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Abstract: This paperoutlines the development and validation of Finite Element (FE) model for child head-to-car impact 
which simulates the MC-to-car crash scenario and further explores the effect of impact angle and impact location on head 
injury for child pillion passengers when they are thrown forward after crash and hit the opposing vehicle (OV). The FE 
model for child head-to car is validated based on motorcycle crash test experiment by comparison of the kinematics, 
resultant accelerations and HIC values between experiment and simulation. The effect of head impact angle on head injury is 
studied at three impact angles covering the frontal part of child dummy head and the effect of impact location is studied at 
four location on OV (center of hood, front end of hood, windscreen and at A-pillar) by employing the developed FE model. 
It was seen that the FE model developed for child dummy head-to-car impact simulating the case of MC-to-car crash had 
good agreement with experimental data. In case of effect of head impact angle, it was found that, with the increase of impact 
angle the head injury was decreased, suggesting that the frontal part of child head is more vulnerable to severe injuries rather 
than upper part of child head. From the effect of impact location results, it was seen that A-pillar and windshield are more 
fatal locations for injuries and also the front edge of hood is more vulnerable for child head impact in terms of head injury 
than center of hood provided the head did not hit the engine components due to excessive deformation. 
 
Index Terms:Child Pillion Passenger Safety, Finite Element Simulation, Head Injury Criteria, Impact angle, Impact 
Location, Motorcycle-to-car crash 
 
I. INTRODUCTION 
 
Motorcycle (MC) is the most unsafe form of 
transportation and often involve in a large number of 
annual fatalities. Motorcycle safety is of prime 
importance in Southeast-Asian regions like Thailand 
due to large number of motorcycle users [1]. 
According to Global road safety report by World 
Health Organization (WHO) [2] the number of deaths 
by motorcycle in Southeast-Asia in road accidents 
(34%) is the largest as compared to car accidents 
(16%). Due to lack of protection around the riders, 
motorcycle is the least safe form of transportation 
because of absence of energy absorbing components 
which leads to direct contact of riders with hitting 
objects. Children are most likely to have severe 
impact with hitting objects and thus have less survival 
chances if injured in case of crash event. Children 
heads are prone to higher head injuries because they 
have relatively softer heads which make them more 
vulnerable to life-threatening injuries. 
The main objective of this study is to develop a 
validated and simplified Finite Element (FE) model 
for child head-to car which represents accident 
scenario of MC hitting the opposing vehicle (OV) and 
further study the effect of head impact angle and 
effect of impact location on head injury for child 
pillion passengers which can be effectively used for 
predictive design assessment of protective devices for 
children riding the MC such as helmets. FE 
simulation models offer flexibility, stability and  

reliability in addition to economy for studying vehicle 
safety topics. Many researchers such as Barbani [3] 
and Chawla [4] have developed full scaled FE model 
for motorcycle-to-car crash scenarios to study the 
injuries for adult riders by numerical simulations. Our 
study outlines the development of more simplified FE 
model using child head and frontal part of OV, thus 
effectively reducing computational time and expense 
and avoiding numerical instabilities and focuses on 
head injury for child pillion passengers. 
The FE model for child head-to-car is developed and 
is validated based on MC crash experiment which 
was performed at Malaysian Institute of Road Safety 
(MIROS), PC3 Crash Test Laboratory, Melaka 
Malaysia by authors in collaboration between King 
Mongkut’s University of Technology North Bangkok 
(KMUTNB) and ASEAN New Car Assessment 
Program (NCAP). The detailed experiment procedure 
and analysis of results were already presented at the 
conference [5]. The procedure of test was based on 
ISO 13232 [6], in which MC hit the stationery OV at 
90 degree angle which is the most common accident 
scenario in Thailand as investigated by [7]. The FE 
model is developed based on the MC crash 
experiment and then the simulation results are 
compared with experimental data in order to validate 
the numerical simulation model. And then finally, the 
validated numerical model is employed to further 
study the effect of impact angle and impact location 
on head injury for child dummy head. 
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II. DEVELOPMENT OF FINITE ELEMENT 
(FE) MODEL 

