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Abstract - This paper deals with an approach to analyze driver behaviour during critical events
using a driving simulator. The first part of this work presents the experimental results obtained from
80 subject responses divided in two campaigns, one on a static driving simulator, other on a
dynamic driving simulator. A scenario of an unavoidable crash is simulated. Drivers’ behaviour is
video recorded, as well as many mechanical and physiological measurements. From this
experiment, it is observed that most of drivers swerve away to avoid the collision. This leads many
of them to have one arm in front of the steering wheel at time of crash. The drivers’ trunk positions
during the collision are analysed and divided into five classes of behaviour: no chest movement,
forward chest movement with or without rotation, chest rotation and rearward chest movement. In
the second part, these positions are analysed with numerical simulations of a 56 km/h frontal
collision. The results of the computational runs put forward injurious situations, especially when the
driver's arm hits the head under airbag deployment. A third part presents an experimental
campaign of static airbag deployment, tested with an hybrid 11l 50" percentile dummy, aimed to
correlate numerical simulations. Bet on early detection, by the means of new technologies like on
board radars, mono and multi stage inflators are tested in this experiment to decrease airbag
violence with slower deployment. This is allowed by the use of bonded airbags and programmable

blowhole opening.
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INTRODUCTION

The injury level is approximated using specific criteria related to critical body segments such as the
Head Injury Criteria (HIC) and the Thoracic Trauma Index (TTI). The hands are on the steering
wheel and the superior part of the torso leans against the backseat.. The non normalised postures
are called ‘out-of-position’ (OOP) postures. For example, crash tests are performed with a dummy
positioned with the torso as close as possible to the steering wheel, or, with the dummy face (nose)
touching the top of the steering wheel. Nevertheless, the standardized and these OOP crash tests
do not take into account real postures that a driver or a passenger adopts at the time of crash.

This study is designed to investigate how a car driver modifies his posture just before a
frontal crash and then to quantify the influence of these observed pre-crash postures on injury
mechanisms by computer simulation. Experiments are performed by using car driving simulators,
in which an unavoidable frontal accident is carefully designed. Risk pre-crash positions are
observed and are modelled using a digital human model. Static airbag deployment test are
performed to validate simulations with a hybrid 11l 50" percentile dummy. Finally, new generation of

airbags is tested, using bonded bags. This allows a slower deployment, in order to reduce injuries.

COLLISION IN DRIVING SIMULATOR

Subjects

80 subjects have participated to the crash experiments on the driving simulator. The subjects have
been selected randomly. Most subjects are between 22 and 30 years old, with more men than

women.



Methods

The dynamic driving simulator is derived from a Peugeot 206 mounted on a hexapod composed by

six electric jacks (Figure 1b).

Simulation scenario and experiment procedure

After a short training session designed to familiarize the subjects with the simulator, each subject is
asked to drive a 50-kilometer dual carriageway (35 to 40 minutes). The run is mainly composed of
main roads, with a small section of motorway. Throughout the trip, regular traffic is reproduced so
that subjects respect the Highway Code and adapt their driving to the presence of other cars. Five
minutes before the end of the experiment, a stress situation occurs to make the driver attentive: a
car, approaching a crossroad from the right, runs the stop sign, which may lead to an accident with
the subject vehicle. This situation is designed to remind subjects that unpredictable events may
happen at any time. After a few minutes, an unavoidable crash situation is introduced. A truck
overtakes a tractor and came straight towards the subject vehicle. The presence of trees along the
side of the road and the trucks make the crash unavoidable (Figure 1a). To increase the level of
reality, a real physical impact is added. At the moment of the virtual crash, a substantial foam

rubber block impacts the windscreen of the car, and the sound of a truck horn is emitted.

Figure 1 a) 180°front visual field before a crash. b) Dynamic driving simulator

Measurements



For both campaigns, the videos of front and back screen, as well as driver views are recorded
during the experiments (Figure 2).

Figure 2. Interiors views of video recording during simulator driving

The driver-vehicle-environment interaction parameters are measured, such as impact velocity, time
of crash, steering wheel position, state of the pedals, gear lever position and the arrangement of
the vehicles on the road. Furthermore, mechanical and physiological measurements are added for
the second campaign with the dynamical driving simulator. Mechanical data include the forces and
torques transmitted by the driver to the steering wheel, the seat and the brake pedal. Physiological
data include heart rate, respiratory and electrodermal activities, skin temperature and
electromyography data of few muscles of the upper and lower limbs. (triceps brachii, biceps
brachii, trapezius, wrist extensor, quadriceps, soleus muscle, tibialis anterior, ischio). All these
signals are triggered with videos and simulators events.

These physiological measurements can be used to investigate human incident detection. The
mechanical measurements serve to improve computational simulations.



