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Abstract: This paper presents design process and checkitigeddtatic stiffness of a sport car chassis at the
conceptual design stage. Based on the requirem&ntthie concept of car body is designed, which is the
analyzed from the point of aerodynamics, i.e. CFOyai® With the analysis is determined that thelmzdy is
exposed to predominantly laminar flow of fluid withe presence of turbulent flow in the rear parthef car
body. According to the data obtained from the aenadyic analysis, the construction of the chassisadest.
The chassis is the central supporting part of tleallcar construction, which by its shape needsltow outer
contours of the car body. The chassis is reinforciéd front and lateral attenuators. Attenuators drsogbing

the energy that is releasing from strike.

Key words: Car chassis, Computational Fluid Dynamics (CFD)iDe process, Function, Requirement list

INTRODUCTION

The car body is using for accommodation and protection of drpassengers and luggage from
outside influences. Depending on the design, certain asserabtinsas aggregates, tanks, electrical
appliances, etc. also can be placed to the car body.

In addition to the general requirements (minimal weight, suffidiéecycle, simple design), car body
needs to satisfied the following specific requirementscesgar vehicle assembly accommodation,
passive safety of driver and passengers, a suitable aaroiy profile, good visibility, sound
isolation, dust isolation, isolation from the cold, heat and moisture.

Self-supporting car bodies ensure higher stiffness and loawer Imass. Such a car body is often
calling a chassis. Chassis therefore has the following fumsctiensures the safety of passengers,
serves as a foundation for attaching other parts of the car and giweddrfier form of the car.

Below the work are presented the chassis design forms usiesel dnito industry for the production of
racing cars. Ladder chassis (Fig. 1a) consists of two longétludiits that are assembled with multiple
transverse rails [1]. Longitudinal rails take over strisyal rails provide resistance to lateral forces
and increase chassis torsional stiffness. Because ittw® & dimensional structure, it has small
torsional stiffness.

Figure 1. Car chassis design forms

Tubular chassis (Fig. 1b) represents a three - dimealsistructure with greater torsional stiffness
compared to the ladder chassis [2]. Tubes are positioneifferedt directions to take over stresses
from different directions. Tubes are mutually welded. Clsasseéxpensive for production, takes a lot
of space and car access is inaccessible.

One part chassis (Monocoque) consists of one part that deimestire car form (Fig. 1c). It occurs
by welding individual parts into a unified whole. The entire stmecimakes an exterior shell that is
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designed to provide greater space for passengers. Theiefme,reduced stiffness. It is suitable for
mass production and robotization, but it has a large mass [3].

Carbon fiber chassis (Fig. 1d) usually uses kevlar as the dirwhrbon fiber for its making [4].
Carbonic components are made of layers of carbon fibershvene wrapped in aluminum foil after
stacking. The foil takes the form of the panel from whichatihés extracted. Then, it boils for about 3
hours at 120 ° C under a pressure of 0,6 MPa. After that, the carbon fibergyaredsembled in solid
form. This chassis, compared to other chassis, has theesmadlight and the greatest stiffness, but is
also the most expensive to make.

In this paper was analyzed the problem of creating a doeefdhis force presses the car on the
ground and allows better tire adhesion to the ground. The proldsnamalyzed by installing the rear
diffuser in car body. Such a construction solution reduces thetieeaumulated turbulent air behind
the car. In the rear part of the car body has implementedilarspvhich in this embodiment does not
constitute a separate element. The car body is shapedhnasway that its form is aerodynamic. It
looks like a drop of water. This form in the nature is tir@st aerodynamic body. According to the
form of the car body whom we designed, the design of the chassistavied. The chassis form needs
to be implemented in a form of a car body. It should be desigsedthree - dimensional supporting
element. It also should be resistant to torsional stresses, ityatiikes and made of materials that
reduce total chassis mass.

