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Abstract— The purpose of airbags is to inflate and provide the cushion between the occupants and the vehicle’s interior 
during the event of crash by venting gas through vent hole provided in the airbag by bursting vent. This project work is 
carried out at National Aerospace Laboratories (NAL), Bangalore in Structural Technologies Division (STTD), Impact and 
Crashworthiness Research Facility (ICRF). The parameters considered for the studies are vent diameter, vent layer, voltage, 
particle size of chemicals and different types of igniters. Finally to demonstrate the developed inflation system in drop tower 
tests and hence further this system can be used during impact and crash testing experiments. In the preliminary study the 
characterization of the airbag fabric and vent material is carried out in UTM and by conducting uniaxial tensile tests in 
different directions for airbag fabric material (warp, weft and 00/450 directions) according to ASTM standards and for the 
vent material also uniaxial tensile tests were carried out according to the ASTM standards. An inflator is designed and 
fabricated for the airbag, which serves as a combustion chamber where in the chemical reaction occurs and gas is generated 
which inflates the airbag. The chemicals selected and used for inflation of the airbag in the present study are Sodium Azide 
(NaN3), Potassium Nitrate (KnO3) and Silicon Dioxide (SiO2). These chemicals are mixed and grinded manually. The 
particle size analysis is also done to check the reduction of particle size after grinding and study is carried out how the 
chemicals with varying grinding time as chemical particle size influences the rate of chemical reaction. The airbag inflation 
tests were carried out for airbags with two different shapes (spherical and cylindrical) airbags. The airbag inflation process is 
captured using high speed camera and pressure data during the process is acquired using Prosig 8020 Data acquisition 
system. The pressure data acquired is analyzed using Dats software. Using high speed image acquired velocity of the airbag 
deployment is measured using Image analysis software and velocity of airbag inflation is measured by image pro analysis 
software.  
 
Keywords— Selection of Airbag and Vent Material, Inflator, Chemicals, Airbag Inflation Tests. 
 
I. INTRODUCTION 
 
The safety for occupants in automobiles, aircraft, and 
helicopters is given highest priority during the design 
of the vehicles. Active and passive safety systems are 
incorporated into the vehicles to protect the occupants 
from crash and in an event of crash. Since awareness 
of  preventive measures is increasing among people 
and the industries, effort is focused on developing 
effective safety devices. The information provided by 
the investigators to the Researchers, have found new 
techniques to understand the cause, effect, nature and 
dynamics involved in accidents resulting in injuries 
[1]. Researchers have either resulted in the invention 
or design of new safety devices or helped in 
improving the existing ones. 
In order to achieve the occupant safety inflatable 
restraint technology, commonly referred to as airbags 
has been developed. An airbag is a three dimensional 
structure capable of undergoing large deformations 
with non-linear material properties, airbag serves as a 
cushion between the occupant and the steering wheel, 
instrumental panel, A-B-C-structural body frame 
pillars, headliners and windshield. The airbag 
provides a cushion in which the impact energy is 

dissipated, forces that act upon the passenger are 
distributed over a large area and excessive rotations 
of the passenger are limited. When the forces and 
rotation that act on the passenger are kept to a 
minimum, the likelihood of injury dramatically 
decreases. Airbags thus act as an energy absorbing 
device. 
Once the electrical circuit has been turned on by the 
sensor a pellet of sodium azide (NaN3) is ignited. A 
rapid reaction occurs generating nitrogen gas (N2) 
this gas fills the airbag at a velocity of 150 to 250 
miles per hour. The process of full inflation of the 
airbag from the initial impact of the crash takes only 
about 40 milliseconds. Before the occupant comes in 
contact with the airbag the airbag must have been 
fully inflated, the body of occupant should not hit the 
airbag while it is still inflating. In order for the airbag 
to cushion the head and torso with air for maximum 
protection, the airbag must begin to deflate 
(i.e., decrease its internal pressure) by the time the 
body hits it. Otherwise, the high internal pressure of 
the airbag would create a surface as hard as stone [3]. 
On impact, gases are instantaneously generated by the 
pyrotechnique inflator which contains sodium azide 
as the primary chemical to inflate the airbag. As the 
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pressure within the airbag increases during 
deployment and later from passenger contact, the 
airbag fabric stretches in a biaxial manner. Passenger 
contact with the slowly deflating airbag accelerates 
gaseous outflow through the fabric, airbag seams, and 
through specially constructed vents. These are the 
primary mechanisms of energy dissipation on an 
airbag. A fraction of the impact energy can also be 
absorbed by mechanical biaxial stretching of airbag 
fabric's fibers during deployment. The airbag fabric 
has to withstand the pressure and forces acting on it 
and provide a soft cushion to the occupant during 
crash. The most commonly used fabric is nylon 6.6, 
coated and uncoated fabrics are also used, and it 
depends upon the application of airbag where it will 
be used. 
 
