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ABSTRACT

Pickup truck, usually named as Bishoftu pickup, are gaining popularity in our country Ethiopia
due to the assembling company is found around central Ethiopia, Bishoftu. They are typically used
for means of transportation in Ethiopia for construction companies, governmental sectors and so
on. Now a day’s, vehicle accident is becoming a critical issue all over the world specially in
Ethiopia that demands engineers endeavor to find ways to minimize the injury occurrence. So,
preservation of occupant compartment space during vehicle collision is the most significant thing.
These vehicles haven'’t checked of any crash safety test specifications and are not evaluated for
crashworthiness. So, it is now time to consider safety features (modification) of Bishoftu pickup
vehicles to reduce the grave consequences of its users. Improvements should be made on the
structure of BPV in order to improve the structure strength, crashworthiness and also safety. This
thesis aimed to solve and improve the crashworthiness of the existing Bishoftu pickup vehicle by
remodeling in such way that crash injuries are minimized. The structural response for frontal and
side impact collision of the existing BPV is analyzed. Based on the results obtained from the
existing model then modifications are made by means of energy absorbing components, stable
frame structure and better crash performance. Then the modified BPV was analyzed under the
same condition as the existing one. For doing the analysis Software like that of CATIA is used for
3d modeling and LS-DYNA for FEM analysis. The results shows that by applying the modification,
39 KN (7.82%) reduction of impact force, and 5 kJ (3.52%) of additional energy is absorbed
during frontal collision. The side structure of the modified model also provided additional 162 mm
space (30.05% more protection for the occupant, a reduction of 12.2 KN in impact force (14.4%
improvement) and absorb additional 2.9 KJ energy (7.6% improvement). Finally it can be
concluded that with the modified model, the safety and crashworthiness of BPV was greatly
improved without affecting the appearance and weight of the existing one. So, that the existing
model of BPV should be fitted with the designed crashworthiness futures implemented on this

thesis work.

Keywords: Bishoftu pickup, Crashworthiness, Collision, LS-DYNA, Validation
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CHAPTER ONE
INTRODUCTION

1.1 Background of the study

Transportation industry plays a major role in the economic development of many nations. The
automotive or vehicle industry is facing tremendous engineering challenges over several years to
meet the requirements generated by the fuel shortage, stability, crashworthiness, fuel cost,
pollution control, raw material cost, customer safety and weight. In meeting these challenges a
wide variety of new models has been emerged or entered into the market in search for better

strength and safety and fuel efficiency.

Bishoftu Automotive Engineering Industry (BAEI) is an automotive industry which is exerting its
effort in assembling many varieties of vehicles in Ethiopia. BAEI is built the vehicle body, the
same shape with the China manufactures, there has been limited in performing detail aerodynamic
analysis yet. Some of the vehicles that are assembled in BAEI are pickups, transit buses, school

buses, trucks and so on.

Plutus double cabin with model number DD1022TA is one of the vehicles that are assembled in
BAEI. Chassis, power transmission and related materials (electronics material such as head light,
radio...etc.) is imported from Chinese company, some of the vehicle (vehicle body) is welded at
Bishoftu. Most of the time they use sheet metal for manufacturing the body part by using different
welding techniques (types) like Gas Metal Arc Welding (MIG), Gas Tungsten Arc Welding (TIG)

...etc.

Plutus Pickup truck, usually named as Bishoftu pickup, are gaining popularity in our country
Ethiopia due to the assembling company is found around central Ethiopia, Bishoftu. They are
typically used in Ethiopia. They are front wheel steering similar to those of other pickup trucks
and the two rear wheels are driving wheels with a differential and suspension, front engine rear
wheel drive. They are popular means of transportation in Ethiopia for construction companies,
governmental sectors like Telecommunication, Ethiopian electric utility and other business

owners.
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They are generally characterized by Body on frame and have two wheels in front and two wheels
in their rear in which the engine is found on the front and the driving axel is the rear. A frontal
frame geometry consisting of a front bumper, grille, fenders, hood, windscreen, cabin and so on.
It has gross weight of 2.5 ton (2495 kg) with 1.2ton / 1.3ton axel load distribution and a maximum
velocity of 120 km/h, the driver is placed in the left front of the vehicle cabin and other 3 up to 4

passengers sit in the front right and rear part of the cabin.

The body structure is mostly made with carbon steel and has a carbon range of 0.31-0.6% and a
manganese range of 0.6-1.65%. This steel can be heat treated and quenched to further adjust the
microstructure and mechanical properties. This makes it hard for maintenance specially for normal
arc welding because it needs special treatment with heat in order to do welding process during
body maintenance. And also, the carbon content of the steel gives strength but this minimizes
deformation this lead to decrease in energy absorption and increase in impact force. So, this thesis

gives that an improvement on both energy absorption and impact energy.

Road safety report describes an occupant cell as a ‘survival box’ and suggests that the survival of
occupants involved in the circumstance of an accident depend highly on the strength of the cell
which is a fundamental pre-requisite for vehicle safety design. Other factors such as bad design,
wrong communication, wrong decision, risk taken etc. can equally lead to road accident (A. E.
Ikpel*, 2017).

In Ethiopia, a country with a small vehicle population ratio, 95 deaths per 10, 000 vehicles were
registered between 2007 and 2008. While this is the highest road traffic collision (RTC) rate among
African countries, little research has been carried out on the causes of collisions in the country.
Among these accidents, Collisions in the Addis Ababa and Oromia Regions account for 58% of

all fatal collisions and two-thirds of all the injuries in Ethiopia (Asefa et al., 2014).

Data from police-reported traffic crashes in Ethiopia and characteristics of the existing state of
road safety examines, six years (July 2005 - June 2011) of police reported crash data were
analyzed, consisting of 12,140 fatal and 29,454 injury crashes on the country’s road network. The
12,140 fatal crashes involved 1,070 drivers, 5,702 passengers, and 7,770 pedestrians, total of
14,542 fatalities, an average of 1.2 road user fatalities per crash. An important and glaring trend
that emerges is that more than half of the fatalities in Ethiopia involve pedestrians(Tulu et al.,

2013). Figure 1.1 shows frontal collision and side collision which causes rollover. So, it is a time
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to consider safety features modification of Bishoftu pickups to reduce the grave consequences of

its users.

Figurel.1: (a) side collision which causes rollover (b) Front collision of pickup vehicle

Experimental Crashworthiness is very expensive but, with the advancement of computer hardware
and software, several analytical design capabilities have evolved, providing engineers with a
variety of tools to design modern vehicle structures that can meet the growing Customer demands

for better crashworthiness performance (Srikanth & Prakash, 2009).

This Research paper aimed to solve and improve the crashworthiness of the existing Bishoftu
pickup vehicle by remodeling in such way that crash injuries are minimized. Therefore, the first
task carried out in this paper was modeling and analysis of the existing Bishoftu pickup vehicle
structure. After that the result will be interpreted and then depending on the results, the new model
is created to avoid the shortcomings of the existing Bishoftu pickup vehicle. To do so, different
software’s like that of CATIA, for 3D modeling and LS-DYNA, for FEM analysis are used.

1.2 Crashworthiness

Vehicle accidents have become one of the major causes for increasing death rates of humans
worldwide. Hence, stringent norms on vehicle safety have been imposed on automobile industries.

In various incidents, the accidents of the vehicles on the road, front and side impact have highest
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contribution to mortality. In both impacts, the occupants inside the vehicle or near side of the

vehicle and the occupants on the opposite of the vehicle are at risk of injury.

Protecting passengers in vehicle collisions was an essential consideration since automobile
industry was developed. In recent years, due to an increase in awareness on occupant safety and
necessity of energy-efficient engineering, manufacturers are proceeding toward an optimal design
of the occupant space using the high strength structures for better crashworthiness without
significant increase in total mass(Zahedan et al., 2022; Liu, 2013; Marzougui et al., 2014).

Information about structural reactions to various transport hazards can be determined by many
different systems. Advanced crash simulation techniques allow for improvements to vehicle
structure (crashworthiness) to improve passenger safety, yet to reconstruct the capacity of road
accidents (Vangi et al., 2018; Huh et al., 2003). Structural optimization is very important in
engineering designs. It is an important tool used to remove unnecessary features and improve the

function of a component or system (lkpe et al., 2017).

Vehicle Crashworthiness is the ability of the vehicle to protect the occupant during an impact. At
present, most of the vehicle bodies are built primarily with stamped steel panels and joined by
welding and fastening techniques. Vehicle structures, other than providing protection to the
occupants, also control the crash deceleration pulse to level below the upper limit of human
tolerance. A crash deceleration pulse (Energy absorption) with an early peak in time and a gradual
decay is more beneficial for defense of a restrained occupant. Generally, vehicle collisions are
classified as frontal, side and rear impact, with majority of injuries because of frontal impact,
followed by rear impact and side impact (Srikanth & Prakash, 2009; Mahajan & Kamble, 2016;
Ibrahim et al., 2014).

Vehicular lightweight and structural crashworthiness have been the main concerns in automotive
industry for higher and higher requirements in fuel conservation and crash safety as shown in
figure 1.2. Like, cars are designed to have high speed and light weight; Road accidents and injuries
are increasing dramatically on a very principal factors in the testing is vehicle safety (Lebaal et al.,
2022). However, these two criteria usually compete with each other and a tradeoff must be made
so that vehicle structure allows absorbing the maximum crashing energy via structural deformation

and maintaining the structural integrity of the passenger compartment for the occupant safety in
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the event of the crash (Gu et al., 2013; Yu et al., 2021; Abdulgadir & Tarlochan, 2022; Zhu et al.,
2013).

Vehicle light weight Design

1 l

Structure optimization Material alternative Manufacturing Technology
T = High strength steel (HSS :
Topology optimization design = ot ( ) Thermo forming technology
SN : Aluminum - magnesium allo; :
Shape optimization design & y Tailor welded/rolled blank (TWB/TRB)
; SN : Non metallic materials 3 :
Size optimization design =S d Hydraulic molding technology

carbon fiber reinforced composite

I

) §

[New material application based on HSS.| [Application in automotive parts, components

|aluminum - magnesium alloy and CFRP |and sub systems

Structural optimization and forming process| [Application in whole vehicle body and new

of multi - material combination type vehicle system

A &
&, >
04,)0/’(/0 Through out the whole vehicle design and manufacturing process : Q‘I K
% . . . : <9
%‘,} |Achieve the balance of cost, light weight and high performance o

Figurel.2: Design method and technical route of vehicle lightweight design (Yu et al., 2021)

In reality, vehicle collisions are unique dynamic events where the vehicle may collide with another
vehicle of similar or different shape, stiffness and mass; or it may collide with another stationary

object. Some of the pickup vehicle collisions are classified and shown below.

Frontal Collision: A frontal collision is one where the front ends of two vehicles hit each other or
a vehicle hit with stationary object. This has the potential for the highest crash energy. In the case

shown in Figure 1.3, the vehicle is hit through its front wheel body structure.
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Figurel.3: Frontal impact (Frontal Crash Test with Limo, 2022)

Side Impact: Side impact mechanisms come into play when the vehicle is involved in an
intersection collision or when the vehicle veers off the road and impacts sideways utility pole, tree
or another obstacle on the roadside. In side impact of a car, the impacting vehicle slows down due
to the reaction force generated by different structural members like car doors, side impact beams,
roof bow, B-Pillar etc. As these structural members plastically deform and absorb energy, the
impacting vehicle decelerates (Mahajan & Kamble, 2016). Figure 1.4 shows side collision which

hits the driver compartment.

Figurel.4: Side impact (Side Crash in NE Harris County - Free Texas Accident Report, 2022)

Rear impact collisions: Occur when a slower moving or stationary vehicle is struck from behind
by a vehicle moving at a faster rate of speed. For cases of rear impact, the seats should be designed
with high back rests and integrated head rests to help keep the head, neck and upper torso in safe
alignment during the dynamics of a crash.
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Rollover Impact Analysis: It is a type of vehicle crash during which a vehicle tips over on to its
side or roof. Rollovers have more mortality than other kinds of vehicle collisions Vehicle rollovers
are divided into two categories: tripped and un-tripped. Tripped rollovers are caused by forces
from an external object, like a curb or a collision with another vehicle. Un-tripped crashes are

the results of steering input, speed and friction with the ground (Seyedi et al., 2020).

Many crash analysis however, have been neglected with the result of the formation created by
stamping and performing procedures to measure the accuracy of the automatic body crash, which
gives erroneous results in crash mode and crash rate. The traditional way to optimize vehicle
components for better lightweight or crashworthiness is to use high strength steel (HSS) and
advanced high strength steel (AHSS) or some composite materials such as glass fiber polyester
composite (GFRP) and carbon fiber reinforced composite (CFRP)(Yu et al., 2021). Recently, crash
analysis for spontaneous body parts is considered for functionality such as rigidity and abnormal
thickness distribution, deformation and so on. Figure 1.5 shows the Critical components that are

affected during frontal crash.

Side Member Inner ‘i‘ 2

| 7 M
/ r Sholgun Inner &

"W Side Member /7. L
Outer-Front v

Shotgun Outer

* Slde‘ Member
Outer-Rear

Subframe =

Figurel.5: Critical components in the case of frontal crash (P. Zhu et al., 2013)

Crash simulation is a real time test of a car crash test using computer simulation to assess the safety
level of a car and its occupants. The data obtained from the crash test show the body's ability to
protect the occupants of the vehicle in the event of a collision. These simulation technologies have
greatly increased the protection, reliability and production capacity of modern cars(Yadav &
Pradhan, 2014).
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1.3 Statement of the Problem

Vehicle collision can cause mild to severe injuries and even fatality. Statistically, frontal collisions
are the main cause and side collision is the second cause of fatality during motor vehicle accidents.
Common injuries that can be caused by frontal collision are head injuries, thoracic injuries, and
internal injuries (Mihradi et al., 2017). The worsening situations in the rate of car crash calls for
hand-to-hand efforts of all concerned bodies and the society in general. It is a well-known fact that
the socio economic, physical and psychological crisis caused by vehicle accidents need to be dealt
with seriously. Various studies have indicated that Ethiopia has one of the highest rates of fatality
per vehicle in Africa. Studies have been made on Adama locally named around mebrat and wonji
mazoriya node, and Addiss Ababa on kolfe Keranio sub city locally named 18 node, and asked
some questions to traffic polices. From this study around 57.14% of the pickup collisions are
frontal which causes the highest fatality and property damage, and around 28.57% are side
collisions. So, this research is attempting a different approach to this problem particularly front-
end and side-end collision by modifying frontal and side frame structure for the self-protection of
bishoftu pickups in frontal and side vehicle crash, which is assembled in Bishoftu Automotive
engineering industry by analyzing the existing one and improving it by making modification with
the help of proper software and using material more stiffer, less deformed ,less weight and can
absorb more energy during impact which improve the self and partner protection for frontal as well
as side collision which happened due to driver failure, road condition or other . As a result,
especially Ethiopia is facing a challenge not only due to increased number of death but also
economic damage. The system intended to be innovative, this thesis work will save the life and

property damage during frontal and side car crash.

1.4 Objectives

1.4.1 General objective

The general objective of this thesis work is to Improve the crashworthiness of Bishoftu pickup for

frontal and side collision using Finite Element analyses
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1.4.2 Specific objectives

The main objective of this thesis was achieved through the following specific objectives:-

+ To model the existing structure of Bishoftu pickup to simulate the crashworthiness
using CATIA V5.

+ To analyze the existing frame structural responses for different speed ranges of the
pickup using nonlinear FEM during frontal and side collision.

+ To identify the weak & strong structural parts of the pickup which play important
role in frontal and side collision.

+ To make modification (improvement) on existing frame structure

+ To analyze its improvement on crashworthiness for the average speed ranges of
frontal as well as side collision using FEM

+ To compare and validate the improvement of the crashworthiness of the pickup.

1.5 Significance of study

Vehicle crash is becoming the major cause of death. Ethiopia has one of Africa’s fastest growing
non-oils producing economies and an increasing level of motorization. This rapidly increasing
mobility has created some unique road safety concerns. Since Sufficient studies have not been
conducted to alleviate the negative impacts of vehicle crash in Ethiopia. So, the outcome of this
study would give input for car manufacturers especially during assembling process. Therefore, this
study will help our country at large and the public in particular when the outcome from the study
becomes evaluated and implemented. After finishing, this thesis work is expected to give:

+ Economic benefit
v Optimization of Bishoftu Automotive Engineering Industry usage, and
v Improving market share of the experiment vehicle type.

+ Social benefits
v" Improve safety of the society and minimization of death rate

+ Environmental benefits

v" Safe and convenient living environment

Beneficiaries of the study: -The researcher, higher institutes, BAEI industry and their customers

in general, the public and the country as a whole.
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1.6 Scope of this thesis

This thesis work is aimed to cover the improvement and analysis of the existing Bishoftu pickup
by remodeling in such a way that crash injuries are minimized. Here the intention was achieved
by the means of a light weight frame structure and energy-absorbing components. The frontal and
side impact collision of Bishoftu pickup was analyzed. It also includes the modification of the
body structure to improve crashworthiness. To accomplish these goals CATIA V5 software is used
for modeling, simulation and stress analysis is done by FEA (Finite element analysis) and LS-
DYNA. The dynamic analysis of Bishoftu pickup using LS-DYNA software is covered on this
paper, based on the obtained values some alternative modifications were proposed in order to
increase the collision behavior and toughness of the body structure without affecting the total
weight and stability and then, comparison of existing with the new front and side frame structure
is done in order to get the material which best met the design criteria of vehicle frontal and side
structure. The scope of this work includes only Bishoftu pickup (double cab) structures. Other
pickup vehicles were not included. In addition to this, the injuries to occupants were not analyzed.

1.7 Limitation

Some of the limitations of this thessis work are as follows;

+ Due to high cost of experimental crashworthiness test, this thessis work focus on the
numerical (FEM) aspects of Bishoftu pickup crashworthiness improvement.

+ The usage of numerical method also required a high-performance computer. Since it was
very challenging to get such kind of machines, so with the use of medium performance
computer the required results were obtained by waiting for more than 5 days for one

simulation.

1.8 Organization of the thessis

This thessis is organized with the following chapters. Chapter one: Introduction part which
includes background, statement of the problem, objectives, scope, limitation and the significance
of the study. Chapter two: Literature review that deals with concepts and past studies which have
information pertinent to the study. Chapter three: Materials and methods deals with the

methodology to be followed to accomplish the thesis work. Chapter four: the detail of the
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modeling and analysis procedures used for analyzing the existing and modified BPV. It also
described the methods and material used for developing the BPV safety. Chapter five: the result
of different computational simulation were imported and discussed. It shows the result and
discussion of the modifications, existing and modified model of Bishoftu pickup. Chapter six:
presents the summary and conclusions of the work conducted in this thesis, highlighting the

findings and concluding with recommendations for further work.
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CHAPTER TWO
LITERATURE REVIEW

In order to have deep understanding on the problem of this study, it is vital to review several
literatures and exercising different software that have been used in the field so far. For this reason,
related literature such as books, accident data, articles, proceeding papers and some other sources
that are retrieved from the internet are consulted so as to understand the domain knowledge,

concepts, principles and methods that are important for developing knowledge-based systems.

2.1 Vehicle structural response
The crash relevant components are designed to absorb the kinetic energy of the vehicle by plastic
deformation. These components usually form several parallel load paths going through the front
structure of the vehicle in driving direction. During the deformation of the load paths, the
acceleration at the pillars (A-pillar, B-pillar) must not exceed the critical value. The acceleration of
the B-pillar correlates with the dummy acceleration constrained by the injury criteria. In addition,
deformation of the compartment is restricted to prevent injuries caused by crushing or penetrating
to the occupants. Firewall intrusion isusedas ameasureof the severity of the
compartment deformation during a head-on collision. In addition to the dummy protection, the
number of the affected components depending on the crash velocity is considered due to the

structural reparability and reusability (Song et al., 2015).

Collision energy is absorbed by the vehicle structure with multi-level EA (energy absorbing)
system to control the load path into the vehicle structure. The specific requirements of CEM (crash
energy management) are: under the first speed limit, the coupler works; under the second speed
limit, the coupler shear device is damaged, the anti-climber of the vehicle in collision engages and
absorbs the energy; under the third speed limit, the first two parts of the EA reach the limit, and
the remaining energy is absorbed by high energy crash zone (HE-zone) at the end of the car body

S0 as to ensure the integrity of the passenger living space of the car body (T. Zhu et al., 2021).