REQUIREMENT LIST OF THE CAR BODY AND CAR CHASSIS
By the requirement list [5] are involved requirements fordasign of the car body and chassis. A

detailed description of the all requests is presented inlrj6J.able 1 are listed the most important
requirementsaccording to which the forming and design of the car body and car chassidds

Table 1.Requirement list of the car body and car chassis

No. Requirement No. Requirement

1. | Car body dimension$:ma=4850 mm, 12. | The maximum weight of the vehicle with
Winax=2100 mmHma=1200 mm thrusters is 1550 kg

2. | Wheelbase 2600 mm 13. | The chassis must submit a static load up to

3. | Place two people in the chassis 14. | To form the front part of the chassis to abso

the front dynamic strikes

4. | Most of the car mass place between the a] 15. | To form the side piers of the chassis to abs
side dynamic strikes

5. | To enable the force of aerodynamic thrust| 16. | To achieve the force of aerodynamic thrust

car body geometry through an car bodip ensure bettevheel
adhesion on the ground
6. | To enable laminar air flow by car body 17. | To form the rear part of the car body to redu
geometry the impact of the traction force on the car
7. | Toreduce turbulence of the wind by car 18. | To form the roof of the chassis so that it doe
body geometry not bend during uncontrolled rotation of the
vehicle
8. | To enable engine cooling by car body 19. | Make chassis from noncorrosive materials
geometry
9. | To enable braking system cooling by car | 20. | Make chassis from lightweight materials
body geometry
10. | Maximum vehicle speed up to 350 km/h 21. | The chassis material should submit dynami
loads

11. | The chassis must wear the car's compone| 22. | The driver's seat space should not be dama
when the frontal impact of the car is 56 km/I

MODELING A COMPUTER 3D MODEL OF CAR BODY
Because of the complex geometry, modeling of the car body has ddhe #Autodesk May [7]

software package, not in any of the commercial CAD systd@ims.car body is made of polygons
freely deformed in space and there are no necessarily dimensmmstaints, as is the case with
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commercial CAD systems. This approach allows free forsigde which in a much faster way leads
to the desired form of car body. A primitipéane was used for modeling, which was upgraded with
several polygons and then with the free form design techniguesdanto a surface model of the car
body (Fig. 2a). The final surface model of the car body is shown in figure 2b.

In order to calculate the car body aerodynamics, the modehwpasted from Autodesk May into one
of the commercial CAD systems and a solid model of a car badymade from the surface model of
a car body. Generation of solid model was performed in SolidWorks [8].

Figure 2. Car body form in Autodesk Maya

Orthogonal projections of the surface model of the car body fratodesk May were imported into
the sketching planes in SolidWorks (Fig. 3a). From orthogpraéctions, curves were generated in
the sketching planes (Fig. 3b). The curves are intercomthesieg surface segments and form a
closed surface model (Fig. 3c). Procedure is very long and requéasecision in the modeling
process. From surface model, by filling the volume, a solid moflehr body was generated. The
surface model that was generated in the solid model conis® 2D sketches, 200 3D sketches and
300 space curves.

Figure 3. A car body space model in SolidWorks
AERODYNAMIC CALCULATION OF THE CAR BODY

An analysis of the airflow around the car body was made in N®YS Fluent [9] software package.
Due to the complexity of the geometry and the limited resoun€abe computer on which the
calculation was performed, there was a need to simplify & @odel. Therefore, the numerical
calculation results obtained by CDF analysis are not witienvalues that would be expected if the
above condition was met. Since this is a conceptual solutiosge ttesults are satisfactory and
acceptable from the point of view of the conceptual desigagphehe simplified model contains the
basic contours of the car body and presented is in figure 4.

