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Abstract 

     This work will focus the influence of the airbag in the cause and mitigation of injuries. The  reliability of Crash 

Data Retrieval (CDR), recorded in the Event Data Recorder (EDR) of vehicles, and  speedometers will also be 

addressed.  

     The relevance of this issue is due to the enormous global problem that road fatality represents. In addition to 

preventive measures and campaigns, continuous improvement of restraint systems, particularly airbags, and 

information recording systems, such as EDRs and speedometers, are essential. Therefore, six real accidents were 

reconstructed, with the help of PC-Crash software, and occupants' multibody module, CDR documents and 

residual speedometer values were analyzed. 

     Based on this analysis, it was concluded that the opening of the airbag may be directly associated with the cause 

of serious injuries, especially in children; its non-opening can imply the death of the occupant and its selective 

opening may cause imbalanced tensions in the human body, also causing injuries. Regarding the CDR data, it was 

concluded that the information collected, which is sometimes incomplete, makes the investigation unreliable and 

a complete registration, exclusively, doesn’t allow the distinction between human action and a possible system 

malfunction, or the cause of such. Finally, comparing the residual readings of the speedometers with the reference 

values, it was revealed a coincidence in 50% of the cases. 

     The identification of the damaging factors and circumstances related to the airbag opening, the defects in the 

CDR document and the reasons for the discrepancy between the residual values in the speedometer and the 

reference values would have highly beneficial consequences in reducing road fatality and injuries and improving 

the investigations. 
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1 Introduction 
     According to World Health Organization (WHO), 

1.25 million people die annually on the road, globally 

[1]. In Europe the number of deaths is the smallest, 

comparing to the other continents (Figure 1).  

 

If this trend continues, it is expected that by 2030 the 

annual number of deaths will increase to 1.9 million 

people, making this cause the seventh leading cause 

of death in the world [2].  

     One of the United Nation's "Sustainable 

Development Goals" is the 50% reduction in the total 

number of traffic-related deaths and injuries 

worldwide by 2020 [1]. 

     In Portugal a significant reduction has been 

observed, with the number of deaths stagnating at 6 

per 100 000 people, since 2010 (Figure 2).  

     In Europe, Euro NCAP tests the safety of the 

vehicles, making them undergo different collision 

tests. Structural performance, damage and 

kinematics of Anthropomorphic Test Devices (ATDs) - 

highly influenced by airbag performance - are three 

of the evaluation criteria.  

Figure 1 - Number of road deaths per 100 000 people, by 
region of the world, by 2013. 
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     The airbag is a device whose purpose is to delay 

the occupant's movement in fractions of a second in 

a collision scenario, allowing a safe and efficient 

deceleration of the body and avoiding contact with 

intrusive objects or internal surfaces of the vehicle. 

    The Event Data Recorder (EDR) records the state of 

the vehicle at the time of the accident. This 

technology, also called car’s "Black Box", registers 

parameters such as vehicle speed, brake and 

accelerator position, ignition cycles, lateral and 

longitudinal Δv or seat belt status. In Europe the 

installation of EDR has been mandatory since 2003. 

The most famous tool is the "Crash Data Retrieval" 

(CDR), an extraction and reading tool manufactured 

by Bosch.  

     Speedometers are instruments for measuring the 

instantaneous velocity of a moving body and can be 

mechanical, electrical or electronic (digital or analog). 

All speedometers analyzed in section III are 

electronic. 

2 Literature Review 

      Although the airbag is a safety device, some 

experts have begun to wonder if they could cause 

problems when Ford and General Motors began 

installing airbags in their vehicles during the 1970s. 

     A study by R. Antosia et al. (1995) reported that, in 

618 cases of airbag associated injury, 96.1% were 

classified as minor and that the most common type of 

injury was abrasion (64%), followed by contusion 

(38%), laceration (18%), burns (8%), fractures (3.2%) 

and retinal displacement (1.8%), also mentioning that 

the areas of the body most affected were the face 

(42%), fist (17%), forearm (16%) and chest (10%), and 

that 95.7% of the affected occupants were in the 

driver's seat [4]. 