The front-end structures of a vehicle, including front members, bumper assembly and front
longitude beam, are the most important components in absorbing crash energy when a vehicle
collision happened. These components are designed in such a way that, after involving in an impact

they absorb the impending kinetic energy and deforms to dissipate it such that the effect of the
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collisions does not transcend to the passengers (Yu et al., 2021; Lebaal et al., 2022; Duan et al.,
2016). The multi-objective optimization method is used to find the optimal thickness distribution
and structure combination of tailor rolled blank (TRB) structures (Yu et al., 2021). Figure 2.1

shows the percentage of fatality at different collision parts.

14.4%
\ l 0.9%

Frontal
crash

9.4%

Figure 2.1: Proportion of fatalities at different collision positions (Yu et al., 2021)

2.1.2 Vehicle Architectures

In order to minimize the development cost of the vehicle, the concept of the vehicle platform is
introduced. A platform denotes a technical basis, on which various vehicle models can be
constructed. The platform is also called vehicle architecture. The common parts that make up an
automotive platform are: chassis, suspension, steering mechanism and drive train components.
Analogously the platform concept is also applied for the corresponding components in Crash. The
vehicles, which share the common components in the passive safety design, are grouped in one
cluster (Song et al., 2015).

The Vehicle Cluster within Architecture

For economic reasons, the vehicles are desired to share as many components as possible. The
vehicles are grouped into one cluster if they are coupled in the following ways:

Direct coupling: When several vehicles share common components, they are directly coupled.
(Shown in Figure 2.2)

Indirect coupling: The indirect coupling denotes the situation, in which several vehicles don’t have
common components. Nevertheless, they have common components with the same vehicle(s) as

shown in Figure 2.2.
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Figure 2.2: The coupling relation of a cluster with five vehicles (Song et al., 2015)

2.2 Crashworthiness parameters

Collision performance requirements focus on occupant injury parameters and structural
deformation measurements such as penetration, acceleration, and velocity of deforming structures
(Zahedan et al., 2022). To assess the quality and performance of the crash parts, certain key
parameters have to be quantified to relate to the crashworthiness of those structures. Parameters
include energy absorption, mean crash force, specific energy absorption, and crash force
efficiencies. To obtain the solution towards these crashworthiness constants, certain empirical
relations have been derived to aid the analyses (Lebaal et al., 2022). The basic requirements that
help achieve this goal are limiting vehicle impact acceleration and minimizing firewall penetration

through effective deformation and energy absorption in the process (T. Zhu et al., 2021).

To explain the basic principle of frontal impact, it includes 100% front rigid barrier (FRB) impact,
40% offset deformation barrier (ODB) impact and 25% overlap (small overlap) impact are the
most accident types and may result in remarkable deformation to the body. Crash evaluation rating

protocols use those impact types to improve crashworthiness of the vehicles (Liu et al., 2021).

Besides frontal collisions, other collisions, such as rear and side impacts, have received less
attention compared to frontal collisions. Transverse impacts are a major cause of vehicle accident-
related deaths and injuries. The bending deformation of the B-pillars and door intrusion beams and

their energy-absorption behavior are major factors that affect the safety of passengers. As reported
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by the European New Car Assessment Program (Euro NCAP), side impacts or lateral impacts
account for approximately 25% of all crashes. Almost 50% of the occupants injured due to
lateral/side impacts are on the opposite side of the one that is struck, giving rise to serious injuries
(Abdulgadir & Tarlochan, 2022).

2.2.1 Crashworthiness requirements

The vehicle structure must have sufficient flexural and torsional rigidity to allow for proper
ride quality and handling. Itis necessary to minimize the high frequency back and forth
vibration that causes roughness. In addition, this structure must provide deceleration pulse
that meet the  following requirements for different occupant sizes, ages, and impact
velocities for men and women (lIbrahim, T. M. H. T., Hafeez, 2014; KiranKumar et al., 2019):

+ Deformable, yet stiff, front structure with crumple zones to absorb the crash kinetic energy
resulting from frontal collisions by plastic deformation and prevents intrusion into the
occupant compartment, especially in case of offset crashes and collisions with narrow
objects such as trees. Short vehicle front ends, driven by styling considerations, present a
challenging task to the crashworthiness engineer.

+ Deformable rear structure to maintain integrity of the rear passenger compartment and
protect the fuel tank.

+ Well-designed side structures and doors to minimize intrusion into side collisions and
prevent doors from opening due to impact loads.

+ Strong roof structure for rollover protection.

+ A well-designed restraint system that works in harmony with the vehicle structure provides
optimal ride down and protection for the occupants in a variety of interior spaces and trims.

+ Accommodate various chassis designs for different power train locations and drive

configurations.

The need for increased crashworthiness, and lighter compact design, demands the development of
more efficient body-in-white, chassis, suspension and power train components. Sub-frame and
underbody cross-members provide significant rigidity to the wvehicle front-end allowing
longitudinal member to crash efficiently. Crashworthiness (ES) is the ratio of the mean crash stress
(S) to the density of the material (D).

ES = Mean Crash Stress/ Density of the material = S/D
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Design Engineers of the vehicles should keep in mind while designing the structures in the vehicles
should absorb the maximum energy during the impact. In the force Vs deflection curve, the area
under the curve shows the energy absorption. The structure should be designed in such way that
the area under the curve should be maximum during the vehicle impact which in turn reduces the
injury of the occupants. In the present-day accidents happen every hour around the world and most
of these are very dangerous. Frontal-Impact crash is the one of the most severe crash scenarios.
Figure 2.3 shows the comparison of different crash scenarios involved. It can be observed that the
frontal impact is higher than all other impacts (Kumar Nijagal Honnagangaiah, 2016).

60%
50%
40%

30%

vehicle crash (%)

20%
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Frontal collision Side collision Rollover Rear collision

Crash Type

Figure 2.3: Vehicle crashes by crash type (Kumar Nijagal Honnagangaiah, 2016)

Crashworthiness mainly depends on the position, cross-section and material of the intrusion
barrier, so the novel design has to cope with the following crashworthiness problems:

+ Crash position: in the case of a full overlap crash (both longitudinal and engine involved)
as in the case of an offset or oblique crash (at 40 per cent overlap only one longitudinal
directly involved) a similar amount of energy must be absorbed by the front structure.

+ Crash velocity: With a not much longer deformation length, much more energy must be
absorbed at high crash velocities (resulting in less fatal injuries) and a lower injury level
must be obtained at lower crash velocities.

4 Crash pulse: A deceleration pulse must be obtained which is optimal (lowest injury level)

for the concerning relative collision speed and the chosen dummy restraint parameters.
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+ Crash compatibility: The structure stiffness must also be optimized for the mass and
stiffness of the struck object.

+ Mean crashing load: Thisis the average force or load at which the energy absorber
deforms in stable mannerand is obtained for a particular deflection by dividing
the absorbed energy by the impact distance.

+ Peak force: It is the force at which first fold starts. It is higher than the mean load.

+ Crash Force Efficiency: It is the mean crashing force divided by the peak crashing force
(Tuljapure, 2015).

2.2.2 Crash tests and test standards

A crash-test is a form of destructive testing usually performed in order to ensure safe design
standards in crash-worthiness and crash compatibility for automobiles or related components. To
test the safety performance of a vehicle under different conditions and in different types
of accidents, automakers use different angles, different sides, and different objects, including
other vehicles, to crash the car and Carry out the test (Yadav & Pradhan, 2014; AMBATI et al.,
2012). 1t will be performed either by numerical simulations or experimentally. Some of the general

crash tests are as follows.

Frontal Impact Test- In this test the completely front structure of the car collides with something
like another car, solid wall etc. On another hand, In Offset Test, only a part of front portion of the
vehicle strikes on some barrier usually a Vehicle at a given speed (Yadav & Pradhan, 2014;
Rajappan & Vivekanandhan, 2013). It was shown that the FUPD (front underrun protection
device) compliant with ECE-R93 (Economic Commission of Europe - Regulation No. 93) was
insufficient to prevent overruns in all expected real crash situations. Despite the fact that the
contrast between the FUPD of the vehicle and the car longitudinal was good in all revised
conditions, vehicle overriding was not prevented (Krusper & Thomson, 2010). The load (energy)

distribution during frontal collision is shown in the figure 2.4 below.
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Figure 2.4: Load path distribution for frontal impact crash (Duan et al., 2016)

Side impact test — it is one of the most hazardous types of impact, Test protocols are generated and
standardized for two types of side impact. It may be either a vehicle impacting a non-deformable
fixed body such as the pole or colliding laterally into another vehicle as a moving deformable
body. In both cases, the kinetic energy of the impact car is dispersed by the deterioration of its
structure and the body of the crash partner. The kinetic energy is then converted into internal
deformation of the structure and pressure on the body of the occupant. Eventually, the remaining
kinetic energy is wasted as the occupant descends with the vehicle. European legislation relating
to side impact assessment [ECE R 11, 1985, ECE R 95, 2005], EURONCAP [2013] pole side
impact test protocol, and FMVSS (Federal Motor Vehicle Safety Standards) standard 214 [2008]
in the USA are the most common sources of information. As well as side effects test procedures
(Kocabas & Modelling, 2019; Teng et al., 2008).

Roll-Over Test- In this test the car is in a rolling position with a certain angle at which it tests the
ability (especially the pillars holding the roof) to support it with a flexible impact. It is also
performed in the case of a fixed crash test (Yadav & Pradhan, 2014). The figure 2.5 below shows
the different types of crash tests that are commonly used.
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Figure 2.5: Classification of various crash test used in testing (Yadav & Pradhan, 2014)
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Frontal collision test standard

NHTSA's front-end crash test accelerates the vehicle at 35 mph and collides it directly into a
rigid barrier, where the entire width of the vehicle's front end collides with the barrier. Instrument-
bearing, seat-belted crash-test dummies in the two front seats record the level of crash forces on
the head, neck, chest, and legs. Although these measurements correlate with injury, previously
only head and chest results formed the basis for star rating. Drivers and passengers are assigned
individual star ratings. Some automotive experts have criticized NHTSA's full-scale stiffness
barrier test as unrealistic. This is because such head-on collisions against flat, sturdy walls are
relatively rare. Others argue that real-world or not, flat-barrier testing is a good way to gauge the
effectiveness of the restraint systems, primarily the safety belts and air bags (“NHTSA Crash Test
- Consumer Reports,” 2014).

The Insurance Institute for Highway Safety (IIHS) front-crash tests are quite different from
NHTSA's in that they’re designed to highlight the vehicle's structural integrity, as well as restraint
performance. Vehicles are rated as Good, Acceptable, Marginal, or Poor based on what happens

to vehicle structure, as well as forces on the dummies. I1HS now conducts two series of front crash
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tests, one that engages 40 percent of a vehicle’s front and a newer test, inaugurated in 2012, that
uses a smaller overlap, engaging just 25 percent of the car’s front. Both simulate what would
happen if two cars of the same weight and type crashed head-on, partially overlapping. The older
test, with the 40-percent offset, engages the portion straight ahead of the driver. The newer test is
more like a head-on crash where two cars hit left-headlight to left-headlight or a single-vehicle
crash into a fixed object like a utility pole or tree. These are very different from the full-width
crash NHTSA uses.

Both the IIHS front-crash scenarios use an impact speed of 40 mph instead of 35 mph; and only
the left front of the car hits the barrier. The 40-percent overlap test uses a deformable barrier while
the 25-percent overlap test uses a rigid barrier “NHTSA Crash Test - Consumer Reports,” 2014)

as shown in figure 2.6.

Figure 2.6: The IIHS tests a Chevrolet Spark (“NHTSA Crash Test - Consumer Reports,” 2014)

The NCAP frontal test is a full-width impact to the front of the vehicle. Crash test dummies are
seated in the location of the driver and the right front passenger. The vehicle crashes head-on into
a rigid concrete barrier at nominally 56 kph (35 mph). During the collision, instruments in the
dummies measure the severity of the impact to the body of the occupant. As compared to the
Insurance Institute for Highway Safety (11HS) frontal test, the NCAP frontal test has shorter pulse
time width and lower occupant compartment intrusion. Figure 2.7 shows the test set up and the
post-crash vehicle for the NCAP frontal test. In this thesis work by keeping the standards and

regulation in mind, it has been decided to investigate car crashing into the rigid wall.
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Figure 2.7: Test set up and the post-crash vehicle of the NCAP frontal crash (Singh, 2012)
Side impact test standard

Side impact crashes are the second most common reason for vehicle passenger deaths after frontal
crashes. To reduce the number of passenger deaths occurring in accidents, several crash Tests have
been established to ensure safety standards of cars and encourage automobile manufacturers to
make safety improvements. The Federal Motor Vehicle Safety Standard (FMVSS) 214 Side
Impact Protection was enhanced in 1990. In 1997, the National Highway Traffic Safety
Administration (NHTSA) introduced a side impact crash test with a Moving Deformable Barrier
(MDB), representing the front end of a car from the early 1980s, within the New Car Assessment
Program (NCAP).

FMVSS 214 specifies performance requirements for protection of occupants in side impact
crashes. The aim of this standard is to reduce the risk of serious and fatal injury to occupants of
motor vehicles in side impact crashes by setting vehicle crashworthiness requirements in terms of
accelerations measured on anthropomorphic dummies in test crashes. For the physical test, the
procedure was simplified with the struck vehicle stationary and the moving deformable barrier
(MDB) striking the target vehicle. The wheels of the deformable barrier were crabbed at an angle
of 27 degrees from the longitudinal direction of the barrier. Figure 2.8 shows the test setup.
Dummies in vehicle must satisfy requirements of FMVSS 214 when stationary vehicle is impacted
by MDB at 54 km/h (33.5 mph). This test was intended to simulate an intersection crash involving
two moving vehicles. Dummy injuries to the thorax and pelvic area were assessed along with

vehicle structural damage (Teng et al., 2008).

Page | 21



Figure 2.8: The test setup of FMVSS 214 (Teng et al., 2008)

In this test, a MDB with a mass of 1,368 kg hits a stationary vehicle at a 90° angle with a crabbed
wheel angle of 27°. The velocity of the MDB is 54 km/h, see Figure 2.8. The deformable part of
the barrier is 838 mm high, measured from the ground. Such a scenario mimics what could happen
if you were hit on the side at an intersection. Individual side-impact star rating scores are assigned
to the driver and left-rear passenger. For pre-2011 models, only a chest injury measure dictated
the score. For 2011 and later models, the score factors in head, chest, abdomen, and pelvis data for
the driver and injury to the head and pelvis for the rear-seat passenger (“NHTSA Crash Test -
Consumer Reports,” 2014).

As there is a much greater risk of head injuries from impacts with taller bullet vehicles, the
Insurance Institute for Highway Safety (IIHS) decided to start its own side impact crash test in
2003 with a modified MDB as show on Figure 2.9. In the 1I1HS side impact crash test, the modified
MDB hits the driver side of a stationary target vehicle at 50 km/h. The IIHS MDB has the
geometry, shape, and height of a typical midsize SUV. The mass of the IIHS MDB (1,500 kg) is
comparable to a small SUV or midsize car. The deformable part of the barrier is 1,138 mm high,
measured from the ground. The IIHS side impact rating is based on different aspects, including

injury risk assessment, restraint system, and structural performance (Reichert et al., 2018).
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Figure 2.9: 1IHS side impact configuration (Reichert et al., 2018)

Lateral NCAP Pole Test

Side Pole impact is one of the most hazardous types of impact. In pole side impact crash tests, a
vehicle in motion impacts a target pole from the locations of one or more of its pillars during which
the kinetic energy is transformed into deformation mainly on the impacting vehicle. This test is
done to simulate what happens if a driver slides off a road and crashes into an object such as a
utility pole. NHTSA and IIHS Crash Test Safety Ratings Explained A vehicle in the NCAP side
pole test is sent into a fixed, rigid pole 254 mm (10 inches) in diameter, at a speed of 32 km/h (20
mph). In this thesis work by keeping the standards and regulation in mind, it has been decided to
investigate car crashing into the rigid pole. Figure 2.10 (a) shows the Fixed, rigid pole (Singh,
2012; Kocabas & Modelling, 2019) and (b) The complete experimental test set-up is illustrated,
Whereas Figure 2.11 show the FEA method for NACP side pole test with isometric and top view.

Figure 2.10: (a) Fixed, rigid pole, used for NCAP pole test (b) NCAP experimental test (Kocabas &
Modelling, 2019)
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Figure 2.11: The isometric and top view of the NCAP FEA method used for side pole test

Procedure

In this test the LWV (low weight vehicle) impacts the rigid pole laterally at a speed of 32 km/h
such that its line of forward motion forms an angle of 75 degrees with the vehicle’s longitudinal
axis, simulating areal-world crash in which the vehicle hits a tree while sliding on the road. The

rigid pole is vertically oriented metal structure with:

<+ Diameter of 254 mm.
< Beginning no more than 102 mm above the lowest point of the tires on the struck side of

the fully loaded test vehicle.

&

Extending at least 150 mm above the highest point of the roof of the test vehicle.
<+ The direction of vehicle motion is such that the pole is always aligned with the CG of the
head of the driver (Singh, 2012).

Rear end collision

A rear-end collision, or simply a rear-end is a car crash scenario in which a vehicle collides with
another vehicle in front of it. Rear crashes are the third most frequent type of accidents Standing
behind the front and side collisions in the United States. Though common, not many rear-impact
crashes are fatal. But they do cause many injuries, especially whiplash trauma to the neck injuries
is the most common type of injuries to the occupants in rear-end collision. Thoracic injuries are

far less common in rear-end collisions, and so are lumbar injuries. Rear-end collisions can occur
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in four types as shown in Figure 2.12. It can be observed that the most occurred rear-end crash is
the rear offset collision. Coincidentally, The FMVSS 301R regulation also uses a similar scenario

for the test where the occupant’s response can be studied (Vedantam, 2018).

Total = 100%
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>

Figure 2.12: Rear crash distribution (Vedantam, 2018)

Federal Motor Vehicle Safety Standard (FMVSS) No. 301 specifies a rear-impact test. The rear
impact test is designed to promote the crashworthiness of the body structure and fuel tank. In this
test a moveable deformable barrier (MDB) impacts at 80 km/h (50 mph) into the rear of a stationary
vehicle with an overlap of 70% as shown in Figure 2.13. The MDB used in the rear impact test

weighs 1380 kg (Singh, 2012).

TOW ROAD 2

Figure 2.13: FMVSS 301R New Regulation (Vedantam, 2018)
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The 1IHS evaluates rear impacts with physical inspections and crash testing. The crash test, which
is conducted with the vehicle seat attached to a moving sled, simulates a rear-end crash about
equivalent to a stationary vehicle being struck at 20 mph by a vehicle of the same weight. The key
to rear-impact protection is head-restraint design. Restraints need to be high enough and positioned
close enough to the back of the head to cradle an occupant's head in a rear collision. Those
restraints that are clearly too low or ill-designed automatically receive a poor rating from IIHS,

while those with a chance of providing decent protection are crash-tested (Singh, 2012).

2.3 Finite element analysis (FEA)

Currently, automotive industry relies on finite element analysis (FEA) in development of product.
Analyzing the energy absorption in real impact is quite complicated and depends on different
parameters. The effect of design parameters on the weight, cost or functional properties of new car
models can be determined using FEA. FEA is an effective way to analyze the absorption of energy
during an impact to determine the probability of deviation from the effect of impact (Muhammad
et al., 2017; Marzougui et al., 2014). Examples of FEM trading software are LS-DYNA ©,
MADYMO, ANSYS ©, ABAQUSO ...etc.

Simulation using finite element method (AMBATI et al.,, 2012; Yadav & Pradhan, 2014)
comprises of three major phases: (1) pre-processing, in which the analyst develops a finite element
mesh to divide the subject geometry into sub-domains for mathematical analysis, and applies
material properties and boundary conditions, (2) solution, during which the program derives the
governing matrix equations from the model and solves for the primary quantities, and (3) post-
processing, in which the analyst checks the validity of the solution, examines the values of primary
quantities (such as stresses and deformation), and derives and examines additional quantities (such

as specialized stresses and error indicators).

