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SOLIDARITATE!
SOLIDARITY!

riza sanitard globala a schimbat semni-
ficativ planurile, proiectele si activititile
personale,

priorititile  companiilor,

institutiilor, organismelor nationale si
chiar internationale (ONU, OMS, NATO etc.).
In acest context global confuz, panicat si dezorientat,

FISITA a decis amanarea principalelor sale activitati
planificate pentru acest an. Aproape in totalitate, congresele, conferintele,
expozitiile internationale de interes pentru comunitatea membrilor STAR
au fost fie anulate, fie aménate pentru anul viitor.

La data scrierii acestor randuri, pe pagina de evenimente a site-ului
FISITA mai gisim doar citeva semnale: 20" International and 9th
Americas Conference, Quebec, Canada (20 - 23 septembrie), Green Auto
Sumit, Stuttgart, Germania (19 — 20 octombrie), 2020 JSAE Congress,
Kitakyushu, Japonia (21 — 23 octombrie), KSAE 2020 Annual Autumn
Conference and Exhibition, Jeju Island, Koreea (18 - 21 noiembrie),
Automotive Tech.AD, Shanghai, China (30 octombrie — 1 noiembrie).
Plasat cronologic intre ele, Congresul International al SIAR , AITS 20207
organizat de SIAR la Chisinau, in Republica Moldova!

Riamane de vazut cum vor evolua lucrurile!

Cu putin timp in urma, de la distant, dar atit de apropiat noui (ca intot-
deauna, de altfel), Brig. Prof. Dipl.-Ing. Giinter HOHL transmite citeva
ganduri prietenesti membrilor SIAR:

Dear Romanian Friends and Colleagues,

The corona crisis has affected all areas of public and personal life and especially
industry, and as a result, also the automotive world. Thus the question arises:
“How is the auto industry responding to the coronavirus?”

The production of cars and trucks has ground to a halt around the world and
automakers have stopped almost all assembly lines. The European automotive
community has reacted to the spread of the novel coronavirus (COVID-19) as
the automobile manufacturers have either reduced production or temporarily
closed it down. In addition, teaching at the universities has been disrupted
and research activity greatly reduced. Showrooms have been closed. Vast

automobile factories, which normally produce hundreds of cars every day for
sale here and abroad, have been standing idle.

Fortunately, after many weeks in isolation, we are now seeing some light at
the end of the tunnel! The number of infections has decreased. The automo-
tive sector is slowly shuddering back to life. This is having an initial impact on
vehicle production and sales. Production is slowly starting up again and social
life is being made easier step by step.

In these times of limited personal contacts, media in printed or electronic form
have a special task. The SIAR magazine “Ingineria automobilului” fulfils this
task in an excellent way. I also had the honour once to publish an article in
the SIAR magazine. The contributions are at a high scientific level, of general
interest and reflect research activities in Romania and other countries.

In these difficult times, the Society’s periodical “Ingineria automobilului”
magazine sends positive signals that the Romanian automotive community in
production, research and academia still exists and is increasing its activities
step by step.

I am sure that after these restrictions, SLAR will start up the life of the Society
again with significant events and information for its members. I wish all the
readers of these magazines that they will survive the crisis safely.

Best regards,

Prof. Giinter HOHL

Past EAEC President, Past FISITA Vice President Europe
Vice President of the Austrian Society of Automotive Engineers
20.05.2020

Din depirtare, primim expresia solidarittii inginerilor de automobile
prin cuvintele celui mai indreptatit reprezentant al comunitatii europene
de ingineri de automobile — dl. Ginter HOHL!

Ti multumim si ii transmitem, la randul nostru, gindurile cele mai bune,
impreund cu speranta unei revederi cu membrii societatii noastre cit mai
apropiate in timp!

Prof. dr. ing. Minu MITREA
Secretar General SIAR
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MODELING AND CONTROL OF AGTIVE SUSPENSION WITH MATLAB
MODELAREA Si CONTROLUL SUSPENSIEI ACTIVE FOLOSIND MATLAB

Fig. 1. Suspension models

1.INTRODUCTION

The dynamic features of the vehicle, such as ride comfort and steering stability
can normally be improved by the suspension system[1]. Passive suspension
systems used in automotive applications are simple in design and economical,
but can generate an uncontrollable damping force created in the system[2].
The dynamic behavior of passive suspensions for vehicles is firstly determined
by the choice of the damping coefficient of the shock absorber and the stiff-
ness of the spring. Different aspects are taken into account when choosing
these parameters. One thing is that, the driver must always have control over
the vehicle to ensure safety[3]. The trade-off between comfort and safety
of the vehicle is very difficult to achieve. For driving safety, it is extremely
important to ensure the constant contact of the vehicle’s wheels with the road
surface. This determines the high depreciation coefficient. These contradic-
tory requirements can be overcome by using active suspensions. To ensure
optimum vibration isolation for passengers, the suspension’s damping proper-
ties must be changeable in the operating state. Currently, many car companies
offer adaptive shock absorbers or active suspensions. The active suspension
offers more comfort and handling characteristics of the vehicle but with a high
power consumption by the engine and a complicated control strategy. This
system uses pneumatic, magneto-rheological, hydraulic or electromagnetic
actuators to generate the control force.

2. THE MATHEMATICAL MODEL

To simplify the analysis we will use a quarter car model. Model is
commonly used in the design of passive and active suspensions. Figure 1
shows the two models: passive and active.

For the passive and the active suspension presented in Figure. 1
we can write the equations of motion for the two masses M_which
represents the sprung mass and M . which represents the un-sprung
mass [4].
For passive suspension:
{ MZ +b(Z,~Z)+k(Z,~-2,)=0 (1)
MZ +b(Z. -Z)+k(Z.-Z)+k(Z.-2Z)=0

For active suspension:

M,Z‘,+b,[2,—2_}+k_{2}——zu};ﬁ'
M2 +b(2, -Z)+k(Z,~-Z)+k(Z, ~-Z)=-F

where Z, Z , Z _represents the displacement, speed and acceleration of

@)

the sprung mass, respectively Z , Z , V4 . are the displacement, speed and
acceleration of the un-sprung mass, respectively b_is the damping coef-
ficient of the damper; k , k, the rigidity of the spring and the tire, F repre-
sents the force generated by the controller [S].

‘We write the Laplace transform for the active suspension equations:

Z(5)[M,s* +bs" +k,]-Z, (s)[bs+k]=F(s) (3)

Z ()b, —k)+Z [M 5 +bhs+k +k]=kZ (s)- F(s) (4)

In order to find the transfer functions we need the following terms:
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Fis) " Fis) ' F(5 " Z(s)' Z.A5) Zis)

Z(5)  Z,09) . Z2,-2, 205 Z,0) 422,

We write Laplace transformation in matrix form

[M‘,s’+b,s+k, ~(bs+k) IZ.(sl}[ F(s) ] ()

—(bs+k) M S+bs+k+k|Z(5))] [Z4-Fis)
. M btk — b5+, Lo B L [ FE | |
A [ —{b sk ) M__52+|':.: +k, +i,] et [Z.,{:}] N [Z,.fr, -FI:FI] (6) b i i
Ax=B=r=A'B= 1 AR (7)  Fig.2.System controlled by a PID controller
Pasive madel ve sctive model on slep 008
2] 1[M+hsek+k btk Fs) ] (8) T T
Z (] a bs+k, Ms +bs+k | Zk-F(s) 012 e e bl B
o — .. -
For the calculation of the first three terms we consider Z = 0, for the last
three we will consider F = 0. -
We calculate the three terms with Z = 0 |
o4 -
Z(s)] 1 M s*+bs+k +k bs+k, F&) | 9 o ]
Z, (s} A bs+k, Ms* +bs+k, |- F(s) . ]
Z (s)= F{SHMJE+b:+k:+k;}'"F(3Kb,3+k,] (10) - T . m s m &
' (M +bh +k WM .-::-I-:b +k +EV=(hs+k ¥
Z,(5) - M, s +k (11)  Fig. 3. Car body displacement for step input 0.08 m
F(s) (Ms+bs+k)M_ s +bs+k +k)—(bs+k)
5 e PO B BV FOv k), (17) epp—i—— DS
- (Ms* +bs+k M _s* +bs+k, +k)-(bs+k) ey e
04 — - m wiva |
o
Z -Ms’
w(8) _ S (13) ., |

Fis) - (Ms* +bs+k )M " +bs+k +k)—(bs+k)

of ) e ——
Z(5)-Z_(s) _ M 5" +k+ M5 (14)
Fis) (M5 +bs+ kWM, 5" +bs+k +k)-(bs+k) B 1 ]

o4l | ] } i i 1 i | i
We calculate the last three terms with F=0 1 15 2 25 3 35 4 45 5 55 [

[z,{.r]:| 1 [M_s= +hs+k +k bs+k, I 0 ] (15)  Fig. 4. Car body velocity for step input 0.08 m
Z(s)] A

g bs+k, Ms+bs+k |2k

z {3)= k,zl.[b‘.!‘-l-k,} (16) ETL T T '?h"iﬂ"lﬂ?m?ﬂw':' T T
" (M5 +bs+k WM s*+bs+k +k)—(bs+k ) e
15H iR E
S Sep
Z,(s) _ kibs+k) (17)  ef .
ZAs) (Ms*+bs+k)M_s* +bs+k +k)-(bs+k) . ]
3 H -
Z.()= KZ (M5 +bs+k) (18) WP
" (Ms*+bs+k M s +hs+k +k)—(bs+k) A 1
apl L L . : . . . " i
7 {3} k;{Mg-F: +b,,3+k,.] (19) 1 1.5 2 15 3 35 4 4.5 5§ 55 &

Z(s) (Ms +bs+k XM s +bs+k +k)—(bs+k )
Fig. 5. Car body acceleration for step input 0.08 m
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Z()-Z (5) _
Z.(5)

-k M5
(M, +hs+k M 5" +bs+k +k)-(bs+k)y (20)

Based on these equations, the two models will be simulated in Matlab /
Simulink.

