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ABSTRACT

For study of car-pedestrian crashes, it is two common methods that can be employed: conducting
crash tests with mechanical dummies and simulating car crashes on computer. The former is a tra-
ditional way and gives good results compared with real life car impact; however, its disadvantage
is very expensive test equipment and generally more time-consuming than the latter because af-
ter every crash test, experimental vehicles as well as dummies need repairing to be ready for the
next experiments. Therefore, crash test simulation using finite-element method is more and more
popular in the automobile industry because of its feasibility and cost saving. The majority of finite
element dummy models used in crash simulation. Particularly, it is popular to use Hybrid Ill 50th
dummy model which is built based on fiftieth percentile male (equal in height and weight of the
average North American). Thus, it is necessary to develop a scaling algorithm to scale a reference
dummy size into a desired one without rebuilding the entire model. In this paper, the Hybrid IlI
dummy model provided by LS-DYNA software is scaled to suit Vietnamese biomechanical charac-
teristics. Scaling algorithm comprises dummy geometry, inertial properties and joint properties is
utilized. In order to estimate level of head injury — brain concussion by using numerical simulation,
the correlation between Head Injury Criterion (HIC) and Abbreviated Injury Scale (AIS) is introduced.
In addition, the Hybrid Il dummy model in crashworthiness simulation is presented in key frame
picture. Numerical simulation approach is validated by comparing results of head acceleration and
HIC obtain from this study with experimental data and numerical simulation results in other publi-
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INTRODUCTION

Traffic accident is undoubtedly one of the most alarm-
ing problems and is the main reason for the increase in
deaths in Vietnam as roughly 14,000 people lose their
lives each year due to road traffic crashes according to
WHO!. In the first nine months of 2018, the number
of road traffic accidents is approximately 13,242 cases
in which 6,012 people were dead and 10,319 people
were injured. Compared to data in 2017, a number
of traffic accidents drop by 1120 cases, and a num-
ber of dead people and injured people decreases 113
and 1467 people respectively. Although there is an
overall drop in road traffic collisions, it is still one of
the leading causes of death in Vietnam. From WHO
statistics, motorcyclists make up roughly 59% of the
traffic crashes in the country. It is remarkable that the
age group that suffers from the most deaths and in-
juries on roads is from 15 to 49 years, and this group
accounts for 56% of total population'. Moreover,
WHO’s report in 2017 on traffic accidents per country
shows that there are 24.5 road fatalities per 100,000
inhabitants in Vietnam while the average figure in

the world is 17 people per 100,000 inhabitants, which
demonstrates that the number of fatalities in Viet-
nam is much higher than that in the world. However,
the death probability due to accidents in Vietnam is
slightly greater than that in middle-income countries
(24.5 and 24.1 respectively)?. The report, further-
more, illustrates that the number of traffic fatalities in
high-income countries is 9.3 men per 100,000 inhab-
itants that is much lower than that in low-income and
middle-income nations (18.4 and 24.1 respectively) 2.
Another noticeable point is the death proportion in
developing countries outnumbers that in poor coun-
tries, and it can be reasoned that there are more road
vehicles used in developing countries than in poor
countries. Figure 1 shows the number of deaths per
100,000 inhabitants according to WHO’s report .

METHODOLOGY

Car crash simulation using finite element method
(FEM) becomes more common in car industries in
these days because it opens a new modern way for
engineers to run crash tests inside computers rather
than on roads. In addition, not only does it save
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Figure 1: Road fatalities per 100,000 inhabitants

time and be less expensive than real crash tests, it also
gives designers and engineers many chances to mod-
ify and customize designs for each parts of the car
without making changes to the whole models. There-
fore, more virtual crash tests run, more insights engi-
neers can gain to fully understand their design to give
the best product. As a result, car crash simulation us-
ing FEM is a promising and suitable method for the
research.

