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Introduction
In the current context, of the existence of the trend of globalization and the expansion of the competitive market, an important role is represented by the expansion of concerns for the implementation of the development of a amphibious vehicle.

In this case, the qualities standards of the rescue and depollution activities of the environmental factors are appropriate to be achieved through the existence of special work equipment. Rescue and depollution activities using amphibious vehicles must be carried out through periodic specific training activities.
Considering the new requirements regarding the quality of amphibious vehicles, respectively the mounted rescue and depollution installations, it is considered to address the problems of their availability (reliability and maintainability) that can solve multiple issues arising in special missions.

In chapter 1, entitled THE USE OF AMPHIBIOUS TRANSPORT IN RESCUE AND DEPOLLUTION MISSIONS, based on the bibliographic material studied, a brief overview of the importance of the amphibious transporter is carried out. At the beginning, a presentation of the role of the amphibious transporter in specific rescue and depollution missions is made. Next, the author briefly presents the history of amphibious cars: Alligator amphibious car, old model amphibious boat, Duck car, etc.
The work continues with a presentation of amphibious transporters in the current context.

In the last part of this chapter, a modern concept is developed in the development of the amphibious transporter.

In Chapter 2, entitled ANALYSIS OF THE REQUESTS SUPPORTED BY THE MAIN PARTS OF THE BODY OF THE AMPHIBIOUS VEHICLE, a complex analysis is developed for the body of the vehicle. based on the bibliographic material studied, a brief review of the importance of the amphibious transporter is carried out. In this paper, current aspects of amphibious vehicles are presented. But further emphasis is placed on the theoretical aspects of the body of the amphibious vehicle. Before the conclusions, a Finite Element (FEM) study of an amphibious vehicle is carried out.
In chapter 3, entitled OPTIMIZATION MODELS OF THE CONSTRUCTIONAL ELEMENTS OF AN AMPHIBIOUS VEHICLE, various optimization studies and analyzes are carried out for amphibious vehicles. In this chapter a study of the protective elements is developed. A concrete case implemented is the analysis of bumper bars. Moreover, the optimization of the constructive elements, described in the last chapter, is a concept for improving the safety of an amphibious vehicle.

In chapter 4, entitled FINAL CONCLUSIONS, the following are made: final conclusions, personal contributions, future developments and ways to capitalize on the research carried out. 

CHAPTER 1

Use of amphibious transporter in missions

rescue and depollution
1.1. Amphibious transporters in the current context
Companies producing rescue or depollution cars (e.g. Renault, Mercedes Benz, etc.) prefer to order some car models to be studied by specialized companies such as Trigen, [1].

To begin with, we created in the NX 12 program, an actual model to be studied with the help of finite elements. This simple model represents a classic amphibious intervention vehicle for decontamination or rescue, Figure. 1.1.
	[image: image1.bmp]

	Figure. 1.1 Classic study model


After making the classic model, it is inserted into an aerodynamic tube, Figure. 1.2.
	[image: image2.bmp]

	FigurE. 1.2 Classic model in aerodynamic tube


The uniform pressure acting on one end is actually the pressure of a viscous and incompressible fluid. This fluid will also act on the classical model to be studied, Figure. 1.2.
	[image: image3.bmp]

	Figure. 1.3 Boundary conditions


Apply the boundary conditions on the tube, Figure. 1.3.

In the present case we can study the classic model with the help of CFD (Computational fluid dynamics) analysis, which is a branch of fluid dynamics in fluid mechanics, Figure. 1.4.
	[image: image4.bmp]

	Figure. 1.4 CFD analysis of the classic model


Through CFD analysis, the entire system is analyzed, that is: the tube, the machine and the fluid, [2].
	[image: image5.bmp]

	Figure. 1.5 Tangential stresses with View Section


At the beginning we determine the tangential stresses τmin= 5.16 MPa and respectively τmax= 29.39 MPa. For this, with the help of View Section, we made a longitudinal section, Figure. 1.5.
	[image: image6.bmp]

	Figure. 1.5 Nodal displacements with View Section


As with tangential stresses, we can represent more easily if we use View Section, Figure. 1.5.