3. CONTROLLER DESIGN

The automatic regulator has the role to retrieve the error signal, (obtained
from the comparison of the input size yr and the measured size y, in the
comparison element) and to elaborate at the output a control signal u for
the execution element. Depending on the law of dependence between
input and output, the regulators can be linear, or nonlinear. Continuous
linear regulators are of type P, PI, PID [7].

The classification of regulators can be done according to the type and
characteristics of the regulated process (P):

Proportional regulator (P):

This type of regulator is characterized by a differential equation:

u(t) =K al(t)

where, K, is a parameter referred to as the amplification factor (the

(21)

proportionality factor) of the regulator.
Proportional regulator - integral (PI):
This regulator combines the proportional effect, with an integral effect
integrates the deviation a(t) over time and is described by the following
relation

1 - (22)
u(r) = Ky a(t)+—[a()dr

L%

These factors K, K, are the tuning parameters of the PI type regulator and
they can be modified to a large extent, depending on the performances
required by the automatic control system. A PI controller is a combina-
tion of a P controller, supplemented with an I controller.

Proportional regulator - derivative (PD):

The PD regulator combines the proportional effect with a derivative
effect, so it derives the deviation a(?), in time. The operating equation of
a PD regulator is:

ul(f) = K'R(a{.'} +T, %] I (23)

where T — the constant of the derivative action, which is also a parameter
of tuning the regulator, which together with the amplification factor K
determines the law regulating the PD regulator.

Proportional regulator - integral - derivative (PID):

u(f)=K, [a{l‘j +lea{r}dr +T, ?} -

fo

(24)

4.SYSTEM SIMULATION

The simulation is performed using the equations and the Matlab / Simulink
software, where the mathematical equations presented above have been
introduced. The purpose of the simulation is to obtain as little amplitude
as possible for the displacement, speed and acceleration of the sprung mass.
The parameters that have been chosen for the simulation are the following.

Simulation for Step input is 0.08 m.

Table 1. Parameter Values of suspension system

M 260 [kg]
M, S5 [kg]

k 16200 [N/m]

k, 19500 [N/m]

b, 900, 1050, 1200 [Ns/m]

Table 2. Reduction in overshoot values for step road input

No Parameters Passive Active Reduction
1 Car body displacement | 0.122 0.103 15.574%
2 Car body velocity 0.568 0.532 6.338%
3 Car body acceleration 15.569 15.085 3.109%
5. CONCLUSION

The methodology was developed to design an active suspension for a car,
by designing a controller, which improves the performance of the system
in terms of design objectives compared to the passive suspension system.
As shown in the table presented, the amplitude of the sprung mass of the
active suspension was reduced compared to that of the passive suspen-
sion. The mathematical modeling was performed using a two-degree
model of the quarter car model for the passive and active suspension sys-
tem. The dynamic model for linear suspension systems was formulated
and derived a single type of controller that is used to test the performance
of PID systems.
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STUDY REGARDING THE SIDE IMPACT GONSEQUENCES
UPON THE VEHICLE OGGUPANT USING

ACGCIDENT RECONSTRUCTION SOFTWARE

STUDIU PRIVIND CONSEGINTELE IMPAGTULUI LATERAL ASUPRA

OCUPANTULUI VEHIGULULUIL, FOLOSIND UN SOFTWARE
DE RECONSTRUCTIE A ACCIDENTELOR

REZUMAT:

Lucrarea are ca obiectiv estimarea probabilitatii de vatamare a unui ocupant in cazul
coliziunilor laterale, folosind un software de reconstructie a accidentelor si un model mate-
matic cu mai multe corpuri ale unui ocupant. Aspectul cheie al acestui studiu a fost si
se recreeze interiorul vehiculului cu ajutorul unui program de tip CAD pentru a simula
cinematica ocupantilor. Prin realizarea acestui lucru, se poate analiza impactul dintre
ocupant si interiorul vehiculului. Pentru o evaluare mai bund a rezultatului studiului, am

1.INTRODUCTION
1 Alexandru fonut Because of the increasing number
RADU

alexandru.radu@unitbv.ro

of motor vehicles on the roads, the
number of accidents have risen as

well, mainly in the urban areas where

S..dr.ing. )
Daniel Dragos congestions frequently occur. To
TRUSCA counteract this, automotive manu-

= truscadan@gmail. com

~Sldring.
George Radu
TOGANEL
g.toganel@gmail.com

@ S..dr.ing.

Bogdan BENEA
“ b.benea@unitbv.ro
Universitatea Transilvania din Brasov,

Departamentul de Autovehicule si Transporturi
Str. Politehnicii Nr. 1, 500024 BRASOV, Romania

facturers implement active and
passive safety systems to reduce the
likelihood of traffic accidents and to
prevent injuries not only to the occu-
pants of the vehicles, but also to the
pedestrians, that are usually involved
in urban traffic accidents [1][ 2].

The research in road traffic motor

vehicle accidents shows the study
of the kinematic occupant behavior
of the vehicle occupants during the

collision but also the risk evaluation
of the injury level [3]. Real accident cases show that the occupant injuries
could give vital information about the impact velocity and also the initial
position of a pedestrian at the moment of impact [4].
Side-impact collisions have a higher risk of injury for the occupants of
motor vehicles than frontal or rear collisions due to the fact that passenger
vehicles have a lower potential to absorb energy in collisions. In these cases,
occupants have a higher risk of serious injury to the head and chest [S]. A
study from 2011 conducted on samples of human skulls concluded that the
fracture of the cranium can appear at a peak force of 6270 N with a secon-
dary fracture at 6400 N [6].
Blunt chest trauma is way more common than penetrating trauma and have
a percentage of 20% to 25% of trauma deaths. The cause of this comes from
motor vehicle accidents with a higher mortality that is associated with high-
speed vehicle collisions with the lack of seat belt use. The main components

of the chest wall are as follow: the rib cage, costal cartilage and intercostal
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folosit modelul multibody fard centura de sigurantd pentru a studia potentialul maxim
de vatdamare. Rezultatele aratd o crestere a vitamdrii capului ocupant si a zonei tora-
celui odatii cu cresterea vitezei de impact a vehiculului. Simuldrile au ardtat un impact
al capului cu geamul lateral si, de asemenea, la vitezd mare, impactul toracelui cu planul
lateral.

Key-Words: Simulation, kinematics, accident, thoracic injury, head injury, multibody,
interior DXF

musculature. The blood
supplied and innervation
to the chest wall travel by
bundles,
comprising of intercostal

neurovascular

artery, vein, and nerve
that course at the inferior
border of each rib [7].

Chest force limits have
been deducted to be
around 1340 - 1780
N with static load on a
thoracic surface of 180
cm2. Tests concluded
that for a velocity of 27
km/h, a contact force
of around 6000 N is
that deter-
mines a chest deflection

1,046 m
produced

Fig. 1. Simulation position of the vehicles
of 4.3 cm that can result  with an offset from the CG of 1 m

in rib fractures [8][9].

2. OBJECTIVES

Objectives of the paper are focused on occupant injury probability based
on simulation results from the road vehicle accident reconstruction
software. By this medium, one objective was to simulate a side vehicle
collision at different velocities and with an offset of the collision point
in order to give the vehicle a post — impact spin effect. This is a more
accurate and more deadly that a 90 degree collision due to the fact that
the spinning effect will have a greater impact upon the occupants of the
vehicle. In order to study of secondary collisions between the occupant
and the vehicle interior, we set out as a second objective to model the
vehicle interior. The final objective was to evaluate the potential injury
level of the occupant for every velocity tested and investigate the contact
points between different parts of the body with the vehicle interior.
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3. METHODOLOGY

In order to obtain a valid result, simulations were conducted using the
accident reconstruction software called PC-Crash, used worldwide by
experts to reconstruct traffic accidents. A simulation was created to repli-
cate a side offset impact. The position of the impact is offset by 1 meter
from the center of gravity of both vehicles (CG) in order to give a spinning
motion of the struck vehicle. This way, the centrifugal force will give the
multibody model an angled direction of motion during the impact phase
striking not only the left door and window area, but the dashboard area
as well. Modeling the interior of the vehicle was achieved by the means of
CAD software and blueprints of a vehicle type sedan as seen in the figure
bellow.