The governing equations of transient dynamics are written below as follows (Yadav & Pradhan,
2014):

[M] {37} S 4+ KU} = (P (D} oo 2.1)

Where M= Mass matrix, C= Damping matrix, K= Stiffness matrix, F..; = External force, t = Time

In Explicit time integration schemes above equation can be written as:
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Where n = time level index
Physically it refers to
Inertial force + Damping force + Stiffness force = External force............................. (2.3)

Typically, the finite element method and multibody dynamics are jointly used. First, the force-
crush characteristic is obtained through finite element analysis. It is used as the input to the
dynamic model. The gross motion and crash acceleration obtained through multibody dynamics
can be used as input for models of the occupant environment. Then the forces and decelerations
that will be experienced by occupants are evaluated using occupant dynamics. Finally, the
likelihood of injury and fatality can be evaluated from these forces and decelerations (Gao &
Wang, 2019).

Finite Element Impact Test Model

Finite Element (FEM) models require a car to be discretized by a very large number of elements.
Due to the high flexibility and displacement implied in the crash, the governing equation estimates
are made with many non-linear terms and the method is called Non-Linear FEM. The method is
accurate, but the calculation times are high, so the method is usually used in the final phase of a
new car design phase (Vangi et al., 2018; Teng et al., 2008). Figure 2.14 shows finite element
model of pickup vehicle.

Figure 2.14: FE model of pickup (Park et al., 2013)

The dummy finite element model, which was used for simulation, is based entirely on the testing
of the 50th percentile Hybrid dummy, as shown in Figure 2.15. Key parts, such as the chest and
neck, are fitted with quality flexibility, to judge post-traumatic injury (Teng et al., 2008; Liu,
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2013b). The main purpose of crash test dummy used as a substitute for human in car collisions is
to determine the injury severity to human body caused by the accident. Thus, understanding how
the mechanical properties of dummy meet injury mechanism of human and correspond to the harm
standard is absolutely essential (Xu et al., 2018).

Model name Hybrid III THOR-M SID-1Is

.l
i %
Application Frontal impact Frontal impact Side impact Side impact
Model name BioSID EuroSID-II WorldSID BioRID
Figure

%

Application Side impact Side impact Side impact Rear impact

Figure 2.15: Dummies and their application (Xu et al., 2018)

The dummy is tied to a three-spot style seatbelt, as shown in Figure 2.16. Types of seat belt FEM
include belt, slip ring, pre tensioner, retractor and sensor element that can make the pre-tensioner
and retractor work. The seat belt model in front of the chest is modeled on a two-sided shell object
(Liu, 2013b).

x e BEL]
SoAT DL

Figure 2.16: seat with seatbelt model (YYang et al., 2014)
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2.4 Previous research works on crashworthiness

Many Researchers has done on crashworthiness, a special purpose vehicle model for time-efficient
crash stage simulation of vehicle-to-vehicle impact and introduces the equations which rule over
the model first. The Finite Element Method (FEM) represents the basis for the problem’s analytical
formulation (Vangi et al., 2018), Based on the obtained stiffness value then perform a simulation.
The theoretical possibilities for energy-absorbing FUPDs are understudied and the analysis of the
simulation results showed that a properly activated FUPD with energy-absorbing elements can
decrease the severity of the crash by absorbing more than 30% of the total kinetic energy (Krusper
& Thomson, 2010). Studying the effects of crash parameters on the dynamic response of
automobile component through finite element approach path and presents an investigation of
development done in the crash simulation of automobile components and the related process

parameters through finite element approach (Yadav & Pradhan, 2014).

A complete finite element models of a passenger car and the occupant restraint system including
a 50th percentile Hybrid dummy and the seatbelt subsystem III are made according to the CMVDR
294. The frontal crash into a rigid wall of the car at about 48.3 km/h is simulated in LS-DYNA
(Liu, 2013a). And, an investigation on the use of deployable front-end airbags is evaluated in terms
of the potential effects on passenger vehicles when they are struck in the front or rear by the front
of a heavy truck. A virtual testing methodology for the evaluation of various designs under impact
conditions is described. The study reports on the potential effects of radar-activated, heavy-truck,

front-end airbag systems on crash mitigation in front- and rear-end impacts (Friedman et al., 2018).

Modification and analysis of frame structure for the front end of Haunghai Sports Utility Vehicle
(SUV) expected to achieve a previously unavailable level of efficiency of energy absorption,
strength and weight reduction in order to reduce front SUV component and passenger compartment
intrusion during crash by focusing on analyzing the dynamic behavior of the frontal upper cross
beam with the help of CATIA V5 for geometric modeling and ANSYS 14.5 for analysis. Depend
on the analysis, thus results can be effectively utilized and the frontal frame structure behavior for

crash loads and successfully identify the safe performance (Zegeye, 2020).

A mixed meta-modeling-based optimization method has been proposed and applied to a

commercial vehicle for crashworthiness design subjected to the frontal crash. A full-scale finite
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element model of the commercial vehicle has been built and validated by a crash test. The front
frame parts have been separated to build a sub-model for crashworthiness optimization. The
normalized optimal solution from the front has resulted in 11.15% increase in specific energy
absorption and 13.2% decrease in peak crush force for the frame and has led to an obvious
improvement in occupant protection and energy absorption for the whole vehicle, verifying that

the proposed method is effective for vehicle crashworthiness optimization (Tao Wang et al., 2018).

Detailed finite element (FE) models of a 2270 kg Chevrolet Silverado and 1100 kg Toyota Yaris
are used as surrogates for barrier crashworthiness under the new Manual for Assessment of Safety
Hardware (MASH). MASH requires assessment of barriers for both large and small vehicles,
hence the use of 2270P and 1100P test vehicles and achieved two objectives, includes (1)
demonstrating the viability of the FE models for the new MASH crashworthiness evaluation, and
(2) describing the application of the newly developed roadside verification and validation (V&V)

procedures to compare simulation results and crash test data (Marzougui et al., 2014).

Study is made to evaluate the safety of ITB’s formula SAE race car and to analyze possible head
injuries due to frontal collision was conducted. A reconstruction of frontal collision with an impact
speed of 7 m/s to 15 m/s was made by developing a finite element model of the race car, a rigid
wall, a dummy, a seatbelt, and numerical studies of guardrail systems (Soltani et al., 2017). On the
other hand, a full-frontal barrier test only the race car and rigid wall were modeled and analyzed
by LS-DYNA, without incorporating the dummy inside the car. The effect of impact speed on car
deceleration was analyzed (Mihradi et al., 2017).

A new full vehicle-lumped proposed model is created for frontal crash. It has 12 degrees of
freedom (DOF) involves all important structural parts. The study follows a new algorithm related
to system identification including problem-solving and genetic algorithm (GA) to find the
unknown lumped parameters. In addition, GA was used for calculating the optimized parameters
of 12-DOF model for two vehicle types (a sedan and a pick-up) in two different frontal crashes
(Pahlavani & Marzbanrad, 2015).

A finite element (FE) model is developed utilizing a previously generated mesh of a vehicle. The
FE model is employed to simulate pole side crash test scenarios on the whole body of the vehicle
(M. Ozan KOCABAS, Eren UNSAL, 2014). A systematic evaluation of two different criteria for

vehicular crashworthiness designs for a side impact: energy absorption by structural components
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and injury to the dummy. With the objective of minimizing weight and a constraint on the lateral
intrusion distance, the designs based on both criteria were evaluated under the same side-impact
scenarios. The optimization in the study used the structural components of side-door as design
variables and thus is a size optimization solved by two different multi-objective optimization
problems: one that employed an injury-based metric and the other on that employed an energy
absorption metric (Horstemeyer et al., 2009). The capability of impact energy absorption of side-
door beams is discussed based on FMVSS-214 (Teng et al., 2008). Crash analysis of a front side
member in an auto-body considering the effect of fabrication. The front side member is fabricated
with sheet metal forming processes that induce forming histories such as plastic work hardening

and non-uniform thickness distribution (Huh et al., 2003).

Analysis the worst-case scenario in which the B-Pillar after side impact that is subjected to
bending, buckling, and possible breakage depending on the severity of the impact. A force of
140kN evenly distributed across the B-Pillar was considered. The crash impact can be analyzed
using Hyper Works, FEA software or software add-in software for FEA in CATIA as well as
ANSYS. The analysis was done using the best mesh size in order to increase the accuracy of the
results obtained. From the analysis, a suitable understanding of the optimized design was then
deduced indicating which areas are the most important for the structure and which parts can be

simplified, allowing for several design recommendations to be made (lkpe et al., 2017).

Crash simulation of structural components 2007 model of Chevrolet Silverado by using LS DYNA
in frontal (AMBATI et al., 2012) and side crash test is investigated. In addition, the safety benefits
of composites applications in future lighter vehicles are studied. The methodology of the research
includes two steps: (1) developing a light-weight vehicle based on a current finite element (FE)
vehicle using advanced plastics and composites, and (2) evaluating the crashworthiness of the
light-weighted vehicle by frontal and side New Car Assessment Program (NCAP) test simulations
(Park et al., 2013).

The structural responses of a ladder frame pickup chassis during full frontal and pole side impacts
subjected to several modifications in the chassis such as the cross-sectional area geometry,
reinforcements and thickness. The 1992 model Chevrolet C1500 pickup was used for
investigation, and the result realized that the chassis had capable of absorbing around 50% of the

crash energy at different severities (Dagdeviren et al., 2016). Reinforcement of the side door beam
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geometrically and materially, and evaluate the energy absorption distinctiveness of it achieving
improved crash behavior compared to the current structure, and uses software’s like computer
aided design (CAD) for the model and is imported to LS-DYNA explicit finite element
(Ghadianlou & Abdullah, 2013).

A reliable finite element model of a light truck is built by using its CAD model. The finite element
model is verified against cab modal test and frontal impact test. To enhance the crashworthiness
of the truck, some structural improvements are designed such as filling structural foam in the A-
pillars and the side panels, adding a roof crossbeam, and reinforcing the rear wall of cab. The
simulation uses RADIOSS software and Batch Mesher® to batch mesh the cab by setting fine grid
standards, and results of the improved cab structure show that the cab stiffness is improved, the
energy absorption is more homogeneous and there is no penetration into the survival space (Chen
etal., 2015).

An Empirical analysis of real-world crashes has been made on the relationship between vehicle
type and safety may be confounded by other factors, such as driver behavior and crash
circumstances, and the study compared different vehicle types with respect to their
crashworthiness (self-protection) and aggressiveness (risk to others) in crashes between two
passenger vehicles. The result showed that the factors such as crash severity confounded the
relationship between severe injury risk and vehicle body type. Results that do not account for

confounding factors was cautiously interpreted (Toy & Hammitt, 2003).

An analytical description of the design space of the vehicle architecture is derived to define the
component-wise force-deformation requirements of vehicle architectures for front crash structure
design. The optimal orthogonal solution space within this design space is identified via
optimization process. This results in maximal intervals for variations of the component forces over
their deformations under the given boundary conditions. The validity of the solution space is

proven through explicit FE simulation (Song et al., 2015).

A comparative study to show the response surface methodology (RSM) was first used to formulate
the objective function of the weight and the radial basis function (RBF) was adopted to formulate
the energy absorption and other crashworthiness criteria. The Monte Carlo Simulation (MCS)
technique is then applied to enable reliable and robust analyses. After validating the surrogate

models, the multi objective Non-dominated Sorting Genetic Algorithm 11 (NSGA-I1) was applied
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to seek optimal solutions. As a result, different Pareto optimums were generated for deterministic
and nondeterministic (reliable and robust) designs, respectively. These different Pareto optimums
were finally compared in a quantitative fashion to provide some insights into the use of these
different optimization schemes (Gu et al., 2013).

A traditional crashworthiness optimization problem with its augmented by inclusion of additional
design criterion associated with vehicle vibration characteristics is made, Then the problem was
solved by using a surrogate-based optimization technique and considering different optimization
algorithms like Artificial Bee Colony (ABC), Differential Evolution (DE), Genetic Algorithm
(GA), Particle Swarm Optimization (PSO), and Simulated Annealing (SA). Algorithm
formulations were critically revised and the performance of DE algorithm in automotive design
applications was discussed (Kiani & Yildiz, 2016).

A suitable structure for lightweight vehicle applications an investigation has been done under axial
and oblique impact loadings is investigated, and study was taken out on homogeneous and
heterogeneous ply orientation modeled structure of different CFRP (carbon fiber reinforced
plastic) and GFRP (glass fiber reinforced plastic) materials to enhance the efficiency of
crashworthiness parameters. The study encompassed the effects of various design variables
involved in the crushing analysis such as ply orientations, angle, loading conditions and area of

contact under impacts (Patel et al., 2019).

Experimental design and FEA have been done using LSDYNA, and the response of surface models
(RSMs) of the three front rails were constructed. Based on multi-objective artificial tree (MOAT)
algorithm, these three front rails were optimized with the goals of minimize structural mass (SM)
and maximize mean crushing force (MCF). The optimal design schemes of these models were
obtained. These optimal front rails were applied to the full-frontal barrier impact analysis of a sport
utility vehicle (SUV) model, and the crashworthiness was improved significantly (Li et al., 2021).

A cutting-style energy absorbing structure to improve the crashing performance of subway
vehicles through experiment and numerical simulations. The structure consists of an anti-creeper
device, energy absorption tube, cutting knife and clamp. A finite element (FE) model of a cutting-
style energy absorbing structure was created and validated by full-scale experimental data. The
response surface method (RSM) was adopted to achieve maximum energy absorption (EA) and

minimum peak cutting force (Fp) simultaneously. The optimized results showed that the objectives
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compete with each other, and the weighting factors are of considerable significance to the most

satisfactory Pareto fronts solutions (Peng et al., 2017).

2.5 Literature summary and Research Gap
Literature summary

From the above literature reviews, it can be observed that most of the study focuses on the analysis
of the structure of pickup vehicles emphasizing on their strength, stability issues, and biometrics
problem and modifying the shape aerodynamically. Analyzing the crash performance of vehicle
parts like bumper, crash box and cross member for self-protection is done. Most of the research
work uses implicit dynamic numerical approach throughout the process for comparing the output
results, and different software’s are used for the analysis like MADYMO, ANSYS, PALMCRASH
and so on. Ans also, different approaches are used for optimization like Artificial Bee Colony
(ABC), Differential Evolution (DE), Genetic Algorithm (GA), Particle Swarm Optimization
(PSO), and Simulated Annealing (SA).

Research gap

From the above reviews it can be observed that most of the study focuses on the analysis of the
structure of the existing pickup rather than Bishoftu pickup. No research has been done on the full
crashworthiness of this vehicle unless checking of the parts, so this will make this thesis work
unique and also this thesis work uses explicit dynamic numerical approach throughout the process
for comparing the results on the output of the dynamic response. Furthermore, this thesis is aimed
to find solution by modifying and analyzing front and side frame structure which protect life and
apart from injuries during frontal and side collision of Bishoftu pickup by using light weight - good
crash performance materials for comparison in order to get lower in weight, higher energy
absorbing capability and lower in deformation material. A 3D model of frontal as well as side
frame structure is created in CATIA V5 and LS DYNA is used for the analysis.
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CHAPTER THREE

MATERIALS AND METHODS

3.1 Introduction

A moving vehicle has a massive amount of kinetic energy and momentum force and if these occur
in a crash, this massive amount of momentum force needs to be absorbed, which can be very
deadly and causes a lot of damages. The amount can vary based on the speed and mass of the car
and the speed and mass of whatever it hits. The heavier the vehicle, the faster the speed and the
greater the amount of momentum energy that needs to be absorbed in case of a crash. Another
major consideration on the amount of the momentum force and impact of the crash is whether the
car comes to a sudden stop or comes to stop gradually (driverseducationusa.com, 2021). This
chapter gives the details about the materials used and methodology followed during this thesis

work.

3.1.1 Passenger car safety design

From the first car models, car design has evolved a lot. These evolutions were concerning
aerodynamic, external design, production methods and safety. The safety part is probably one of
the most important, because it is directly linked to the occupant protection. This is why a lot of

efforts are made to try to increase the car occupant protection while designing a new car model.

For years now, the car safety has become more and more important in the car development and the
number of safety devices in cars hasn’t stop increasing. Seatbelts, airbags, or other active safety
systems have been integrated in cars to protect their occupants for different crash configurations
as frontal impact, side impact, and rear impact or from rollover. To achieve this goal, the car body
structure is also designed to be as safe as possible with some crushing zones to absorb energy but

also a stiff protective cell for the occupants so called safety cage, see Figure 3.1.

The main energy-absorbing zones are situated in the front and rear parts of the cars, they are
designed in order to have a controlled deformation. This deformation is used to absorb the
maximum Kinetic energy during a crash. The absorbed energy can be quantified using the equation
(3.6) (Lefer & Rebolloso, 2012).
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Figure 3.1: Example of a state-of-the art vehicle structure (Lefer & Rebolloso, 2012)
Simplified Modeling

The most common modelling methodologies for crashworthiness vehicle design used across the
virtual product development cycle can be split into four categories, namely, (1) lumped mass-
spring (LMS) systems and equivalent mechanisms, (2) collapsible beams, (3) multi-body systems
(with rigid and flexible bodies) and (4) finite element models (hybrid, reduced-order, sub models
and detailed) (Georgiou & Zeguer, 2018).

In the BVO system, the barrier, vehicle, and occupant are simplified to the constant masses, energy
absorption of structures and restraint system are simplified to springs, as shown in Figure 3.2. The
rotations of vehicle and barrier and the rebound of energy-absorbing structures are not considered

in the modeling process(Tao Wang et al., 2018).

In the Figure 3.2,Mg, M, and m are the masses of barrier, vehicle, and occupant,
respectively; X, Xy, and X, are the displacements of barrier, vehicle, and occupant respectively;
V, is the initial velocity of three masses; Kj is the equivalent stiffness of barrier; K is the equivalent
stiffness of the frontal end structures of vehicle; k is the occupant restraint stiffness (the linear

system stiffness).

The input of the model is the stiffness of vehicle front-end structures. The outputs of the model are
the dynamic responses of barrier, vehicle, and occupant, and the evaluation indexes of the impact

system.
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Figure 3.2: The analytic model of BVO system (D. Wang et al., 2021).

If the initial movement direction of MPDB is positive, the initial movement direction of
vehicle 1 is negative. After neglecting the rotation, the momentum conservation equation

between the barrier and the vehicle is:
(Mg —M). Vo = (Mg * V1) = (M 1) e (3.1)

At the end of impact, vehicle or MPDB slow down to zero. The momentum conversion
between vehicle and MPDB is divided into three cases, ignored elastic deformations, as

follows:

+ For large vehicle, the mass of vehicle is more than MPDB, M >M;, the left side of
(eq. 3.1) is less than zero. At the end of impact process, at least one of V; and V, has
a speed equal to zero. Only V; equals zero to make (eq. 3.1) hold.

+ For medium vehicle, M =My, the left side of (eq. 3.1) equals zero. So V; and V, all
equal zero.

+ For small vehicle, M <My, the left side of (eq. 3.1) is greater than zero. So V, equals

zero.
Crash theory

In a head-on collision involving two vehicles, the total initial kinetic energy (Ej;) can be
determined (Lefer & Rebolloso, 2012). The mass and speed of the vehicle 1 and 2 are respectively

calledm,, V; andm,, V/,. Then the initial kinetic energy is given by:

Ek,i = O, 5. (m1 . V12 + m, - sz ) ................................................................ (32)
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From the conservation of momentum principle and assuming that after crashing the two vehicles

are moving together with the same residual speed V , the following equation can be written(Dange
etal., 2015):

my-Vy—-my-V,

m1 * Vl - mZ * V2 = (m1 + mz)' V3 => V3: My +m, e (33)
This residual speed is due to the residual kinetic energy that is equal to
Ekr_o,5 (m1+m2)'V IR R R I I (34)

From these three equations, the dissipated energy used to deform both vehicles can be calculated.

It is equal to the difference between the initial and residual energy.