There are many FEM software available nowadays,
and some of them are ANSYS, ABAQUS, NASTRAN
and LS-DYNA. For this study, LS-DYNA will be cho-
sen because of its capability to simulate highly non-
linear problems including car crashes. Another rea-
son for this choice is LS-DYNA provides a number of
dummy models that might be directly used for simu-
lation without any required modifications, and there
are many available FEM car model, which can be used
in LS-DYNA. Nevertheless, unfortunately, most of
LS-DYNA dummy models are constructed based on
geometry and biophysical characteristics of the USA
or European people. Therefore, it is important to have
a scaling algorithm to generate a dummy model rep-
resenting Vietnamese characteristics from Hybrid IIT
50"" dummy provided by LS-DYNA, after which it is
used to perform simulation with different car models
to achieve data on injuries of pedestrians in car im-
pact. From simulation data, a database is constructed.
A general procedure for this research is shown Fig-
ure 2.

Since Hybrid IIT 50th dummy model is built based on
fiftieth percentile male (equal in height and weight of
the average North American), it is required to have a
proper scaling method to transform Hybrid III 50th
to a dummy model representing Vietnamese. In this
study, scaling algorithm for transformation is intro-
duced in>° and it comprises three steps:

- Scaling of dummy geometry

- Scaling of inertial properties
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Figure 2: Main procedure for the research

- Scaling of joint properties
In the following sections, three above steps will be dis-
cussed in more detail.

Scaling of dummy geometry

To do geometric scaling, it is necessary to determine
size and weight of Hybrid I1T 50 and scaled dummy
(Vietnamese), and they are shown in Table 1.

After these properties have been determined, geomet-
ric scaling can be implemented as done in> by using
geometric ratios:

Table 1: The table of weight and height of Hybrid IlI 3
and Vietnamese dummy*

Hybrid III Vietnamese
dummy
Height (cm) 175 164
Mass (kg) 78 58

- Scaling in vertical direction (z axis) to match height:

h
A= —V
hHiybrid

1)

where hy is Vietnamese height and hpyy,iq is Hybrid
III height.
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- Scaling in the other direction (xy plane) to match the

mass:

my

=N = )

Mpybrid A
where my is weight of Vietnamese, my;,iq is weight
of Hybrid III.

Using Equation (1) and (2), Hybrid I11 50" is geomet-
rically scaled to match Vietnamese dummy. As a re-
sult of applying two above formulas, it yields:

A=Ay =0.9371
A = 0.8908

The result of geometric scaling is illustrated Figure 3.

Inertial scaling

When a rigid part’s mass and size change, its iner-
tial tensor will be different from original one. Con-
sequently, it is required to update inertial tensor for
every part of scaled dummy. A procedure for updat-
ing inertial tensor will be done as follows:

- Because each part’s inertial tensor of dummy model
in LS-DYNA is defined in part’s local coordinate
(namely oxyz in the Figure 4 ), so it is firstly to com-
pute inertial tensor Iy in 0X’y’Z, which has the axes
parallel to reference coordinate system O;x;y;zi,
from inertial tensor Iy, using Equation (3):

Loy vz = Qlaxyz QT (3)

where Q is rotation matrix from oxyz to oxX’y’z’ and
both of inertial tensor in the formula belong to Hybrid
111 50" dummy.

- Compute inertial tensor of scaled dummy Igy/y/z in
OX’Y’Z’ from I,y using equations from (4) to (9)
(See” for formula derivation):

Ixx = LAy, ()Lyzjy + A,ZZJZ) (4)
Iyy = lx)\ylz ()Lzz‘[z + A')?Jx) (5)
Izz = Mdydr (2T +A2Jy) (6)
Iyy = A2AP ALy )
Ixz = lley/lzzlxy (8)
Iyz = )Lxlyz/lzzlxy )
where
1
Jy = 5 (Izz “’Iyy —Ixx)
1
=3 (e + Lo — Iy)

1
Jo=3 (I + Iy — I2)
Ixx, Iyy,and Izz are the moments of inertia about the
X} Y’ and Z’-axis, respectively.
Ixy, Ixz, and Iyz are the products of inertia in
oxYZ.
L Iyy, and I; are the moments of inertia about the
X, ¥, and z; respectively.
Ly, Lz, and Iy, are the products of inertia in ox’y’z.
- Inertial tensor for scaled dummy can also be calcu-
lated in OXYZ using Equation (10):

Ioxyz = Q" loxy7Q (10)