II. EXPERIMENTAL 
 
2.1 Material selection and testing for airbag and 
vent 
The Fabric which is selected for airbag must satisfy 
the requirements of the airbag material. Airbag fabric 
is the one which acts as an energy absorber during 
collision by providing a cushion to the occupants 
during the crash.  The latest research on potential 
airbag materials includes polyester fiber, nylon 6,6,. 
Among the materials nylon has the advantages over 
the other as it has better properties [4]. The airbag 
fabric selected is non porous. The size and shape of 
the tensile and shear test specimens are chosen 
according to the ASTM standards (ASTM D 5035-
11) as shown in the figure 3.3. 
To carry out the tensile and shear testing on airbag 
fabric Universal Testing Machine (Tinius Olsen) has 
been used. The fabric used for airbag was made up of 
coated nylon 6.6 engineering fabric. The specimens 
are cut to proper shape with the help of a cutter and 
bonded at top and bottom with end tabs to obtain 
proper grip for fixing the fabric on a computer 
controlled universal testing machine. Total 9 
specimens were prepared (3 in each directions, i.e. 
warp, weft and shear directions). The rate of loading 
was 900mm/min. The tests were repeated thrice (3 
samples) in each direction. Failure loads, maximum 
stress and strain were noted.  

 
Table 1: Parameters for uniaxial tensile test of 

airbag fabric 

 
 
Results of tensile test  
Based on the data recorded by the data acquisition 
system through computer, Stress-Strain curves are 

plotted for all the three cases (warp, weft and shear 
direction). 
 

Fig 4: Stress-Strain curve for airbag material in the warp (90o), 
weft (00) and shear (±45o) direction 

 
VENT MATERIAL 
In the present study the vent material chosen is 
polythene film. Vent burst test and uniaxial tensile 
test is carried out on the vent material. The vent burst 
test is carried out on the vent material to check how 
much pressure it can withstand by varying the 
diameter and thickness (layers) of the vent material. 
The sample is prepared and tested according to the 
ASTM Standard [D 882 – 02] as shown in the figure 
3.8. The vent burst test is carried out in the pressure 
chamber and the pressures are recorded using 
pressure sensors and data acquisition system (Prosig 
8020) and post processing is done using Dats 
software.  
Results of tensile test of vent material 
 

 
Fig 6. Stress vs Strain of Vent material 

 
III. SELECTION OF CHEMICALS FOR 
AIRBAG INFLATION 
 
Many chemical composition are used in the airbag 
inflation, most commonly used is sodium azide as the 
primary chemical for generating nitrogen gas. 
Recently non azide chemicals composition is used. In 
the present project the chemicals used for the airbag 
inflation are Sodium azide (NaN3), Potassium Nitrate 
(KnO3) and Silicon Dioxide (SiO2). These chemicals 
particle size analysis is also done using particle size 
analyzer machine Mastersizer 2000. 
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IV. AIRBAG INFLATION AND STUDY OF 
FACTORS INFLUENCING AIRBAG 
INFLATION 
 
The pressure sensor is connected to the data 
acquisition system and the data is recorded in the 
laptop. High speed camera is placed at a distance 
from the airbag and the high speed camera is 
connected to the laptop wherein the inflation is 
captured. The airbag igniter is connected to the VPS 
supply. Once the VPS supply is switched on the 
igniter is ignited and the airbag is deployed.  The test 
setup is shown in the figure (7.1). The process of 
inflation of the cylindrical and spherical airbag is 
discussed in this section.   

  
Fig 8 Experimental setup for airbag inflation tests 

 

 
Fig 10: Pressure Vs time graph for spherical airbag inflation 

 
V. STUDY OF FACTORS INFLUENCING 
AIRBAG INFLATION 
 
5.1 Igniters:  
Igniters are used to initiate the chemical reaction.  
Sodium azide decomposes at a temp of 300 degree 
Celsius. Hence the igniters are required to produce a 
heat more than 300 0C within a few milli sec of time. 
Tungsten bulb and Nichrome wire of 40 gauge are 
compared and the velocity of airbag inflation is 
measured.  
 

 
Fig 11: Pressure vs time curve for Nichrome 40 gauge and 

tungsten igniter 

 
Fig 12: Velocity of airbag inflation with tungsten and nichrome 

40 gauge igniters. 
 
5.2   Particle size of chemicals (grinding time):  
As the particle size reduces the reaction rate increases 
i.e. the complete reaction of the chemical is 
completed at a faster rate. In the test the chemicals 
are grinded manually for a time period of 15 mins, 30 
mins and 45 mins. The respective chemicals grinded 
were used for inflation of airbag and the time taken 
from the start of the inflation to vent failure is taken 
into account. As the particle size is reduced the 
reaction occurs fast, and at the end of the reaction the 
maximum pressure is produced. The peak pressure is 
produced only when the chemical reaction is 
completed. The airbag inflation is carried out using 
the grinded chemicals. The velocity of airbag 
inflation is measured. 
 