1 (my.myp)

Ed = Ek,i - Ek,T == - — (V1 + Vz)z ................................................. (35)

2 " (my +my)

In this study, one of the vehicles is assumed to be stationary therefore the energy that needs to be

absorbed is depending on the car speed before impact (v) and the mass of both vehicles:

1 (m1 . mz)

_ 1 2
Eq = 5 o8 (V) o (3.6)

This energy is dissipated by both the deformation of the cars. The area under the force-
displacement curve gives the absorbed energy of the car front structure. These curves can be
extracted either from crash tests or also from the simulations. Typical force-displacement curves
are shown on Figure 3.3.
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Figure 3.3: Force-displacement curves of different vehicle at 64 km/h (Lefer & Rebolloso, 2012)
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Since these curves are quite complex, the car deformation can be approximated as a linear
force/displacement relationship (Lefer & Rebolloso, 2012). The force reaches a maximum value,
Fax While the displacement increases to a maximum deflection, d,,,, the energy dissipated by
the car deformation can be estimated to be

Ecar1 = 0.5 (Fpae): G -vevereeeeseseeoeeeeeeeeeeeeee e, (3.7)

Assuming that the car 2 front structure is collapsing at a constant force level in respect to the
deflection, the energy that would be absorbed by its deformation can be calculated from the

equation (3.8).
Edcar2 = (Fg) @inaxze e eenemnemmneee e (3.8)

Where F is the constant deformation force level of the front structure and d,,,,5» the maximum
deformation of car 2 front structure.

The velocities after impact may be determined with the coefficient of restitution (e). The
coefficient of restitution (COR) is the ratio of speed of separation to speed of approach in a

collision.

o= B2 ) O T e (3.9)

(V1= V) before

An object with a COR equal to 1 collides elastically, while an object with a COR of 0 will collide
plastically, effectively sticking to the object it collides with, not bouncing at all. The coefficient of
restitution is a number which indicates how much kinetic energy (energy of motion), remains after
a collision of two objects. If the coefficient is high (very close to 1), it means that very little kinetic
energy was lost during the collision. If the coefficient is low (close to 0), it suggests that a large
fraction of the kinetic energy was converted into the heat or was otherwise absorbed through
deformation (Dange et al., 2015).
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3.2 Materials

The Materials required for execution of this thesis work are given in table 3.1.

Table 3.1: Specification of Bishoftu pickup vehicle

Overview

Model DD1022TA
Bulletin #240

Type of vehicle Cargo truck
Chassis DD1022TA
Technical Specification

Engine model 4JB1TI
Engine power 102 hp

Engine manufacturer

Chengdu Automotive Engine Co., Ltd

Performance

Maximum speed 120 km/hr
Capacity

Rated load capacity 430 kg
Weight and ground pressure

Curb weight 1740 kg
Gross vehicle weight rating 2495 kg
Axel load distribution 1190 kg / 1305 kg
Dimension

Overall length 5350 mm
Overall width 1725 mm
Overall height 1690 mm
Cargo body length 1715 mm
Cargo body width 475 mm
Cargo body height 1455 mm
Ground clearance 200 mm
Undercarriage and suspension

Wheel base 3380 mm
Front track 1479 mm
Rear track 1487 mm
Front overhanging 785 mm
Rear overhanging 1185 mm

Tyres and wheels

Tyres dimension

P215/75R15, P215/75R15, P225/75R15, P225/75R15
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3.2.1 Tools

Various software’s are used as a tool for designing, modeling and analysis are also given here.

CATIA

CATIA (Computer-Aided Three-dimensional Interactive Application) software is a complete
multi-platform solution for computer-aided design (CAD), computer-aided manufacturing (CAM),
computer-aided engineering (CAE), PLM and 3D. Developed by the French company Dassault
Systems, the software is ideal for creating solids, surfaces, assemblies, drawings, fabrication and
analysis. platform software suite for computer-aided design, besides being used in a wide range of

industries from aerospace and defence to packaging design (Aysha, 2020).
LS DYNA

LS-DYNA is an advanced general-purpose multi-physics simulation software package developed
by the former Livermore Software Technology Corporation (LSTC), which was acquired by
ANSYSin 2019. LS-DYNA is a general purpose transient dynamic finite element program capable
of simulating complex real-world problems. It is optimized for shared and distributed memory
UNIX, Linux, and Windows based, platforms. It is an explicit 3-D finite element program for
analyzing the large deformation dynamic response of the elastic and inelastic solids and structures.
The program is extensively used by many top automobile, aerospace and research organizations.
A wide range of material types and interfaces enable the efficient mathematical modeling of many

engineering problems(Livermore Software Technology Corporation, 2003).

It contains more than one hundred and fifty material models including metallic, non-metallic and
composite models which enable to define any material in the real world. The contact capabilities
such as contact between deformable bodies, between deformable and rigid bodies provided in
LSDYNA can solve any contact problems which very useful in crash testing (Livermore Software
Technology Corporation, 2003). The code's origins lie in highly nonlinear, transient dynamic finite

element analysis using explicit time integration.
"Nonlinear" means at least one (and sometimes all) of the following complications:

+ Changing boundary conditions (such as contact between parts that changes over time).
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+ Large deformations (for example the crumpling of sheet metal parts).

+ Nonlinear materials that do not exhibit ideally elastic behavior (for example thermoplastic

polymers).

"Transient dynamic" means analyzing high speed, short duration events where inertial forces are

important. Typical uses include:

+ Automotive crash (deformation of chassis, airbag inflation, seatbelt tensioning)
+ Explosions (underwater Naval mine, shaped charges).

+ Manufacturing (sheet metal stamping).

3.3 Methods

In order to address the general and specific objectives of this thesis work a well-designed
methodology will be followed. Various steps included in the methodologies are listed below and
summarized in figure 3.5. Among the procedures the modeling and analysis stage have a more

detail explanation and it is stated in detail on chapter four.
I.  Literature review

Literature survey about vehicle structural response during impact load are the key methodology
of this thesis work that will help to about what others done and identified, where the limitations
does exist so that this work will be based on the research gap. Latest reviews and research work
in area related to development, modification, design and analysis of BPV is collected and

surveyed.
II. Data collection

In order to do the Numerical analysis, the necessary data about the existing Bishoftu pickup
vehicle is collected. The necessary data will be collected by using primary data collection
methods like questionnaires, interviews and secondary data collection through visiting various
websites, journals, books and so on. Methodology of BPV which can also help in developing

or modifying structural crashworthiness of BPV, the data are presented as follow:

+ From Bishoftu Automotive Engineering Industry
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The details of technical specification and necessary data of the existing Bishoftu Pickup vehicle
has been collected from the company Bishoftu Automotive Engineering Industry. All the
necessary information of Bishoftu Pickup vehicle is already showed in Table 3.1. In addition
to this, when dealing with crashworthiness, the mass of the vehicle parts plays vital role. The
load distribution of the Bishoftu pickup vehicle which are critical for the crash analysis were

listed above on Table 3.1.
+ From federal transport minister

The number of registered vehicles data in Ethiopia as a whole and as well as the number of
specified available vehicle in every region in Ethiopia is collected from federal transport

minister, and the data’s are listed in Appendix —D.
+ From federal police commission

The general road traffic accident data in Ethiopia and details of regional accident shares is
collected in federal police commission. In addition to this number of human loss and also

material losses are also collected on there for more, it is shown in Appendix —D.
Concept Generation

The concept generation process results a set of productive concepts from which we make the
final specification and design. Different concepts towards the crashworthiness improvement
of Bishoftu pickup vehicle structure is generated. This includes safety development concepts

and structure modification methods. Figure 3.4 shows the concept for engineering approach.

_ Investigate -
- Numerical

Simulation

Y
\H-\.__\_\_\_'_'__
\J\

\‘ Validation

/ ¥/_\

Figure 3.4: Approach to engineering research

Modelling and Analysis of the existing model
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The 3D modelling of parts and then assembling process of the Bishoftu pickup will be done
by CATIA V5 and finally, mechanical simulation is done by CATIA V5. After finishing the
3D modeling of the Bishoftu pickup then analysis of crashworthiness will be carried out by LS
DYNA software.

V.  Modification Analysis

After carefully observing the crashworthiness behavior of the existing model, modifications
and designs were made on critical parts of the vehicle. Then the modified parts were analyzed

separately.
VI. Discussion

At this stage, the response of modifications is examined using engineering analysis and
discussions. If the result were satisfactory the next stage of the research will take place but if

not, the modification is to be re-designed and repeat the steps.
VII.  Design and Analysis of the new model

The safety development or modifications which increase the crashworthiness of vehicles are
fitted in to the existing model and further analysis is made using LS-DYNA. After that the
numerical comparison between the existing model and modified model is done using different
crashworthiness parameters such as energy absorbing ability, impact force, deformation and

So on.
VIIl.  Verification

Without experimental data, the appropriateness of the values obtained on a computational
model accurately represented by verification process. In case LS DYNA simulation,
verification can be made by checking the quantity of energy balance, deformations, kinematics,
kinetics and other quantities (Gulavani et al., 2014), the most common and logical ways are

listed below:

+ Energy balance
+ Energy Ratio
+ Ratio of Hourglass energy (HE) to Total energy (TE)
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Energy Balance Curve

The energy balance of a system in an impact is governed by the law of conservation of energy.
According to the law of conservation of energy, Energy can neither be created nor be
destroyed, but it can be converted from one form of energy to another form. Applying the same
principle to crash analysis, the amount of kinetic energy lost during impact must be converted
to other forms of energy such as internal energy, sliding energy, hourglass energy and other

forms of energy like heat energy.

Kinetic energy is the work input and internal energy is the work output. Internal energy is the
energy absorbed by the system and is directly proportional to the product of force and
deformation. It is also noted that, there may be negligible errors in calculating energy ratio
because all the processes in this universe are irreversible and some losses are always included

which deviates energy ratio slightly from one.

+ The total applied energy should be constant throughout the simulation.
+ The kinetic energy should be decreasing and internal energy should be increasing; and
ideally the sum of kinetic energy and internal energy should be equal to total energy.

+ The Hourglass energy should be less than 5% of total energy.
Energy ratio

The energy balance for an explicit time integration scheme is given by:

Ei+Es+Eq+Exe+En =Woxe +EX A El oo (3.10)
L J L J
T T
Total energy initial total energy
Where: Ei: internal energy En : hourglass energies
Eq: damping energy Wext : work done by the external forces
Exe: Kinetic energy, Es : interface sliding (dissipated contact energy)

And the superscript 0 denotes the initial values.
The total sum of energies in the left-hand side of the equation represents the total energy of the
system, and terms on the right-hand side of the equation represent the initial total energy plus the

work done by the external forces (Wext). The ratio of the ‘total energy’ to the sum of ‘initial total
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energy’ and ‘external work done ‘is called the energy ratio. The energy ratio is also known as the

‘energy balance’.

__ E{+Es+Eq+Ege+Ep
Wext+EP +E2,

An energy ratio with value of equal to 1 shows more stable and reliable FEA result, but most of it
is difficult to achieve such value. This is due to the modelling error which may increases or
decreases the total energy(Livermore Software Technology Corporation, 2003). There are two
causes which can be considered when checking the energy ratio:
If e>1, which mean that artificially energy is added in the model and rises the total energy values,
as a results instability occur, most of the time the rises of total energy is due to a numerical
instability or through initial penetration.
If e<1, which indicates that the total energy reduces because of artificially absorbed energy, either
by excessive hour-glassing or during stabilization of an ill-conditioned contact surface.
Generally, energy ratio simply is different from unity, and then there are high probability. Since it
is difficult to obtain energy ratio equal to unity so, the acceptable value of the ratio is 1.00 +/- 0.07
the discrepancies in the ratio are due to spurious energy produced in the system and simulation
error.
Ratio of TE/HE
Through analyzing the energy curves, the verification of the finite element model can also be
determined using the ratio between the total energy to hourglass energy. Hourglass energy can cause
a zero-energy model. If the hourglass Energy is less than 5% of the total energy, the finite element
model is reliable (Gulavani et al., 2014).
The above-mentioned verification method is implemented at each simulation results report. The
accuracy of the FEA model is checked by examining the different pattern exhibited by the
simulation results. Following checkpoints are considered for simulation.

1. The results of Simulations of existing BPV frontal and side impact for respective simulations

are imported and discussed.
2. The analysis results of the modifications are presented.
3. The results of Simulations of modified BPV frontal and side impact for respective simulations
are imported and discussed.

At each section the main parameter which are going to be examined are the energy balance,
absorbed energy, impact force, deformations and structural response.
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CHAPTER FOUR

MODELING AND ANALYSIS

Under this chapter the method used for analyzing and modifying the existing Bishoftu pickup
vehicle are discussed. The work flow used were shown in Figure 4.1. These steps were used on

the analyzing frontal and side impact of the existing and modified model.

4.1 Work flow of modeling and analysis

In performing the design and analysis of the Bishoftu pickup vehicle, CATIA V5 is used for
modeling and then model was imported in to LS DYNA. Surface cleaning, meshing and other
parameters of the model is done using LS DYNA workbench on LS-PREPOST. The crash analysis
is being done in LS DYNA post process. The detail of each of the steps is mentioned on the figure
4.1 below.

Modeling and Materal fest Modeling and
analysis of Modification ) Zm 1 rels analysis of
existing BBV andanayss modfiedBPV

Decidon

Pre - process H Process HPost - [rOCEss

Pre - process —-{ Process Post - process

Model check
' lmport th Slectth
NIodehnlg and Select the o forthe -cc - Import the result
Meshing iver andRur result and g solver and Run ad Conpae
Interprett Hodtcdlol the K- fil
the K-file el R P the results
(Validation)
Apply boundary Apply boundary

condition and condition and

set the analysis set the analysis

Write
Conclusion

Figure 4.1: Work flow for modeling and analysis
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4.2 Modeling and analyzing of the existing structure

4.2.1 Modeling of BPV

Geometry model of Bishoftu pickup Vehicle is modeled based on specification obtained from data
collection on BAEI. Before attaching the geometry to LS DYNA, several steps are performed
during modeling in CATIA V5. Sketcher is the initial stage of modeling in which the basic profile
or part of the BPV. After that, the surface is generated, and the corresponding extruding (pad)
thickness was given for each part. Finally, the parts are assembled for checking for dimension
error. The parts were named separately in CATIA; these steps are shown on Figure 4.2, and the

lists of parts modeled assembled are listed below:

Sketcher Generation ()|Patmoteling (), "
of surface assembly

Figure 4.2: Modeling procedure

1. Front body structure: consists of bumper, hood, fenders, head light and others.

2. Cabin: it is driver compartment consists of dashboards, gauges, steering linkage and others.

3. Chassis and wheels: support the weight of whole vehicle and occupants and includes all
front and rear suspension components and linkages.

4. Engine and other Components: this is modelled to consider the mass and space of the
engine, gas cylinder and other missing rear parts including the mass of the occupants.

5. Rear body structure: covers the rear parts and used as carrying materials (luggage

compartment). The modeled parts are shown on figure 4.3.
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Figure 4.3: Model components of BPV (a) Cabin (b) Chassis and wheels (c) Front body structure (d) Rear
body structure (e) Dashboard and seat (f) Engine and other missing parts

After modeling the above main components, the next procedure is to assemble the separated
components in to one full model. The assembled 3D modeling and the real vehicle structure is

shown on Figure 4.4.

Figure 4.4: (a) Isometric view of Bishoftu pickup vehicle model and (b) the real vehicle
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4.2.2 Model check
After modeling the next step is model checking, Getting the Model ‘Right” or model Checking
consist of three basic stages and these are before, during and after analysis as shown in figure 4.5.

+ Pre-analysis checking: Any checks to do before running your analysis in LS-DYNA.
+ Checking during the analysis: Any checks you may want to do whilst the model is running.
+ Post-analysis checking: Checks on your models after the analysis is complete. This

includes feedback to access initial model data.

Pre - analysis

Checking during Post - analysis
analysis checking

checking

! |

Figure 4.5: Model checking procedures

Pre-analysis checking

Before meshing: the Computer Aided Design (CAD) of the pickup model was converted by
CATIA V5 software in to an Initial Graphics Exchange Specification (IGES) or STEP model.
Then, the model was checked for whether modeling errors are available or not. Duplicated
surfaces, unwanted lines, edges and part to part penetration etc., are checked and removed from
the imported model on LS DYNA geometry tool. The next stage is to move the model to Is dyna

pre-post meshing and for further deep checking’s, LS dyna Pre-Analysis Checking includes:

+ Checks on curves referenced by particular material types.
+ Rigid body constraint clash checks.

+ Tied (or not tied) contact checks/penetration checks.
Check for element quality, shell normal and crossed edge

Incorrect values in certain fields (for example a negative value when this is not valid). This errors
usually leads to usually errors like the above will result in LS-DYNA not running, and a
termination so when running in LS-DYNA it is important that the issue is picked up at the pre
analysis checking stage, as it may go unnoticed. Normal check is for reviewing and reversing shell,
segment, and thick shell normal. Consistent normal in a part may be required to meet mesh quality

standards, for contact definitions in LS DYNA. After checking those, the next thing to do is to
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ensure that no crossed edges existed. The case where an edge of an element crosses another shell
element mid surface, or face on a solid element, is not a penetration in a classical sense in LS-
DYNA. But these mesh errors might lead to severe problems when running an analysis in LS-
DYNA so, it is very important that such modeling is avoided (Redscan, 2017).

Check for Penetration

Initial penetration is a term used frequently to describe the amount of penetration that exists
between a node and its closest master segment (in the case of classic node/ segment treatment) or
between two interacting segments (in the case of “segment-based” treatment) during the
initialization of the problem. The most obvious recommendation would be to have no initial
penetrations at all. However, this is rather difficult due to the nature of the model building process
and the number of design changes that usually occur during the course of the product lifecycle.
Penetrations are checked for shell, beam and solid elements in LS DYNA, Penetration check by
Parts and check by contact (LS-DYNA Support Site, 2022). Figure 4.6 shows penetration check
by part. The arrow shown on the model shows the penetration and the magnitude is shown on the

vector plot at right side of the model.

Figure 4.6: Initial Penetration

Penetration check by contact: By selecting a contact from the list of defined contact in the
model, the elements included in the contact are displayed and the check is performed by taking
care of all parameters that affects the contact thickness (SST, MST, SFST, SFMT, SHLTHK,
SLDTHK, SSTHK, OPTT, SFT, TH, THSF) and which nodes/elements is to be checked against

penetration to which elements.

Keyword check
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Another way to tackle problems on the modeling process is to look for keyword check. The model
is checked for keyword input error such as section, material, contacts and constraints. Figure 4.7.

Shows the Model keyword report in which all the errors are removed and left with some warnings.

Madel Checking x

Element Quality Keyword Check Contact Check Model Check Setting

Total
- CONSTRAINED(363)
CONTACT(1)
CONTROL(?)
DATABASE(S)
E-ELEMENT(377928)
HOURGLASS(3)
INITIAL(T)
KEVWORD(1)
E-MAT(23)
NODE(807608)
ART(124)
ECTION(107)
SET(362)

- TITLE(T)

Warning(1)
Warning(100)
arning(0)
aming(0)

Do not Check Contact Recheck Model Clean Write Snap

Done

Figure 4.7: Keyword checks
During analysis

Under this section, penetrations and modeling error etc., were reported. So that a user can fix the
problem by reading Warning in message file or on the running LS DYNA command window.
Figure 4.8, shows the reported warning message. It reports the penetration detected between the

ground and tire.

** Warning 30226 (INI+226) 't,"o‘.‘
node 777092 (rigidwall 1) init. penetration= 1.0649E+02 LA 0:0:.‘,
R,

il

Warning 30226 (INI+226)
node 777093 (rigidwall 1) init. penetration= 1.0649E+02

Warning 30226 (INI+226)
node 777094 (rigidwall 1) init. penetration= 1.0649E+02

Warning 30226 (INI+226)
node 777095 (rigidwall 1) init. penetration= 1.0649E+02

** Warning 30226 (INI+226)
node 777182 (rigidwall 1) init. penetration= 1.0649E+02

** Warning 30226 (INI+226)
node 777250 (rigidwall 1) init. penetration= 1.0649E+82

** Warning 30226 (INI+226)
node 777251 (rigidwall 1) init. penetration= 1.8649E+02

-

»

Warning 30226 (INI+226)
node 777254 (rigidwall 1) init. penetratione 1.0649E+02

** Warning 30226 (INI+226)
node 777255 (rigidwall 1) init. penetration= 1.0649E+02

** Warning 30226 (INI+226)
node 777256 (rigidwall 1) init. penetration= 1.0649E+02

** Warning 30226 (INI+226)
node 777257 (rigidwall 1) init. penetration= 1.0649E+02

Warning 3226 (INI+226)
node 777258 (rigidwall 1) init. penetration= 1.0649E402

Figure 4.8: Warning during analysis
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Post-analysis checking

Post-checking provides information about the model deformations, energy balance and other
results. The deformations can also be reviewed from the test video. This information is useful for
model checking especially for those parts with large permanent deformations. Although the
relation of energy balance, hourglass energy and energy ratio is also checked. On this thesis work
these checks are presented on result and discussion chapter.