     The most serious issue was infant mortality in the 

US (and not only) with the first generation of airbags. 

The truth is that, when airbags are triggered, they can 

hit shorter people, particularly children, with enough 

force to seriously injure or even kill them. Due to the 

greater fragility, the most severe injuries (head and 

cervical spine) and the highest mortality rate 

associated with airbags is verified in children, with 

existing cases of decapitation [5]. 

     Through regulations to reduce triggering energy, 

and by educating the masses regarding the retention 

of children and infants in the rear seats, the 

population under 13 years of age found a reduction 

in mortality [6].  

     D. Durbin et al. (2005) concluded that the risk of 

serious injury associated with the second generation 

of frontal airbags (1998-2004) for children aged 3-15 

on the front seat was 9.9% compared to 14.9% for a 

similar sample of children exposed to the first 

generation of this type of airbags (1994-97) [7]. M. 

Scerbo et al. (2008) confirms the results and, under 

the same conditions, for children aged 0 to 4 years 

found a 65% fatality risk reduction [8].    

     In the first generation (models from 1985 to 1993), 

it was estimated that the frontal airbag, together with 

the seat belt, would prevent 24% of fatalities in 

frontal collisions, compared to the use of seat belts 

alone, and 16% for all types of collision, also in 

relation to the isolated use of belt (S. Ferguson et al., 

1995) [9].  

     In 1996, the National Highway Traffic Safety 

Administration (NHTSA) associated the airbag with a 

fatality reduction of 31% in frontal collisions and, in 

relation to the overall reduction for serious injuries, 

stated that the combination of seatbelt and airbag 

provided a 60% reduction in the risk of injury [10]. 

     R. Cuerden et al. (2001) collected data on motor 

vehicle accidents from 1989 to 2000 reporting a 

reduction of MAIS2+ and MAIS3+ by 41% and 25%, 

respectively, when comparing the protection offered 

by the European airbag and belt together with 

isolated belt protection. Also, there was a 42% and 

70% reduction in AIS2+ cranial and facial lesions, 

respectively [11].  

     In the present, NHTSA states that frontal airbags 

have saved 2 756 lives in 2016 and 47 648 lives 

between 1987 and 2016 in the USA [12] and 

according to Autoliv, in frontal collisions, driver's 

front airbags currently reduce serious head injuries 

by more than 60% [13]. 

     About side airbags, A. McCartt et al. (2007)  

concluded that, for near-side collisions, fatality is 

Figure 2 - Evolution of the number of deaths on the road 
in Portugal from 2010 to 2016. 
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reduced by 37% with (only) lateral airbags and 26% 

with thoracic lateral airbags (exclusively) in passenger 

cars [14].  

     Also in near-side collisions, C. Kahane (2014), for 

front occupants, associated a fatality reduction of 

respectively: 31.3% to thoracic and curtain airbags 

separately; 24.8% to thoracic and curtain airbags 

combined; 16.4% to curtain airbag alone and 7.8% to 

thoracic airbag alone. The author also adds that 

curtain airbags opened in rollover situations have an 

estimated fatality reduction of 41.3% [15].  

     Although only 24% of lateral collision fatalities are 

due to far-side collisions, H. Gabler et al. inform that 

the body region with the biggest percentage of AIS3+ 

injuries is the chest (33.7%), followed by the head 

(27.4%), and that the probability of contracting any of 

these lesions increases dramatically from Δv values 

greater than 20 km/h (of the intruder vehicle) [16]. 

     Currently, Autoliv estimates that side airbags 

reduce serious chest injuries in side impact collisions 

by approximately 25% and that side curtain airbags 

reduce the risk of life-threatening head injuries in side 

collisions by approximately 50% [13]. 
 