To make it easier to observe the assembly of the amphibious machine, fluid and tube, I used the Iso-Line command from Post-View, Figure. 1.6.  

	[image: image7.bmp]

	Figure. 1.6 The ensemble with Arrows and Free Faces


I used Free Faces for the tube and Arrows for the fluid to make it easier to see the tangential stress values.
Moreover, the lighter colors show the high tensions values, Figure. 1.6.
	[image: image8.bmp]

	Figure. 1.7 The velocities of nodal displacements of the system


With the help of the finite element method, the velocities of the nodes can also be highlighted, Figure. 1.7.

The finite element method uses finite elements of the CTETRA type (10), [3].
	[image: image9.bmp]

	Figure. 1.8 Arrows with Cutting Plane


To represent the section of the amphibious car we used the Cutting Plane, Figure. 1.8.
	[image: image10.bmp]

	Figure. 1.9 The classic ensemble with Edges Feature


In order to more easily highlight the speeds of the nodes in the Edit Post View, the Edges Feature is used, Figure. 1.9.

The highest nodal speeds are in the middle of the amphibious vehicle and the lowest speeds are in the rear of the amphibious vehicle, Figure. 1.10.
	[image: image11.bmp]

	Figure. 1.10 The points for the graph


To draw up the graph for the speeds with the most suggestive nodes, select the respective nodes on the drawing, using the Graph, Figure command. 1.11.
	[image: image12.bmp]

	Figure. 1.11 Graph of nodal velocities in the assembly


From the graph of nodal speeds, it can be seen that the values are generally high, only in the last part it has a sudden decrease in speed, Figure. 1.11.
We decided to call the tube, fluid and amphibious vehicle system as a whole, 
[4].

	[image: image13.bmp]

	Figure. 1.12 Fluid flow lines in the system


1.2. Modern concept in the development of the amphibious transporter
In order to study the new model that we will present, we must highlight the relationships between stresses and displacements, [5].
	[image: image14.bmp]

	Figure. 1.13 Section of the plate subject to deformation


If in figure 13 a plane section was made through the vertical plane XOZ, both before and after the deformation. Thus, following the deformation, the point O1 reaches the point O2, after traveling vertically along the length w, [6].
Then point S1 which is at distance z from point O1 reaches point S2, [7].

So in the horizontal direction point S1 will have a negative displacement of the form, Fig. 1.13:
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In the figure the S2O2T angle is equal to the α angle. The angle α is also the angle of the tangent to the deformed median surface in the XOZ plane and which is presented as follows:
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The values of the angle α are very small and therefore the condition from relation 1.2 can be fulfilled.

Then the displacement it can be:
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From formula 1.3 it follows that [8]:
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Analogously, if we section through the YOZ plane, we will obtain the displacement t of the form:
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From formula 1.5 it follows that, [33]:
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From the Strength of Materials we know that the specific creep is:
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From relations 1.5, 1.6 and 1.7, the specific slip becomes:
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The tangential stresses that are produced by the moment Mxy, are of the form: 

                       
[image: image23.wmf]xy

xy

G

g

t

×

=

                                 (1.9)


1.3. Contributions to the development of amphibious vehicles
Our new design brings new improvements. An important improvement is the fact that a modular cabin can be changed with the help of a crane, [9].