Domain discretization was performed. The goal of the disetediz is to divide the physical space in
which fluid flow is calculated into a large number of elersetdlled the mesh [10]. The entire car
body model was taken into account due to the airflow through the syynplane from left side to
right side of the car body and inversely. Also, turbulent andniar flow will not be equal on both
sides of the car body. On the car body was added closed $p&cspace represents air. The Boulean
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operator took away the car body from the air body. The final doieasmown in figure 5a. The
domain length consists of three car body lengths; two lermgthind the car and one length in front
the car. The domain height contains two car body heights. The donutim sonsists of three car
body widths. Tetrahedral finite elements were selected attrd@wed and unstructured grid was laid
(Fig. 5b). The structured mesh is set up in five layevsrat the car body. The minimum size of the
first layer is 5 millimeters and increases by 20% uphe fifth layer. This layer is called the
inflationary layer of the mesh (Fig. 5¢).

Figure 4. CAD model of car body prepared for aerodynamic analysis

An unstructured network of tetrahedral elements makes theofrébe discretized domain with an
initial element size of 5 mm. Towards the edge of the domaireldmaent size is 100 mm. A k -
epsilon fluid flow model is placed. Domain's working mediairsvath temperature of 25°C. The
following boundary conditions are set: the velocity of airflovihet front surface of the domain is 50
m/s, the pressure at the back surface of the domain is equaldspaeric pressure and is defined as 0
MPa, the surfaces through which air cannot pass and turns dowth&ittath change (lower surface,
which is the ground on which the car moves and surfacesegiasent the contour of a car within a
domain) and definition of the space within which the air moigoanalyzed (left / right side surfaces
and the top surface of the domain).

Figure 5. Discretized domain and finite element mesh

With the results of CFD analysis are covered: wind flovoeiy in the domain’s area around the car
body model (Fig. 6) and pressure distribution on the car body (Fig. 7).

Figure 6. Wind velocity in the area of the discretized domain
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The lowest wind velocity is present in front of the car bodygalise the wind hits the front nose (Fig.
6a). Also, the lowest wind velocity is at the rear cait pehere the air is spinning (Fig. 6b). Air
velocities are higher at places where geometry changeheAtear diffuser part, the air velocities
below the car are increased, where a low-pressure acezaiged. Therefore, at the exit of the diffuser,
the air slows down and pressure increases.

The air velocity before exiting from the diffuser is ab®0tm/s (Fig. 6b). This velocity is higher than
the air velocity above the car, creates an under presaaeiader the car, and draws it to the ground.
In the rear part, a region of turbulence is visible, whigbears due to the large diffuser angle. Wind
flow cannot follow this angle well enough when exiting under e The wind separates from the
diffuser and creates a larger area of turbulence. It would be desoaderease the diffuser angle due
to the reduction of the turbulent area behind the car.

Figure 7. Pressure distribution on the car body

Figure 7a shows the pressure distribution below the car. The piredsure area prevails under the car
and creates a vacuum that makes the car better fit tgrtund with its wheels. This creates a
downforce that pushes the car to the ground. Figure 7b showeetsaie distribution over the entire

car body. The highest pressures occur at the front of theodg. This is because the body of the car
directly encounters air resistance. The same phenomenon oceueasnwhere air is sucking into the

engine.

DESIGN AND CALCULATION OF CAR CHASSIS STATIC STIFFNESS
The chassis needs to be designed and shaped to follow theanitmurs of the car body. It needs to
be implemented within the car body. The chassis should absartueh energy as possible from the

impact. This must be achieved by decreasing the matesiatance of the front part of the car body to
the resistance of the material that forms the structure thacpsahe driver in the car.

Figure 8. Design solution of car chassis
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Therefore, it is necessary to design attenuators. An attensi@safety barrier between the driver and
the surface exposed to impact. It needs to be deformable add teabsorb as much as possible of
the energy released as a result of the impact. Accordiaglgassis was designed consisting of a front
attenuator, two lateral attenuators and a central chasgis8)F The chassis is designed as a single
body. This kind of chassis has higher torsional stiffness thalti-body chassis. For the chassis
material, a composite material from the Ansys Workbenclemaatibrary is selected. The material
properties are presented in Figure 9.