     Quan Yuan (2012) finds a good correlation 

between the residual reading of 13 electronic 

speedometers and the speed of the vehicle at the 

time of the collision. In addition, the author realizes 

that if the speed of the collision exceeds 40 km/h, the 

damages involved are spread through the circuit, 

causing the level of confidence in the residual speed 

to increase. Regarding the mechanical and electrical 

velocimeters, the authors didn’t find a correlation 

between the residual speed of the speedometer and 

the actual velocity at the moment of collision [17]. 

The same authors, in a new study of 2015, 

corroborate the good correlation found, through the 

analysis of 28 cases of electronic speedometers, 

stating that the residual reading can be an effective 

method for the reconstruction of accidents and for 

the estimation of speed impact. The results also 

demonstrated that the best correlations coincide 

with cases of severe plastic deformation and severe 

damage in the crush zone (especially in the circuit and 

related components) [18]. 

     Also, A. Kuranowski had already concluded in 2009 

that the residual reading is generally reliable, 

indicating a speed close to or not much smaller than 

the impact speed, and confidence in readings 

increase when the fuel and temperature levels also 

operate on stepping motors and show real 

(measured) values [19]. On the other hand, a study by 

R. Anderson (2010), compared with the results 

obtained by traditional accident reconstruction 

techniques, showed that the residual reading may or 

may not coincide with the approximate speed of the 

vehicle at the impact [20]. 

     As it was verified, there is no agreement on this 

matter in the literature. 

     According to Regulamentation nr. 39 from UNECE, 

revised in 2003, for four-wheeled passenger vehicles 

[21], the error, which is the difference between the 

instant velocity on the speedometre, V1,  and the real 

speed, V2, is limited between 0 and a value given by 

the inequation  1: 
 

1. 𝟎 ≤ (𝑽𝟏 − 𝑽𝟐) ≤ 𝟎. 𝟏𝑽𝟐 + 𝟔 𝒌𝒎/𝒉 

3 Case Studies 

This section presents a set of real accidents 

reconstruction, involving airbags deployment 

problems, EDR events and speedometer analysis. 

3.1 Case 1  

      In this accident, V1, passanger car, invaded the 

opposite line, colliding with V2, off-road vehicle. This 

vehicle, trying to get away, was forced to climb the 

walk. The victim under review in this section (V2 

driver’s son) was in an unknown position. The front 

passenger airbag has been activated. 

     A simulation was made (Figure 3), using the 

software PC-Crash. It was used a restitution 

coefficient of 0.1 and for V1 and V2 EES values of 35 

km/h and 20 km/h, respectively. The best results 

culminated in Impact velocities of 25 ± 2.5 km/h (V1) 

and 39.5 ± 4 km/h (V2). 

 

     The victim was 2.5 months old when the accident 

occurred. The collision resulted in head trauma, 

fracture of skull bones, lesions of the meninges and 

loss of brain mass. The child restraint system (CRS) 

observed inside V2 was a chair of the group 0+, for 

Figure 3 - 2D Perspective of the Computational Scenario, 
Impact Point and Immobilization Positions (gray). 
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children up to 13 kg, appropriate to the weight of the 

victim of this case. 

     According to the results of the Euro NCAP for the 

frontal test of the V2 car model, there was no danger 

of life for the child retained in the back seat. This 

test’s velocity is 64 km/h, higher than the one 

obtained computationally, which corroborates the 

hypothesis of the victim being in the front seat.  

     A study by D. Durbin et al. (2015) on the position 

of the occupant (rear or front seats) in modern cars 

(2007-2012) equipped with frontal airbags, found 

that, for children up to 8 years of age with restraint 

systems, the relative risk of death decreases if they 

are seated in the back seats, with the relative risk 

being 27% for 0-3 years and 55% for 4-8 years 

(CI=95%). However, the investigated cases are not 

directly related to the airbag triggering [22]. 