4.2.3 Mesh generation

Mesh generation includes mesh type, size and geometrical attributes. There are three different
mesh types, 1D, 2D and 3D, relevant to element dimension. Mostly, pickup components were a
shell element, which means that the length and width of the structure is considerably larger than
its thickness. Therefore, auto mesh type was used. The Bishoftu pickup vehicle geometry was
meshed by LS DY NA software using mixing of linear quadrilateral 97.9% and triangular elements
2.1%. The element size for the whole model between 3mm and 7mm. The total number of elements
for the whole meshed model were 1,154,037 and node 1,188,194. So, the whole meshed model is

very complex and computationally “expensive”, see Figure 4.9.

Figure 4.9: Meshed FE model of the pickup vehicle

4.2.4 Analysis setting

Material Definition

Page | 54



Vehicle material types and properties are the most important factors, which effect significantly the
accuracy of the impact simulation. Moreover, material types and properties should fulfil the
automotive criteria, such as safety, environment, lightweight, fuel consumption, cost and design.
Mostly, the vehicle model consists of shells, which need to identify thicknesses for every single

shell besides mechanical material properties.

Table 4.1: Material mechanical properties for vehicle part set

Vehicle parts Mass density (kg/m®) | Young’s Modulus(Pa) | Poisson’s ratio | Yield Stress (Pa)
Vehicle structure 7890 2.13e+11 0.28 2.45e+8
Bumper 2700 7.0e+10 0.33 2.76e+8
Chassis 7850 2e+11 0.26 2.50e+8
Windscreen 3150 7.3%+10 0.22 1.380e+08
Tire 1510 3.00e+09 0.45

The vehicle components materials were selected by the Is-dyna material library. The keyword used
for tire was modeled by MAT_ELASTIC. While MAT_PIECEWISE_LINEAR_PLASTICITY
was used for windscreen, chassis and vehicle structures. Since some parts are not subjected to
deformation so they were modeled by MAT_RIGID, these are axles, wishbones and engine
components representation. Most vehicle components thicknesses were defined by section shell
and the rest with solid element. For shell elements the value of the thickness is determined based
on their density and mass value listed on above data collections. The material mechanical

properties and shell thicknesses of the vehicle components are shown in Table 4.1 and Table 4.2.

Table 4.2: Thicknesses of the vehicle component

vehicle component Thicknesses(mm)
Vehicle structure 1
chassis 4
Windscreen 4
Tire 7
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Missing Components

To simplify the model, several of the components of the car were not modeled, but rather were
represented as point masses and rigid bodies. The components acted mainly in series progressing
from the front of the car through the middle to the rear, all interconnected to each other. This
component representation was done to preserve the inertial properties of these components, which
would be very important to create an accurate impact simulation of the BPV. These point masses
were created in LS-DYNA by creating a single node on the part, and adding a mass using
ELEMENT_MASS and the node is connected to any of the rigid part in the model using *RIGID
TO RIGID. Masses were at both of the front wheels to represent the mass of the engine,
transmission, brake, and steering assembly and also occupant masses. Mesh was only added for

visualization purposes. This mass part is applied on the center of mass of the vehicle.
Element Formulation

This paper mostly uses ‘fully integrated shell element modified for higher accuracy’ element
formulation, and some of them are default element formulation. Belytschko-tsay element
formulation is used for default type shell element with 3-point integration point and ‘fully

integrated S/R solid” for solid elements.
Constraints

After meshing the individual parts, interactions have been defined between them. These
interactions are defined between the surfaces of different parts and control the transmission of
forces and moments between individual members. Kinematic joints have been defined for different
parts of the vehicle. In LS-DYNA, the constraint between two deformable parts was given by the
keyword CONSTRAINED _NODAL_RIGID _BODY in Entity creation. Also, to connect rigid to
deformable body CONSTRAINED_GENERALIZED WELD_SPOT is used, and constrained
RIGID BODIES is another keyword used to connect rigid bodies with another rigid body. In
addition, JOINT_REVOLUTE was used to constrain tire with the vehicle components.

Contact Definition

The contact between two parts is given to prevent penetration during the crash. There are a lot of

contact types are available in the keyword manager. In this case, the contact is directly in within
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the components of the BPV like chassis, the front portion, cabin, etc., and between the road and
the tires, between the impacting surfaces (BPV and external part) and various parts of the BPV. In
order to define the interaction between different parts of the BPV, a set of parts (PART_SET) is
defined then, the keyword CONTACT_AUTOMATIC_SINGLE_SURFACE used, and for
defining two different objects like the vehicle and the ground and also the vehicle and the
impacting surface, then the keyword CONTACT_AUTOMATIC_SURFACE_TO_SURFACE is
used. The master and slave parts are listed in Table 4.3.

Table 4.3: Master and slave parts

Contact type Slave Master
Automatic surface to surface Tire ground
Automatic surface to surface BPV External part

Automatic single surface Whole vehicle non

4.2.5 Boundary Conditions and Simulation environment

The function of the boundary conditions is to create and define constraints and loads on finite
element models. To simulate a full vehicle crash, all loads and boundary conditions that occur in
the actual crash event need to be modeled. Just as a vehicle is subjected to gravitational loads in
real life, the simulated model should have a representative gravity force applied. Friction forces
between the tires and the road surface play an important role in how the vehicle behaves on impact,
so these have to be accounted for in the simulation. A velocity has to be applied to the vehicle in
amanner as to not impart any unrealistic acceleration or cause the simulation to run for an extended
amount of time. Fortunately, Ls-Dyna provides methods to simulate all of these requirements(Liu,
2013a). In this section the setups for the simulation of front and side impact test will be presented.
The Boundary condition and set up follows the standards indicted on literature. The detail of set
ups and boundary condition in each of the crash scenarios are presented as follows.

Case 1. Frontal Impact

In front impact test, the BPV is crashing with a rigid wall which is stationary on opposite side with

the pickup that has a speed of 60 km/h and the main purpose is to clarify the damages to BPV front
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body structure. Figure 4.10 shows front impacts SET UP is in three different views which we will

analyze in the following section.

60 Km/hr
e

Figure 4.10: Simulation set ups and boundary condition of frontal crash

To simulate the Frontal impact, the BPV vehicle is subject to an initial velocity of 60 km/h and
along the horizontal direction towards the rigid wall. The simulation is adjusted to 160ms.

Case 2. Side pole impact

In this test the Bishoftu pickup vehicle impacts the rigid pole laterally at a speed of 32 km/h as
stated on NCAP test protocol, its line of forward motion forms an angle of 75 degrees with the
vehicle’s longitudinal axis, simulating a real-world crash in which the vehicle hits a tree while

sliding on the road. The rigid pole is a vertically oriented metal structure with:

4+ Diameter of 254 mm.

4 Beginning no more than 102 mm above the lowest point of the tires on the struck side of
the fully loaded test vehicle.

+ Extending at least 150 mm above the highest point of the roof of the test vehicle.

The direction of vehicle motion is such that the pole is always aligned with the CG of the head of
the driver (Singh, 2012). The LS-DYNA set-up for the side impact crash test of the BPV model

with a pole is shown in Figure 4.11.
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<«—254mm (10 inch) rigid pole

750 2\

Figure 4.11: FEA set up for Lateral (side crash) Test

Control Simulation

Solution control has a significant influence on simulation stability and accuracy.
CONTROL_TERMINATION was used to define the simulation termination time. It is used to
control the time step and run time of the file. These cards are necessary to control the duration of
simulation time. Run time of the key file is 160 ms (0.16 s). The results are plotted for the energies
absorbed by the parts within 1 ms interval. DT min is the interval in which the codes are generated
in processing the file in Is-dyna. It is the minimum time taken by the sound wave for travelling
from one end to other of the shortest element. It is also used in plotting the graph i.e., for every
0.001s interval a point on the graph is plotted. Decreasing the value below 0.001s increases the

smoothness of the curve but at the same time increases run time.
Other control cards are defined, these are control are:

4+ CONTROL_ACCURACY: control parameters that can improve the accuracy of the
calculation.

4+ CONTROL_CONTACT: Change defaults for computation with contact surfaces.

+ CONTROL_ENERGY: Provide controls for energy dissipation options.
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+ CONTROL_HOURGLASS: control zero energy formation.
Database options

Database options are given to obtain the output i.e., to generate results and to interpret plots.
Database was used to define the expected results using American Standard Code for Information
Interchange (ASCII) to define specific functions such as NODOUT, JNFORC, JSTIFR and
DEFORC (Kunle et al., 2019). Generally, they are used to analyze the energy absorption
characteristics that are discussed in next chapter on result and discussions. Some of the database

plots used are:

+ D3PLOT (database for complete output states and some default results)

+ D3DUMP (complete database for restart when interruption occurs on running due to power
or other)

+ ASCII options (absorption energies (GLSTAT), material energies (MATSUM), wall force
(RWFORC), Resultant contact forces (RCFORC) and so on.

4.3 Modification on the existing Bishoftu pickup vehicle

4.3.1 Introduction

For years now, the vehicles safety has become more and more important in the car development.
The WHO has synthesized evidence-based measures called SAVE LIVES that can significantly
reduce road traffic fatalities and injuries. Among the 6 strategies listed to reduce injuries and deaths
from road crashes the first Standards states that, at event of frontal and side impact the vehicle
should with stand a frontal or side impact crash and protect the occupants when tested at specific
speeds (Desapriya, 2011). By keeping that in mind modification were made for the pickup vehicle.
Generally, modifications are done by vehicles owners to give them a distinctive appearance, to
improve their performance, to add desired features, change the engine (alternate or replacement
engines), suspension, or to add a long-range fuel tank. Others modify their vehicles, so that they
are better suited to a specialized purpose. In another hand, Excessive modifications can affect the
road handling of the vehicles, such as, it may distract the original vehicle stability, fuel
consumption due to addition of too much weight and other safety regulations which may result in

wrong side of the law and perhaps insurance company. So, staying safe and legal is extremely
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important when modifying car. So that the improvement which were going to made on BPV should

meet the following additional criteria:

+ The vehicle must not have any rust or deficiencies in the areas to be modified or in
the areas already modified.

+ The vehicle must be structurally sound, without need of mechanical repairs and
able to support/accommodate the needed adaptation (For & Vehicle, 2021).

+ Do not affect the level of safety, strength or reliability of vital systems, like brakes
steering and occupant protection systems.

+ Have little or no impact on the vehicle’s compliance with mandatory vehicle

standards.

4.3.2 Safety Concept

The first thing to consider when making the modification is the occupants should be extensively
protected from direct contact with obstructions and free from uncontrolled flight. To achieve this
goal, the car body structure is also designed to be as safe as possible with some crashing zones to
absorb energy but also a stiff protective cell for the occupants so called safety cage, the aim of this
section is to modify and design BPV body structure as safe as possible with some crashing zones
to absorb most of the impact energy but, also a stiff protective cell for the occupants. Here the
intention is to achieve this aim by means of an energy absorbing component (deformation
elements) of stable frame structure. The modifications were based on the study done on previous
section of the existing model. The study indicates that small design changes could significantly
enhance safety of BPV occupants. The location in which the modification was fitted are shown in
Figure 4.13, and mountings is based on the study done on the existing model. The BPV is fitted
with two main energy-absorbing zones, these were front and side parts of the BPV, see Figure
4.14.

The added energy absorbing parts are designed in order to have a controlled deformation. This
deformation is used to absorb the maximum kinetic energy during a crash. This deformation zones
not only absorbed the kinetic energy of impactor, but also the kinetic energy of the BPV itself, for
example when the BPV fully crashed into full into a rigid wall. The beam element was act as a
bumper and designed in such way that are capable of deformation and together with other linkages.

The front bumper has functionality of reduce kinetic energy, minimizing the stress on the drivers
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and occupants’ body. It should deform and absorbed the impact energy without affecting the
occupants. By doing so they will significantly help during collisions of the BPV. In addition, the
side door beams have been designed to meet the requirements of beams at event of side crash.
They absorbed the side collision energy, reduce intrusion in to the BPV and reduce the force of

impact transferred in to the occupants.

Figure 4.13: Modified BPV model parts

Stable frame structure

Maintaining the safety required to protect the driver and occupants makes high demands on the
frame structure, particularly in the case of serious accidents. The final 3D model of the modified
BPV is shown on Figure 4.14 below, in addition to the above safety concept, the new model has
the same fuel consumption with the existing BPV because the total mass of the new model was
made the same with the exiting by introducing the use of lightweight material. Since modifications

were done symmetrically so the stability of the vehicle is not also affected by the modifications.
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Figure 4.14: BPV isometric view of the modification

4.4 Bumper and Beam design

To improve the performance of vehicles at event of crash many technological developments is
needed towards designing a successful lightweight and good energy absorbing unit. During crash,
the energy absorbing members of the vehicle are expected to fold progressively, so as to absorb
more energy and to ensure enough passenger space (Srikantha et al., 2017).

Automobile bumper and side door beam is a structural component or part of vehicle, which is
mounted at the front and side (side doors) of the vehicle for improving crashworthiness or occupant
protection during both crash cases. In low-speed collision, it used to prevent or reduce damage to
the vehicle by absorbing the shock or impact forces. Most of the time, they are not designed as
structural components that would significantly contribute to vehicle crashworthiness at high speed.
Several design factors are considered on selecting a bumper and beam. The most important factors

are:

+ The ability of the system to absorb shocks or impacts.

<+ To stay intact at high-speed impacts.

#+ Weight, manufacturing process ability and cost are also the factors in design
phase.

<+ Both initial cost and repair cost are also important.

Based on reading of a number of published papers, a summary is drawn that materials with

different thicknesses can gain different crash performance. So, the purpose of this section is to
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check the performance between 0.886 mm and 2 mm thickness and select the best material
thickness for the side beam. For the front bumper from 50 — 70 km/hr is checked and select the
best speed for the front bumper of the vehicle, and to check the selected material strength, energy

absorbing capabilities and deformation by varying the thickness and speed of the cross section.

4.4.1 Bumper and Beam material

On different surveys, it was observed that the performance of the bumper and beam at event
collision is greatly depending on the material used. If it is properly selected, it produces a great
impact on the vehicle performance by minimizing the weight (high fuel efficiency) without
sacrificing the strength. Since, most of the fuel consumption (75%) due to the weight of the vehicle.
It is also mentioned that, 6%—8% increase in fuel economy can be realized for every 10% reduction
in weight (Tie Wang & Li, 2015). So, the use of Lightweight and good crash performance material
will provide opportunities for reducing vehicle weight, thus increasing fuel efficiency and reducing
emission of harmful pollutants. So, for the front bumper closed cell Aluminum foam and for the
side door beams advanced high strength steel (AHSS) DP 980 steel material are taken into
consideration to achieve the required performance. The advantages of Aluminum foam for

automobiles are;

High strength and stiffness to weight ratio
Corrosion resistance

Withstand great damage

Light weight

-+ F +

Can be made into complex geometrical forms easily

+ Extremely strong and can absorb great deal of mechanical energy
Advantages of advanced high strength steel (AHSS) DP 980 steel material:

+ Good crash performance
+ Light weight as compared to conventional steels
+ Cost effective solution

Aluminum foam is a material made from aluminum, which is also populated with a large volume
of pores or cavities. It is a solid material filled with pores such that up to 95% of the volume
consists of gas-filled voids, in two different kinds of structures. The pores can be sealed from each
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other (known as closed-cell foams) or can form an interconnected network (open-cell foams). It is
both extremely durable and lightweight, with a large surface area to volume ratio. The non-
flammable material inherits all of the excellent properties of its parent metal aluminum, such as
recyclability, heat and corrosion resistance, strength, electrical and thermal conductivity, etc. but
at a fraction of the weight, Aluminum foam has a high specific stiffness, especially compared to
the original denser metal, and can withstand great damage with little deformation. Closed-cell
aluminum foam is widely used as a lightweight construction material, both in its original format,
and as sandwich panels, which are valued for their low density and very high stiffness. The main
applications for this variety of foams are in the automotive industry as impact, acoustic and
vibration absorbers, the aerospace industry. Metal foams, as a whole are not as cheap as sheet
metals, or other polymeric counterparts. This is because of the number of processing steps and
specific raw materials needed to facilitate their manufacture. However, the cost and energy benefits
offered by using lightweight yet resilient foams such as aluminum foam in various applications of
automotive industry can greatly offset these initial material costs (Aluminium Foam | Properties
and Applications | Materials Hub, 2022). So, in this paper, the front bumper is mounted on the
BPV for safety purposes. The mechanical properties will be directly used as the parameters in LS

DYNA material options, and they are summarized in Table 4.4 below.

Table 4.4: Material properties of aluminum foam for LS-DYNA material

Properties Units Value

Foam density, p kg/m® | 2670
Young’s modulus, E Pa 7.2e+10
Poisson’s ratio, PR - 0.25
Yield strength (stress), YS Pa 1.8e+8
Ultimate tensile strength, UTS | Pa 3.2e+8
Shear modulus Pa 9.2et+8
Elongation at Break % 0.15
Compressive modulus Pa 5.0e+8
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Advanced high-strength steels (AHSS) are routinely used in numerous manufacturing applications
due to their good combination of desirable properties such as high formability, high strength, good
ductility, light-weight and low cost as well as high deformation hardening, which implies a high
energy absorbing ability or “crashworthiness”. Weight reduction in automobiles is being accepted
as one of the most efficient measures to lower energy consumption making AHSS the candidate
of choice among steel alloys. Dual phase (DP) steel is part of the family of AHSS, and these steels
are designated by their ultimate tensile strength (UTS) values. DP 980 is the current highest grade
of steel, with a UTS of 980 MPa. Typically, DP steels have a microstructure consisting of a mixture
of a soft ferrite matrix and hard martensite particles. DP steels are mainly used by the automotive
industry primarily for safety parts in car bodies, e.g., bumpers, B-pillars, side impact beams, etc
(Baltazar Hernandez et al., 2010). The mechanical properties of DP 980 steel materials are

summarized in Table 4.5 below.

Table 4.5: Material properties of DP 980 steel material

Properties Units Value
Mass density, p kg/m® 7850
Young’s modulus, E Pa 2.18e+11
Poisson’s ratio, PR - 0.3
Yield strength (stress), YS Pa 6e+8
Ultimate tensile strength, UTS Pa 9.8e+8
Uniform elongation, € % 5.9
MARTENSITE % 90

Material and Section definition

The geometric modelling of the front bumper and side door beam is done by using CATIA V5
modelling tools and mesh, boundary conditions, material properties and section properties are
defined using on the Ls-pre post. Both the bumper and the beam are uniformly meshed with 4- and
3-mm element size respectively. They are meshed with shell elements. The ends of them are

constrained in all the directions both in translational and rotational to the neighboring parts like
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body. The material model or keyword wused to define the material is*
MAT_PIECEWISE_LINEAR_PLASTICITY*.

Since the thickness of the bumper and the beam which is considered is very small comparing to its
all length, a shell section is used to model them. The shell elements are formulated by ELFORM=2
(Belytschko-Tsay elements) for the bumper and ELFORM=16 (fully integrated shell element
modified for higher accuracy) for the beam, because it gives better results with bending stress.
Mixed (Rectangular and triangular) cross section is used as cross section of the beam and the
bumper. It also provides good fitting space with the existing BPV frame structure when making
modification. Different thicknesses of beam are taken into consideration to achieve the effect of
thickness on impact performance of the side collision.