The interior of the vehicle was drawn so that it is representative of the
actual vehicle interior body, the cockpit of the vehicle and the left front
door of the vehicle. This simple model will be used in the collision simu-
lation as a 3D contact plane environment for the occupant during the
collision with focus on contact points of the occupant body parts with
the interior. After creating the interior, it was saved as a DXF file format
and inserted in the PC-Crash as a vehicle drawing by positioning it inside
the vehicle by setting an X, Y and Z coordinate system so that it matches
the real vehicle.

Simulation of the multibody kinematic model was done by incorpo-
rating the occupant inside the vehicle and adding the possibility of
contact detection between the model and the dxf interior. By doing
this, during the simulation, contact forces will be calculated on impact
of the multibody model with the dxfinterior. For the case studied, the
occupant was unbelted in order to study the maximum injury poten-
tial during the collision as well as analyzing the trajectory of each body
part during the spinning motion of the vehicle. Position of the occu-
pant inside the vehicle is presented in the figure below, as well as the
dxfinterior.

Positioning the occupant was a crucial step in achieving valid results for
the simulation. The occupant was set as the vehicle driver on the left side
as in can be seen in the previous figure. The important aspect of this was
that during the simulation, parts of the occupant body move in accordance
with a real human and hit the side window as well as the dashboard. After
the positioning of the driver, simulations of the impact can be achieved
at different velocities. We chose the following velocities, starting from 20
km/h, 40 km/h and up to 120 km/h. By this mean, we can successfully
evaluate a wide range of traffic accidents, starting from slow collision and
up to high velocity collisions.

4. RESULTS

Results of the study focus on data provided by the simulation software
for the multibody occupant and less on the data from the vehicles. We
were interested on aspects regarding parameters that are linked to the
multibody in order to evaluate the outcome of the accident and its
consequences upon the occupant body. Also, as a secondary interest
to the simulation was the kinematics of the occupant during the colli-
sion with emphasis on direction of movement for the body parts in the
impact phase and the points of impact between them and the interior of
the vehicle. A visual representation of this is presented in the next figure
where we can observe the contact points between the multibody model
and the dxfinterior of the vehicle.

This contact point analysis will be studied for each velocity the accident
was simulated. Important areas that have a direct influence with the injury

Fig. 2. Vehicle interior DXF

Fig. 3. Positioning the interior dxf along with the multibody occupant model

Fig. 4. Points of contact between the occupant and the interior of the vehicle

9
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level of a occupant is the head as well as the torso. The contact point will
provide a good representation of the occupant kinematic during the
impact.

The vehicle velocity variation is presented in the next figure and it repre-
sents the variation of both vehicles, the striking vehicle and the hit vehicle.
Both vehicles are clearly represented by the values of the velocity where
for the striking vehicle, the velocity drops from the maximum value to
the lower post-impact velocity and for the hit vehicle, the value rises from
zero up to a maximum post-impact velocity.

The maximum values of the velocity where the set tested values (from 20
km/h and up to 120 km/h) for the striking vehicle. It can be seen that the
velocities equalize at the point of 0.0S second of impact.

In order to better understand the outcome of the accident on the occu-

pant, parameters for the multibody were extracted from the simulation

software and presented in the next figures. The parameters of interest
were focused on two areas where most injuries occur, the occupant head
and torso area. The figure bellow presents the variation of the head accele-
ration value for each collision velocity tested.
Since in this type of accident, the occupant movement has a linear type of
motion, translation on the Y-axis, the values of acceleration is presented
for this axis only since on the X and Z axis were low and considered negli-
gible. The graph show that the increase in acceleration is linear with each
increase in vehicle collision velocity registering a maximum peak of 760
m/s2 at the maximum tested velocity of 120 km/h. The maximum peak
values were marked and presented in the table below.
While the value of acceleration was high at peak level, the length of time
when this values was registered was short (under 20 ms) that concludes
from this point of view that the acceleration values, even though there
are high, the time is short giving a low injury level resulting just from the
acceleration value standpoint. Another parameter of interest is the acce-
leration level of the occupant torso presented in the next figure.

Similar to the previous parameter, only the Y-axis acceleration was taken

into account. The results show that the values are higher that on the head
level, reaching a peak of 1230 m/s2 for the maximum tested velocity of
120 km/h. Even though in this case the values recorded were high, the
length of time was short just like in the case of the head (under 10 ms).
Also, for the lower velocities, under 60 km/h, the peak values were low
(around 200 m/s2) for the torso area.
A more important parameter of this study was the contact force values
between the head and the interior of the vehicle. This is representative
of any traumas that can occur by the impact between the head and the
side window. This means that values of the force can indicate any potential
skull fracture that can lead to internal head hemorrhage. The head contact
force is presented in the figure below.

The results show that in this case the force value have a linear increase

Table 1

Tested velocity [km/h] Maximum peak acceleration value [m/s2] Length of time of[trl‘:]peak acceleration
20 150 20
40 256 10
60 420 10
80 495 11
100 610 9
120 760 8
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with each velocity tested. The maximum force value of 4490 N registered,
was at the maximum tested velocity of 120 km/h. Studies showed that
skull fractures appear at a much higher contact force of about 6270 N, in
the case presented, the value is 28% lower than the fracture value, it can be
said that low injuries can occur without head trauma.

The last parameter to presented was the torso contact force with the vehicle
interior that can give valuable information about any possible injuries that
can occur in the torso area such as rib fracture, chest deflection and internal
hemorrhage. The results are shown in the graph bellow.

From the results of the simulation we can observed that for the lower velo-
cities ( under 60 km/h), the values were low due to the fact that the head hit
the side of the interior first and the force was transferred only to the head.
At higher velocities, the torso hit the side of the interior first, and the head
second. This means that the full force of the collision was transferred to
the torso area that can suggest increased thoracic injuries such as multiple
rib fracture and also internal hemorrhage generated from rib fractures and
punctures of the internal organs. Studies show that on a low speed collision
of 27 km/h, the torso value was 6000 N generating minor rib fraction. In
this case study, at low velocities, the force values were under SOO0N, but at
high velocities, force values were very high, with a maximum of 35 kN at
the highest velocity of 120 km/h. Occupant kinematics during the impact
and post-impact phase were also visually analyzed and presented in the next
figure. By the results shown above, we did expect to observe that at high

velocities, the torso hits the side vehicle interior first.

Fig. 10. Occupant kinematic for each velocity tested

The visual representation gives a good perspective on the kinematics of
the occupant during the impact phase of the collision. At lower velocities
(20 km/h, 40 km/h and 60 km/h) we can observe that the head hits the
widows area first, followed by the upper limb and torso. At higher velo-
cities (80 km/h, 100 km/h and 120 km/h) the upper limb and torso hit
the side of the vehicle followed by the head. The fact that the torso hits
the side of the vehicle first can mean that head fractures (that are most
common in traffic accidents) can be reduced, but increases the chance of
internal thoracic hemorrhage.

5. CONCLUSIONS

This study concludes that in the case of side vehicle collisions, the outcome
can be sever for the driver occupant at high speed, when he is not wearing
a seatbelt. The results show that at low impact velocities, under 60 km/h,
possible injuries can occur on the head area given by the force contact
values between the head and the side window of the front door of the
vehicle. In these cases, the torso registered low values due to the fact that
the head hit the side first and not the torso. Possible injuries suggest minor
head trauma and external hemorrhage. At high impact velocities, over
60 km/h and up to 120 km/h, high force values were registered on the
torso area given by the fact that the torso hits the side door of the vehicle
first, followed by the head hitting the side window. In this case, the values
suggest lethal injuries for the occupant in the chest area such as: multiple

rib fractures, internal organ puncture and internal chest hemorrhage.
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INTRODUCING MODULARITY STRATEGY IN NEW PRODUCTS
DEVELOPMENT (CASE STUDY: IRANIAN AUTOMOBILE INDUSTRY]

INTRODUCEREA STRATEGIEI DE MODULARIZARE iN DEZVOLTAREA
PRODUSELOR NOI (STUDIU DE CAZ: INDUSTRIA IRANIANA DE AUTOMOBILE)

REZUMAT:

Dupa revolutia industriald, au fost introduse principii noi care permit o mai bund gestio-
nare a productiei si actiunilor pe durata ciclului de viata al produsului. Astfel, princi-
piul standardizdrii a fost introdus de Henry Ford, fapt ce a permis configurarea unor
produse diverse folosind seturi de mecanisme comune. In proiectare, strategia cunoscutd
sub numele de modularizare a fost dezvoltati in anii ‘80. In prezent, modularizarea si

1.INTRODUCTION
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the business can expand a range of
distinct goods [3]. By comparing
the multi-product strategy based

on family products that share a
common modular, it has been proven to be an effective method for many
productions. Specifically, the following benefits are highlighted in the
NPD method: Improved speed, reduced cost, increased reliability and
greater diversity in the product development process, as well as reduced
management difficulty, and improved flexibility in corporate strategy [2].
The primary identified benefit is speeding up in NPD. Wheelwright and
Clark defined the position of long-term NPD based on strong modularity
documentation, which enables rapid product updates and upgrades [3].
In this approach, companies are able to successful in closing the technical
gap against rivals or creating longstanding management. Through the
1990s, Block & Decker added a modularity concept to developing their
original produce lines. Their success stood adding four new goods per
month [2].