If a modular cabin is removed that can be replaced by another modular cabin according to needs. The first emergency in cases of natural disasters such as: earthquakes, floods, etc., is the saving of human lives. That is why the first modular cabin will be equipped with all emergency equipment, medicine, bed, etc., Figure. 1.14.
	[image: image24.bmp]

	Figure. 1.14 Crane with amphibious transporter


After lifting the modular cabin, the transport remains with a platform, under which the engine and fuel tanks are located. Emergency rescue equipment can also be installed in the space under the platform, Figure. 1.15.
	[image: image25.bmp]

	Figure. 1.16 The amphibious transporter without the modular cabin


After the rescue phase is finished, the depollution phase follows. As for the second stage, the next modular cabin will be equipped with the installation and the specific substances for the polluted areas. It is not recommended that an amphibious transporter be both rescue and decontamination at the same time, because some substances for decontamination can be toxic and the space reserved for injured people is very small, [10].
CHAPTER 2 
ANALYSIS OF THE REQUESTS SUPPORTED BY THE MAIN PARTS OF THE BODY OF THE AMPHIBIOUS VEHICLE
2.1. Theoretical studies of the body of the amphibious vehicle
If we consider an infinitesimal element, which is detached from a flat plate, Figure. 2.12.

And on the upper surface the uniformly distributed load P is applied.

To specify the forces and moments, we will consider the section ABCD, which is perpendicular to the axis Ox, [11].
	[image: image26.bmp]

	Figure. 2.1 The infinitesimal element


The three components of forces are, [12]:
a) X - axial force.

b) Y - the cutting force perpendicular to the axis Oy.

c) Z - the cutting force perpendicular to the Oz axis.
The three components of moments are:
a) Mx - twisting moment.

b) My - the bending moment acting on the axis Oy.

c) Mz - the bending moment acting on the Oz axis.
But to indicate both the direction of the stresses and the planes on which they are applied, then a double-subscript notation will be used, [13].
In this case there is only one shear force Z denoted by Tzx (it is along the Oz direction and acts only in the plane normal to the Ox axis), and the components along X and Y are zero.
As a novelty in thys paper work , we try first time to observ how it is presented an hovercraft under the action of both the air currents that are at the top and in the marine environment at the bottom, Figure. 2.2.
	[image: image27.bmp]

	Figure. 2.2 Hovercraft în water  


Air currents act on the hovercraft, [14]. 

   Air currents acting on the front side in front of the hovercrafter, Fig. 2.3.

	[image: image28.bmp] 

	Figure. 2.3 Hovercraft under the action of air currents


Next we present the action of air currents and underwater currents. These currents act on the front of the hovercraft at the same time Figure. 2.4.
	[image: image29.bmp]

	Figure. 2.4  Hovercraft along with air and underwater currents


But our paper work it presents an amphibious vehicle and not a hovercraft, [15].
In this case we continued to study the behavior of the amphibious life in a tunnel, Figure. 2.4. 

	[image: image30.bmp]

	Figure. 2.4 Amphibious vehicle in a tunnel


This is done in the simulation tube, Figure. 2.5.
	[image: image31.bmp]

	Figure. 2.5 Fluid simulation


The graph of the speed of the fluid as a function of time is maximum, at the beginning a speed of 120 km/h was considered, after which the speeds of the fluid decrease, Figure. 2.6, [16].
	[image: image32.bmp]

	Figure. 2.6 Velocity - time graph of the fluid


The static fluid pressure acting on the amphibious vehicle is minimum at the front Pmin = -1893.69 MPa and the maximum value of the pressure at the rear of the amphibious vehicle is Pmax=184.981 MPa, Figure. 2.7, [17].
	[image: image33.bmp]

	Figure. 2.7 Static pressure - Iso-Line


Static pressure is achieved with the Iso-Line command, Figure. 2.7, [18].
	[image: image34.bmp]

	Figure. 2.8 Static pressure graph


On the static pressure graph it can be seen that there can be negative and positive values.

Thus the static pressure in the graph has the maximum value at 70 MPa and the minimum value reaches almost -30 MPa, Figure. 2.8.

Thus, the minimum pressure that is at node 1122 in the element has the value of -1678.74 MPa, [19].

And the maximum total pressure that is at element 2716 with node 331 is 215.583 MPa, Figure. 2.9.
	[image: image35.bmp]

	Figure. 2.9 Total pressure Iso-Surface


Total pressure was achieved with the Iso-Surface command, Figure. 2.9.

