Airbag using static analysis 

5) Define Boundry condition 

Apply fixed support at base of airbag where it is stand. There 

is not movement in X,Y and Z Linear and Rotational. 

Before we proceed with the classification of finite 

elements we need to introduce the concept of nodal degrees 

of freedom which are of paramount importance in FEA. The 

degrees of freedom (DOF) of a node in a finite element mesh 

define the ability of the node to perform translation and 

rotation. The number of degrees of freedom that a node 

possesses depends on the element type. 

In SOLIDWORKS Simulation, nodes of solid 

elements have three degrees of freedom, while nodes of shell 

elements have six degrees of freedom. This is because in 

order to describe the transformation of a solid element from 

the original to the deformed shape, we only need to know 

three translational components of nodal displacement. In the 

case of shell and beam elements, we need to know the 

translational components of nodal displacements and the 

rotational displacement components. 

 
Fig. : Boundary condition of Airbag using static analysis 

E. Apply Force 

Force magnitude on human body is 100N. (Consider weight 

of human body contact area is 10kgf) 

F. Static loads 

All structural loads and restraints are assumed not to change 

with time. Dynamic loading conditions cannot be analyzed 

with Static study. This limitation implies that loads are 

applied slowly enough to ignore inertial effects. 

 
Fig. Force applying on Airbag 

Results of Analysis 

Equivalent Stress for static annalysis 
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Fig. Von mises Stress analysis of Airbag 

Total Deformation 

 
Fig. : Deformation of Airbag 

Stress in MPa Deformation in mm 

4.71916 0.0339356 

Table : Result 

 
Fig. : Airbag Shape due to dynamic effect from analysis 

result (Displacement Vs Displacement) 

Mode 

Numb

er 

Frequency(H

ertz) 

X 

direction 

Y 

direction 

Z 

directio

n 

1 161.66 0.49237 
9.0775e-

007 

8.1058e

-008 

2 225.8 
9.0332e-

007 

0.02021

1 

3.15e-

005 

3 246.21 
1.9831e-

007 

0.00576

05 

0.05803

3 

4 413.62 
5.3567e-

005 

0.00367

56 

5.2411e

-005 

5 420.35 
0.01714

8 

4.4276e-

005 

3.0893e

-006 

6 455.35 
6.2138e-

006 

0.01402

4 

0.02301

8 

7 477.03 
0.00061

973 

1.0917e-

005 

1.1626e

-005 

8 522.72 
2.4564e-

007 

0.02089

4 

0.00187

32 

9 523.67 
5.6925e-

005 

2.9438e-

005 

4.5988e

-009 

10 619.77 
1.8175e-

006 
0.19624 

0.00558

75 

11 674.76 
2.859e-

007 

0.00334

6 

0.02956

6 

12 700.97 
2.6534e-

005 

0.00554

9 

0.02637

4 

13 701.75 
0.00037

821 

0.00028

038 

0.00124

76 

14 763.45 
6.5271e-

005 

3.4024e-

005 

2.0893e

-007 

15 785.61 
1.1337e-

006 

0.00638

27 

4.18e-

006 

  
Sum X = 

0.51073 

Sum Y = 

0.27648 

Sum Z 

= 

0.1458 

Table : Mode Shape of Displacement in Dynamic Condition 

VI. CONCLUDING REMARKS 

 In this study, airbag is identified to work for development 

in two wheeler airbag with safety and reliable. 

 The research survey was reflected different types of case 

study on accident incident. It was reflected on different 

methodology likes respond surface method, meta-

analysis and hearing problem. 

 Some research paper indicated about optimization 

method likes multi-functional optimization and 

structural optimization etc. Some research paper 

indicated about real data analysis regarding traffic 

control and avoiding accident in city area. 

 From referring different case studies were containing 

detail of analysis of accidents, precaution require for 

accidents and advantages of airbag etc. 

 By using Solid work 2016 for CAD modelling as per 

design consideration of airbag as functional analysis in 

consideration as static analysis to gives von mises stress 

and deformation are 4.71916MPa and 0.0339356mm 

respectively. 

 From Solid Work 2016 simulation of dynamic condition 

for deformation of airbag in different 15 mode will be 

suggested to identify failure of airbag in such direction. 
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