Additional large success stays reducing NPD costs. In the automobile
manufacturing, for example, the supposed «global automobiles»
are introducing global business models by customizing the regional
market, all of which share a particular product modular. The situa-
tion is broadly recognized that this strategy necessarily means saving
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standardizarea sunt instrumente semnificative in dezvoltarea de produse noi, permitind
economii semnificative in configurarea familiilor de produse si simplificarea solutiilor
constructive. In acest articol sunt prezentate aspecte privind adoptarea strategiei modulare
in dezvoltarea de noi produse, cu aplicatii in industria iraniand de automobile.
Key-Words: New Product Development (NPD), Product Planning, Modularization,
Modular, New Product Design and Development

on product development and production costs [4]. As a result, Dura-
bility developed unique of the key functions that determine the great
achievement of this particular produce domestic in the marketplace.
A further consequence of the implementation of the modular strategy
is to increase the quality of the module’s lifespan, and therefore, reli-
ability will be one of the key functions that determine the countless
achievement of this particular produce domestic in the marketplace
[4]. A similar example from Sony illustrates how product increase
diversity in the market while produce reducing line diversity simulta-
neously. In the individual stereo section, at 1989-1990, Sony offered
twenty-four diverse lines in the United States and eighteen diverse
lines in Japan, which performed better than any other competitor.
The same models were derived from the individual produce domestic
and shared the same know-how [4]. Modularity rise corporate flex-
ibility by increasing and decreasing. In fact, the modular approach
enables aggressive market strategies because of the reduced costs and
time complicated in the progress of derivative new products. The
instance of Compagq illustrates an interesting in which the corporation
goes beyond penetrating an elementary modularity complete diverse
marketplace sections. Specifically, the corporation has expanded its
“base position” modular into customer sections and performance
levels [2]. Modularity can be very difficult because the product must
meet both the needs of the market and demonstrate differentiation,
although at the similar period having to be industrialized and manu-
factured at small price. Modularity also influences the development
process and has an important effect on the organizational structure
of companies.

The modularity concept has already developed a competitive importance
in the automotive business, and numerous companies implement and
apply this concept with varying interpretations and degrees.

2. CONCEPTS

2.1. Architecture of product

The first approach enclosed in this article is the concept of architecture
of product. Architecture of product was first presented by Utterback
and Abernathy in 1975 [5], and then a large number of other researchers
widely adopted it and developed it [3][6][7][17]. Product architecture,
with Ulrich’s view [8][10][11][16], was defined as «the design by which
the product function is assigned to physical components> or «the design
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of functional elements; the mapping of functional elements to physical
components; the characteristics of interfaces between physical compo-
nents ».

2.2. Modules

The module has been defined as a major collection of mechanisms that
are actually intelligible with a subsystem. That most have standard of
boundary designs. Modules can be shared across diverse products; none-
theless they can similarly be specific to each specific typical.

Modularity suggestions numerous benefits [9].

They are including:

« The possibility of producing different types of products that need one a
incomplete bounded on manufacturing processes;

« Narrow reproduction of parts;

« Increase efficiency for the reason that numerous pre-assembly processes
are eradicated;

« More efficiency and quality of mechanization.

Modularity can likewise be a complementary stage for modular adjust-
ment because from the customer’s perspective, this stage can be distin-
guished to a high degree of productivity. In addition, modularity is also
important for supplier relationships, helps to reduce costs and make the
supplier responsible for the whole development. It is also significant
throughout the assembly stage of the module [12].

However, the modularity strategy has some disadvantages. First of all,
the problem is defining the modules and organizing the options so that it
solves the problem of integrating components.

A small number of modules are «standalone>. Most need exact design
of interfaces.

As a result, architecture of automobiles is nevertheless much locked. The
automobiles can have some extent of modular architecture (open) or
complete architecture (closed). Presenting modular architecture into the
automotive industry mean components necessity be designed for open
modular architecture, which typically mean higher prices and weightier
cars, which have undesirable factor [13].

The modular can as well as be viewed as of an organizational viewpoint.
Fundamentally, the modular provides a cross functional team devel-
opment tool in NPD. This team can be technical policymaking, or in a
broader sense, also responsive to business concepts. Technical metrics are
usually prioritized when end-products are split into enterprise modular;
as regards marketplace sections and source capacity are also significant.
There will likewise be numerous resemblances among diverse modular s.
As aresult, the organizational and methodological features of the modular
will overlap well.

The connection among modular organization and produce innovation is
too crucial. Technological innovations typically come from progressive
engineering centers, but modular team’s duty incorporate persons innova-
tions into expansion plans. On the other view, the modular team is natu-
rally answerable for together the product approach and the general recital
of the automobile [13].

3.RESEARCH DESIGN

This article is part of a study plan on the impact of architectures and
modularity on the NPD process and purposes to describe a straightfor-
ward agenda for modular decision-making and evaluation finished an
experimental research of how companies confront with issues. The main
research questions go beyond the following three main aspects: modu-
larity as the physical structure of the product; modularity strategy; and
modularity organization.

3.1. Modularity as the physical structure of the product

Q1I: Given the complexity of the modular product, how is it technically
defined?

Q2: How does the modular relate to other produce scheduling models
such as product architecture?

3.2. Modularity strategy

Since modularity strategy involves some product standardization, how far
tin can the business drive with a standardization methodology without
product combination?

How does the modularity strategy efficacy the internationalization of
research and development processes of automotive industry?

3.3. Modularity Organization

What method of association is there among modularity development and
product innovation?

This Study will attempt to response these problems over and done with
experiential indication. It is organized by way of follows: First, a descrip-
tion of the modularity is provided and the essential arrays that organiza-
tion follows are identified. Next, it provides functional analysis for the
modularity development then describes the main features and problems
of the modularity strategy. Also, possible correlation analyzes between
modularity development and product architecture is deliberated. Finally,
a summary explanation of the modularity organization and its linked
features is provided.

4.MODULARITY IN THE AUTOMOTIVE INDUSTRY

In the circumstance of vehicles, the modularity base definition is tech-
nically included under the body and finely tuned (with axles, excel).
Sub-body includes front, under-floor, engine compartment, and
car skeleton (under-body reinforcement). When we start from this
substantial pattern of understanding the modularity, three descrip-
tions can stand said about Korea companies: accurate, extensive, and
flexible.

4.1. Modularity Definition in Corporation X

Modularity X is clear as per: Chassis & Body, with power Transmission
System

4.2. Modularity Definition in Corporation Y

Company Y Modularity is defined as per: Chassis & Body, power Trans-
mission System, Fuel System

The aforementioned should be eminent that the definitions of Company
X and Company Y have a relatively conservative approach. That is, using
the usual manufacturing of the automobile base without main variation in
the Company structure.

4.3. Modularity Definition in Corporation Z

At Modularity Z, the company defines the following: Chassis & Body,
power Transmission System, Engine, Combustion Chamber, Fuel System,
Steering system, and exhaust system with an «aggressive» methodology
or an additional extended modularity strategy with substantial effect on
NPD performance and Company organization Z.

‘What matters is that:

1) Are modularity even usable with the same custom templates, even with
slight modifications?

2) Whether the modularity allows the production line to apply without
most important correction.

By these limitations, the modularity can utilize a composition of compo-
nents for instance undercarriage Chassis X, Body Y, and so on. Malle-
ability must as well deal by interactions.

The same modularity can be jointed with diverse Transmission System.

13
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Therefore, NPD should take into account the risk of weight gain on the
chassis when combining big Transmission System.

S.EFFICIENCY ON THE MODULARITY

Modularity strategy was developed in the form of a request for simplifica-
tion of NPD plan in the first of 1980s; it was the year that nearly all corpo-
rations confronted the must to accomplishment modularity strategy.
Iranian Automotive industries are at this time at various phases of devel-
oping their modularity strategy.

The core whys and wherefores for the development of the modularity are:
« Reduce costs;

« Product Development Productivity; and

« Reduce the processing time (the time between deciding to produce a
particular commodity and starting production).

Each corporation has described cost decreases after adopting a modu-
larity strategy, especially in the industrial situation. Specifically, subdivi-
sion among models will outcome in a 40% decrease in core investment,
especially in welding tools. Due to product development productivity,
modularity allows samples to be industrialized and investment reduced
for monitoring and measurements of products. Major decreases in NPD
processing time can be present attributed in particular to an additional
developed methodology to defining modularity. Processing times for
product development can be reduced by up to 5% [14]. Improvements in
the delivery time marketplace are thinkable for the reason that the devel-
opment of a rigid, modularity is, as of a scientific experience standpoint,
separated from the development of the vehicle. Therefore, performance-
based competition brings NPD into a different point, involving significant
inside organizational ups and downs along with changes in relationships
with the external global.

