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Abstract— This paper represents a brief description on the 

life-saving system in an automobile during the event of an 

accident while driving by a four-wheeler. Definition of an 

Airbag can be stated as any occupant-restraint system where 

a cushioned coated/uncoated bag is employed to inflate 

within a very short span of time and instantly deflate during 

a collision to provide energy-absorbing surface between the 

occupants and steering wheel, passenger and instrument 

panel/body pillar/windshield/door parts. It employs the use 

of a fabric or cushion which is flexible in nature to inflate 

rapidly during an automobile collision and accommodate 

space within it to provide a cushioning effect and thereby 

reduces the injury of the occupant’s bodies when they strike 

interior objects such as the steering wheel, window frame, 

dashboard or the Windshield etc. It minimizes the level of 

injuries by absorbing the force exerted by steering wheel, 

windows and the dashboard at any point on the body and 

reduces the casualty rates. 
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I. INTRODUCTION 

Whenever any vehicle gets into an event of accidental 

incident, it is the Airbag that is employed, activates 

automatically and provide cushioning effect so as to 

minimize the impact force of the occupant onto the hard 

surfaces and reduce the fatality rate. Although the seatbelts 

are also part of the occupant safety system but the Airbags 

play a major role in reducing the fatality rate of an occupant 

during a collision. 

Airbag was invented by John W. Hetrick in 1952 

and David S.Breed modified in 1967 .That was the 

revolutionary era for the occupant’s safety systems in 

automobiles. 64% of the total road casualties are caused 

from the Car occupants. Indian roads are known to be one of 

the most dangerous in the world. While statistics for 2018 

are still awaited, in 2017, road accidents claimed 147,913 

lives and left 470,975 people severely injured. However, as 

per the World Health Organization (WHO), official figures 

capture only half of the total road fatalities. For example, in 

2016, while India reported 150,785 road fatalities, WHO 

estimates 299,091 people lost their lives in road accidents. 

WHO’s figures translate to 23 out of every 100,000 people 

losing their lives in road accidents. 

Since widely acknowledged, Airbags, in 

combination with front seat belts, significantly reduce driver 

and front passenger injury in the event of head-on collisions. 

It is a mandatory guideline for the Driver sided Airbag 

fitment on all cars produced from July 2019. An airbag will 

drastically reduce injuries sustained during the event of a 

collision if employed with stronger and high load bearing 

structures. While the norms mandate only a driver-side 

airbag, dual airbags, which provide enhanced protection to 

the front-seat occupant as well, are presently offered as 

standard equipment, in mid to premium level models by 

most OEMs in the country.  At an average US$130-US$150 

per airbag unit, Counterpoint Research estimates the 

mandatory fitment offers a potential business opportunity of 

US$350 to US$400 million annually in the country. 

Currently, leading vendors of airbags for passenger vehicles 

include Autoliv, KSS Abhishek Safety Systems, Rane TRW, 

and UNO Minda-Toyoda Gosei. Denso and Bosch are both 

key suppliers of the airbag control units and electronic 

components required in these modules. 

II. LITERATURE REVIEW 

The Increasing road accidents is a major concern for India 

as it has led to increased death rate. Thus Application of 

Airbags can largely depreciate the mortality rate during the 

event of a collision and thereby providing the occupant a 

lifesaving safety. Various researches in Automobile safety 

industry has resulted with advanced airbag designs and its 

applications. There are different theories that came into 

existence that were helpful in modification of the existing 

Airbag designs and helped in updating the designs to new 

level. 

NHTSA [1] studies for procedures for assessing 

overall air bag system performance and aggressivity issues 

for out-of-position occupants. NHTSA also licenses vehicle 

manufacturers and importers, allows or blocks the import of 

vehicles and safety-regulated vehicle parts, administers the 

vehicle identification number (VIN) system, develops the 

anthropomorphic dummies used in U.S. safety testing as 

well as the test protocols themselves, and provides vehicle 

insurance cost information. 

Tasmin et al. [2] concluded that since the crash 

occurs within a fraction of milliseconds and consequently 

there are chances for an Airbag to eject out of a steering 

wheel, the Airbags must Inflate and also deflate as quickly 

as possible to reduce the developed pressure within the bag 

so as to minimize the injury to an occupant during the crash. 