     Through the examination of 263 cases, 159 dead  

and 104 injured children due to airbag triggering in 

low speed collisions, Q. Hinojosa et al. (2005) 

concluded that only six (2.3%) were adequately 

protected. Of the 159 deaths, 110 (69.2%) children 

were not protected at all, 47 (29.6%) were incorrectly 

protected and 1 (0.6%) were correctly protected. Of 

the 104 non-fatal injuries, 43 (41.3%) children were 

unprotected, 52 (50%) were incorrectly protected 

and 5 (4.8%) were correctly protected. In this study, 

occupants were considered incorrectly protected if 

the CRS was located in the front seat when the airbag 

was opened, even if correctly adjusted, or if it wasn’t 

appropriate for the age in question. Head injuries 

were the most frequent, involving 170 children 

(64.6%), followed by cervical lesions, involving 100 

children (38.0%). For children in the first year of life, 

head injuries were the only cause of death [23]. 

     Thus, it appears that the victim of this case study 

should be in the front seat (facing backwards or 

forwards) because it is known that he was in a CRS 

appropriate to his age and that the number of deaths 

in which the airbag deploys with the victim on the 

back seat is virtually nil and extremely reduced when 

compared to the number of deaths on the front seat.  

There are recent cases in Europe very similar to this 

one [24]. 

     The victim’s injuries indicate clearly head impact 

with the structure of the chair itself or another 

structural element of the vehicle. Three scenarios can 

be considered for the occurrence of these lesions:  

   1 - The child was being transported in the back seat, 

but was not held by the CRS belts, or if he was, the 

CRS was not held by the vehicle belts and, as such, the 

child or the system “child + CRS” was projected 

against structural elements of the interior of the 

vehicle; 

   2 - The child was being transported in the front seat 

facing forward. It is not possible to properly fix the 

type of CRS used with the vehicle's seat belts. These 

would only allow to fix the base of the CRS, with its 

upper part not fixed, rotating at the moment of the 

collision, allowing the victim's head to meet the 

airbag; 

   3 - The child was being transported in the front seat 

facing rear. In this case, even when properly secured 

by the CRS belts and secured to the seat through the 

vehicle's seat belts, the frontal airbag would have 

projected the CRS and the child backward, resulting 

in serious injury to the head due to contact with CRS’s 

superior structure or with the back of the front seat. 

3.2 Case 2  

     In this accident, the driver of the sportive vehicle, 

V1, the only occupant, lost control of the vehicle and 

left the road where it traveled, going on the roadside 

for about 100 meters and hiting a tree at high speed. 

None of the airbags opened, and the seat belt was 

being used. The driver of the vehicle died on the spot. 

     The most serious internal injuries consisted of 

occipito-atloideal dislocation; laceration with total 

traumatic brain stem section; fracture of the sternum 

and several anterior ribs, contusion of the left 

ventricle and the apex of the heart; bilateral sacroiliac 

fracture and dislocation of the pubic symphysis.  

     The causes of death were the traumatic cranial-

rachidial lesions and cerebral. 

     PC-Crash optimizer revealed an impact velocity of 

59.0 ± 4 km/h. By importing Multibody models from 

PC Crash, it is possible to simulate occupant 

kinematics. Figure 4 shows the moment when the 

head impacted the steering wheel. 

     

 Euro NCAP considered that the front airbag provided 

a “good” protection to the occupant's head, and its 

contact (as well as the chest’s) with the steering 

Figure 4 - Multibody Simulation, instant t=78 ms. 
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wheel would be avoided with the opening of the this 

technology [25].  

     Figure 5 shows the deceleration to which the head     

and neck were subjected, according to the Multibody 

simulation. It can be seen that the neck undergoes a 

deceleration of 18700 m/s2 in about 0.001 seconds. 

 

     The most serious aspect of this situation is not the 

deceleration reached, but the extremely short time 

interval during which it occured. It should also be 

noted that the signals of the initial acceleration of the 

neck and the head in the x-direction are opposite, 

which may lead to shear stresses and, consequently, 

injuries on the occipito-atloid joint, as it effectively 

happened to the victim. 

     It was also verified that the maximum value 

achieved for the angle rotation of the head and head 

were extremely high: 84.4° and 89°, respectively. 