 
To develop the FE model of the Child head-to-
Opposing Vehicle (OV) impact, the same scenario 
was approximately estimated in order to represent the 
same initial and boundary conditions so that the 
results could be compared with the experimental test 
for validation. Since child head is of prime 
importance in MC-to-car crashes as it is the most 
prominent part to avoid fatal life-threatening injuries 
in case of children. The children have higher head to 
body weight ratio than adults so body weight effects 
in case of children would be minimal. So in our FE 
model free moving child dummy head was employed 
in order to simplify the numerical simulation which 
would reduce the computational time and expense as 
well as avoid numerical instabilities. LS Dyna was 
used for model development and performing FE 
numerical simulation. 
The P6 dummy representing 6 year old child was 
used in the MC crash test experiment. Free form child 
dummy head FE model was obtained from Hybrid-III 
6 year old (Version V0.101) FE dummy model jointly 
developed and validated by LSTC (Livermore 
Software Technology Corporation) [8] and National 
Crash Analysis Center (NCAC) was considered to be 
used in our simulation model. The dummy head 
consisted of 16,775 nodes and 10,827 elements. The 
accelerometer element was installed at the center of 
gravity (C.G.) of head model to record the 
acceleration-time data for comparison with data 
obtained from experiment. 
In the real crash test the OV used was a 
PeroduaMyvi, for this simulation the authors have 
chosen the simplified FE model of a Toyota Yaris 
Sedan model 2010 (NCAC V01) developed and 
validated by National Crash Analysis Center (NCAC) 
[9]. The simplified FE model of this vehicle consisted 
of the front portion of the car only and rest of the 
vehicle was represented by mass nodes at the rear of 
the car to simulate the total weight of the vehicle as 
shown in Figure 2 and was validated by [10].In our 
study, this OV model was suitable because only the 
front portion had to be used in our scope of study and 
therefore could further reduce the computational time 
exceptionally. It was seen from result analysis of 
crash test that the child head hit the side mirror of the 
car which was a very stiff part and did not suffer any 
deformation during head impact, due to which profile 
or material properties had minimum effect on head 
accelerations. So a simplified geometry of side mirror 
having rigid properties was used in our model. It was 
attached at designated point at OV and was 
constrained with Extra Nodes between side mirror 
and OV. The total number of elements and nodes for 
this simplified OV model were 367,806 and 373,301 
respectively.The reference coordinate system used is 
the same as defined in the ISO 13232 [6] i.e. mutually 
perpendicular set of three axes fixed in the plane of 

symmetry of the vehicle, with the x-axis oriented in 
the forward direction of OV, the z-axis downward 
parallel to gravity and the y-axis oriented toward the 
right side of the vehicle as illustrated in the Figure 
2.The child dummy head was oriented in the same 
impact angle and same impact point as the 
experiment in order to closely match the impact 
conditions. The orientation angle and impact point is 
illustrated in the Figure 1. 

 
Figure 1:  Orientation and reference impact point 

 
The initial and boundary conditions were also kept 
the same as the experiment. The MC impact speed 
was recorded to be 29.7 km/h (8.25 m/s), and the 
child dummy was riding with the MC, thus having the 
same speed as the MC. There might have been slight 
increase in speed for dummy after MC hit the OV 
because of inertial effects. But due to very little travel 
distance after impact and very short time, this 
increase could have been very low. So this increase 
was neglected in our case. So the child dummy head 
was assigned same speed as the MC i.e. 29.7 km/h 
(8.25 m/s) in negative y-axis direction as the initial 
condition. The OV was stationery in the experiment 
and there was possibility of its motion in negative y-
axis direction due to impact from MC, so the OV was 
assigned fixed boundary conditions at its cut portion 
in all directions and rotations except in y-axis 
direction as shown in the Figure 2. Automatic surface 
to surface contact with coefficient of friction (0.3) 
[11] for dummy-car interaction was assigned. All the 
other material and element properties were kept 
default (already validated) for each model. The 
required output was kinematics of dummy head and 
acceleration-time data at C.G. of head. An explicit 
dynamic FE simulation was performed. 
 