Thus such implementation of the occupant restraint system 

with proper care and guided regulations can help reduce the 

fatality rate and minimize the inuriy level to ceratin extent. 

Ulas et al. [3] conducted an experimental 

investigation that determined the ballistic properties of a 

composite propellant for airbag application during the vent 

of a crash. The experimental results were obtained using a 

high-pressure optical strand burner. 

Young et al. [4] study was to report the process of 

an inflator development which particularly focused on the 

new design of inflator propellants with the various 

compositions performed experimentally 

Gregor et al. [5] studies shows the activation of 

irreversible restraint systems significantly before the 

collision arises remarkable potential for the reduction of the 

injury risk of the frontal car occupant. The extent of this 

potential depends strongly on the relevance of the backup, 

https://en.wikipedia.org/wiki/Vehicle_manufacturer
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since the setup of the airbag system is a compromise 

between the two different scenarios on the timeline. 

Kerry et al. [6] studied the importance of injuries 

suffered by the chest and pelvis. 

Mane et al. [7] study suggested an airbag 

deployment system that was based on pre-crash information 

to overcome airbag malfunctions, caused due to the 

limitations of systems based on crash algorithm. He also 

proposed the use of various sensors like wheel speed sensor, 

steering angle sensor, and acceleration sensor, ultrasonic 

sensors that helped in early detection of crash and helped in 

saving life by generating electric impulses to which different 

parts of the automobiles responded. 

Klaus and Dieter [8] studied on problems caused 

by airbags i.e. “injuries caused by the airbag”, “airbag 

activation while the vehicle is stopped”, “airbag activation 

while driving” and no “airbag activation despite high 

accident safety”. This study helped in realizing that airbag 

itself and its activation behavior still needs optimization. 

Yi Yang et al. [9] has suggested that Airbag 

systems such as frontal and side-impact airbags are 

developed to reduce occupant injuries during vehicle 

collisions. Yet, such systems have caused serious injuries to 

improper positioned occupants especially to smaller females 

Coben L [10] suggested the Airbag induced injuries 

appear to relate to the proximity of the motorist to the unit 

when it inflates. Suggestions have been made to improve the 

seat belt restraint systems, ergonomic consideration of 

driver's position and the improvisation in the airbag inflation 

unit’s inorder to minimize deployment injury risk.” 

III. MECHANISM OF AN AIRBAG 

Airbag is required to deploy and inflate within a fraction of 

a second (generally within 30-60milliseconds) from the 

point of event of collision. It acts as an energy-absorbing 

cushion between an occupants and hard surfaces of 

automobile. The sensor and ECU’s are electrically 

connected to the Airbag. The Sensors consist of a small 

metallic ball within a tube in a specific orientation with a 

certain force. As soon as it detects the external force due to 

the sudden impact of the car, it detaches from its location 

and jumps and rolls inside the tube. The movement in the 

ball is detected by the electic impulse generating sensor that 

converts the movement into an electric impulsated signal 

and sends it to the ECU. The ECU detects the speed of the 

car although being driven by a driver, which then generates 

an instruction to generate a spark in the Electric circuit 

attached to it which at once ignites the pallet of sodium 

azide (NaN3) filled inside the Inflator. This results into a 

rapid reaction generating enough nitrogen gas to inflate the 

airbag. This gas fills a nylon bag at a velocity of 240-370 

kph (approx.), genearating a gap between the occupant and 

the hard surfaces and thus preventing the dashing of 

occupants onto the hard surface consequently reducing the 

fatalities of severe injuries. 

 
Fig. 1: Schematic Representation of the Mechanism of 

Airbag before & After Crash 

 
Fig. 2: Schematic Representation of an Airbag Assembly 

(With Accelerometer Sensor) 

 
Fig. 3: Schematic Diagram of an Airbag Assembly (Without 

Weight Sensor) 

In the event that an airbag fails to deploy in an 

injury-producing crash, There could be several factors 

involved in the activation of an airbag, including the nature 

of the crash (e.g., speed, other vehicles involved, impact 

direction); the design of the airbag system, and the location 

of the crash sensor. 

Airbags are not intended to deploy in all collisions. 