Z
hx
X
> p X

Scaled rigid
body

Initial rigid

o
1 = body

Figure 4: Rigid body in inertial and scaled configu-
rations >

Scaling of joint properties
Every part of dummy model is connected using
joints whose stiffness is mainly defined by force-
displacement and moment-angle curves. Normally,
joint characteristics of a human body are directly mea-
sured in order to obtain accurate results, but there
is no such data available for Vietnamese joint char-
acteristics. As a result, an approximation solution is
needed to scale joint properties, and Untaroiu® sug-
gests a formula for this purpose:
Micateq = Ay A Myypria (11)
where A, Ay A, are determined from geometric scaling,
Mjcateq and Mpyriq are moment and force curve re-
spectively.
Using Equation (11), moment and force curves can be
scaled to match Vietnamese dummy’s joint properties

in a reasonable way.
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Figure 3: Result of geometric scaling where Hybrid 11l 50" is the one with red head, and Vietnamese dummy is

the other

HEAD INJURY

Pedestrian head injuries are the main causes of pedes-
trian fatalities and disabilities in pedestrian to mo-

tor vehicle collision”.

The mechanisms and behav-
iors of pedestrian head in collision are unpredictable
in real cases. In spite of the development of automo-
tive safety industry, the only injury criteria in wide use
is the Head Injury Criterion (HIC), which was devel-

oped in the 90s.

Head injury criterion

The Head Injury Criterion (HIC) was first idealized
in 1961 by Gadd in his research. He also developed
his criterion — Gadd severity index (GSI). After that,
it was truly finalized by Versace (1971), which known
as a function of average linear acceleration correlated
to the Wayne State University tolerance curve. But
it was first only published widely by the US National

Si108

Highway Traffic Safety Administration (NHTSA) and
is expressed as:

o 2.5
/a(t)dz] (h—1) (12)

where t; and t;: two arbitrary times during accelera-

HIC:max[
h—1n

tion pulse. Linear acceleration a is a function of time
(seconds), which measured in multiples of gravity ac-
celeration (g’s).

The average linear acceleration a of a(t) between two
phases t; and t; can be expressed as:

— 1 5]
a= / a(
n—1 I

And the head injury criterion (HIC) can be calculated

t)dt

as:

HIC = max(t] ortp)

X {(Iz —1) Lz 1;1 /tltz a(t)dt:| 2.5} 03
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where HIC is the maximum value between the impact
time #, and f; of the brackets {}, while the index 2.5
based on the real case accidents.

Since the HIC index had an important part in auto-
motive safety industry, there are still some limitations
on HIC as an injury severity criterion such as:

- Rotating acceleration of head is skipped.

- Only hard contacts are taken into account.

Abbreviated injury scale

The Abbreviated Injury Scale (AIS) shown in Table 2
points out risk of fatality for a given injury level corre-
lated to the head injury criterion (HIC). There are six
injury levels from 1 (minor injuries) to 6 (fatal, non-
survivable).

RESULT AND DISCUSSION

When a car hits pedestrian, there are two factors that
need to be considered: accelerations and the head in-
jury criterion. According to the limitations of HIC in-
dex, only linear acceleration is taken into account. For
this research, angular acceleration is not a serious de-
ficiency, since the mechanism of head in the first stage
of impact (car hitting to pedestrian) likely moved lin-
early.

A simulation with the original Hybrid III 50/

Per-
centile was conducted to compare the result with IA-
dummy - the FE modeled dummy based on a dummy
built by Elmasoudi®. The IA-dummy is a 50" per-
centile male dummy so we can correlate the result
from our simulation to their experiment data to vali-
date the right methods of our simulation setup. Sim-
ulation results are presented in Figure 5 and Figure 6.
According to the simulation comparing to experi-
ment results from Figure 6, the acceleration trends in
x-direction of simulation likely to exact from experi-
ment data. The peak data of both acceleration results
are around 70 - 90g’s.

Moreover, resultant acceleration following time is
plotted in Figure 7. HIC calculated by using Equa-
tion (13) and obtained by LS-DYNA has similar value
of 427, which is closely matched to result in research
of Elmasoudi on the pedestrian impact dummy®. Ac-
cording to Table 2, the HIC = 427 could correlate to
AIS = 1, which means there’s no any severely injured
to pedestrian.