 
Figure 2:  Initial and boundary conditions 
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III. RESULTS AND VALIDATION OF FE 
MODEL 

 
The FE model developed for child dummy head 
impact to OV was solved and the results were 
obtained. The validation of FE model is done by 
comparison of experimental and FE simulation results 
data obtained. For the FE model to be validated based 
on experiment, it should ensure that the head exhibits 
similar kinematics, experiences similar peaks of 
accelerations at similar time and the HIC values 
should be comparable. 
 
A. Kinematics of Dummy Head 

The kinematics of child dummy head in experiment 
as well as FE simulation is explained with respective 
time in this section. Figure 3 shows the kinematics of 
dummy head from experiment and the FE simulation 
from top view. 
At 3 millisecond (ms) time, the dummy head had its 
first impact with the side mirror as shown in Figure 3. 
At 11 ms the dummy head is pushing side mirror 
inwards in both cases. The dummy head is further 
moved along side mirror pushing it further inward to 
reach its extreme stiffer end where it can no longer 
move inward. Until here the kinematics of head 
remained similar between experiment and FE model 
simulation, however the side mirror is pushed more 
towards closing in experiment because of the rotating 
pin at the joint of side mirror with door. From this 
point the kinematics motion starts to differ due to 
pushing effect from the adult dummy on child 
dummy in the experiment. The dummy head starts 
rotating clockwise in the FE simulation sooner than in 
experiment due to pushing effect from adult dummy 
in experiment. In the experiment, the dummy head 
then pushed by adult dummy further to hit the side of 
the OV. However, there was no pushing effect from 
adult dummy in FE model so the dummy head moved 
in positive x-axis direction parallel to the OV and 
does not hit side of the car. However, it can be seen 
that the kinematics of child dummy head in 
experiment is almost similar to the FE model at 
critical area of impact in which both hit and dragged 
along the back of side mirror in similar pattern while 
folding the mirror inwards. 

 
Figure 3:  Kinematics of dummy head comparison 

B. Resultant Acceleration-time Data 
The resultant acceleration data from experiment was 
filtered with CFC1000 filter (filter frequency 
4kilohertz “kHz”) and had many small sudden peaks. 
On other hands, the data from FE simulation was 
filtered with butterworth filter (filter frequency 180 
Hertz “Hz”) according to standard dummy manual 
instructions [13] and was smooth with continuous 
acceleration peaks. However, there were three most 
significant peaks of importance as obtained from the 
FE simulation data that could be used for comparison 
with experimental data. Both acceleration data 
(instandard gravity acceleration “g” units) were 
plotted against the same time interval (“ms” 
milliseconds) and are shown in the Figure 4. 

 
The first acceleration peaks were coincided with each 
other at 3 ms when head experienced its first impact 
with the side mirror. The peak value for acceleration 
in FE simulation is a bit lower than experiment but 
aligns perfectly together. The second peak in both 
cases arises at about 11 ms in almost similar time and 
pattern when dummy head is pushed against the side 
mirror and the mirror is folding inward as a result. In 
this case as well the peak value of acceleration in FE 
simulation is a bit lower than the experimental value 
but has the similar time and pattern as experimental 
peak. The third peak is the highest in FE simulation at 
time 17 ms, while in experimental data the third peak 
is at 16 ms with only 1 ms time difference 
approximately. 