For example, the airbag may not deploy if: 

− The crash impact was not severe enough to trigger 

inflation of an airbag. By design, airbags are not 

supposed to fire in minor “fender-benders,” because a 

seat belt provides sufficient protection and an airbag 

deployment may do more harm than good. 

− When the vehicle detects a child, or another small-

statured person, or no occupant in the right front 

passenger seat, some advanced frontal airbag systems 

automatically turn off the passenger airbag. This is also 
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true if the system detects a child or small-stature person 

in the passenger seat who is sitting too close to the side 

airbag. 

− It is suggested that airbags always be replaced promptly 

after a deployment. However, in a used car, the airbag 

may not have been replaced after a deployment. 

 
Fig. 4: Graphical Data Representing Number of Deaths Due 

To Road Accidents in India 2005-2018) 

A. Need for Airbags 

An interesting fact study was done by NCBI in the free 

PMC article titled” Modelling of road traffic fatalities in 

India” by Dr. Rahul Goel to develop an ecological model of 

road traffic fatalities, with states of India as areal units. The 

model aims to establish a relationship between total annual 

road fatalities and commute travel distance by different 

modes, while controlling for state-specific confounders. 

Taking India into consideration, the country has overtaken 

all other countries and has become one of the leader in worst 

fatality rate worldwide. As per one of the study for 

accidental statistics, throughout the globe every hour 40 

people under the age of 40 die due to road accidents. In fact, 

In India the death toll raised to 18 per hour in 2013 as 

opposed to 13 in the 2012. 

 
Fig. 5: Graphical Data Representing State Wise Fatality 

Rate in India 

Deaths in road accidents in the country numbered 

148, 707 in 2015, up from 141,526 in 2014. Minimum 

compulsory safety standards for vehicles, thus, make 

eminent sense. Research shows that airbags coupled with 

seat-belts lower the chance of fatality by almost 80%. 

Therefore, it was odd that India which accounts for largest 

number of road accident deaths had never insisted that car-

makers offer airbags in their vehicles until very recently. In 

fact, only in 2016 did it initiate policy changes making 

airbags, speed warning systems, reverse gear sensors and 

seat-belt reminders compulsory. Therefore at least the New 

model cars that are manufactured from October 2019, have 

to come with a driver sided Airbag, while a two-year 

relaxation is granted for older car models given these would 

need a structural rejig to incorporate the safety feature. 

 
Table 1: 

IV. MATERIALS FOR AIRBAGS 

Airbags are mostly made up of polyesters and nylon. There 

is a specific range in case of nylon utility which ranges as 

nylon 4.6, nylon 6 and nylon 6.6. The property of the nylon 

differs from range to range as nylon 6.6 is far better than 

other forms of nylon in thermal properties, recovery in the 

elastic property, elongation and moisture contents and 

density. Commonly, the airbag made were coated by 

neoprene, but recently silicon coated and uncoated varieties 

have become popular. Coated airbag is generally preferred 

for driver seats. The weight per unit length uncoated one is 

higher than coated bags4, i.e. 244 - 257 Vs. 175 g/m2. 

Today, the latest research on potential airbag materials 

includes High tenacity polyester. 

Air bag fabric has to keep a balance between two 

extreme conditions. It has to be sufficiently flexible to fold 

into relatively small volumes and should be sufficiently 

strong to withstand the deployment at high speed at the 

same time, e.g. under the influence of an explosive charge, 

and the impact of passengers or other influences when 
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inflated. To play this role successfully airbag fabric should 

possess following quality parameters 

− Small fabric thickness. 

− Low specific fabric weight. 

− High tenacity in warp and weft direction as well as      

toughness. 

− High tenacity for furthers tearing. 

− High elongation. 

− Good resistance to aging. 

− Heat resistance up to 190 0C. 

− Good resistance to UV light. 

− Low and very even air permeability. 

− Reduced cost. 

− Precisely controlled gas permeability. 

− Excellent seam integrity. 

− Reduced value or burn through resistance. 

− Improved pliability and pack height 

V. TYPES OF AIRBAGS 

Extensive studies and researches have led to the designing 

of various types of Airbags that have been found useful to 

serve their functions as per the requirements. The Airbags 

are designed as per the passenger seating positions and their 

specific functions. There are still more studies going on to 

find ways to provide safety to the occupants as much as 

possible. The Inflator modules are therefore designed as per 

the Airbag designs so that it is easier for the Airbags to be 

fitted to the required spots with ease and deploy within an 

instant without any hindrance. Modern vehicles, nowadays 

employ various kinds of Airbags most of which are listed 

below. 