Boundary conditions

The different boundary settings for testing each of the bumper and the beam are represented by
LS-DYNA’s options as follows:

INITIAL_VELOCITY_GENERATION was used to define the velocity of the moving
components like bumper and beam. CONTACT_AUTOMATIC_ SURFACE _SURFACE_ID
between the bumper or beam and the rigid wall (in case of front) or rigid pole (in case of side
impact). CONTROL_TERMINATION for the simulation time is set as 0.16 s,
CONTROL_HOURGLASS is for zero energy mode of deformation for non-fully-integrated
elements IHQ=4, IBQ=0 is used and for fully integrated shell elements IHQ=8, IBQ=0. For the
output values in DATABASE _EXTENT_BINARY; D3PLOT, D3DUMP, ASCII options are

selected.
Side bumper beam test

Side beam considered as one of important safety component which strengthen the side members
of the BPV and helps on lowering the degree of injures to occupants during side collision. Under
this section, door beam with advanced high-strength steels (AHSS) DP 980 material is designed
for different thickness. Rectangular cross section used for the beam having different thickness of
0.886, 1, 1.25, 1.5, 1.7 and 2 mm. the reason for starting from 0.886 mm thickness is that when
the material thickness was lowed from this value it showed some kind of failure mode. Among the
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listed ones, the best material thickness is selected based on parameters like, impact energy, Stress,

energy absorption capacity and reduction in displacement.

The boundary conditions and the setups used are discussed below. The test consists of three
components, these are the supports (red colors), the beam (blue) and rigid pole (yellow). The pole
is represented by a rigid body, and discretized by solid elements. The beam and its supports utilize
single-layered modelling approach, where only one layer of shell element is implemented for
efficiency. The components are mainly meshed with quadrilateral elements (97%) with fewer
triangular one (3%) and totally consists of 862,905 elements and 908,851 nodes. mat-rigid (MAT
20) is used for simulation of the rigid pole, and MAT_PIECEWISE_LINEAR_PLASTICITY
(MAT 24) used for the supports and the beams.

The test procedure follows the same procedure used in the full crash test of the BPV. The supports
were arranged in the same manner as point where the modification was made on BPV. The same
distance that was set between the BPV and rigid pole was also set for the beam and the side pole.
The beam is moving with 32km/h as stated on NCAP was collide with the rigid pole, see Figure
4.15.

4 The rigid pole degree of freedom is all fixed (DOFs=0).
4+ The moving beam and its supports are fixed in all DOFs except for the moving

direction.

Support
r'd

Door beam

Rigid pole
-

Figure 4.15: Side door beam test set up

Page | 68



Front bumper test

For any vehicle, front bumper is the most critical part which protect the occupants and the vehicle
parts by deforming and absorbing much of the impact energy. A front bumper shown Figure 4.16
is mounted on the front part so that at the event of crash it absorbs the impact energy together with
the front structural parts. Using the analysis method used in previous section different bumper
speed are considered and based on the parameters such as deformation, impact force and internal

energy, the best material speed is selected.

For the component reduction of BPV, it will be compensated by adding mass rigidly given to the
reduced model using ELEMENT_MASS_PART. Therefore, the meshed reduced model totally
consists of 157059 elements and 159626 nodes with much quadrilateral and fewer triangular
elements. The total width of the front bumper is equal with the front track of the BPV. The speed
of the bumper is varied from 50 Km/hr to 70 Km/hr. The test procedure follows the same procedure
used in the full-frontal crash test of the BPV. The same distance that was set between the BPV and
rigid wall was also set for the reduced models. The results of the above method used were discussed

on the next chapter.

Bumper assembly

v

Rigid wall —

60 Km/hr

Figure 4.16: Front bumper test set up
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CHAPTER FIVE

RESULT AND DISCUSSION
5.1 Introduction
In this chapter the results of the simulation of frontal and side crash of BPV is reported and
comparative analysis carried out between the modified and existing vehicle model is also made.
In addition, the detail discussion on the results is presented. But before entering into the report or

result, the verification method for LS-DYNA simulation results is discussed below.

5.2 Result and discussion of existing model

5.2.1 Frontal collision
The analysis of the whole vehicle structure

The result of frontal crash simulation where the car moving with velocity of 60 km/h will collide
with rigid wall which is stationary in opposite side of car and is discussed. Figure 5.1 shows the
event and response of the whole vehicle structure during the time 160 ms. As it can be observed
from the figure at t=0.027s, the first part of the BPV which is in contact with the opposite rigid
wall and deformed the front bumper. After this point as the simulation time increase and reach
0.045s, the contact area increases, as a result the front structure of the vehicle parts like front
fenders, bumper and hoods starts to deform progressively and have generated plastic deformation.
When the time reaches 0.066s, the vehicle’s lower support (chassis) of the BPV starts deformation,
since the chassis of the BPV is relatively stiffer than the car front bumper so the car starts to deform
together with BPV. At final stage, the front tires of the car deform and rotates at some angle and

the rear tires starts to leave the ground. As result the frontal parts of the BPV deforms and high

deformation at front structure occurs.
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Figure 5.1: Sequence of front crash event

Total Energy-balance graph

According to Law of Conservation of energy, Energy can neither be created nor be destroyed, but
it can be converted from one form of energy to other form. Applying the same principle to crash
analysis, the amount of Kinetic energy lost during impact must be converted to other forms of
energy such as internal energy, sliding energy, heat energy and hour glass energy. From Figure 5.2
it can be seen that, initially the kinetic energy which is high at the start of the impact is equal with
the total energy with value equal to 172 kJ and as the crash event starts to take place the kinetic
energy of the system starts to slowly getting reduced and converted to other forms of energy and
then finally reaches to 4.48 kJ of energy. From this difference, it can be observed that 167.52 kJ
of energy is absorbed and converted to internal energy, sliding energy, heat energy and hour glass
energy.

0.2 LS-DYNA keyword deck by LS-PrePost
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Figure 5.2: Energy balance curve

Page | 71



Energy absorbed by the vehicle

Among the loss of kinetic energy (167.52 kJ), 137 kJ or 81.78% of energy is converted in the form
of internal energy as shown on Figure 5.3 and the remaining 18.2% energy is dissipated in the

form of sliding, hourglass energy and heat energy.
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Figure 5.3: Total internal energy

On the other hand, Energy absorbed by BPV parts is shown on Figure 5.4 the energy graph shows
the total internal energy absorbed by each of the vehicle frontal parts. The sum of total internal
energy absorbed by the vehicle frontal parts are equal with 101.47 kJ, which is 74.07% of energy
absorbed by the whole system (137 kJ). So, among the whole parts, most of the energy of the
impact is absorbed by the front structure (hood and bumper which accounts 10.3 kJ and 13.3 kJ
respectively) and the mainframe (chassis with value of 66.7 kJ). The maximum internal energy is
obtained from the frontal structure (hood, bumper and chassis) with value of 90.245 kJ, this is due
to that the collision first take place between the front structure and high impact force is transferred
on itand this will lead to high deformation of the parts. Minimum value is from the axle, wishbones
and engine, since they are modeled using the rigid material model so no deformation imposed on

them.
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Figure 5.4: Energy absorbed by BPV parts

Generally, the front structure, which have shown large deformation takes effects in absorbing the
energy. It causes the excessive stress surpassing the material bend stress greatly, so it can result in
greater plastic deformation at the same, it can absorb the impact force mostly. At the same time,

some amount of deformation is transferred to the rear vehicle structure and driver cabin.
Contact Force between the vehicle and rigid wall

The contact force pulse increases when the car is fully in contact with the rigid wall, so the
simulation result of the maximum contact force for frontal crash of BPV at speed of 60 km/h was
499 kN at 38 ms. The values of contact force between the BPV and rigid wall is shown on Figure
5.5.
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ContactId

ol i \/\\
AN
I R

- T~

0
0

Resultant Contact Force (E+6)

min=A(0.025,0 )
max=A(o.oaa,1.gge+05) Time

Figure 5.5: Contact force between BPV and rigid wall
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Velocity of BPV components

To analyze the change of speed of varying vehicle section, | take the front most (lower bumper),
front, middle and back section in all four points (node 115324, node 1247900, 508903 and node
879701 respectively). As the Figure 5.6 shows, initially the vehicles velocity for the BPV is given
positive initial velocity of 16.6667 m/s in horizontal direction, the speed on node 115324 (lower
bumper) falls down the most quickly because it is the point where the first impact contact occurs,
and reach a velocity of 3.4 m/s at time 160 ms it has come down and then up which shows the
rebounding of the part. The speed on node 1247900 (hood) initially starts to move with constant
velocity of 16.6667 m/s until the body starts to deform and then decreases its speed with
rebounding effect and finally reach a velocity of 0.1 m/s. Node 508903 (a point in the cabin of the
vehicle) falls down linearly to 2 m/s at 160 ms without rebounding effect. Node 879701 (a point
on the rear part of the vehicle) starts increasing the speed to 20.7 m/s then falls down with

fluctuation, this reflects the phenomena that the vehicle would generate rebound after crash.

= LS-DYNA keyword deck by LS-PrePost
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Figure 5.6: Velocity of nodes on BPV
Verification parameters
Energy ratio

From the energy balance curve, it has been seen that the system energy is not fully conserved and
this is due to zero energy form of some elements. So, it may be noted that, all the processes in this
universe are irreversible and some losses are always included which deviates energy ratio slightly
from one. This can be observed in the energy ratio graph. As it is discussed before, to be accepted

the energy ratio value should be 1.00 +/- 0.07. As shown in Figure 5.7, the simulation produce
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maximum value of 1.02 energy ratio and this value is approximately one with an error of 0.02%

which is acceptable.
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Figure 5.7: Verification: energy ratio
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Through analyzing the energy curves, the verification of the finite element model can also be

determined using the ratio between the total energy to hourglass energy. Hourglass energy can

cause a zero-energy model. If the hourglass Energy is less than 5% of the total energy, the finite

element model is reliable. In the figure 5.8 below the hourglass energy graph is shown on the right-

hand vertical axis vs time and the total energy graph is shown in the left-hand vertical axis vs time.

As it can be seen the maximum value of hourglass is equal to 4.18 kJ and the total energy is equal

with 172 kJ. Dividing these two gives 0.0243 (2.43 %) Because the hourglass energy is too small,

i.e., HG < 5% it can be concluded that the result is reliable.
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5.2.2 Side pole collision

Vehicle structural response

The overall sequence of events during a side impact are shown on the Figure 5.9. It shows the
response of the structure to the side pole collision. As it is seen in the Figure, when the collision
process starts the vehicle starts to move in sideways. the whole process takes 0.16 s, at initial stages
only small deformation of vehicle is observed until the time reaches 0.056 s. after this point, the
force of impact increase as contact between the vehicle and pole increase as a result the vehicle
body starts to respond with the same amount in which visible movements of damage of vehicle
body is observed at t=0.08 s. Then when the time reaches 0.104 s, significant damage to the rear
and fronts structure, roof structure and lower support like chassis, floor is observed and due to this
BPV body is distorted too much. At the full stage of the simulation (t=0.16s), the vehicle structure
is no more protecting the driver from external objects, this may result in high degree of injury to

the driver body.

1= 0.056
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1=0104

Figure 5.9: Sequence of side pole collision

Intrusion into the vehicle

Intrusion into the BPV is obtained by measuring the relative displacement of the node where there
is no deformation with the node at another side where the deformation is more. Figure 5.10 shows
the un-deformed and the final deformation of the BPV before and after impact with the rigid pole.
As it can be seen, from the original width of the BPV, due to the side crash the side structure of

the vehicle deformed 539 mm.

Figure 5.10: The original and deformed BPV vehicle structure

The maximum deformation is equal with 539mm. As shown on figure 5.11, Most of the
deformation process takes place until 0.1 s and after this point only little deformation is observed.
This is because initially the pole is in contact with the low stiff vehicle structure like the door or
body. So, the deformation increases linearly until the vehicle structure collapsed and reaches the
lower vehicle structure called chassis which is relatively stiffer. After this point the force of impact

is decreased as a result only less deformation is observed.
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Figure 5.11: Deformation

0.1

Time

The total energy of the system remains constant for the whole simulation with value equal to the

initial kinetic energy which is 54 kJ. The kinetic energy of the whole system starts to decrease as

the collision process starts and converted into internal energy which is increasing starting from

zero energy. Most of the internal energy is gained due to the deformation of the structure. After

0.12s little deformation is observed, as a result the energy graph of the K.E and I.E become almost

flat. The final Kinetic energy is equal with 7.81 kJ and this can be interpreted as 14.46% of the

initial kinetic energy or total energy. So, we can conclude that 46.19 kJ or 85.54 % of total energy

(initial K.E) is converted to other forms of energy such us internal energy, hourglass energy, sliding

energy or other forms. The energy versus time graph of the total system is shown in Figure 5.12.
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Figure 5.12: Side collision conservation of energy
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Absorbed Energy by the Vehicle

From the total energy or initial kinetic energy, the internal energy is accounts for 35.3 kJ of energy
which is 65.4% the total energy and the remaining energies are in the form of hourglass energy,
sliding energy with value of 1.59 kJ, 9.53 kJ respectively and other form of energy. The total
absorbed energy graph is shown on the Figure 5.13.
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Figure 5.13: Side collision total Internal energy

From the total energy absorbed by the whole system, the energy absorbed by the BPV side parts
is equal with 27.32 kJ as shown on the Figure 5.14. This shows that 77.4% of the total amount of
energy is absorbed by the BPV side structure. Thus, the lower frame structure (chassis, floor)
which support the front and rear structure, door and also roof structure have absorbed maximum
of 21.59 kJ of energy which is 61.16 % of total absorbed energy. From the absorbed energy, the
remaining 22.6 % of the energy (7.98 kJ) is obtained by the deformation of front and rear body
structure. This is quite easy to predict because the pole has direct contact with the side structure.

This is due to the force of impact transferred from the rigid pole to front and rear structure.
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Figure 5.14: Energy absorbed by BPV side components during side collision
Contact force

The contact force between the BPV and the rigid pole is shown in the Figure 5.15. Initially the
contact force is almost zero until the time reaches 0.012s. After this point the force starts to increase
and shows some fluctuations. The fluctuations are due to the transient (time dependent) behavior
of the simulation as a result the force on element is not always constant. The maximum force
occurs when the pole is directly in contact with the stiffer structure of the BPV such as the lower
frame structure (chassis). At this point the vehicle is highly damaged, the higher the force of impact
the more damaged to the occupants. The force impact is reduced by introducing deformable

elements on the structure. Otherwise, stiff elements will increase the force as the contact time is

less.
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Figure 5.15: Contact force between the pole and BPV
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Resultant velocity

Initially the velocity is 8.9 m/s and as the collision starts the resultant velocity reduces and reaches

final value of 1.2 m/s. This shows that plastic deformation occurred on the BPV since the

coefficient of restitution is low. The Figure 5.16 shows the resultant velocity of the vehicle.
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Figure 5.16: Velocity on the impact direction (resultant velocity)

Validation parameters

Energy ratio graph

As it can be seen on Figure 5.17, for the 0.16 s simulation the energy ratio value varies between 1

and 0.99978 which is within the range of acceptable value.
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Ratio of TE/HE

Through analyzing the energy curves, the verification of the finite element model can also be
determined using the ratio between the total energy to hourglass energy. Hourglass energy can
cause a zero-energy model. If the hourglass Energy is less than 5% of the total energy, the finite
element model is reliable. In the figure 5.18 below the hourglass energy graph is shown on the
right-hand vertical axis vs time and the total energy graph is shown in the left-hand vertical axis
vs time. As it can be seen the maximum value of hourglass is equal to 1.59 kJ and the total energy
is equal with 54 kJ. Dividing these two gives 0.0294 (2.94 %) Because the hourglass energy is too

small, i.e., HG < 5% it can be concluded that the result is reliable.
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Figure 5.18: Verification: ratio TE/HE

5.3 Results of Front bumper simulation
Under this section the impact behavior of front bumper under different speed is analyzed based on
parameters like force, displacement (deformation). When the material is changed due to the
difference in density, the mass is changed and the mass percent decrease is 0.18% with in the same
thickness. So, the modification gives an advantage on mass decrease. On the above studies, the
deformation and energy absorbed have direct relation, so it is enough to study the energy absorbed
in terms deformation. The speed considered were 50, 60, and 70 Km/hr. the result of the simulation

is discussed below.
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Deformation

As it is presented in graph, the behavior follows the same pattern in which the deformation
increases as the speed increases. Initially until t=0.015 there is high deformation until the collision
is in contact with high stiff material, then the collision starts to decrease the rate of deformation

and finally, the structures were subjected to plastic deformation as shown on Figure 5.19.
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Figure 5.19: Deformation of front bumper for different speed
Energy absorption

As discussed on the above, the higher deformation of the bumper leads to more absorption of
energy during the collision. The maximum amount of energy absorbed by the bumper is increases

as the speed become increased as shown in the figure 5.20.
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Figure 5.20: Internal Energy of bumper for different speed
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Impact force

The fluctuation effect observed on the graph shown the compression and elongation effects occurs
between the measuring nodal points of the bumper. From the deformation it can also concluded
that the energy absorbed by bumper in increases with more deformation and decreases with les
deformation. In another word the increase in vehicle speed results in more deformation and energy
absorption. The contact force vs. time graph is shown in Figure 5.21. The graph reveals that as the
speed increases the force of impact increases. The maximum impact force (81.4 kN) occurs when
the bumper moves at 70 km/hr. This behavior is obvious as the momentum of the bumper increases
with increase in speed of the front bumper. Generally looking at the above results it can concluded
that the increases in speed results in high deformation, high energy absorption and high contact
force. So, average speed (60 km/hr) is selected for the full car simulation in order to get low impact

force, less deformation and good energy absorption.
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Figure 5.21: Resultant force of front bumper for 50, 60 and 70 km/hr speed
Effective von Moises stress

The effective van mosses stress of the front bumper as shown on Figure 5.22, the maximum stress
value is equal to 0.54 Gpa at element 91719. The aluminum foam material strength and failure
criteria are determined based on the material’s mechanical property. Since there is no dilatation of

element was reported when running the simulation so based on that assumption the bumper is safe.
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Figure 5.22: Effective von Moises stress of front bumper
Resultant displacement
The Resultant displacement of the front structure is shown on Figure 5.23. From the contour plot

it can be seen that the maximum resultant displacement (deformation) of the structure is equal to
485.6 mm at node 74243.
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Figure 5.23: Resultant displacement

5.4 Results of Side door beam Simulation
The result for different thickness of beams is represented in graphs at regular interval of time as
shown on the figure below. As the material is changed, due to the difference in density, the mass
is also changed and the mass percent decrease is 0.2% with in the same thickness. So, the
modification gives an advantage on mass decrease. Judgments were going to be made by observing

the impact analysis results like force, stress, deformation and strain values.
Deformation

The deformation values are obtained by measuring the relative displacement from two nodes (one

at the right or left end of the beam and the other at middle of the beam). With this measurement
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the value of deformation graph for different thickness of the beam was shown in the figure below.
The thickness of the beam is 0.886, 1, 1.25, 1.5, 1.7, and 2 mm as shown in Figure 5.24. From the
Figure shown, as the thickness of the beam increases from 0.886 mm to 2 mm, the maximum
deformation of the beam decreases and the rate of decrease becomes also less with the increase of
thickness. This does mean that abeam with less thickness is always better because more
deformation means that there is probability of intrusion to the vehicle main compartments and also

more energy is absorbed.
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Figure 5.24: Deformation for Side beam with different thickness

Energy absorption

As discussed on the above, the higher deformation of the beam leads to more absorption of energy
during the collision. The maximum amount of energy absorbed by the beam is reduced as the

thickness become increased as shown in the figure 5.25.
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Figure 5.25: Energy absorption for side beam with different thickness
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Impact force

Although maximum impact force between rigid pole and side door beam increase with the increase
of thickness. This is obvious that with increase in thickness the mass of the beam increases as a
result, high impact force is produced as shown in Figure 5.26. But that does not mean that beam
with smaller thickness is better because the stress on the on the beam increases with the use of less
thickness. Therefore, from the above results it can be concluded that neither abeam with less
thickness nor with higher thickness is better, rather it depends on the application it is required for.
The main purpose of this thesis work is to select a lightweight, good crash performance side door
beam without sacrificing the impact behavior. From the viewpoint of impact performance, among
the listed thickness taking the average value provides improved the level of performance relative
of other for the body parts and passengers of BPV. Therefore, the door beam with 1.25mm

thickness is better to be selected.
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Figure 5.26: Impact force for Side door beam with different thickness
Effective von Moises stress

As it is indicated in Figure 5.27, the maximum stress value is equal to 0.8 Gpa at element 6255.
The steel material strength and failure criteria are determined based on the material’s mechanical
property. Since there is no dilatation of element was reported when running the simulation so based

on that assumption the beam is safe.
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Figure 5.27: Effective von mises stress

Resultant displacement

As it is indicated on the counter plot, the maximum resultant deformation of the beam is 35 mm at
node 3570. Deformation of the beam produce changes in the energy absorption of the beam. With
this deformation, the intrusion is very less and the force of impact is gradually increase but the

damage will be less as compared to the existing, see Figure 5.28.
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Figure 5.28: Resultant displacement

5.5 Result and discussion of Modified BPV

5.5.1 Frontal collision

Analysis of the whole vehicle’s response

The simulation result of modified model BPV frontal crash is presented and discussed, the
sequence and the appearance of the modified BPV at final state is shown on figure 5.29. The result

of frontal crash simulation where the car moving with velocity of 60 km/h will collide with rigid
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wall which is stationary in opposite side of car and discussed. The Figure below shows the event
and response of the whole vehicle structure during the time 160 ms. As it can be observed from
the figure at t=0.029s, the first part of the BPV which is in contact with the opposite rigid wall and
deformed the front bumper. After this point as the simulation time increase and reach 0.048s, the
contact area increases, as a result the front structure of the vehicle parts like front fenders, bumper
and hoods starts to deform progressively and have generated plastic deformation. When the time
reaches 0.07s, the vehicle’s lower support (chassis) of the BPV starts deformation, since the chassis
of the BPV is relatively stiffer than the car front bumper so the car starts to deform together. At
final stage, the front tires of the car slightly deform and rotates at some angle. As result the frontal
parts of the BPV deforms and high deformation at front structure occurs. Due to the material
modification on the front bumper high energy is absorbed during the collision so, there will be less
impact force transferred to the occupant which will probably save human life or reduce injury on

the occupant. Therefore, the modification made on the vehicle is highly acceptable.