	[image: image36.bmp]

	Figure. 2.10  Graph Total pressure


2.2. Analysis by m.e.f. of the amphibious vehicle
The study of the amphibious vehicle in this paper work is carried out using the finite element method. The most important part of the amphibious vehicle is the side, Figure. 2.11.
	[image: image37.bmp]

	Figure. 2.11 The side of the amphibious vehicle


1741 CTETRA(10) type finite elements were used for this discretization.
Nodal displacements have a fundamental role in the study of the side of the vehicle using the finite element method, [20].
The maximum displacement is achieved in the finite element 3658, with a displacement of 0.037 m. Obviously, the minimum displacement is zero, [21].
Representation of nodal displacements were made with the Smooth command, Figure. 2.12.
	[image: image38.bmp]

	Figure. 2.12 Nodal displacements


From the graph of nodal displacements, it can be seen that at finite element 3391 there is a maximum displacement of 380 MPa.
Moreover, at finite element 2425 there is a graph value of 350 MPa, Figure. 2.13.
	[image: image39.bmp][image: image40.bmp]

	Figure. 2.13 Graph of nodal displacements



The variation of tangential stresses is realized in the lower part of the side of the amphibious vehicle. The tangential stresses were made with the External command, Figure. 2.14.
	[image: image41.bmp]

	Figure. 2.14 Tangential stresses - Case 1


The most important nodes are chosen to obtain the tangential stress graph. In this graph all values are positive, Fig. 2.15
	[image: image42.bmp][image: image43.bmp]

	Figure. 2.15 Tangential stress graph


Normal stresses are determined with the Feature command. Thus the variation of normal stresses is in the lower part near the rear wheel, [22].

At node 3438 in element 1580, the minimum normal stress is located and has the value of σmin = -155.4 MPa. But at node 3704 in element 1580 the maximum normal stress is σmax = 146.963 MPa, Figure. 2.16. 

	[image: image44.bmp]

	Figure. 2.16 Normal tensions


On the graph of normal stresses from case 1, it can be seen that at the nodes chosen by us, the minimum value is σmin = -3 MPa. And the maximum value reaches up to 97 MPa, Figure. 2.17..  

	[image: image45.bmp][image: image46.bmp]

	Figure. 2.17  Graph of normal tensions



The dangerous tensions achieved with the Banded command are on the lower side from the first case. At element 680, in node 3867, there is the value of the minimum dangerous tension stress, which is - 323.228 MPa.
But at element 1681, there is a node 3876 and the maximum dangerous tension stress having the value of 322.993 MPa, Figure. 2.18.
	[image: image47.bmp]

	Figure. 2.18 Dangerous tensions


The tensions stress graph starts with a dangerous tension stress close to 100 MPa. And the graph ends with a dangerous tension stress value of almost 300 MPa, Figure. 2.19.
	[image: image48.bmp][image: image49.bmp]

	Figura. 2.19 Grahps dangeours tensions  


CHAPTER 3
Optimization models of constructive elements

of an amphibious vehicle
3.1. The study of protective elements
The first amphibious vehicles were simply built with no equipment. But over the time amphibious vehicles were continuously inprove developed, [23]. 

Amphibious vehicles were developed according to: rescue, fires, pollution, floods, etc.
Meanwhile, amphibious vehicles have been equipped with devices specific to the mission they have to perform: inflatable boats, depollution solutions, fire extinguishers, etc., [24]

  In this paper work we propose to approach optimization models of the constructive elements of an amphibious vehicle.
For this we propose to use the NX 12 program from Siemens for the optimization models of the constructive elements of an amphibious vehicle. Internally, especially within the fire department, several types of amphibious vehicles were purchased, [25].
Externally, there are specialized firms that build amphibious vehicles according with needs.  

New amphibious vehicles are more reliable. Some amphibious vehicles are even electric. Thus, during the mission, avoid the danger of explosion due to fuel, i.e. petrol or diesel, is avoided [26].