 
Figure 4:  Resultant acceleration-time data comparison 

 
The third peak is encountered when the dummy head 
is hitting the stiffest part of side mirror and cannot 
further fold inward. The peak acceleration values in 
both cases are almost similar; however span time of 
third peak in FE simulation is a bit higher. After this 
time the head in experiment is still moving along the 
mirror due to pushing by adult driver dummy while 
rotating clockwise and producing smaller peak 
accelerations and then a fourth and fifth peak when it 
hit to the side of OV at 45 ms and 60 ms. Since there 
is no adult driver dummy pushing the child dummy 
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head in FE simulation so it does not go further 
straight to hit the OV, rather it rotates clockwise and 
move away from side mirror in positive x-axis 
direction parallel to side panel of OV without hitting 
it, thus it did not encountered any peaks after that. In 
comparison, the data after third peak at 17 ms in the 
experiment is insignificant as it is only producing the 
peaks subjecting to pushing effects of adult dummy 
onto child dummy. Also the HIC values are 
calculated from first three peaks, so only three peaks 
of accelerations are considered for validation and it 
was seen that the three peaks in both experiment and 
FE simulation are well in agreement with only minor 
differences between them. 

 
C. Head Injury Criteria (HIC) 

 
Head Injury criterion (HIC) gives an estimate of the 
injury in the head in case of impact and is calculated 
from the acceleration-time data [12] from the head.A 
value exceeding the threshold of 650is an indication 
of life-threatening injuries in child head according to 
Euro NCAP Pedestrian protection [14].The authors 
decided to use Euro NCAP Pedestrian protection 
protocol [14] which recommends calculating HIC15 
instead of HIC36 because the impact time is relatively 
short due to quick impact of pedestrian head with 
objects without any restraints which is almost a 
similar case as ours.The HIC15 values calculated in 
experiment as well FE model are shown in the Table 
1. The HIC values from FE Model were calculated in 
LS-Prepost with buttworthfilter at C/s 180 Hz (filter 
frequency) as per LSTC dummy manual instructions 
[13]. 

 
Table 1:  Head Injury Criteria (HIC) values comparison 

Head Injury Criteria       Experiment        FE Model  
 
 HIC15     175.3  157.5 
 

 
It can be seen that the HIC15 calculated value 

of 157.5 from simulation is within the limits of 
threshold and so is the value from experiment which 
is suggesting sustainable injury to the head. It also 
can be seen that the HIC values from experiment and 
FE simulation are in the same range with not too 
much drastic difference between them which also 
confirms the validity of our FE Model. 

 
IV. DISCUSSION 
 
The kinematics, accelerations and HIC values were 
compared in order to validate the FE model. It was 
seen that all the three parameters from experiment 
and FE model were comparable and had good 
agreement with experimental data according to 
conditions applied. The minor differences in results 
could have been arising due to minor differences in 

the real experiment and the simulation. Use of only 
dummy head instead of whole MC and entire dummy 
in order to reduce the computational expense and 
avoiding instabilities may have played its role in this 
difference of results. And there were some additional 
effects from adult dummy pushing the child dummy, 
so producing a bit larger acceleration values than in 
FE model. Furthermore, the folding mechanism of 
side mirror which was not included in our FE model 
might have some effects on the results.Also there was 
some difference due to use of different filters for 
obtaining acceleration raw data. The data for 
kinematics and accelerations after third peak was 
ignored as the pushing effect from adult dummy in 
experiment started to alter the child dummy 
kinematics and accelerations from free form moving 
as in case of FE model. The HIC values were also in 
agreement within similar ranges which were below 
the threshold HIC value of 650.  
From the detailed analysis and comparison of results, 
it was seen that the kinematics, accelerations and HIC 
values from experiment and FE model were closely in 
agreement which validates our FE model suggesting 
that the results from our FE model were realistic and 
close to experimental data. So this validation of our 
FE models led us to move further in our study i.e. 
study of effect of impact angle and locations on head 
injury by using child head-to-car FE model. 
 