PRE CRASH ANALYSES
Drivers pre-crash positions
Injury to the upper body is the main risk in a frontal crash. In order to verify the position of the

upper body, the position of the hands, the head and chest movements (translation, rotation), just

prior to the crash, are analysed from the recorded videos.



Hand positions

At the beginning of the experiment, subjects adopt a 10 and 2 o'clock position or 9 and 3 o'clock
position. Comfort position is observed only after twenty minutes. For the left arm, subjects often
rest their arm by putting their elbow on the window sill or the forearm on their thigh.

Then, during the crash event, most of drivers try to control the situation by swerving, to avoid the

truck in front of them.

Potential
Risk
Position
35.7%
Other position of the left hand : Other position of the right hand :
1.4% without contact - 1.4% handbrake

7.1% without contact
1.4% on the thigh

Figure 3. Percentage of subjects’ left and right ha _ nd position on steering wheel.

(Figure 3) In17% of cases, the left hand isina 1 to 5 o'clock position. For 2.8% of cases, the right
hand is in a 10 or 11 o’clock position. All these positions, which represent a total of 19.8 % of
cases, are potential risk positions. Indeed, in these cases, the forearm is placed in front of the hub
and is likely to be projected against driver face under airbag deployment. Prior to impact, 100% of
the subjects have braked and 54.26% have declutched. This can explain that 35.7% of the
subjects have their right hand on the gear lever. Indeed, a strong braking is often associated with
declutching. Concerning the normative positionin a frontal impact, 21.4% of subjects have their left
hand in a 10 o’clock position, 11.4% have their right hand at 2 o’clock, but only 7.14% of subjects

are ina 10 and 2 o'clock position.



Upper body positions

The positions of the upper body are observed when the truck is approaching the driver's car. Five
classes of behaviours are defined (Figure 4):

(i) Posture 1 - 22 % have no postural change,

(i) Posture 2 - more than 67 % move backward to anticipate the crash,

(iif) Posture 3 - at the same time, 57 % of those moved back make a rotation of their chest,

(iv) Posture 4 - less than 3 % make a trunk rotation without moving backward,

(v) Posture 5 - 8 % move head towards the steering wheel.

Posture 3, backward movement & Posture 4, Posture 5,
chest rotation chest rotation closer to steering wheel

Figure 4. Upper body position.

These results clearly show that very few subjects a dopt a standardized chest driving

position during the collision . The influence of these driver positions (hand positions and upper

limb movements) on injuries are investigated numerically with the software Madymo®. Upper limb
injury criteria are compared between a standard 10 and 2 o'clock position and OOP observed on

the driving simulator.



BIOMECHANICAL ANALYSIS

Madymo® simulation

Load applied to the virtual dummy (Hybrid Il 50" percentile male dummy) corresponds to the

deceleration undergone by a car during a head-on collision at 56 km/h. Non finite element seat-belt

is used to secure the dummy. Simulations are performed for five different chest postures and two

various hand positions (Figure 5).

Standard position

Standard position

Posture 1-1
Max.lin.acc (g) 62.7
HIC15 (<700) 342.015.0ms
3MS (g) (<80) 56.4

Max Nij (<1)

Atypical position

Posture 1-2

730.0
147612.2ms
80.3
4.15

Backward movement
No chest rotation

Posture 2-1 % Posture 2-2

Max.lin.acc (g) 78.2 761.4
HIC15 (<700) 579.4150ms 198145 2ms
3MS (g) (<80) 71.6
Max Nij (<1) 0.46

Backward movement
Chest rotation

Posture 3-1
Max.lin.acc () 78.4
HIC15 (<700) 610.015.0ms
3MS (g) (<80)

Max Nij (<1)

Posture 3-2

615.5
121602.3ms
172.7
4.19

No backward movement
Chest rotation

Posture 4-1

Posture 4-2




Max.lin.acc (g) 66.9 980.6

HIC15 (<700) 412.315.0ms 269772.0ms
3MS (g) (<80) 61.5 83.1

Max Nij (<1) 0.38 2.97

Forward movement
No chest rotation

Posture 5-1 Posture 5-2
Max.lin.acc (g) 91.3 463.1
HIC15 (<700) 809.415 oms 5237.21.9ms
3MS (g) (<80) 84.2 46.7
Max Nij (<1) 0.74 2.97

Figure 5. Postures and injury criteria.




Head acceleration vs. Time
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Figure 6. Linear head acceleration versus time plot for models with the left hand at the right side of

the steering wheel.

For the atypical postures, extremely high values of linear head acceleration are observed
(Figure 6).
Bonded airbags allow a slower deployment, in order to reduce injuries .