6. ARCHITECTURE OF PRODUCTION AND MODULARITY
As of a practical perspective, by significant implications for the NPD process
and complete function, the relationship flanked by modularity strategy and
product modulation and production architecture necessity is practical [15].
6.1. Modularity Development

Connection among Modularity development and modularity architec-
ture is low, apparently for two key explanations: cost and malleability.
6.1.1. Cost

Modularity development (with power Transmission System, and chassis)
justifies 5% of the total cost of automotive development. Therefore, the
side cost investments via modularity development are not many impor-
tant and are not approximately equal through the cost of modularity
development.

6.1.2. Malleability

Modularity can present malleability whether complete cost-effective-
ness is elicited and malleability need be preserved by model variations.
Then again, modularity can be a helpful in simplifying manufacturing
.Modularity methodologies is exactly diverse. Some companies use small
modules, while others anticipate a powerful endeavor in this path in
the after time. The trend towards modularity is related to a more devel-
oped methodology to modularity development, one that reinforces the
approach of modularity (Company Z). Corporation Z has got project to
implement modularity for car Steering system, and exhaust. But, modu-
larity is not linked to supplier innovation. The goal is to enhance the
quality and ability of sub assembling within the corporation. In other
corporations, determinations are being made to simplify the vehicle and
are strongly linked to modular strategy. For the Steering system, to main-
tain product integrity, the procedure of shared pieces and, at the same
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time, diversity is perfectly balanced.

6.2. Modular Development and Architecture of Product

However, Cars have relatively shut architecture. The approach of full-
blown architecture has not yet been developed. Features that hinder the
development of extra full-blown architecture include product differentia-
tion and effectiveness. Alternatively, dramatic variations are needed in the
development procedure, especially in the product development stage.
7.MODULARITY STRATEGY

The modularity strategy relic an amount of issues, particularly the
following:

« Relationship between modularity

« Relationship with suppliers

« Relationships with subsidiaries.

7.1. Modular number and their relationship

Main decision problems include: Modular Ratio, Increasing or decreasing
modular, integrating existing modular and developing new modular. The
initial query is how numerous models can obtained as of a modular? For
most companies, for passenger cars, this ratio is usually 3. For commer-
cial car and multipurpose car, the modular ratio is usually near to 1.The
general tendency is to decrease the quantity of modular. Corporations
with additional developed modular concepts typically reduce this number
greatly. Due to the increase / decrease of the models, the tendency is espe-
cially upward for caravans. Corporate globalization also often encourages
an increase in the amount of models. Due to fast variations in customer
sensitivities, sales of various kinds of products are also more likely to
develop lightweight vehicles than passenger car modular.

7.2. Modular Development and Supplier Variations

Modularity development does not significantly Variation supplier rela-
tionships. Nevertheless, two significant features that are the subsequences
of modularity development have to be identified. The initial is about
reducing costs through modularity development, and the second is about
reducing the processing time (the time between deciding to produce a
particular product and starting production).

7.2.1. Cost Reduction

Developing a modularity means looking at integrating products as well.
They produce similar parts / components in higher volumes and, in turn,
bring the benefits of economies of scale and thus cost savings. Finally,
modularity development can affect suppliers in terms of 'supplier integra-
tion' or, in simple terms, a decrease in the amount of providers.

7.2.2 Reduce processing period

Organizational variations presented by modularity development can
have a significant effect on relations with dealers. In fact, if the product
development model changes from one of «Build a Product and modify it
later> to a «Predict and Build>»> model [10][11][15], then suppliers will
have to this. Provide and assess the components themselves, which need
be more and more standardized. The concept of combined component
development can be modified and the fusion relationship can change and
the relationship is less taken into account, a relationship where market-
place systems play a greater impress.

7.3 Link with sub companies

From the view of research, development and processes globalization,
three key tendencies appear. These three tendencies respect choices on
the amount and kind of modular to deploy in diverse areas; focus / decen-
tralize modularity development versus typical development; localization
and / or globalization of modularization. Regarding the amount and

kind of modular to be developed in diverse parts of the global, there is a
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tendency for a reduction in the amount of modular around the world, and
companies usually opt for the existing modularity integration policy. The
whole broader policy is to integrate the internal and external developed
modular. This combination is typically problematic for the reason that,
uniform at the modular level, the vernacular wants setting by the develop-
ment team is moderately robust. This is the case of Corporation X. The
aim was to develop a Korean modular in shared with Iranian models, and
then finally became autonomous. On the subject of the focus / decen-
tralization of modularity development versus typical development, the
key strategy pursued by Iranian corporations is to focus on modularity
development and decentralization of the Chassis & body or typical devel-
opment. Besides there is a very general policy with regard to the modular
localization and / or globalization: Regionalization of Modularity Devel-
opment, that is, the development of modular s specific to the every region
tow modular, since each area has a core marketplace section. This needs
integrating the current modular and involvement the modular in among
of Iran and other areas. Some limitations may influence the introduction
of modularity strategy. The first limitation relates to the lifecycle. In the
meantime models resulting from the same modular are in the right place
to diverse lifecycle, developing them as of a single, standalone modular
can be problematic. Likewise, modularity development is lone possible
when it is stable over additional than one typical set, thus the modularity
lifecycle is a choice that needs to be carefully succeeded. In addition,
corporations need to address the variances among deployed modular in
dissimilar areas and replicate prototypes, which require a re-integration
policy between internal and external deployed modular s. From this
perspective, the inconsistency of model changes across regions does
not support modularity strategy. A country’s laws will also undermine
the development of the standard structure, which could be abandoned
accordingly of the outline of novel laws and protocols. In the meantime
modular are standard components of a produce, modular can be consid-
ered the outcome of together developed schemes. Combined develop-
ment includes additional Iranian corporations and external corporations.
Up to now, the development of a common modular has been restricted
and affected by the key strategy of needing a solitary modular in each
area. At Iran Khodro Company (IKCO), a modular is being shared with
Peugeot.

8. MODULARITY ORGANIZATION

The term modularity organization affects the NPD process and the organ-
ization arrangement pursued. Depending on the development proce-
dure, the key characteristic of the sub-body / upper body development
is the separation. In fact, equal to 5% of the chassis can be developed self-
sufficiently. This enables dissociation of modularity development from
typical development. By separating modularity development and typical
development, model development can be reduced to 15 to 20 months.
Prior to the outline of the modularity strategy, in attendance was invol-
untary proof of identity of the modular and typical at the start of the
development procedure. Modularity strategy justifies more malleability
and when there is a need to make a decision about developing a original
model, there is additional autonomy to choose a modular. Alternatively,
the modular strongly affect the user-proposed vehicle status. Therefore,
modularity development should be near to general thought develop-
ment. The next significant subject is the relationship between the current
modular and the development of the different modular. Until now, the
fundamental design has been to get modular from new produces and then
to get models from that modular. This needs acceptance and makes it

problematic to integrate the overall idea of the modular. In effect, corpo-
rations with a broad description of modular require having a general idea
of the modular in the overall process of corporate development. Referring
to the structure of the organization in modularity development, the key
subjects are the link among modularity development / typical develop-
ment and issues among modularity development and product innovation.
Iranian corporations seem to have implemented very diverse methodolo-
gies that cannot be simply analyzed in relations of conventional organiza-
tional models. Despite corporations, whether those with a wide descrip-
tion of modular or those that did not, modularity development is same
near to typical development. The Modularity team’s «companionship>
varies greatly from company to company.

We must bear in mind the detail that the actuality of integrated, integrated
organizational arrangements, the credibility of which container be recog-
nized, is a deterrent to the experience of new arrangements, for instance
those on the modularity team. In all reason, innovations are generally
obtained from radical engineering centers and developed singly from
modularity development. Therefore, in the broad definition of a modular,
the modularity this one will be developed using progressive engineering
funding, resulting in a greater integration of core components, which in
the definition of the modularity itself is more valuable than the techno-
logical perspective.