Fig 13: Grinding time effect on airbag inflation. 
 

 
Fig 14: Velocity of airbag inflation with different grinding time 
 
5.3 Vent diameter: 
In the test vent diameter of 30 mm, 40 mm, 50 mm 
are used and are compared to check the pressure 
variation of the airbag.  

 
Fig 15: Vent diameter effect 
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Fig 16: velocity of inflation of airbag with 30, 40, 50 mm 

diameter vent 
 
5.4 Vent layer effect: 
Different vent layer are used for the airbag inflation 
and the pressure variation is studied. The vent layer 
used for the test is single layer and double layer of 30 
mm diameter. In the single layer only one polythene 
film layer is used as vent. In double layer two 
polythene films of the same diameter are placed on 
one above over the other and used as vent. The test 
results show that the pressure increases with the 
increase in number of layer.  
 

 
Fig 17: vent layer effect 

 

 
Fig 18: velocity of airbag inflation with Single and double layer 

vent 
 

5.5: Voltage effect: 
For the chemical reaction to start a voltage is 
provided to the igniter. Once the igniter is ignited it 
melts down at its melting point, thus initiating the 
chemical reaction. For a given length of igniter 
having a resistance and the voltage is increased the 
igniter melts down in a shorter period of time. As the 
voltage increases the melting time of the igniter 
decreases and the chemical reaction starts early thus 
the complete inflation time of the airbag is reduced. 
In the study voltage of 5v and 15v are supplied for 
airbag inflation and effects are studied. 
 

 
Fig 19: voltage effects on airbag inflation 

 
Fig 20: velocity of airbag inflation with 5 and 15 volts 

 
VI. RESULTS AND DISCUSSIONS  
 
6.1 Characterization of airbag fabric and vent 
material 
The uniaxial tensile test results of airbag fabric show 
that the fabric in shear direction withstands a least 
stress where as the fabric in weft direction withstands 
high stress (79 MPa) compared to other fabric 
directions. It is clear that the material properties 
behave different in different fabric directions. 
Referring to Table: 3.3 and Figure 3.6.The test results 
of vent material show that there is maximum 
elongation. Up to 7 MPa there is a linear increase in 
stress and from 8 MPa the plastic deformation takes 
placeandfinally at 1.5 strain the material fails. 
Referring to the Table 3.4 and Figure: 3.11.  
 
6.2  Airbag parametric studies 
Igniter’s effect on airbag inflation 
The test result shows that the time taken for the 
completion of reaction using the Tungsten bulb is 
more compared to Nichrome wire of 40 gauge. Time 
taken by the tungsten to achieve the vent failure is 80 
milli sec, while 35 milli sec was taken by the 
nichrome wire. The nichrome wire breaks off fast 
compared to tungsten since melting point of tungsten 
is higher than the nichrome wire. The tungsten 
requires more time for heating and starting the 
chemical reaction. For fast initiation of the chemical 
reaction nichrome wire is better than the tungsten 
bulb. The velocity of airbag inflation with nichrome 
40 gauge is faster than tungsten.  
Grinding time of chemicals effect on airbag 
inflation 
The results show that as the grinding time is 
increased, the particle size is reduced and the time 
taken for inflation to vent failure is also reduced. The 
reduction of particle size made the reactions to 
complete faster thus reducing the time for vent 
failure. It shows that as the particle size is reduced the 
reaction occurs at a faster rate and inflation of the 
airbag also occurs at a faster rate.  
Vent diameter effect on airbag inflation 
As the vent diameter is increased the pressure is 
decreased.   
Vent layer effect on airbag inflation 
The test results show that the pressure increases with 
the increase in number of layers.  
Voltage effect on airbag inflation 
The test shows that as the voltage is increased the 
reaction time of chemicals is faster thus airbag 
inflates quickly.  
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CONCLUSIONS 
 
In the present work the development of simple airbag 
inflation method for deployment of airbag in crash 
testing has been developed and factors influencing 
the airbag inflation is studied. Coated nylon fabric 6.6 
is chosen as airbag material because of its advantages 
over the other material such as polyester, neoprene 
fabrics and polythene film is chosen as vent material 
for the airbag. The elastic properties of the materials 
are calculated by conducting tensile and shear testing 
according to the ASTM standard.  
Sodium azide, Silicon Di-Oxide and Potassium 
nitrate are chosen as the chemicals for inflation of 
airbag. An inflator was developed for airbag inflation. 
From the experiments it was found out that nichrome 
wire 40 gauge igniter inflated airbag faster compared 
to tungsten and pressure decreases with increase in 
the diameter of the vent. By varying the layer of vent 
the pressure increased with increase in layers. As the 
grinding time of chemicals was increased the airbag 
inflated faster, the 45 min grinding time of chemicals 
inflated airbag faster compared to others. As the 
voltage provided to the igniter is increased the 
inflation happen at a faster rate. 
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