V. EFFECT OF IMPACT ANGLE ON HEAD 
INJURY 
 
During MC-to car crashes, there are several ways the 
child head can hit the opposing vehicle. In this 
section effect of impact angle on head injury is 
studied which could then be used to design effective 
protective devices for child pillion passengers head 
protection such as helmets depending on which part 
of head with impact angle could lead to more severe 
injuries. The scenario assumed in this work is impact 
of child head to OV simulating the case of MC-to-car 
frontal crash. To study the effect of impact angle, A-
pillar impact location was selected since it is one of 
the most hazardous parts of OV during accidents 
which can cause high level of injuries as investigated 
by Ito [15]. There are numerous ways the child head 
can hit the OV due to different angles and ways the 
child is thrown forward after MC hitting the OV. In 
this study, the variation in impact angle was selected 
by standard UNECE-R22 [16] impact conditions. 
UNECE-R22 outlines the standard test procedures 
and conditions to evaluate the approval of helmet 
standard. For that purpose standard head impact tests 
while helmet on are conducted at standard impact 
angles for head impactors. Figure 5 shows the impact 
angles which could be used to conduct head impactor 
collision tests.  
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Figure 5: Impact Angles for testing (UNECE-R22) 

 
UNECE-R22 outlines range of impact angles from 0º 
to 180º. For our work, the impact angles covering 
frontal part of head were considered because in this 
case frontal MC-to-car crashes are being considered 
and there is only possibility of frontal part of head 
hitting the OV (i.e. from 0º to 90º). In order to 
simplify the number of simulations and to reduce the 
computational expense, only three angles covering 
the frontal head impact angles i.e. 0º, 45º and 90º 
(which cover the whole frontal part of head) were 
selected to study the influence of impact angle, which 
would be enough in this case and could easily give us 
a generalized pattern for effect of impact angle on 
head injury. 
 
A. FE Model Development 

 
To study the effect of selected impact angles, 
validated FE model was employed in this case using 
the same P6 dummy head and Toyota Yaris FE 
Model developed in previous section.The 6 year old 
child dummy head was rotated to achieve the desired 
impact angles. The P6 head model was then 
repositioned facing the A-pillar location of impact. 
Three FE simulations were performed for respective 
impact angles i.e. 0º, 45º and 90º. Figure 6 shows the 
impact positions and orientations of FE dummy head 
model for respective case. 

 

 
Figure 6: Impact Angles for dummy head in FE Model 

The initial and boundary conditions were kept the 
same as validated FE model in order to study the 
effect of impact angle change at the A-pillar location 
of OV. The velocity of FE dummy head was also kept 
same i.e. 29.7 km/h (8.25 m/s) in negative (y-axis) 
direction as illustrated in Figure 6 by velocity 
direction. 
 
B. Results 

 
The three FE simulations for respective impact angle 
were solved and the results were obtained. The 
kinematics in all cases was similar. The head directly 
hit the A-pillar location on OV at same initial speed. 
The respective head models hit the A-pillar at 
respective angles, as a result the A-pillar is deformed 
to some extent and then the head reverts back after 
hitting the A-pillar. Figure 7 shows the resultant 
accelerations graphs obtained from the respective FE 
simulations.  
 

 
Figure 7: Resultant acceleration-time data for respective 

impact angle 
 
It can be seen that the acceleration-time curve are 
almost identical in case of 0º and 45º impact angles, 
however a bit higher magnitude in case of 0º. In case 
of 90º impact angle, the curve has same trend as other 
two cases but magnitude value is decreased about 7% 
in this case.The HIC values were calculated and are 
shown in Table 2 for the respective simulations. From 
the HIC values for all three simulations we can see 
that the values show a trend from high to low with 
highest value of HIC15 in case of 0º impact angle, 
second high in case of 45º impact angle and lowest in 
case of 90º. 

 
Table 2:  Head Injury Criteria (HIC) values comparison 

         Impact Angle                HIC15 values  
              0 degree    1453 
             45 degree    1418 
             90 degree    1356 
 
In all the cases, the HIC15 values were exceeded the 
threshold limit of 650 as set by Euro NCAP 
Pedestrian protection [14]. The head injury values 
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suggest that in all scenarios, the child dummy head 
experienced high injury levels. The most fatal case of 
impact angle is 0º in which frontal part of head hit the 
A-pillar. The medium injury level was recorded in 
case of 45º impact angle in which middle part of head 
impacts the A-pillar. The lowest head injury level in 
case of 90º impact angle was observed in which top 
part of child dummy head the A-pillar.  
 