9. CONCLUSIONS

Adopting a modularity strategy is motionless a continuing development.
Each corporation views modularity strategy as a main subject in their yet
to come national and international policy. In spite of this, there are signifi-
cant variances among companies in defining what the modularity actually
is, and subsequently there are variances among development procedures
and organizational arrangements. The strong competitive potential of the
modularity strategy has been identified in relations of enhanced perfor-
mance. Overall, the main benefits of modularity development are able to
understand in budget savings. Nevertheless, it is conceivable to see how
a additional evolving concept, opening from the wider description of a
modular, will define the profits of reductions in processing time for the last
product development. Modularity has a significant effect on the develop-
ment procedure by means of the split-up among NPD and typical devel-
opment creates a new approach of understanding NPD, which progres-
sively more splits the technical element of the modularity from mode and
aestheticism. As of this perspective, it turned out that the description of a
modular must be narrowly related to the overall idea of the product. The
modification of the product arrangement, which was created as a outcome
of the outline of the modularity strategy, seems to be rather partial, and the
architecture of product and modularity must be better assessed on diverse
strictures. At all change in architecture of product should be understood
in conjunction with the development of models that provide standardiza-
tion of the crossing point of the essential elements of the produce, though
modulation of all the above-mentioned benefits makes clear in relations
of simplifying manufacturing processes. Finally, modularity strategy has
a significant impact on global NPD and corporate processes manage-
ment strategy. Decreases in the number of modular around the world and
the progress of a modular specific to a region are valuable benchmarks
attributed to product standardization. Developing collaborative vendors
based on a developing collaborative modularity is also a good indicator of
increased knowledge and skill exchange between companies. The presen-
tation of modularity strategy has importantly enhanced the possible for

modification. This article has search to illustrate the impact of adopting
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a modularity strategy that can have an impact on the NPD process. The the use of the modular overall thinking.

outline of modularity strategy also has an impact on corporate perfor- Finally, an evaluation ought to similarly be through among the Iranian
mance. As a result, the typical relationship between organizational methodology and the methodology of other countries in the automotive
options and the competitive advantages that are achievable needs to be field, which are more organizational-based, nevertheless are perhaps less
further explored. In addition, it is necessary to look for factors that reduce  active and violent in relations of function, especially over time.
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MULTIBODY MODEL ADAPTATION FOR SIMULATING HELMET
AIRBAGS IN VEHICLE-CYGLIST ACCIDENTS

ADAPTAREA MODELULUI MULTICORP PENTRU SIMULAREA AIRBAGURILOR
GASCA IN CADRUL ACCIDENTELOR VEHICUL-BICICLIST

REZUMAT:

In acest studiv un model multicorp de airbag cascd a fost dezvoltat in PC Crash si utilizat
pentru simularea unui test de impact vehicul-biciclist. Airbagul casci a fost generat in
forma sa declansatd ca un ansamblu compus din patru corpuri articulate, fiind astfel
utilizat pentru simularea testului experimental. Modelul airbagului cascd a fost atasat
modelului multicorp al biciclistului prin intermediul unei articulafii fixe reprezentind
sistemul de prindere prin fermoar prin intermediul cdruia sistemul airbag este solidarizat
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for vehicle occupants. Recent designs
such as the external airbags for vehi-
cles, helmet airbags or vest airbags,
have significantly increased the safety
potential of vulnerable road users.
Besides offering passive safety in road
accidents, airbags are also currently
used in protecting vulnerable body
areas of old people in case a fall or
other similar non-human natural

movements occur [6].

Helmet airbags have been devel-
oped in order to improve cyclist safety during falls or collisions with
vehicles. The development of these types of systems was done since
there were indications that the traditional bicycle helmets are not suffi-
ciently effective [3]. The form of the airbag is similar to a scarf and
it is worn similarly around the neck. The system is comprised of two
airbag components, which upon inflation cover the neck and almost the
entirety of the head except the face in order to allow vision. Other system
components are the trigger, the external waterproof collar and the rear
casing which houses an electronic card, the inflator, a speaker and a USB
user interface [7]. The trigger device must be manually activated before
the ride and consists of a microsensor and electronics which have a role
in preventing false positives and controlling the inflation conditions of
the airbags [1]. The inflator comprises a hybrid gas generator, a deflator
and a battery. The detection system of the airbag consists of an algo-
rithm based on artificial intelligence technology, which is continuously
improved by providing it with both accident and non-accident data [4].
According to the producers, the airbag deployment time is less than 100
ms. When triggered, the system initially deploys the neck airbag and
subsequently the head one.

A Swedish company named Folksam conducted a series of drop
tests (both vertical and oblique) using all types of cyclist helmets
available, including helmet airbags. The results showed that helmet
airbags performed nearly three times better regarding the peak head

cu gatul biciclistului. Raportat la valorile maxime obtinute ale acceleratiei capului bici-
clistului, a fost inregistratd o eroare de 4% intre testul experimental si simularea aferentd,
ceea ce aratd faptul cd modelul multicorp al airbagului cascd poate fi utilizat cu acuratete
rezonabild pentru reconstituirea impacturilor capului.

Key-Words: Cyclist impact. Helmet airbag. Helmet airbag simulation. Multibody
simulation

Fig. 1. The crash-test scene and the system used for dummy alignment and
positioning

Fig. 2. The multibody model of the helmet airbag developed in PC Crash

accelerations obtained in comparison with traditional helmets (48g vs.
175 g for a 5.42 m/s impact speed) [8]. Also, the use of helmet airbags
generated a 60% reduction in rotational accelerations in comparison
with other helmets, including MIPS helmets which are specifically
designed to mitigate head injuries which result from rotational accelera-
tion [8].

A more recent study conducted a comparative analysis between tradi-
tional helmets and helmet airbags through vertical and oblique drop
tests, which resulted in significantly reduced HIC values when helmet
airbags were used in comparison with conventional helmets, to a
maximum of 7-8 times if the airbag pressure is optimized [S]. Rota-
tional accelerations were also diminished by a minimum of 66% in most
cases compared to traditional helmets.
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Fig. 3. The helmet airbag developed in PC Crash, attached to the cyclist

These studies show that helmet airbags present a highly improved safety
potential compared to conventional cyclist helmets. In addition to their

superior safety performances, the improved aesthetics may propel helmet
airbags to become the most used safety system for cyclist in the future.
Although the use of helmet airbags by cyclists is inherently positive and
encouraged, the presence and influence of such systems during vehicle-
cyclist collisions may pose a problem for accident reconstruction specialists
and forensics, since there is no casuistry regarding such types of collisions.
Another impediment is given by the fact that at the moment, all multibody
software which are generically used in accident reconstruction lack modules
and functions which could allow the implementation of external deployable
airbags attached to the human multibody models (such as helmet airbags)
or to the vehicles (such as external airbags).
In this paper a crash-test involving a cyclist equipped with a helmet
airbag was simulated and validated in the PC Crash multibody software,
by generating the airbag using the multibody module of the program.
The method through which the airbag was generated in the program is
shown in this paper, along with the adopted characteristics of the four
bodies which compose the airbag.
2. EXPERIMENTAL TESTING
The experimental testing was carried out at the ICDT Institute in
Brasov. A vehicle-cyclist crash-test was performed for a longitudinal
front-rear impact configu-

200 ration. An Opel Corsa
vehicle, a regular bicycle
800 and an anthropometric
o dummy equipped with an
:‘f‘i 700 : y equipp .
£ activated helmet airbag
£ 600 . . were used for the exp.erl—
= — Simulation ment. A laser detection
2 500 Test system couple.d with an
E electromagnetic support
= 400 mechanism (shown in
_;:; Figure 1) were used
U 300 for  maintaining  the
R 200 dummy stationary until
f the moments prior to
100 the impact. The vehicle
impact velocity was 10.33
0 m/s and the deceleration
a 0.2 04 0.6 0.8 t E b 12 1.4 16 18 2 was 6.7 m/s®. A Fastec
5
HiSpec S high speed
camera was used to
Fig. 4. Head resultant acceleration diagram for the crash-test and simulation record the crash-test
Table 1. The defining parameters of the helmet airbag developed in PC Crash
Body Mass (kg) Dimensions (m) S(tll\lff;:;s Hysterezis s Fon et
Ground Vehicle
1 0.17 0.06x0.1x0.18 49050 0.2 0.7 0.3
2 0.17 0.11x0.04x0.18 20000 0.1 0.7 0.3
3 0.17 0.11x0.04x0.18 20000 0.1 0.7 0.3
4 0.17 0.11x0.1x0.04 49050 0.1 0.7 0.3
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Test 2

Fig. 5. The kinematic phases of the carried-out crash-test and simulation

3. CRASH-TEST SIMULATION AND VALIDATION.
PROCEDURE FOR GENERATING AND SIMULATING
HELMET AIRBAGS WITHIN MULTIBODY SOFTWARE

The carried-out crash-test was simulated in the PC Crash multibody
software. In order to achieve the validation of cyclist kinematics, a
helmet airbag representation within the software was constructed.
Theoretically, modelling the deployment of an airbag system in PC
Crash is not possible. However, this limitation can be bypassed if the
airbag representation is done in its deployed state. The helmet airbag
was generated as a multibody object attached to the cyclist’s neck,
comprising four component bodies connected through fixed joints, as
presented in Figure 2.

The stated work hypothesis is relevant since the multibody model of
the helmet airbag can be optimized such that it wields the protective
effect observed during the head impact in the crash-test. The total
weight of the airbag is 0.68 kg and the dimensions of the airbag in its
deployed form were introduced to shape the airbag model. However,
another work hypothesis consists in assuming the head impact takes
place when the airbag is optimally deployed, since it is possible for late
airbag deployment to occur [2]. At high impact velocities, there is also
arisk that the airbag flattens out, with further research being required
in order to clarify this aspect [S].