     Figure 6 shows the contact forces that the driver's 

head supports. As it is visible in the graphic, the head 

is subjected to forces of high magnitude during the 

impact of the vehicle with the tree, with maximum 

values exceeding 1200 N between t = 0.076 s and t = 

0.128 s. 

 

     C. Clark et al. (1994), in their study with the 

objective of demonstrating the cushioning potential 

of airbag systems in frontal collisions, concluded that 

they can withstand compressive loads of 700 kPa (70 

N/cm2) [26]. Thus, assuming that the face has an area 

of 452 cm2 (applying the half spherical surface area 

formula to a 60 mm head radius), it is concluded that 

the airbag would withstand the maximum load of 

31667 N and, therefore, it would have supported the  

maximum 1226 N applied on the victim’s head, 

according to the multibody simulation. 
 

     The value of the speedometer’s residual reading 

was about 100 km/h (Figure 7). 

 

     Applying the inequation 1 with V1 = 100 km/h, we 

get 85.5 ≤ V2 ≤ 100 km/h. This range of values is then 

compared with the reference values, VRef, achieved 

through computational simulations. It must be 

remembered that the velocity obtained was 59 ± 4 

km/h, being 55 ≤ 𝑉𝑅𝑒𝑓 ≤ 63 km/h, lower than the 

range obtained for V2. An hypothetical explanation 

may be the vibration resulting from the impact and, 

mainly, to the horizontal component of the 

deceleration suffered. Remember that the collision 

with the tree occurred with the right side of the 

vehicle, from left to right. Thus, according to 

Newton's 1st law (Law of Inertia), it is expected that 

the needle of the speedometer would have 

proceeded with the movement to the right, after the 

impact, causing the registration of a value higher than 

the one that should have been registered when the 

power cut occurred. 

3.3 Case 3  

     For reasons of confidentiality the vehicles’ brands 

and models won’t be revealed. This case reports an 

accident in which V2 lost control and invaded the 

opposite line, colliding with V1. It will be focused the 

injuries in V1’s driver, whose front and side airbags 

didn’t open, and whose knee airbag have opened.  

     The victim revealed a fracture of the upper plate 

of the L3 vertebra with discrete sinking and 

maintenance of the posterior wall, without any recoil.     

The computational simulation (Figure 8) revealed 

Figure 5 - Graphic of the deceleration of the neck and the 
head to the moment of the initial impact. 

-1870 N 

Figure 6 - Graphic of the resultant contact forces in the 
head. 

1226 N 

Figure 7 – V1 Speedometer after the accident, indicating 
100 km/h. 
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optimized velocity values of 39 ± 2 km/h and 58.1 ± 3  

km/h for V1 and V2, respectively, with a 4.2% error. 

 

     E. Ebbesen et al. (1999) found a linear regression 

relationship between age and maximum strength, 

and age and maximum compression stress supported 

by the L3 vertebra [27]. When the accident occurred 

the driver of V1 was 35 years old, which corresponds 

to a L3 density of 200 mg/cm3 and values of 𝐹𝑚𝑎𝑥  and  

𝜎𝑚𝑎𝑥  of approximately 9 kN and 6.3 Mpa. 

     D. Richard et al. (2006) found, in their experiments 

with ATDs in frontal collisions, a relation between 

vehicle’s Delta-V and the compression, and bending 

moment, on the lumbar region [28]. The study tells 

that Delta-V = 39 km/h is not enough to reach the 

value of 9 kN, necessary to fracture L3. 

     Figure 9 shows the multibody simulation results of 

the applied forces on the V1 driver's hip (adjacent to 

the lumbar spine), which didn’t involve the opening 

of any airbag. By observation of the graphic, it is 

noticed that the maximum vertical (compression) 

force applied to the hip is 1.061 kN, well below the 

average limit of 9 kN. The value of 1.061 kN, applied 

to the average cross-section of L3 of a male individual 

- 14.4 cm2 - translates to a compression of about 0.73 

MPa, also much lower than the mentioned fracture 

limit of 6.3 MPa. 