VI. EFFECT OF IMPACT LOCATION ON 
HEAD INJURY 
 
During MC-to car crashes, there can be numerous 
locations on which the child head can hit the 
opposing vehicle. Different location can have 
different effects on the head injury of the child which 
usually depends on the stiffness and the energy 
absorbing ability of the location on OV. In this 
section, effect of impact location on head injury is 
studied which could then be either used by 
motorcycle protection equipment designers to 
optimally design the protective devices for child 
pillion passenger or can be used by vehicle 
manufacturers to improve the crashworthiness of  
fatal locations on OV.  
 
In MC-to-car crashes, the children and riders are most 
likely to project onto the car after crashes depending 
on where the MC hit the car. The most fatal locations 
on OV which can cause severe head injuries in 
different accidents were studied from literature. Yves 
[17] investigated that major locations on OV which 
are causes of severe and fatal injuries are hood, A-
pillar and windscreen in car-to-pedestrian crashes. 
Also Ito [15] investigated that A-pillar is one of the 
most hazardous parts of OV during accidents which 
can cause high level of head injuries. Katsuhara [18] 
also investigated that the A-pillar and rear end of 
hood are the most fatal areas of OV in case of cyclist-
to-car impact cases. For our case four different 
locations of impact (Center of hood, Front end of 
hood, windshield and A-pillar) were selected from 
literature review since they were the most fatal 
locations for head impact for adult riders. From our 
simulations, the effects of these locations were 
studied in terms of child head injuries. 
 
A. FE Model Development 

 
In the next step, FE model was developed based on 
these impact locations using P6 child dummy head. 
The validated FE model for child head-to-car was 
employed for this case. The child dummy head was 
translated to respective four locations (Center of 
hood, Front end of hood, windshield and A-pillar) on 
OV and four simulation models were developed 
which are shown in Figure 8. 
 

 
Figure 8: Impact locationsfor dummy head in FE Model 

 
All the boundary conditions were kept the same as in 
validated FE model. Only the impact locations and 
initial conditions (velocity) were changed for all four 
impact location simulations. The P6 dummy head was 
assigned velocity of 11.1 m/s (40 km/h) which was 
obtained from Euro NCAP Pedestrian protection [14] 
for head impactor tests in (-Z direction for first three 
cases and –Y direction for A-pillar) so that head 
could hit the respective locations in all cases as 
illustrated in Figure 8. 

 
B. Results 

 
The four simulations with respective impact locations 
were solved and the results were collected. It was 
seen from the kinematics that, when the child head hit 
the center of the hood, the hood experienced 
deformation but the hood did not hit the engine 
components during deformation in this case. When 
the head hit the front end of hood with the same 
velocity, it deformed the hood and eventually hit the 
frontal attachment of the car as well. In the third 
location, the child head hit the windshield of the 
carand bounce back with very little deformation of 
windshield as compared to other two cases. 

 
Figure 9 shows the total displacement (in millimeters 
“mm”) for each case at the time of impact for their 
respective locations. It can be seen that when child 
head hit the center of the hood the displacement at the 
impact point is around 130 mm which is greater than 
in case when head hit the front end of hood which has 
displacement of about 100 mm at the impact point as 
shown in the Figure 9. That is because there is no 
additional support from attachments at the center of 
the hood therefore it could deform more. When the 
child head hit the windshield of the car; the 
displacement is very little in this case as compared to 
the hood impact cases i.e. about 65 mm as shown in 
Figure 9. That is because the windshield has stiffer 
element properties. Also the deformation of A-pillar 
in fourth location case is lowest in all four cases i.e. 
about 40 mm because of very stiff and complex 
profile of A-pillar. 
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Figure 9: Total displacement (mm) at respective locations 
Due to less deformation, the energy absorbing ability 
of structure is also less, thus inducing more 
acceleration in the head resulting in greater head 
injury. The resultant acceleration-time graphs from 
C.G. of dummy head for each location case were 
plotted and are shown in Figure 10.Also HIC15 values 
were calculated for four simulation cases and are 
presented in the Table 3. The acceleration levels in 
Figure 10 and HIC values in Table 3 respectively are 
greater when head hit the A-pillar of car where there 
is least deformation due to its stiff and complex 
structure thus less kinetic energy of moving head is 
absorbed by A-pillar deformation and inducing 
greater acceleration in the head leading to greater 
injury. 
The second highest acceleration level (shown in 
Figure 10) and HIC15 value (shown in Table 3) was 
obtained when dummy head hit the windshield of the 
car. The high acceleration peaks is obtained because 
the stiffness of the windshield was greater due to high 
element thickness properties for windshield in OV 
than the hood. Due to high stiffness of windshield, 
the deformation was very less as seen in Figure 9 
meaning less kinetic energy absorption of moving 
head by windshield and greater HIC values than the 
hood part. 