The helmet airbag was attached to the cyclist dummy through a fixed
joint which connects the neck of the dummy with the rear part of the

airbag, as presented in Figure 3. The posture of the cyclist was adjusted
in conformance with the crash-test, while the vehicle velocity and
deceleration were introduced as entry parameters for the simulation.
The validation of the simulation was done by achieving similar cyclist
kinematics with the crash-test, after a significant amount of iterations.
Furthermore, the defining parameters of the airbag were also manu-
ally iterated until similar head acceleration peaks were obtained. Head
resultant acceleration diagram for the crash-test and simulation is
shown in Figure 4. The peak head acceleration obtained during the
crash-test was 852.51 m/s? while the peak head acceleration obtained
during the simulation was 815.86 m/s? resulting in a relative error
of 4%. Further optimizations of the airbag model are possible, in this
case resulting in more reduced errors (up to 2%), but with kinematic
alterations of the vehicle-cyclist head impact in comparison to the
staged test.
The kinematic sequences of the crash-test and simulation show a good
congruence, as shown in Figure 5. The cyclist kinematic behaviour is
similar for both instances and there is also good correlation between
the moments at which each kinematic phase takes place.
The defining parameters of the helmet airbag’s component bodies are
presented in Table 1, as they resulted from the validated simulation.
4. CONCLUSION
« A helmet airbag model was developed in PC Crash in deployed form
by generating a four body assembly connected through fixed joints,
which was further attached to the neck of the cyclist multibody model.
« The use of the airbag model in reconstructing a vehicle-cyclist front-
rear crash-test generated a good congruence between the kinematic
behavior of the cyclist during the crash-test and simulation.
« The peak head accelerations obtained showed a good correlation
(4% error), therefore making the model optimal for simulating cyclist
impacts which involve helmet airbags. Further optimizations of the
model are possible, in this case leading to a 2% error but with a lower
degree of similarity of cyclist kinematics.
« The work hypothesis of the model also serves as a limitation, specifi-
cally the airbag was generated in its deployed form, assuming airbag
deployment occurs optimally and the head impact occurs when the

airbag is inflated.
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STUDY ON THE REGYCLING METHODS

OF USED ENGINE OIL

STUDIU PRIVIND MODALITATILE DE RECICLARE

A ULEIULUI DE MOTOR UZAT

1.INTRODUCTION

In the contemporary period,
we find that the notion of
“pollution” has become familiar
to anyone. Almost any human
activity, whether domestic or
industrial, involves the impurity
of the environment with harmful
substances,
[16]. These affect not only
the sphere of human activity,
but also the biotic and abiotic
factors essential to life. Given

called pollutants

that the increase in demand for

products and services causes an
increase in the level of environmental pollution, the evolution of
the socio-climatic situation at global level determines the need to
find fast and efficient solutions for environmental problems. Two of
these problems are inadequate waste management and the intensive
exploitation of fossil fuels. At their center are the waste oils, which
by the high content of pollutants are classified in the category
of hazardous waste, requiring constant monitoring and special
management.

Themodernsocietyisbased onthe use of the car, which cannot operate
without lubricants. With the increase of population and the number
of vehicles, the quantity of waste oils has increased. The term “waste
o0il” characterizes any lubricating oil, mineral or synthetic, that has
become unusable for the purpose for which it was originally intended
[1]. Degradation of lubricating oil occurs when different additives or
foreign substances (metallic powders, sulfur, water, carbon, ash, etc.)
impurify the oil, modifying its chemical composition and affecting
its properties [7]. As it is insoluble, persistent and has a high content
of heavy metals and other pollutants, it is necessary to collect and
recycle waste oil, in order to avoid contamination of the environment
[5]. Also, its use contributes to the conservation of natural resources
and to the reduction of pollution from the exploitation of fossil fuels.
In this sense, in the last decades a series of recycling techniques have
been developed, which aim to solve the ecological, technical and
economic problems associated with waste oils.

20

1% 5y,
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H Gasoline
M Water
M PAHs
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Fig. 1. Chemical composition of used engine oil [18]

2. RECYCLING TECHNOLOGIES
The possibilities of recycling used engine oil depend on the nature
of the base oil (mineral or synthetic) as well as the nature and
quantity of the contaminating substances. Figure 1 shows the general
chemical composition of the used engine oils. Percentage variations
are possible, depending on the type of oil and the pollutants that
may appear. Due to the varied range of engine oils, several recycling
methods have been developed.

2.1. Treatment with acid/clay

The process is based on treating the waste oil with different acids

(sulfuric, acetic, formic) to remove pollutants and then using binders

(clay or bentonite) to neutralize the resulting product [17]. Activated

carbon can also be used for neutralization [2]. Figure 2 shows the

diagram of the acid/clay treatment process.

The stages of the acid / clay treatment process are:

1) Acid treatment: the waste oil is heated to 40-45°C, then the acid
is introduced, while a continuous mixing is carried out for 10
minutes;

2) Sedimentation: after acid treatment, the oil container is left for
24 hours to form a sediment layer at the bottom of the container.
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Fig. 3. Block diagram of the vacuum distillation and hydrogenation
process [17]

After this period, the oil is filtered through a piece of textile
material and transferred to another container, and the sludge
residue is stored for disposal;

3) Bleaching: the oil is heated to 110°C, then the clay is introduced
and the resulting solution is mixed for 15 minutes;

4) Neutralization: at the end of the bleaching stage, sodium
hydroxide is introduced and mixed for 10 minutes, in order to
improve the pH of the oil, bringing it to neutrality;

S) Filtration: At the end of this stage, the oil is left to settle for 24
hours, then it is filtered through a piece of textile material, and
the residue is stored for disposal [9].

2.2. Vacuum distillation and dehydration process

Vacuum distillation and hydrogenation is another method of

recycling used engine oil. The first stage of the process is atmospheric

Used oil
&
& Distillation
. o
| & Vacuum distillation

O

Thermal clay
treatment

O
Filtration
O
Recycled oil

Water
. Light hydrocarbons |

Gasoil
____ Asphalts

Fig. 4. Block diagram of the vacuum distillation and clay treatment
process [17]

Used oil
Filtration
Sohvent extraction

Solvent removal o> Reprocessed o

Fig. 5. Block diagram of the solvent extraction method [13]

dehydration, the purpose of which is to remove light hydrocarbons and
water. Subsequently, vacuum distillation is applied at a temperature
of 250°C. The last step is the hydrogenation of the distilled product,
to remove the toxic compounds of nitrogen and sulfur, as well as
other oxides present in the chemical composition of the waste oil.
Also during this stage the odors from the oxidation of some chemical
elements are eliminated and the color of the final product is improved
[7]. Figure 3 gives an overview of the technologies based on vacuum
distillation and hydrogenation.

2.3. Vacuum distillation and clay treatment process

Similar to the process presented at point 2.2, vacuum distillation
technology is in this case accompanied by clay treatment. The basic
stages of the process are the following:

1) Distillation: separation of water and light compounds;
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2) Vacuum distillation (TDA column - Thermal deasphalting) and
fractionation: in this stage the organo-metallic compounds and
the asphalt minerals are separated and three quantities of waste
oil are fractioned;

3) TCT (heat treatment with clay): the stage in which the
characteristics of the three fractions of used oil separated in the
previous phase are improved;

4) Pressure filtration [17]
Figure 4 shows a schematic representation of the process of vacuum
distillation and clay treatment.
2.4. Solvent extraction technology
Essentially, the method consists in dissolving the aromatic
components that affect the properties of the oils, while preserving
the desired components, such as saturated hydrocarbons [15]. Before
treatment, the waste oil is filtered to remove solids. Then, the oil is
treated with solvent, mixing a preset amount of oil and solvent for
one hour, then letting the solution settle for 24 hours. The oil is
separated from sludge, then transferred to a evaporator to facilitate
the separation of the solvents from the recycled oil. Subsequently, the
oil is mixed with active alumina to remove the dark color and specific
odors [14]. Solvents that can be used to treat waste oils include
1-butanol, methanol, ethanol, propane, toluene, methyl ethyl ketone,
acetone, etc. [6].
Figure S shows the simplified scheme of the solvent extraction
process.
2.5. Membrane technology
Another method used for recycling used engine oils is membrane
filtration technology. The membranes are made of polymeric fibers,
such as: polyethersulfone (PES), polyvinylidene fluoride (PVDF)
and polyacrylonitrile (PAN). This process is carried out at 0.1 MPa
pressure and 40°C [12] and is a continuous operation that removes
metal particles, soot and dust from used engine oil and also leads to
the recovery of lubrication properties of the treated oil. Despite the
benefits presented by this process, the membranes are expensive and
can be damaged and soiled by large particles [10].
2.6. Pyrolysis using microwave heating
Pyrolysis using microwave heating is a relatively recent process,
in which spent hydrocarbons are mixed with a strong microwave
absorbing material, such as carbon particles; as a result of microwave
heating, they are then thermally cracked in the absence of oxygen in
shorter chains of hydrocarbons. The resulting gaseous products are
subsequently re-condensed into liquid oils of different compositions,
depending on the characteristics of the substances introduced
and the reaction conditions [11]. This process is constantly being
optimized and there is not enough data yet to determine its efficiency
in recycling used engine oil, but many researches are ongoing in this
direction.