 

     From the studies analyzed and the computational 

results, it was verified that the conditions of the 

present accident were not enough to cause the 

fracture of L3 in the victim. Since, in fact, the driver of 

V1 fractured the L3 vertebra, this fact suggests that 

some variant should have contributed to this injury. 

The non-opening of the front airbag caused an 

exaggerated flexion (and consequent compression) 

of the torso and lumbar region, which was increased 

by the opening of the knee airbag (Figure 10). 

 

     It is known that wedge fractures such as the one 

contracted by the V1 occupant are commonly due to 

excessive flexion (hyperflexion) of the vertebral 

column, which results in a compressive axial load in 

the anterior transverse region of the vertebrae [29]. 

     It is expected that, given the lumbar accomodation 

due to the knee airbag opening, if the frontal airbag 

doesn’t open, as happened in this accident, the 

hyperflexion of the lumbar spine may cause serious 

lumbar injuries [29]. 
 

     The EDR of V1 had in memory one single event 

(and the most recent one), TRG1, in which was 

registered a side impact. 

     The TRG1 information on the Bosch CDR document 

extracted indicates that the side and side courtain 

airbags haven’t been opened (correct information).    

On the other hand, it also says that the seat belt 

pretensioner was not activated when it is clear from 

photos of the interior of the vehicle that the seat belt 

was being used at the time of the accident and that 

the pretensioner was activated (Table 1). 

     This erroneous information suggests a possible 

anomaly in the sensor system or information 

recording of V1. 

Figure 8 - Impact Point 2D Computational Scenario. 

Figure 9 - Graphic of the contact forces on the hip, in the 
directions x (blue), y (green) and z (red). 

1061 N 

Figure 10 - Frontal collision tests showing the effect of 
the knee airbag opening on the relative displacement 

between the lumbar region and the seat. 

Table 1 - System Status at TRG1 
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     Also from the Bosch document is found that, in the 

TRG1, V1 decelerated to an average of -0.55 m/s2. 

 

2.   𝒙(𝒕) =  𝒙𝟎 + 𝒗𝟎𝒕 +  
𝟏

𝟐
𝒂𝒕𝟐 

3.   𝒗(𝒕) =  𝒗𝟎 +  𝒂𝒕 

4.   𝒙 = 𝟎. 𝟎𝟎𝟔𝟖𝟗𝒗(𝒙)𝟐 + 𝟎. 𝟎𝟏𝟎 
 

    Using equations of uniformly accelerated 

rectilinear movement, 2 and 3, and taking into 

account equation 4 which gives the braking distance 

for the V1 car model as a function of velocity, it can 

be seen that, when V1 is running at 39 km/h, its 

braking distance is 10.49 m, which corresponds to a 

braking time of 1.94 s and a deceleration of 

approximately -5.6 m/s2, a value about 10 times 

higher than the value obtained by reading the EDR 

data. Thus, since V1 was traveling in a descent road, 

the driver was most likely braking, trying to control 

the speed and preventing the force of gravity from 

over-accelerating the vehicle. This hypothesis is 

consistent with the brake state from the second -4.25 

to the instant 0 - "ON"; with the pedal accelerator 

status (at 0% for 5 seconds); with the oscillations in 

the braking oil pressure (with fluctuations and always 

higher than the initial value); and with the 

progressive and relatively continuous decrease of the 

engine’s RPM. 

     By reading the information relating to TRG1, it is 

noted that the maximum recorded longitudinal 

deceleration value is -1.507 m/s2, again consistent 

with a controlled braking, typical of a descent road 

with the inclination of this accident scenario. 

     TRG1 was the only event recorded and doesn’t 

describe a collision, since the values corresponding to 

the parameters already discussed oscillate in a 

constant, not "drastic", way as it would be expected 

in a collision situation. 

     On this case study, the residual value on V1’s 

speedometer is found to be approximately 45 km/h 

(Figure 11).  

    

      Applying again inequation 1,  it is obtained a range 

of 35.5≤ V2 ≤45 km/h for V2. The V1 speed that 

resulted from the computational optimization was 39 

± 2 km/h. However, comparing these reference 

values (37 ≤ VRef ≤ 41 km/h) with the V2 ones, it can be 

concluded that, in this case, there is agreement of 

values.  