Figure 5.29: The Sequence and appearance of the modified BPV during front crash event

Energy balance

The energy versus time graph of the total system is shown in Figure 5.30. As it is shown through
the simulation the Conservation of energy principle is obeyed in which the amount of kinetic
energy lost during impact is converted to other forms of energy such as internal energy, sliding
energy and hour glass energy. The total energy graph remains approximately constant. Initially the

kinetic energy is equal with total energy with value equal to 175 kJ but as the vehicles starts motion
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the KE value decrease and get converted into internal energy and other forms. As a result of final

state, it reaches energy value equal to 4.27 kJ this indicate that 97.56 % of kinetic energy is lost

and converted in to other forms of energy.

LS-DYNA keyword deck by LS-PrePost

0.2 |
‘ Component
o C c c _A_Kinetic Energy
_B_lInternal Energy
_C_Total Energy
0.15 - D_Hourglass Energy
e P——— -E_sSliding Energy
- e
= .
+
w
s 0.1
©
a
E L
K]
o
0.05
L E E
D | D A
D i #
0 0.1 0.15
min=E(0,0 :
max=é(0.)6,1.75e+05) Time

Figure 5.30: Modified model energy balance curve

Energy absorbed by modified BPV

Among the lost kinetic energies, 142 kJ (81.15%) of energy is in the form of internal energy as

shown Figure 5.31 and the remaining 18.85% is converted in to other forms of energy like sliding

energy, hourglass energy or other forms of energy.
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From the energy absorbed by the whole system, front parts of the modified BPV contributes107.09
kJ of absorbed energy. This covers 75.4% of the total energy absorbed by the whole system. Figure
5.32 Show the energy absorbed by BPV frontal parts with primary and secondary axis versus time.
As indicated the parts listed under primary axis absorbed much of energy by covering 99.35% of
the energy absorbed by BPV parts. The front structure (bumper and front body structure) is

responsible for most of the energy absorbed as it is very near to the collision contact area.
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Figure 5.32: Energy absorbed by modified BPV parts

Contact force

The contact force between the modified BPV and the rigid wall is shown on Figure 5.33. As shown
the Contact force pulse data shows maximum force at 0.039 s. This maximum force is equal to
460 kN. This force is due to the high contact force occurred as the rigid wall is in contact with the

front portion of the chassis of BPV.
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Figure 5.33: Contact force for Modified BPV

Resultant velocity

0.15

The resultant velocity of the whole system is shown on Figure 5.34. As it is shown below the

velocity before the start of the collision is equal to 7.7 m/s but as it indicates as the collision process

starts to take place the initial velocity value gets decreased and reaches final value of 0.814 m/s

this shows the car collides to a rigid wall so the velocity value gets minimized.
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The above obtained values are verified by the energy ratio and ratio of HE/TE, the graphs are

presented as follow:
Energy ratio

The energy ratio of the whole system is presented on Figure 5.35, the energy ratio value varies
between 1.0159 and 1.0157. This value in the range stated above is acceptable.
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Figure 5.35: Energy ratio
Ratio of HE/TE

As it can be easily seen from Figure 5.36, the value of hourglass energy is very less as compared
to the total energy. The ratio resulted in 0.0226 or 2.26%. Since the energy ratio is less than 5% so
the results are acceptable.
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Figure 5.36: Ratio of HE/TE
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5.5.2 Side pole collision

Intrusion into the vehicle cabin

The intrusion into the modified BPV model due to the side pole collision is shown on Figure 5.37.
The Intrusion is obtained by measuring the relative displacement between two nodes of the model.
The Figure shows the final deformation of the BPV after impact with the rigid pole. As it can be
seen, a pole intrudes 337 mm in to the modified model. The original width of the BPV in lateral
direction is 1725 mm. This shows that the modified model remains with 1388 mm space on lateral

direction.

Figure 5.37: Side Intrusion into the vehicle

Deformation

The resultant displacement of the modified model in lateral direction is shown on Figure 5.38.
From the graph, the maximum displacement is equal with 377 mm. The maximum deformation
occurs at 0.105 s and after this point the deformation decrease. This is due to the reduction on
speed of the BPV rebounding and the contact between stiff elements. Although after this point the

force of impact is decreased as a result only less deformation is observed.
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Energy balance curve
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The energy versus time plot of the total system is shown in Figure 5.39. As it is shown the total

energy of the system remain almost constant for the whole 0.16s simulation with value equal to

the initial kinetic energy which is 54.7 kJ. On the other hand, the kinetic energy of the whole

system starts to decrease as the collision process starts and converted into internal energy,

hourglass energy, sliding energy or other forms of energy. Which is increasing starting from zero

energy. Most of the absorbed energy is due to the deformation of the structure.
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Figure 5.39: Energy balance of modified BPV model at event of side collision

Page | 95



At 0.16s the kinetic energy value is equal with 7.54 kJ and this indicate that 47.16 kJ kinetic energy
is lost and converted in to other forms of energy such as Internal energy (I.E), Hourglass energy

(H.E) and other form of energy.
Absorbed Energy by BPV Vehicle

From the total energy or initial kinetic energy 38.2 kJ of energy is in the form of internal energy
as shown on figure 5.40. This mean that internal energy takes 81 % of the dissipated or lost KE.

The remaining 8.96 kJ of energy is in the form of hourglass and sliding energy.
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Figure 5.40: Internal energy of modified BPV model at event of side collision

From the total energy absorbed by the whole system, the energy absorbed by the BPV side parts
is presented on the Figure 5.41. from the figure below, the primary axis (left vertical axis) shows
the BPV parts with the highest energy absorption such as side door body structure, roof support
frame, main lower frame (chassis), floor and the secondary axis (right vertical axis) shows the
parts with lower absorption of energy. The total amount of energy absorbed by the side structure
of BPV is equal with 26.692 kJ which accounts 69.87 % of the absorbed energy. This shows that
most of the energy is absorbed by the BPV side structure. Among the parts which are listed under

primary (left) axis are absorbed 97.55% and the remaining 2.45% is absorbed under the right axis.
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Figure 5.41: Energy absorbed by BPV parts at event of side collision
Contact force

The contact force between the BPV and the rigid pole is shown in the Figure 5.42. Until the time
reaches 0.012 s it is minimum. After this point the force starts to increase and shows some
fluctuations. As mentioned before the fluctuations are due to the transient (time dependent)
behavior of the simulation. The maximum resultant force occurs at t=0.058 s with value equal to
72.4 KN. This value is maintained only for 0.01 s and then drops down, higher force of impact may

cause more damage to the occupants.
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Figure 5.42: Contact force between the side pole and BPV
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Resultant velocity

The resultant velocity shows in Figure 5.43. Initially the velocity is 2.19 m/s and as the collision
starts the resultant velocity reduces and reaches final value of 0.158 m/s. This shows that plastic

deformation occurred on the BPV since the coefficient of restitution is low.
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Figure 5.43: Resultant velocity
Validation parameters

Energy ratio

As it can be seen on Figure 5.44, for the 0.16 s simulation the energy ratio value varies between 1

and 0.99978 which is within the range of acceptable value.
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Figure 5.44: Verification: Energy ratio
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Ratio of HE/TE

Another means for validating the FEA result is the ratio between the total energy to hourglass

energy. As indicated on the graph the energy graph of the hourglass energy is shown on the right

vertical axis vs time and the total energy is the left vertical axis vs time. The maximum hourglass

energy is equal with 0.833 kJ and the total energy is 54.7 kJ. The ratio between this values (HE/TE)

is less than 5%. If the hourglass Energy is less than 5% of the total energy, the finite element model

is reliable. Figure 5.45 shows the TE/HE graph.
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Figure 5.45: Verification: ratio HE/TE

5.6 Comparison between the existing and modified model of BPV
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Under this section the crashworthiness ability of the existing and modified model will be compared

based on the comparison parameters these are:

+ The structural response

+ Relative Displacement (Deformation)
+ Energy absorption

+ Force of impact (contact force)

For each of the crash scenarios the comparisons are discussed as follow.

Frontal crash

Structural response
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Figure 5.46 shows the structural response of the existing and modified BPV for 0.16S simulation.
From the figure, the structural deformation of the existing BPV vehicles looks more as compared
to the modified for example the front fenders of the existing model damage to much whereas the
very less for modified one and also the rear wheels of the existing model leaves the ground and
rotate whereas slight (little) on the modified. Generally, the structural response of the BPV were

determined by comparing the internal energy absorbed and impact energy after collision.

Figure 5.46: Structural response of the existing (a) and modified model (b)

Internal energy

The total energy absorbed by the existing and modified model is shown on figure 5.47. As it can
be seen the maximum amount of energy is absorbed during the modified model. This is due to the
material properties of bumper used for the modification, as a result these may deformed more and
produces more absorption. Their difference in absorption is 5 kJ (3.52 % improvement in energy

absorption).
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Figure 5.47: Internal energy of modified and existing model
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Impact force

In addition to internal energy, the force of impact for the modified model is better as shown on
figure 5.48. The maximum impact force occur on the existing model is equal to 499 kN, whereas
the modified produced 460 kN, the difference is 39 KN (7.82 % improvement in impact force).

This will minimize the driver injury level.
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Figure 5.48: Force of impact for modified and existing model

Side crash
Structural response

Figure 5.49 shows the structural response of the existing and modified BPV for 0.16S. The
parameter used to compare the structural response is the occupant’s living space (intrusion)
remains after collision. The pole intrudes 539 mm in case of existing model and 377 mm in case
of modified one. The original lateral spacing of the modeled before collision is 1725 mm.
Subtracting the intruding distance from the original width will give as the remaining space the
existing and modified BPV model remain with 1186 mm and 1348 mm respectively. This shows

that the modified model has remain with 162 mm more living space after side pole collision.
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Figure 5.49: The intrusion for the existing model (Left) and for the modified (right)

Relative Displacement

The deformation results on the existing and modified models are shown on Figure 5.50. The red
line shows the displacement of the existing BPV and the green line indicate the modified model.
The maximum deformation for existing model and modified model is equal to 539 mm and 377

mm respectively. It is clear that the maximum deformation occurs on the existing model.
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Figure 5.50: Comparison of displacement

Force of impact

The contact force between the BPV and the rigid pole for existing and modified model is shown
in the Figure 5.51. The red line indicates existing model and the green one shows the modified
model force of impact. From the figure below, the maximum impact force occurs at the existing
model with value 84.6 KN whereas the force on the modified model is equal to 72.4 KN. so, their
difference equals 12.2 KN. this much difference in force can create more momentum to the vehicle

as a result the vehicle is highly damaged. Higher force of impact may cause more damaged to the
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occupants. So, it can be summarized that the modified model will decrease the impact force on the

occupants.

LS-DYNA keyword deck by LS-PrePost
T

100

Contact Id

.A_Modified

80— _| -B—Existing

60—

Resultant Contact Force (E+3)

20+

min=B(0.012,0 -
max=B(0.052,g.46e+04) Time

Figure 5.51: Comparison of impact force of the existing and modified BPV
Energy absorption

The absorption energy of the modified and existing model is shown in Figure 5.52. Since the same
conditions are applied in the simulation of both models so, the energy absorption capacity of the
models is determined by using the total internal energy graph. The models’ internal energies are
shown with green (modified) and red lines (existing). As it is indicated on the graph among them
maximum amount of Kinetic energy is absorbed in case of modified model with value equal to 38.2
kJ of internal energy. The existing model remain with 35.3 kJ. This show that for the same
condition, the modified model have the ability to absorb more Kinetic energy with less

deformation. This helps in reducing the energy transferred to the occupants of BPV.
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Figure 5.52: Comparison of internal energy
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Table 5.1: Summary of comparison between existing and modified material tests

Existing model | Modified model
For front Maximum deformation(mm) 212 217
bumper Maximum Impact force (KN) 65.9 61.3
Maximum Internal energy(kJ) 3.23 3.51
For side Maximum deformation(mm) 36.1 27.6
beam Maximum Impact force (KN) 1.36 1.24
Maximum Internal energy(J) 25.8 27

Table 5.2: Summary of comparison between existing and modified the whole BPV model

Existing model | Modified model
For frontal Maximum deformation(mm) 479 493
crash Maximum Impact force (kN) 499 460
Maximum Internal energy(kJ) 137 142
For side Maximum deformation(mm) 539 377
crash Maximum Impact force(kN) 84.6 724
Maximum Internal energy(kJ) 35.3 38.2
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Validation

In addition to verification and comparison, the finite element model analysis is validated with a
real-time crash of the NCAP crash test. As it can be seen from the figure the simulation result is
much similar to the real crash. The fact that/ there is a slight difference on the hood of the FEA
model Vs the real model due to that, the material model of the FEA Bishoftu pickup is not the
same as other pickups. Figure 5.53 show the simulation sequence of FEM of BPV vs the real crash
of pickup.

Figure 5.53: Sequence of Frontal crash FEA Vs real NCAP crash test
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Figure 5.54 shows that the sequence of BPV side pole test to validate with NCAP real time test.
As shown in the figure, the FEM simulation is much similar to the real time test. There is little
difference on the side door glass, that is the property given in the FEM model is piecewise linear
plastisty. The other difference between the two are in NCAP real time test the vehicle is rotated to

75° to the rigid pole whereas in FEM the pole is rotated 75° to the vehicle.

Figure 5.54: Sequence of side pole crash FEA Vs real NCAP crash test
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CHAPTER SIX

CONCLUSION AND RECOMMENDATION
6.1 Summary of the Study

As it has been indicated in the introduction part, the main objective of this thesis work was to
improve the crashworthiness of Bishoftu pickup vehicle for frontal and side collision. Before inter
in to the modification the required data about the vehicle is collected. Then the analysis of the
existing frame structure is done with different speed ranges and select the average speed of 60
km/hr for frontal and 32 km/hr for side collision for comparison. For both cases NCAP regulation

is used throughout the simulation.

In doing so CATIA and LS DYNA software is used for 3D modeling and analysis of
crashworthiness respectively. The results of the existing vehicle is checked for verification by
using energy ratio and the ratio between hourglass and total energy. After analyzing the existing
vehicle for both collision cases, weak and strong parts are identified and modification is done based
on this.

Modification is done on both frontal and side parts of the vehicle. The material properties used
for both is selected based on their cases. For the frontal case, more deformable, high-energy
absorbent and low impact energy is needed because it has a space up to the driver cabin. For this
reason, closed cell aluminum foam is used for its performance on the criteria. Before assembling
in to the vehicle the material is tested individually and get improvement of 6.98% in impact force

and 7.98% in internal energy.

For the side case, good crash performance and low intrusion to the occupant because there is small
space between the occupant seat and side door. For this reason, DP 980 AHSS is used, and analysis
is done with the same as the existing. When the material is tested, 8.82% in impact force, 4.45%
in internal energy and 23.55% in intrusion to the cabin is improved during side collision. By doing
the modification all the objectives are achieved. And finally, the validity of the crash process is
checked by the structural response between the FEM and real time NCAP test. The mass of the
modified vehicle is minimized and the percentage decrement also stated.
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6.2 Conclusion

The study clearly states the problems exist on BPV at event of each of the crash scenarios. Thus,
NCAP standards and regulations are used to numerically analyze the crashworthiness of the current
BPV. The frontal and side collision of the existing BPV is analyzed. In addition, based on the
results obtained from the existing model an attempt was made to modify the structural
crashworthiness of the vehicle. As a result, the modified BPV has improved crashworthiness

features and gives better safety for occupants.

The modified model shows better protection by deforming more as compared to the existing model
during frontal collision, it gives protection to the occupant compartment after collision: -

+ Among the initial kinetic energy, 167.52 kJ of kinetic energy which is 97.3% is lost in the
existing model where as for the modified model, the loss of kinetic energy is 170.73 kJ
which is 97.56% of the total energy or the initial kinetic energy during frontal collision.

+ The total energy absorbed by the modified model is more as compared to the existing
model, in addition the force of impact is also less. This is due to the mechanical properties
of the material used for the modification, as a result they deformed more and produces
more absorption and low impact force as compared to the existing one. The modified model
provides 7.82% less contact force and 3.52% more energy absorption. So, the absorption
capacity of the modified model is better. When considering the mass, the modified model

decreases the mass by 0.18%.

When considering side collision, the modified model gives better protection by deforming less as

compared to the existing model.

+ Among the initial kinetic energy, 46.19 kJ of kinetic energy which is 85.54% is lost in the
existing model where as for the modified model, the loss of kinetic energy is 47.16 kJ
which is 87.33% of the total energy or the initial kinetic energy during side collision.

+ The structure of the modified model has produced more living space than that of the
existing model by only deforming 377 mm whereas the existing model deformed 539 mm
this shows that at event of side collision the modified model provides more protection to

the occupants and the vehicle sensitive parts.
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+ The impact force produced due to the collision of the vehicle in to the pole is less for the
modified model. A reduction of contact force implies that the transferred impact energy to
the occupants is reduced (minimized). So, a reduction of 12.2 kKN (14.42%) force was
obtained by the implementation of the modifications. And also decreases the mass by 0.2%
as compared to the existing model.

+ The modified model also absorbs more energy than the exiting model. It absorbed
additional 2.9 kJ (7.59%) energy.

6.3 Recommendation

Based on the studies done on this thesis work the following points are recommended:

+ It can be observed that with little modification the safety of the current BPV can be
improved, so that the owners and manufacturers shall implement some of the safety
developments concepts discussed on this thesis work to improve the crash worthiness of
the BPV.

+ As the study shows even with average and less speed the BPV has causing more sever
damages, so it is better if the government and concerning bodies implement the crash and

safety regulation for pickups which are play avital role on the economy of our country.

6.4 Future scope of the work

Considering the review of the existing research limitations and results the motivations for future

research are suggested as follows:

+ The present work evaluated the crash behavior of existing Bishoftu pickup vehicles by
considering the response of the structure and this work can be extended to evaluating the
response and injury level to occupants at different crash scenarios.

+ This work does not include rear impact and rollover test. So, it does not include the effect
on rear components of the BPV as well as the roof, so the effect of both rear and rollover
collisions on the components of the vehicle can be studied in the future.