 
Figure 10: Resultant acceleration-time data for respective 

impact location 

In case of head hitting the front end of hood, the 
acceleration level and HIC15 value were more than in 
case of center of hood impact because the 
deformation was less due to additional support from 
frontal attachments of hood with front of the car 
suggesting less energy absorption by front end of 
hood and inducing more acceleration in the head. 

 
Table 3:  Head Injury Criteria (HIC) values comparison 

         Impact Location                HIC15 values  
 
Center of Hood   338.7 
Front End of Hood  501.3 
Windshield   806.8 
A-Pillar   2093 

 
The threshold value of 650 [14] was considered and 
can be seen that overall HIC15 values exceeded the 
threshold limit in case of head hitting A-pillar and 
windshield suggesting fatal injury possibility. 
However in other two cases of the hood impact, the 
HIC values are under safe limit of 650.It was 
concluded that the mid portion of hood is less 
vulnerable for child pillion passengers in terms of 
head injuries provided it did not hit the engine 
components. Front edge of the hood is more 
dangerous region for child head impact than center of 
hood due to supporting attachments of hood with car 
front making them much stiffer. The windshield is 
also more vulnerable for child head impacts as seen 
from FE model properties of windshield of OV. The 
most fatal impact location for child head in terms of 
child head injury was A-pillar due to its stiff and 
complex profile structure.  

 
CONCLUSION 
 
From the FE simulation, it was found that the FE 
model developed for child head-to-car impact 
simulating the case of MC-to-car crash had good 
agreement with experimental data and was validated 
by comparing kinematics of dummy, resultant 
acceleration-time data and Head Injury Criteria 
values from FE model and experiment. It was 
concluded from the effect of impact angle study that, 
impact angle has some influence on the head injury of 
child pillion passengers in case of crashes. It was 
observed that the head injury decreased as the impact 
angle increased. The frontal part of head impact was 
the most fatal case of impact for children, while 
middle part of head was less fatal. The top part of 
head impact was least vulnerable for children in case 
of crash in terms of head injury. 
From the effect of impact location results, it was seen 
that the head injury was greater in case of child 
dummy head hitting the A-pillar of car and second 
high in case of impact with windscreen due to its 
higher stiffness properties. The head injury near the 
front end of the hood was more than at the center of 
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the hood due to additional support from the front end 
connection of hood with car body front portion. It 
was concluded that A-pillar and windshield were 
more fatal locations for head injury in child pillion 
passengers and also the front edge of hood was more 
vulnerable for child head impact in terms of head 
injury than center of hood provided the head did not 
hit the engine components due to excessive 
deformation.The results from this study could further 
be used to develop the protection equipment for child 
pillion passengers for reducing head injuries in events 
of MC-to-car crashes such as helmets. 
The conclusions from this thesis study are within the 
defined scope and have following limitations. The 
free moving child dummy head was used in our study 
which has eliminated any body weight effects that 
might have some additional effects on head injury so 
results might differ while using entire dummy model. 
The stiffness of windshield is very high due to high 
element thickness and is based on FE model of OV 
developed and validated by NCAC [9]. The 
conclusions and findings in this study are based on 
head injury of children only. 
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