3.4 Case 4  

     Involved in this accident was an automatic gear 

box vehicle, passenger vehcile - V1 - which, when 

being parked, allegedly lost control, moving abruptly 

back and forth, hitting obstacles. The vehicle was 

completely immobilized after a few minutes. 

     From the data collection of the EDR resulted a file 

with information related to 5 events (TRG 

11,12,13,14,15), corresponding with the type of 

impact indicated in Figure 12. 

 

     The TRG11 has a duration of approximately 90 ms 

and reaches a maximum Delta-V value of 1 km/h, 

much like the one recorded by satellite side sensor 3 

(Delta-V of 0.8 km/h). In the tables referring to the 

events TRG13 and TRG14 it is verified that, at all the 

instants, without exception, the accelerator is being 

pressed at 100%, which may suggest a “non-human” 

or “automatic” behaviour (Table 2).  

     Given that the accelerator was constantly being 

pressed "in depth", and that there were peaks at the 

RPM levels, that implies that the car would have 

collided with obstacles that caused the decreases 

because, otherwise, the value of the RPM wouldn´t 

stop increasing. 

     The most recently recorded side-event (TRG15) 

achieved, as TRG11, relatively small maximum values 

of lateral Delta-V (2.3 km/h on sensor 1 and 2.5 km/h 

on sensor 3), proving that the crashes were 

essentially longitudinal. 

     To find out the possible cause of the problem, it 

will be interesting to discuss some literature research 

on the subject of uncontrolled deceleration.  

 

 

Figure 11 - Speedometer of V1 after the accident 

indicating 45 km/h. 

Figure 12 - Diagram of the sequence of events recorded 
by the EDR. 

TRG11 TRG12 TRG13 TRG14 TRG15 

Side Impact Front Impact 

Front Impact 

Side Impact 
Front Impact 

Side Impact 

TRG10 
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     Cases similar to the one reported in this case study, 

for the same brand of vehicle, were already 

responsible for more than 20 million recalls and 89 

deaths, according to NHTSA [27];[28]. A NASA study 

of V1 model electronics found that the acceleration 

problems are mechanical, particularly with 

accelerator pedals which attach to rugs, not 

retracting or slowly retracting, when drivers drop 

them (sticky pedals) [30]. The NHTSA, in other studies 

based on EDR data in cars involved in accidents, 

concluded that most cases of unintentional 

acceleration were probably due to the physical 

activation of the accelerator by drivers, when they 

thought they were pressing the brake [26]-[28]. 

3.5  Case 5  

     For reasons of confidentiality the vehicles’ brands 

and models won’t be revealed. V1 was traveling on a 

highway when the large vehicle in front of it turned 

quickly to the left. Without reaction, V1 driver 

encountered V2, immobilized on the central traffic 

line, with its driver leaning in the rear luggage 

compartment, on the phone. The violent crash of V1 

in V2 caused the death of its driver, located between 

vehicles at the time of the collision. 

    After the software simulation, the speed for V1 was 

96 ± 5 km/h. It should be noted that, for the 

investigation the dynamics of the accident, it was not 

relevant the introduction of a pedestrian’s multibody. 

    Again, the application of inequation 1 to the speed 

of 82 km/h (Figure 13) results in a range of associated 

V2 ranging from 69.1 ≤ V2 ≤ 82 km/h. 

 

     The fact that the range of V2 is below the range of 

VRef may be due to the loss of energy of the system 

after the impact, freezing the needle at a position 

indicating a lower residual speed. 

3.6 Case 6  

     This accident consisted of a violent frontal crash 

due to the line invasion by V2, passenger car, which 

collided with V1, passenger car, in the opposite 

direction. The simulation showed that V1 was 

travelling at a speed between 87.5 and 92.5 km/h and 

V2 was travelling at a speed between 39 and 42 km/h. 