2.7. Bentonite treatment

Bentonite powder plays an important role in the regeneration and

clearing of waste. Following the experiments carried out in this field, it

has been shown that bentonite has a high adsorption capacity of heavy
metals due to its specific surface, small particle size, high porosity
and high cation exchange capacity. For the treatment of used engine

oil with bentonite, different amounts of bentonite powder added in a

given volume of used oil are used. The oil samples are homogenized

according to certain conditions, determined experimentally (for
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example, 2 weeks, 8 hours a day at room temperature and 300 rpm)
[4]. The use of bentonite as a material for regenerating used engine
oils is proving to be an effective solution in reducing the metal
content and improving the combustion process [8].

3. CONCLUSION

The need for proper management of used engine oils has led to the
development of different methods of treating this waste for recycling.
In the context of the global trend towards sustainability, the most
environmentally friendly technologies are preferred, with minimal
impact on the ecosystem. Treatment with acetic acid, vacuum
distillation, solvent extraction and membrane filtration technology
are among the most widespread such processes, the waste generated
after the treatment of used engine oil being subsequently eliminated
by energy recovery or incineration. In the future, it is planned to
make these more efficient and to increase the amount of recycled oil
worldwide, in order to optimize the production-consumption-waste
ratio.
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1.INTRODUCTION

If in the last century the vehicles
with
engine were imposed due to the

internal combustion

production  system introduced

by Henry Ford. In today’s
tendency to run out of fossil
fuel and the increased pollution,
electric vehicles are regarded as a
sustainable replacement [1][2][4]
[6][7]. In their construction, the
following are the safety, reliability,
durability, nominal power and cost

of the different loading methods.
Of course, an Evs loading systems plays an important role [13]. An
ordinary charging station comprises the power outlet, the charging cable,
the charging bracket, the mounting jack, and the vehicle connector and
protection system. When designing a charging station someone must
take into account the following aspects: the voltage, the frequency and
the connection to the network. The result, nevertheless, may differ from
country to country [4][13].

The proper charge time and battery life depend on the charger’s
characteristics. A good charger must be efficient and reliable, with high

Voltage and current
recorder

/]

Adjustable
resistor
Batteries

a.
Fig. 1. Electrical diagram for testing the batteries

230V
A.C.

viabila. Lucrarea de fatd prezintd o serie de rezultate obtinute la testarea bateriilor de
tractiune utilizate de aceste autovehicule, folosind un suport experimental original.
Key-Words: Batteries, Charge, Discharge.

power density, low cost and low mass and volume. The charging time, cost,
equipment and network effect depend on the power level of the charger.
An important issue in the operation of electric vehicles is the recycling
of batteries. If we consider some materials obtained by recycling, the
benefits are not substantial. For example, the value of the glass obtained
by recycling depends on the transport distance [10].

Recycling the car batteries, on the other hand is beneficial for the
environment. By recycling it eliminates the pollution that comes from
the ores and their processing. If pollution is taken into account due to
recycling, it is smaller than the one resulting from the primary production.
Exception is lithium recovery. On the other hand, the recycling of
materials avoids the costs of waste treatment. Another problem is that
used batteries fall into the category of hazardous waste. This involves
increasing costs in transportation, treatment and also disposal costs [10].
The type of battery used depends on the «grade of electrification> of the
vehicle. In case of micro-hybrid vehicles (which have only a stop-start
function and regenerative braking) the battery has a voltage level by
12-48 V, the power up to 10 kW, and usually it is lead-acid battery. For
mild-hybrid vehicles (as micro-hybrid plus an electric motors which
assists the engine during acceleration) the battery has the same type as
in the precedent case, but the voltage level is 48-200 V and the power up
to 20 kW. Full hybrid vehicle (FHEV allows in plus to drive only with
electric motor for short distance, the battery is recharged only during

Voltage and current
recorder

/1

AC

voltage
Batteries

DC

0...30V D.C
Adjustable
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driving) and Plug-in hybrid vehicle
(the pure electric driving range is higher
than with full-hybrid vehicles and the
battery is recharged during standing
times when the car is plugged into the
grid) use battery with voltage level by
200-400V, the power 20-70 kW, but the
stored energy is about 3-S5 kWh in case
of FHEV and about 10 kWh for Plug-in
HEV [S]. Nickel-metal hydride or
Nickel-Cd batteries are used for FHEV.
For Plug-in HEV, the sodium-nickel
chloride or Li-ion batteries are used as
for electric vehicle (EV have only electric
motor/motors, without engine). In case
of EV the power is up to 120 kW. Li-ion
batteries can have high stored energy or
high power (up to 10 kW/kg).

The manner how the energy stored in
the battery is consumed by the traction
motor depends on the used motor type.
Between the main characteristics that
the electric motors must fulfil are high
starting torque, high power density and
of course high efficiency. From the wide
range of existing electric motors, there
are five major types that are suitable for
EVor HEV.

One of the most used in the past, and
also used until now in some countries
(like India), is the DC motor with series
excitation. His mechanical characteristic
is ideal for traction, and it has an
easy speed control. The disadvantage
is the maintenance of brushes and
commutators (cost and time).

Most used in the last years is the
induction motor. Its natural mechanical
characteristic is not suitable for traction,
but this characteristic can be altered by
different control strategies like V/f =
const., resulting in a very good traction
motor. The motor is cheap and reliable,
but motor control is more difficult than
in the case of synchronous PM motors.
Other disadvantages comparatively
with synchronous PM motor are power
density, efficiency and volume/weight
[9]. The manufacturers use the induction
motor in small and cheap vehicles but
also it is used in high-performance cars
like the Tesla Roadster, the Model S or
the Audi R8. Usually this motor is for EV
not for HEV.

PM synchronous motor is the most used
now. It is available for high power ratings,
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Fig. 5. U(t) for I(t) between 2 and 14A, the batteries being quite discharged

¥

Fig. 6. U(t) and I(t), starting and charging at constant voltage 27.5 V

e

Fig. 7. Charging and increasing the voltage

has a very good power density, high
efficiency, and compact design. It is
found in both HEV and EV.

The brushless DC motor has a very
suitable mechanical characteristic
for traction (like DC series motor)
but does not require brushes and
commutators, the commutation is
done electronically. The BLDC has a
very high efliciency, around 95-98%,
and is suitable for a high power
density, although at this point the most
common is on cycles and light vehicles.
It is one of the most preferred motors
for the light electric vehicle application
at this time.

Although probably in the near future
different types of electric motors will
continue to be used in EV or HEV,
the switched reluctance motor (SRM)
will be one of the most used. Simple
construction (both classic and with
PM), relatively easy control and high
performance, recommend it as one
of the motors of the future. At the
moment he is already equipping some
EVs as Tesla Model 3.

2. MATERIALS AND METHODS
In order to observe the variation of the
voltage in terms of the batteries current,
a system of two batteries (lead-acid,
12V, 60 Ah, 540A) series connected,
was tested in the laboratory.

Figure 1a shows the electrical diagram
used in order to discharge the batteries
and Figure 1b presents the electrical
diagram used for charging the
batteries. First tests have been done to
discharge the batteries and then to the
charging.

2. MATERIALS AND METHODS
In the following figures, the
characteristics U(t), I(t) during the
discharging time are shown. Because
the batteries were slightly discharged,
the initial voltage was only around
22V.

After several tests, the batteries
voltage dropped and other recordings
regarding discharge process were
made, in the following being show
this. The charging process was also
registered, but this time, the initial
batteries voltage was about 27 V. The
following figures show the performed
records.
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Fig. 8. Charging and influence of the voltage variation
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Fig. 9. Charging at constant voltage and a voltage fluctuation

5. CONCLUSION

The current and voltage variation during discharging and charging a
system of batteries (24 V, 60 Ah, S40A) was studied.

In the static discharging process, with a current (3.7A) of 0.7% from
maximum starting current (540 A), the voltage decreases in time about
2.5% (from 22 to 21.6 V, reported to 24V).

In a dynamic process, at a maximum variation of 3.14% of the current,
the voltage variation is about 6%. It is mentioned that the batteries have
forth years old. After the batteries were quite discharged, at a discharging
current of 2.1%, the voltage drop was 3.3% and at a maximum current of
2.5% (13.7A, short time) the voltage drop was 5%.

In the charging regime (batteries being quite charged) at a variation of
the current of 0.19%, the voltage variation is about 1.67% (fig. S). Rapid
variation (decreasing) of the charging current of 0.83% determines
a variation of the voltage (well-charged batteries) of 17.5% (fig. 9).
Charging at constant voltage impose o slow decreasing of the charging
current (fig. 10).

The average cost of charging an electric vehicle for a 100 km journey is
typically lower than the average cost of gasoline or diesel for a distance
movement. At the same time, as electric motors have fewer moving parts
than combustion engines, their maintenance costs may be lower than

those of a conventional engine.
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Fig. 11. Charging at constant voltage, well-charged batteries
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