STATIC AIRBAG DEPLOYMENT TESTS

Following is the description of 2 tests that demonstrates that Airbag units suitable for pre-crash
systems are possible using technologies already available on the market :

. airtight bonded cushion using Peribond technology from Zodiac Automotive,

- pure helium cold gas generators form ISI-Automotive,

- patented silicone membrane from Zodiac Automotive.

The first test
is to show the difficulty to ensure the specific requirements of a pre-crash Airbag unit with a sewn
cushion. A comparison of the pressure drop for a sewn and a bonded cushion is presented on
Figure 7. Both cushions are built to have the best performance in terms of leakage:

- low permeability of the coated fabric,

. high construction to have low combing,

. no vents to simulate a system having an intelligent opening at occupant impact,

. pure helium cold gas inflators from ISI Automotive.

300

J—

——bonded cushion wio vent
——sewn cushion w/o vent

\\N_ Sewing holes

250 300 350 400 450 500 550 B0

pressure {(mbar)

time (ms)

Inflation time L A
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Figure 7. Pressure drop comparison between a sewn a __nd a bonded cushion (left). Sewn cushion
(right)

It can be concluded that the bonded cushion is available for occupant impact during more than

500 ms and the pressure level is maintained within 75 mbar, whereas the level of pressure of the
sewn cushion is uncertain and is too low at the time of occupant impact. Pressure drop on sewn

cushionis due to stitch holes on the fabric and gaps between the 2 fabric panels (Figure 7).



In the second test

A tight peribond bag is impacted by a body weight after 150 ms.

The silicone membrane (Figure 7b) remains closed until the impact, then open to ensure the
restrain performance of the impactor

Results are shown on figure 8

Figure 7b-Bonded cushion fitted with Silicone Membrane

pressure (mbar}
g

time (s}

Infiation time Ready for oooupant impact Qacupant tesiaint
sppem: W0 ms o 1000 ms

Figure 8. Dynamic test — pre crash simulation.




Crash test dummy

Then, tests are performed with a crash dummy Hybrid Il 50" percentile male to evaluate the
effects of airbag deployment force on occupant out-of-positions. The dummy is positioned
according to car driving simulator experiment observations with its left arm behind the steering
wheel (Figure 9). Tests are performed with a conventional airbag (sewn cushion, open event,
pyrotechnical technology) and with two airbag prototypes (bonded cushion, two pure helium Isl
cold gas generators (0.095 L — 620 bars) (0.047L — 620 bars), patented silicone membrane).

In one case, the two helium generators are released at the same time named : ‘proto_0 ms’.
In the other case, the small generator is activated first, then the second is released after 10 ms ,
result a low speed inflation named : ‘proto_10 ms’,

Figure 10 presents the linear head acceleration of the dummy versus time for the airbags tested.

Figure 9. Crash test dummy.
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Figure 10. Linear head acceleration obtained for st atic tests with a sewn cushion (conventional) and
bonded cushions (proto_ 0ms and proto _10ms) and with the numerical simulation.




From experimental tests, it can be concluded that the peak linear head acceleration is significantly
reduced for the ‘proto_10ms’ airbag compared to the conventional and the ‘proto_Oms’ airbags.
Indeed, with the ‘proto_10ms’, the airbag is multi stage inflated.

So, the arm is projected less rapidly against the h  ead. This explains the head acceleration

decrease.



Madymo model is used to reproduce dynamical tests (a 56 km/h frontal collision). Figure 11

illustrates linear head acceleration for a standard posture and OOP (posture 1-2, Figure 5).
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Figure 11. Linear head acceleration obtained with t _ he validated model for a standard and atypical
position (conventional airbag).

The injury criteria values are presented in Figure 12.

Standard position Atypical position
Standard position
Posture 1-1 Posture 1-2
Max.lin.acc (g) 50 425.0
HIC15 (<700) 200.015.0ms 27301 2ms
3MS (g) (<80) a4 36
Max Nij (<1) 0.3 1.1

Figure 12. Injury Criteria obtained for the validat ed model (conventional airbaq).




CONCLUSION AND PERSPECTIVES

Slower airbag deployment can reduce airbag violence.

This is possible with pre-crash sensor detection , tight airbag cushion filled with cold gaz generator.

Having detected the crash and triggered the Airbags earlier, Time to position the cushion is no
longer a determinant requirement for the conception of protection systems.

Mixing the protection of a curtain and front and rear side airbags in a single airbag unit could lead
to great savings in terms of number of generators, wiring, electronic equipments and consequently
savings in price and weight.

New protective features can also be added to current cushions.

. ] . Driver airbag to protect from the A-pillar on
Side Head and Thorax protection cushion o
partial side crashes

Figure 11. Bonded airbag deployment.