CONCLUSION

A dummy with Vietnamese biomechanical character-
istics named V-Dummy is created by applying geome-
try, inertial properties and joint properties scaling al-
gorithm on Hybrid III 50th dummy. Numerical sim-
ulation approach is also validated. HIC in case of

sedan- Hybrid IIT 50" dummy crash at 40 km/h is
comparable with other experimental and numerical
simulation results which are published. However, if
Hybrid I11 50" dummy is represented for Vietnamese,
the result is underestimated the risk of head fatali-
ties. Therefore, V-Dummy will be applied for further
study.
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Table 2: The correlation between Head Injury Criterion and Abbreviated Injury Scale ©

HIC AIS Level of head injury - brain concussion
135-519 1 Headache or dizziness; light brain or cervical injuries
520 — 899 2 Concussion with or without skull fracture; less than 15 mins unconsciousness;

face/nose fracture

900 - 1254 3 Concussion with or without skull fracture; more than 15 mins unconsciousness,

but without severe neurological damages; no damages of spiral cord
1255 - 1574 4 Skull fracture with severe damage injuries

1575 - 1859 5 Concussion with or without skull fracture with hemorrhage and/or critical neu-

rological damages; unconsciousness greater than 12 hours

> 1860 6 Non-survivable
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Phuong phap thay dai kich thuéc va ki€m chiing mé hinh phan ti
hiru han ctia hinh nhan hoc trong moé phong an toan va cham xe 6
to.

Ly Hung Anh"2”*, Nguyén Dinh Bdo'2, Nguyén Anh Huy'2
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D4 vdi nghién cliu cac vu tai nan xe 6 to - ngudi di bo, cé hai phuong phéap phé bién cé thé ducc
st dung: tién hanh cac thir nghiém va cham véi hinh nhan that va mé phong céc vu tai nan xe hoi
trén may tinh. Cach dau tién van thudng dugc tién hanh va cho két qua tét so véi tac dong thuc
té cla xe; tuy nhién, nhugc diém clia no la thiét bj thar nghiém rat dat tién va thudng ton nhiéu
thai gian hon cach sau vi sau méi lan thi nghiém, cac thiét bi thir nghiém cling nhu hinh nhan
can dugc stra chira va hiéu chinh dé sdn sang cho lan thir nghiém tiép theo. Do d6, mé phong
thir nghiém va cham bang phuong phap phan tir hitu han ngay cang phé bién trong nganh cong
nghiép 6 té vi tinh kha thi va tiét kiém chi phi. Phan 16n cac mé hinh hinh nhan phan ti hiu han
duac st dung trong mé phéng va cham. Béc biét, hinh nhan Hybrid Il 501 thudng dugc st dung,
mo hinh nay dugc xdy dung dua trén chiéu cao va can nang trung binh clia nam gidi Bac My. Vi
vay, can phai phat trién mot thuat toan ty 1& dé chia ty lé kich thudc tham chiéu thanh kich thudc
mong mudn ma khong can xay dung lai toan bd mé hinh. Trong bai bao nay, hinh nhan Hybrid Il
dugc cung cdp bdi LS-DYNA dugc thu nhé cho pht hap véi dac diém nhan chiing hoc clia ngudi
Viét Nam. Thuat toan lay ty 1& dugc thuc hién bao gém hinh hoc, tinh chat quéan tinh va tinh chat
clia khdp. BE udc tinh muc dé chan thuong déau - chdn déng nao bang cach st dung mé phong
s6, moi tuong quan gitia Chi s6 chan thuong dau (HIC) va Thang do chéan thuong (AIS) dugc gidi
thiéu. Ngoai ra, ing x& hinh nhan Hybrid Ill trong md phdéng va cham dugc trinh bay qua cac hinh
anh theo thdi gian. Phuong phap moé phéng s6 dugc kiém chiing bang céch so sanh két qué gia
toc dau va HIC thu dugc tir nghién ctu nay véi dir liéu thuc nghiém va két qua moé phong sé trong
) . _ cac bai bdo khac.
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