     Figure 14 illustrates the V1 speedometer, whose 

residual lecture revealed a speed of 90 km/h. 

 

      Applying the inequation 1 translates in a V2 range 

of 76.4  ≤ 𝑉2 ≤ 90 km/h. V1 was travelling at a 

reference speed, 𝑉𝑅𝑒𝑓 , between 87.5 and 92.5 km/h 

when the accident occurred, according to the PC-

Crash simulator, and it can be stated that there was a 

partial congruence between the values. 

3.7 Results Speedometer 

     In case 2, V2 values, [87.5, 100], were superior to 

the reference values, [55, 63]. In case 3, there was 

coincidence between VRef and V2 values, since [37, 41] 

⊂ [35.5, 45]. In case 5, V2 values, [69, 82], were 

inferior to the reference values, [91, 101]. Finally, in 

case 6, there was partial coincidence between V2, 

[76.5, 90], and VRef, [85, 95].  

     Figure 15, shows the results obtained for the 

maximum and minimum values of the V2 and VRef 

range for the cases 2,3,5 and 6. 

       

      
 

Table 2 - Pre-Crash Data, -5 to 0 second 1 (TRG13 and TRG14) 

Figure 13 - Residual registration on the V1 speedometer 
after the accident, indicating,approximately, 82 km/h. 

Figure 14 - V1 Speedometer after the accident, indicating 
90 km/h. 
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4 Conclusions 

     In the first case study, the position and location of 

the CRS where the child was is not known. 

Nevertheless, it can be concluded that if the child was 

carried in the rear seat, properly secured by the CRS 

belts, and if the CRS was connected to the vehicle by 

the car’s seat belts, the violent contact of the head 

with the structure of the chair and/or with the 

interior of the vehicle wouldn’t have occurred and, if 

injuries could occur, they would be less severe than 

those that actually occurred. In the event of the child 

being transported in the front seat, independently of 

CRS’s orientation and the use of their belts and 

vehicle belts, it was the opening of the airbag that 

caused such severe injuries. 

     In the second case, it was concluded that the 

frontal airbag would have been able to support the 

projection force of the victim and would have 

reduced the risk of serious cervical injuries, since the 

amplitude of the head and neck bending movements  

would have been smaller in the presence of this 

safety device. Thus, if the airbag had been activated, 

the occupant would have been more likely to have 

survived. 

     In case study 3, the victim’s injuries would have 

been mitigated and serious injuries wouldn’t have 

occured if the front airbag had been activated. 

Injuries in the lumbar region were possibly 

aggravated by the exclusive opening of the knee 

airbag which caused unbalanced tensions and 

amplitudes in this body region. 

     It is therefore concluded that the opening, non- 

opening or selective opening of the airbag, can have 

a varied impact on the victim, depending on the 

circumstances involved, namely, the dynamics of the 

accident, the characteristics/position of the 

occupants and the type of airbag deployed. 

     A number of conclusions can also be drawn on the 

CDR data. In case study 3, only the knee airbag was 

activated, but the CDR data didn’t point to 

longitudinal deceleration values that justify the 

activation of this airbag, referring only to lateral 

impact. The available information not only proved to 

be incomplete, which precludes reliable investigation 

from these data. These problems would have 

resulted from a serious fault in the sensors or in the 

vehicle's data registration system, which didn’t 

detect the violent frontal impact. 

     On the other hand, the information contained in 

the CDR document can be complete (as happened in 

case 4), allowing a reliable reconstitution. However, 

exclusively, the document doesn’t allow the 

distinction between human action and a possible 

system anomaly, and the cause of such anomaly. 

     In the theme of the speedometer, there was 

agreement between the residual and computational 

value in 50 % of the cases (case 3 and 6). In case 2, the 

range of V2 values lies above the range of reference 

values, and in case 5, below it. 

     Identification of the damaging factors and 

circumstances inherent to the airbag opening, the 

defects in the CDR document and the reasons for the 

disagreement between the residual values in the 

speedometer and the real values would have a highly 

beneficial effect on the reduction of road fatalities. 
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