Figure 9. Chassis material properties

The following stresses are applied to the chassis: diagmmalmulation stresses, lateral flexion,
vertical flexion at rapid acceleration, torsional si$s and static stiffness. In this paper, testing was
only performed on static stiffness. It is therefore neargsso determine the condition of static
stiffness. The chassis must persist 2,5 to 3,5 car weightsThé]weight of the car also includes the
weight of the person. For the average mass of one persdaapokvehe mass of 75 kg. The mass of the
vehicle ism, = 1402,83 kg. Static force by which we load the chasses, according to [11] is:

F,=3>g ¢m, 150) 3 %81 (402,83 150) 45699,78N »457( (1)

Because the chassis model is symmetrical, we only analyzedftiaé model. The amount of static
force isF, = 22850 N. The chassis is on the compressive stress on thEigaf0a), front attenuator
(Fig. 10b) and lateral attenuator (Fig. 10c). The tempearaifithe composite material is 22°C. The
chassis model is cross-linked using 5 mm tetrahedral elements.

Figure 10. The activity of static force on the chassis
When loading the chassis by forégfrom the top side, a maximum displacement of 10,272 mm was

obtained (Fig. 11a). Depending on the type of material, the amodigpdficement is acceptable. The
amount of maximum stress is 212,18 MPa (Fig. 11b). Such strpearamt sharp edges because the
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material is on that place thin. Because the amount @ssts less than the allowed material stress, no
plastic deformation of the material has occurred. Therefores possible to conclude that the
construction satisfies.

Figure 11. Overall displacement and stress of the upper chassis part

When loading the chassis by forgefrom the front part, a maximum displacement of 4,9915 mm was
obtained (Fig. 12a). The amount of displacement is acceptablearbent of maximum stress is
101,04 MPa (Fig. 12b). Because the amount of stress is less than the allowed stiagss, no plastic
deformation of the material has occurred. It is possible to condbadli¢hie construction satisfies.

Figure 12. Overall displacement and stress of the front attenuator

When loading the chassis by foregfrom the lateral side, a maximum displacement of 0,68812 mm
was obtained (Fig. 13a). The amount of displacement is nagligind the chassis has a very high
static stiffness on the lateral side. The amount of maxinmtesssis 79,156 MPa (Fig. 13b). Because
the amount of stress is less than the allowed materia$ streplastic deformation of the material has
occurred. It is possible to conclude that the construction satisfie

Figure 13. Overall displacement and stress of the lateral attenuator
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CONCLUSION

The aim of this paper is to present the design procedure #mdatian of the static stiffness of a
sports car chassis in the conceptual design phase. AfteatHeody was designed according to the
requirements in the requirement list, the aerodynamic calwulaf the car body was performed.
Analysis of the airflow around the car body, using CFD analysis,performed in the ANSYS Fluent
software package. The analysis shows that the airflovesnimar along the above contour of the car
body. Below the car body, the air is accelerated relativeetaithvelocity above the car body. This is
why a vacuum is created under the car body. This creates aatoevithat pushes the car to the
ground and allows better tires grip.

Turbulence occurs at the rear part of the car body, due tartpee diffuser angle. Wind flow cannot
follow this angle well enough when exiting under the car, therefogewtind separates from the
diffuser. The problem should be solved by optimizing the angleeodiffuser.

The calculation of the static stiffness of the chassis mepect to the static force has performed. The
calculation results are satisfactory with regard to the ehofccomposite material. From the results
obtained from the calculation of static stiffness, it can beladad that the chassis can be further
optimized in order to reduce its mass. This is also desimaldeder to reduce the overall mass of the
sports car and in such a way improve driving performance.

The paper proposes some guidelines that could produce betitis,réut for such approaches, it is
necessary to have more powerful computers and knowledge thit spomanufacturers are not yet
ready to cede outside their research institutes. The reasons artharoclear, as they greatly affect to
their competitiveness.
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