A. Side Airbags 

Airbags designed for the protection of Occupants Head, 

Torso (chest) or both from the side of Impact. It can be of 

different types again depending upon their functionality to 

protect Head or torso or both. 

B. Frontal Airbags 

Airbags designed to protect the head of an Occupant by 

avoiding direct contact to the hard surfaces on the front side 

during the crash. These are usually located on the steering 

wheel for a driver and under the Glove box for Co-

passenger. 

C. Side Curtain Airbags 

Located at the roof and deploys from the door trim that is 

employed to protect the head of an occupant during the 

event of a side crash. They work by providing a cushioning 

effect between the driver/occupant and the Window. 

D. Knee Airbags 

Modern Airbags designed to protect the knee and thus the 

femur due High tug or jerk that is caused due to high force 

impact during a crash. 

E. Front Center Airbag 

Designed to protect the Driver and the Co-passenger from 

colliding with each other. Designed by General Motors, It is 

one among its kind and latest in development. 

F. Seat belt Airbags 

New kind of Airbags designed by Ford that is embedded to 

the seat belts and thus helps in Chest protection. 

G. Hood Airbags 

Latest Innovation made by Volvo to protect the Pedestrian’s 

head when collided with the car. The airbag is located at the 

base of the windshield and emanate, when the collision 

occurs. 

VI. CHALLENGES FACED 

When a vehicle's airbag deploys during a traffic accident, it 

comes out of the dashboard at extremely high speed. The 

airbag will also be hot and may be covered with dust and 

chemicals that assist in the deployment. While airbags 

undeniably save lives and prevent many car accident 

injuries, they can also be the cause of injuries to drivers and 

passengers. During its operation the Inflator inflates at a 

very high speed with enormous pressure generating at a very 

high temperature. Due to such high force with high 

temperature, the contact of any body parts of an occupant 

with the deploying air bag may cause serious burns. 

However, if the seatbelts are used simultaneously, these 

levels of injuries can be minimized up to a certain extent. 

Still, very serious or fatal injuries can occur when someone 

is very close to, or in direct contact with an air bag module 

when the air bag deploys. Thus, it is suggestible to not to 

attach any objects onto the point on the dashboard where the 

airbag deploys as it ejects out with a very explosive force 

and thus can be fatal for the occupant even if it deploys 

correctly. 

However, the most significant deployment error is 

a malfunction of the crash sensor. Listed below are few 

cases when the sensor may stop functioning: 

− The sensor might malfunction and deploy the airbag at 

the wrong time (in a non-crash situation for example) 

− The sensor might not deploy the airbag at all during a 

crash 

− The sensor might deploy one airbag, but not the other, 

or 

− It might deploy the airbag, but a microsecond too late. 

− Because the timing of the deployment is so critical, 

deployment of the airbag even a fraction of a second too 

late could cause serious injury, because now the driver 

or passenger’s head is too close to the airbag. 

VII. CONCLUSION 

Airbags have proved to be a boon for saving the life of 

occupants during the event of crash, however the result can 

be more affirmative when used along with the seatbelts. 

Although there are some drawbacks in its after application 

like serious burns due to extreme temperatures. There are 

studies going on to overcome such drawbacks and improve 

more safety of the occupants. There are research and 

innovations going on for having control on the Inflator 

propellants so as to have a controlled explosion without 

causing much damage to the occupants. 

The application of Airbags in India has dropped 

down the number of deaths and depreciated the fatality 

https://www.nolo.com/legal-encyclopedia/traffic-accidents-faq.html
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curve to a certain percentage. The Indian government is 

taking steps to ensure all the vehicles have airbags now 

onwards so as to have control on the death rates. In fact, the 

3-point automatic combination system of seat belt, seat belt 

tensioner and airbag has proved fruitful for a carefully 

matched passenger protection system. Implementation of 

these safety restraint systems with due care and regulation in 

a larger scale can help further drop down the fatality rate 

and serious injuries during the event of crash. 
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