+ BPV is hard for making body maintenance specially by arc welding this is because of the
material used so, for the future research should be done on this area to increase the quality
of the pickup.
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Appendix — A

Vehicle dimension

5350 mm

st

690 mm

1479 mm

r 1725 mm
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Appendix - B

Results for frontal existing
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Results for side existing

LS-DYNA keyword deck by LS-PrePost
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Results for frontal modified
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Results for side modified

LS-DYNA keyword deck by LS-PrePost

Component

50 \\A _A_Kinetic Energy

) N
40 \

w
o
=

Kinetic Energy (E+3)

0
0

min=A(0.1ﬁ,7.54e+033
4)

max=A(0.012,5.47e+ Time

02 LS-DYNA keyword deck by LS-PrePost

Contact Id

0.15 //."\“ -
Mo

0.1 J ) e

Resultant Moment (E+6)

0

min=A(0.012,0 )
max:A(o.osa,{nems) Time

LS-DYNA keyword deck by LS-PrePost

0.2

Global

A

Resultant Rigid Body Displacement

0 | | | |
0

0 10 20 30
min=A(2e-20,0
max:A‘(3.32e+E|4,o.1 9) Internal Energy (E+3)

Page | 123



Appendix - C

Data collected from traffic polices (from Pilot study)

Questions for pilot study
Location: __Ad aue fl!“nmj,;&éunl&s»

1. Is Bishoftu pickups are available in this arca?

Pyes Ono
2. At what age range bishoftu pickup drivers (users) are?
_Qf— AD
3. What type of job do expect that mostly the pickup drivers (users) do?
Covdryuotors

4. Have you seen bishoftu pickup caused accident before?
HAyes Ono
5. If your answer is yes, how frequently accidents occur on the pickups?
at it b Amo oweels
6. What are the opposing materials that collides with this pickup?
mostln  Areavy dudy Neldeles -
7. What type of severity appear to the occupant?

w2l — {ataiiiy

8. What do you think about the causes of the accident?

Jost Aurwning

9. What type of collision did frequently occur on the pickup?
dide o3 fue pick vps

10. During what type of collision, occupant severity increases?

diviwy  Side §l-f5n0*f wmopstln  Sevey du\fun'u ? Cevire

11. What do you think about minimization of occupant injury?

\

— wu,uuwu’k(,wf dypieer  Speed den E{_ jurumf(

— Hfollbw Jwific pricu Aiova £y
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Questions for pilot study

Location: _ ADAIA , Me hin!

1.

Is Bishoftu pickups are available in this arca?
@yes  Ono
Atwhat age range bishoftu pickup drivers (users) are?

;QO - :55

What type of job do expect that mostly the pickup drivers (users) do?

T<le wmiwmitt g Cachion A Weyy ( 701/('&"\ wient “C»Ch‘()

Have you seen bishoftu pickup caused accident before?
E'yes Ono
If your answer is yes, how fi requently accidents occur on the pickups?

What are the opposing materials that collides with this pickup?

¥"Iruf\ ‘7 o) Dilsey neldele .

What type of severity appear to the occupant?

Midd  eaivry 4» Cevay (wjuyy

What do you think about the causes of the accident?

ChoVve Speed  fwmwm St -

What type of collision did frequently occur on the pickup?

Muﬁl‘-': ?"C,Q_J D eettistde,

10. During what type of collision, occupant severity increases?

fmnta) Co\WSdu.

11. What do you think about minimization of occupant injury?

- d w0l ¢ 1‘\ 4”“‘, V"Q’uctc'
———mlu—g‘—‘%—ﬂ'—#u T

- Fove @fforhm%'q o fedum'ou.

Page | 125



Questions for pilot study

Location: _Addis AL ba td{e_kﬁ_m«_eqjmbﬁ%

Is Bishoftu pickups are available in this area?
Ayes Ono
At what age range bishoftu pickup drivers (users) are?

Aetween 21 - 35

3. What type of job do expect that mostly the pickup drivers (users) do?

o

{er? bhaiuetd Quinen -

4. Have you seen bishoftu pickup caused accident before?
Mves [Ono
5. If your answer is yes, how frequently accidents occur on the pickups?

Wt gu. 10O doys

6. What are the opposing materials that collides with this pickup?
Poles ( Guord Yals)

7. What type of severity appear to the occupant?

maid A4x Aever o lury.

8. What do you think about the causes of the accident?

chiving  speed -
9. What type of collision did frequently occur on the pickup?

oty pu Trowt Side port

10. During what type of collision, occupant severity increases?

RonpVer Ocotided:
11. What do you think about minimization of occupant injury?

moni Ml dusf speed.
v /
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Appendix - D

Data collected from Federal Transport Minister and Federal Police Commission

From Information Communication Technology Directorate

Type of Vehicles and Number in the Regions (up to Sene 2009) Registration

Description AA AM AF BN DD SO TG GM HA SN OR Total
Ambulance 180 0 34 27 9 2 69 0 4 7 165 497
Automobile 171523 1485 55 34 1967 558 927 228 1275 | 51 6376 184479
Bajaj 0 2132 2302 | O 0 0 0 536 4671 5152 14793
Tri Cyle 0 40 0 0 0 0 0 0 0 27 16861 16928
Bus(< 12 Seats) 25929 7146 442 260 1376 755 2799 0 0 50 126 38883
Bus(> 11 Seats) 14524 9747 372 229 457 537 1521 1375 | 357 178 2126 31423
Combiner 10 17 0 0 1 2 8 0 357 0 6322 6717
Dozer 0 0 3 0 0 1 5 0 20 0 252 281
Dry Cargo(<=10 Quintals) 34446 1602 273 94 847 953 733 0 176 95 1067 40286
Dry Cargo(>10 Quintals) 105150 | 4099 224 92 3916 2152 4372 0 2 15 527 120549
Dual Purpose Vehicle 43253 3443 339 255 1104 515 1665 0 36 21 131 50762
Field Vehicle 43681 1590 298 138 426 912 1034 0 445 16 7168 55708
Grader 5 2 0 0 1 1 0 3 0 17517 17529
Forklift 145 0 3 0 6 0 2 0 317 0 19880 20353
Not Specified 18370 8121 25 16 214 263 187 0 50762 | 13480 91438
Gotach 5178 0 0 0 57 0 308 0 1699 |0 1305 8547
Liquid Cargo 5057 272 34 2 203 114 621 0 7 65 358 6733
Liquid Trailer 0 11 0 0 0 0 0 336 0 2189 2536
Motor Bicycle 21509 26442 | 1048 | 3237 | 5761 1157 5705 2166 | O 4 642 67671
Other 9766 442 35 1 89 33 524 1353 | 72 22 3 12340
Three wheel dry load 8 0 0 6 2 166 65 0 1 0 263 511
Three wheel public load 506 0 0 1508 | 299 5145 5046 0 0 0 7 12511
Tractor 1027 281 46 124 20 0 184 0 0 1 239 1922
Trailer 23810 292 8 1 379 1 2485 0 0 0 13 26989
Vehicle with Machinery 367 135 14 1 109 27 62 0 0 0 164 879
Total 524444 | 67299 | 5555 | 6025 | 17243 | 13294 | 28322 | 5122 | 5643 | 55985 | 102333 | 831265
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From Information Communication Technology Directorate

Type of Vehicles and Number in the Regions (up to Sene 30.2010) Registration

Description AA AM AF BN DD SO TG GM HA SN OR Total
Ambulance 198 0 37 35 9 2 91 0 4 25 238 639
Automobile 184227 1485 59 49 2057 558 1421 228 1275 | 16162 4796 212317
Bajaj 0 2132 2644 | 0 289 0 0 0 536 8721 34339 48661
Tri Cyle 0 40 0 0 0 0 0 0 0 27 0 67
Bus(< 12 Seats) 26408 7146 448 324 1468 755 4768 0 0 709 14174 56200
Bus(> 11 Seats) 15242 9747 449 325 514 537 3335 1375 | 357 1144 22772 55797
Combiner 20 17 0 0 1 2 5 0 357 0 75 477
Dozer 16 0 3 3 0 1 5 0 20 0 0 48

Dry Cargo(<=10 Quintals) 37384 1602 289 101 890 953 1069 0 176 3070 7063 52597
Dry Cargo(>10 Quintals) 109952 | 4099 229 98 4089 2152 4886 0 2 1195 1810 128512
Dual Purpose Vehicle 44954 3443 348 301 1157 515 2063 0 36 1435 372 54624
Field Vehicle 45081 1590 303 148 447 912 1185 0 445 117 5421 55649
Grader 7 2 0 0 1 1 4 0 3 0 1 19
Forklift 188 0 4 1 6 0 13 0 317 0 2 531
Not Specified 18154 8121 32 25 222 263 602 0 0 1534 6020 34973
Gotach 5598 0 0 0 59 0 572 0 1699 | 0 0 7928
Liquid Cargo 6341 272 35 2 206 114 645 0 7 65 189 7876
Liquid Trailer 0 11 0 0 0 0 0 0 336 0 117 464
Motor Bicycle 22931 26442 | 1152 | 4129 | 5891 1157 10744 | 2166 | O 49409 | 29378 153399
Other 9912 442 36 1 88 33 494 1353 | 72 36 1763 14230
Three wheel dry load 12 0 0 24 2 166 888 0 1 0 4 1097
Three wheel public load 375 0 0 1909 | O 5145 9962 0 0 0 0 17391
Tractor 1059 281 46 134 21 0 265 0 0 7 503 2316
Trailer 25336 292 8 1 394 1 2793 0 0 0 302 29127
Vehicle with Machinery 543 135 15 1 113 27 115 0 0 0 0 949
Total 553938 67299 6137 | 7611 17924 13294 | 45925 5122 | 5643 | 83656 129339 935888
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From Information Communication Technology Directorate

Type of Vehicles and Number in the Regions (up to Sene 30.2011) Registration

Description AA AM AF BN DD SO TG GM HA SN OR Total
Ambulance 253 0 38 44 7 14 164 0 4 28 365 917
Automobile 205773 1701 66 49 2246 609 1660 228 1275 80 6012 219699
Bajaj 0 4722 2889 0 2318 0 0 0 536 9307 48822 68594
Tri Cyle 0 37 0 0 0 0 0 0 0 27 0 64
Bus(< 12 Seats) 27357 8805 465 347 1607 837 5201 0 0 12503 3024 60146
Bus(> 11 Seats) 16698 12840 532 378 681 677 3886 1375 357 10029 38439 85892
Combiner 23 53 0 0 1 2 5 0 357 0 78 519
Dozer 17 0 3 3 0 1 5 0 20 0 0 49

Dry Cargo(<=10 Quintals) | 41333 2396 301 102 993 1036 1163 0 176 102 1868 49470
Dry Cargo(>10 Quintals) 115023 | 4591 240 | 103 | 4313 2348 5030 0 2 153 7188 138991
Dual Purpose Vehicle 47278 3907 380 310 1370 684 2188 0 36 1438 97 57688
Field Vehicle 47059 1767 318 153 487 1037 1228 0 445 123 3299 55916
Grader 6 2 0 0 2 1 4 0 3 0 2 20
Forklift 237 0 4 1 8 0 18 0 317 0 2 587
Not Specified 18943 1462 34 48 248 0 396 436 1179 3118 7929 33793
Gotach 5756 0 0 0 67 2 613 0 1699 0 0 8137
Liquid Cargo 6703 318 35 2 226 148 650 0 7 65 437 8591
Liquid Trailer 0 14 0 0 0 0 0 0 336 0 187 537
Motor Bicycle 24700 40229 | 1181 | 4865 | 6689 1366 12358 | 2166 | 1178 | 54084 | 49903 198719
Other 10279 643 36 1 105 33 485 1353 | 72 38 2905 15950
Three wheel dry load 15 9625 0 39 7 233 1417 0 1 0 4 11341
Three wheel public load 368 0 0 2259 | 0 6106 12953 | 0 0 0 0 21686
Tractor 1199 392 51 136 21 0 304 0 0 10 530 2643
Trailer 26326 349 8 1 417 1 2891 0 0 0 217 30210
Vehicle with Machinery 738 148 17 1 125 25 132 0 0 0 0 1186
Total 596084 | 94001 | 6598 | 8842 | 21938 | 15160 | 52751 | 5558 | 8000 | 91105 | 171308 | 1071345
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From Information Communication Technology Directorate

Type of Vehicles and Number in the Regions (up to sene 30.2012) Registration

Description AA AM AF BN DD SO TG GM HA SN OR Total
Ambulance 303 0 82 55 6 45 187 0 4 58 438 1178
Automobile 222683 | 1786 83 53 2360 648 1994 322 1303 98 5258 236588
Bajaj 0 9308 3925 |0 3086 0 0 0 4909 11325 55462 88015
Tri Cyle 0 0 0 0 0 0 0 0 0 0 0 0
Bus(< 12 Seats) 28432 | 9197 493 375 1656 979 5656 2125 | 80 13300 27315 89608
Bus(> 11 Seats) 17707 | 13953 678 467 786 871 4473 859 3000 9617 32289 84700
Combiner 27 54 0 0 1 1 5 0 0 0 79 167
Dozer 16 0 3 3 0 1 4 0 0 0 0 27

Dry Cargo(<=10

Quintals) 44898 | 3597 338 105 1041 1104 1298 0 0 1577 1839 55797
Dry Cargo(>10 Quintals) | 119032 | 3653 259 108 4522 2604 5148 0 0 3612 7325 146263
Dual Purpose Vehicle 49234 | 4068 461 330 1569 989 2266 0 56 1701 2889 63563
Field Vehicle 48837 | 1835 371 160 507 1148 1282 330 300 149 3037 57956
Grader 5 2 0 0 2 1 4 0 0 0 2 16
Forklift 281 0 4 1 9 1 18 0 0 0 2 316
Not Specified 19955 | 1532 71 56 283 511 397 231 0 295 1650 24981
Gotach 5854 0 0 0 66 5 624 0 0 0 0 6549
Liquid Cargo 6866 313 37 2 241 186 658 0 0 67 181 8551
Liquid Trailer 0 14 0 0 0 0 0 0 0 0 171 185
Motor Bicycle 25726 | 45137 1355 | 6108 7656 1651 14405 2370 | 1076 76565 61386 243435
Other 10786 | 718 35 30 124 33 485 0 0 43 3796 16050
Three wheel dry load 16 42 0 50 9 250 1874 0 0 0 4 2245
Three wheel public load 356 10311 0 2612 0 8523 16647 0 0 0 0 38449
Tractor 1325 401 54 138 21 0 317 0 0 16 526 2798
Trailer 27266 | 360 8 1 431 1 2913 0 0 1 377 31358
Vehicle with Machinery 835 153 20 1 134 27 145 0 0 0 0 1315
Total 630440 | 106434 | 8277 10655 24510 19579 60800 6237 10728 118424 204026 1200110
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From Information Communication Technology Directorate

Type of Vehicles and Number in the Regions (up to sene 30.2013) Registration

Description AA AM AF BN DD SO TG GM HA SN OR Total
Ambulance 322 0 90 56 6 45 187 0 4 65 590 1365
Automobile 255793 | 1834 86 56 2413 648 1994 0 1303 104 5758 269989
Bajaj 0 11381 4608 | 0 3302 0 0 1439 | 4909 12901 65218 103758
Tri Cyle 0 0 0 0 0 0 0 0 0 0 0 0
Bus(< 12 Seats) 31330 9787 494 393 1666 979 5656 2125 | 80 13874 29068 95452
Bus(> 11 Seats) 19206 14802 713 526 860 871 4473 859 3000 12579 39631 97520
Combiner 106 61 0 0 2 1 5 0 0 0 78 253
Dozer 16 1 3 3 0 1 4 0 0 0 0 28

Dry Cargo(<=10 Quintals) | 52338 3825 351 109 1083 1104 1298 0 0 176 2187 62471
Dry Cargo(>10 Quintals) | 139376 | 3767 267 117 4670 2604 5148 0 0 233 8201 164383
Dual Purpose Vehicle 56063 4258 486 343 1704 989 2266 0 56 1712 3028 70905
Field Vehicle 53233 2066 389 164 524 1148 1282 0 300 206 3266 62578
Grader 6 2 0 0 2 1 4 0 0 0 2 17
Forklift 351 0 4 1 10 1 18 0 0 0 2 387
Not Specified 21185 1621 72 57 327 511 397 0 0 2540 2293 29003
Gotach 7235 0 0 0 67 5 624 0 0 0 0 7931
Liquid Cargo 8307 331 39 2 244 186 658 0 0 67 184 10018
Liquid Trailer 0 14 0 0 0 0 0 0 0 0 0 14
Motor Bicycle 28235 48997 1454 | 7385 8111 1651 14405 | 2643 | 1076 80466 63359 257782
Other 12526 778 35 39 137 33 485 0 0 44 4304 18381
Three wheel dry load 17 281 0 56 10 250 1874 0 0 0 9 2497
Three wheel public load 350 13807 0 3111 0 8523 16647 | O 0 0 0 42438
Tractor 1505 415 54 146 21 0 317 0 0 33 1015 3506
Trailer 32676 381 8 1 450 1 2913 0 0 1 408 36839
Vehicle with Machinery 1004 158 21 1 134 27 145 0 0 0 0 1490
Total 721180 | 118567 | 9174 | 12566 | 25743 | 19579 | 60800 | 7066 | 10728 | 125001 | 228601 | 1339005
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ABSTRACT

Now o day’s, vehicle eccident iz becaming a crincal isswe all over dve world specially i Ethiopia thar demands engingers endamvor ra find
WS o minimize the iRy eccurrence. So, presemvanon af ooy comparmens space during vehicls callinon i the mazr Ignificanr thing.
Stiffhers, Crash speed, mas: and geomemic inreraction have ther ovwn imflusnce on the inmuzion of the ecoupmt comparmment during vefkicle
impact. In this sy, the dymamic charecrerizncs gf Bishgfu pickwp velcle (BPF) during side pole collizion were snidied nsing finire alement
merhad (FEM). The BPF madel ured herevar modeled wsing CATIL v5 and nimilared using L5-DYNA which iz widely used by the anromoenva
indusiry ro amalyse velicle design and pradicr a car’s behmtar in a collinon. After modeling and anahziz i5 and up, based an the onrpar valie
rthere will ba medificanon on the weak paris thar &5 axpecied ro achigvs improvemens on the energy absorprion, smemgrh and weight reduction.
Then the modjffed BPF war amahsed imder the tame condivion as the exizrng ome. The resulr af the simulenons shows thar with the
mod{ficarion, 7imm more lning pace, 1000 N reducrion of impacr force, and 1.1 N of addinonal energy iz absorbed. 5o wirh the modyfied
model, the sqfer and crasiwerthiness af the BPF were grearly impraved during side collision withanr gffecring rhe appearance and weighr of

the exisnng models.

Keywords: FEM. L5-D¥NA, CATLA Vi, Side pole collision. Stiffnecs

1. Introduction

Accerding to the WHO Global Stams Report on Foad Safety
2013, 1.35 million people died in 2014 due to road accidents
worldwide. Road mjuries are the eighth leading cause of death
worldwide with 18.2 deaths per 100,000 peaple, and are the
leading canse of death ameng children and adolescents aged 5-
20 years. Road deaths and imjuries are evenly distributed
throughout the world, with 93% of deaths eccurring in lowr-
and middle-income coumiries comprising 41% of global
vehicles. About 29% of these deaths are fourwheel drive, 23%
pedestian, and 3% cycling [1].

Car side collisions in all countries are marked as high.
Protecting passengers is very difficult in a collision due to the
lack of adequate space for large deformation so, side impact
are very dangerous. In collision-related vehicles, m terms of
fatal causes, side impact collisions remam in second place
immediately after frontal collisions in the U'SA [2]. A car crash
on the side with a pole or tree is alvways the most dangerous

collision. From 2004 to 20009, the death toll rose to 32% in the
rack side against a sirong pole as per statistical data. In that
case, the proportion of side effects is moere than 60% [3].

Issues related to the lateral stracture of car energy
absorption and human responses in the event of a side
impact are extensively imvestigated to quantify side
impacts [4]. This paper focuses on the dynamic
characteristics of the Bishofm pickup wehicle which is
produced in Bishofim, Ethiepia daring side pole cellision
using finite element methed. A Bishefum piciup vehicle
(BPV) is shovn in Figure 1. They are generally a double
cap with four wheels (fwo on the front and two on the rear).
It comtains five occupants, the driver generally sits fromt
left side of the cabin, cne on the right and three accupants
on the rear part of the cabin and also it has a luggage part
on the rear part of the vehicle. It has 8 maximum velocity
of 120 kmv'hr and gress weight (weght including vehicle
and occupant) of the vehicle is aroumd 2495 kg
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