In amphibious vehicles, the emphasis is on the protection of both the personnel in the vehicle and the injured patients to be transported.
In the world, types of amphibious vehicles are being tested that detect when the area is polluted and then immediately activate to remove the injured from the dangerous area, [27].

An amphibious vehicle model may also be an amphibious armored personnel carrier (APC). That's why I also modified an armored amphibious model, Figura. 3.1.
	[image: image50.png]




	Figure. 3.1 Armored amphibian


 In addition, armored personnel carriers have good protection against the polluting environment and floods. Access inside the armored transporter is usually done through the upper part hatches, Figure. 3.2.
	[image: image51.png]




	FigurE. 3.2 Armored amphibian with upper hatches


Amphibians are used in dangerous missions, when various protection systems are used on different types of amphibious vehicles, [28].
	[image: image52.png]




	 Figur. 3.3 Frontal protection from the front


The frontal protection has the role of protecting the vehicle when it can meet and hit an obstacle in front, Figure. 3.3.
	[image: image53.png]




	Figure. 3.4 Side protection


Side protection is used when it can be hit from the side, Figure. 3.4.
Both protections can be used in missions: front and side, Figure. 3.5.
	[image: image54.png]Protectie frontala





	Figure. 3.5 Side and front protection


 The most sensitive part of the amphibious vehicle is the bottom. Because it can hit rocks or other objects that can destroy the vehicle's transmission or guidance systems, Figure 3.6.
	[image: image55.png]




	Figure 3.6 Bottom protection


The first type of protection is made of flat plates. The plates in case of impacts can be subjected to bending, [29].

Moreover, the differential relations between the voltages are:
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  The relationships between stresses and displacements are, [30]: 
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If we derive equations 4 and 5 and substitute them into equation 1, then we get:
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Relation 6 represents the general deformation equation of flat plates. Next we use the expression     of the nabla operator and obtain:
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In this case the general bending equation of flat plates or the Sophie Germain equation is:
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Where D - the stiffness of the plate.

The stiffness of the plate is, [31]:
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In which:
E - Young's modulus.

I - axial moment of inertia. 

· Following the deformation of the first plate, the following values of the tangential stresses are obtained, Fig. 3.10:
· The minimum tangential stress, τ1min = 0.321 MPa, which is at node 2083 in finite element 142.
· Tensiunea tangențială maximă, τ1max = 490,089 MPa, care se află în nodul 2016 in elementul finit 28.
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	Figure. 3.7 Tangential tensions.


The tangential plate stress graph has only positive values. The maximum value of the tangential stress reaches 228 MPa.
Moreover, the initial and final tangential stresses reach 220 MPa, Figure. 3.8
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	Figure. 3.8 Tangential stress graph.


Normal stresses have the following extreme values, Figure. 3.12:
· The minimum tangential stress, σ1min = -495.717 MPa, which is at node 2026 in finite element 45.
· The maximum tangential stress, σ1max = 364.811 MPa, which is at node 1958 in finite element 858.
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	Figure. 3.12 Normal tensions. 


Depending on the nodes chosen, the graph of the normal stresses from plate 1 is made [134].
Thus, the normal stress values in the graph are in the range -20 MPa...90 MPa, Figure 3.13.
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	Figure. 3.13 Grafic normal tensions. 


· The von Mises stresses, with the extreme values are distributed as follows, Fig. 3.14:
· The minimum von Mises stress, σv1 min = 0.570 MPa, which is at node 2083 in finite element 142.
· The maximum tangential stress, σv1 max = 915.301 MPa, which is at node 2016 in finite element 28.
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	Figure. 3.14 Von Mises. 


The von Mises stresses in the graph have values between 10 MPa and 260 MPa, Figure. 3.15.
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	Figure. 3.15 Von Mises stress graph.


The octahedral normal stresses that have extreme values in the drawing below are located as follows, Figure. 3.16:
· The minimum octahedral normal stress, σoct1 min = -1347.520 MPa, which is at node 2028 in finite element 45, [136].
· The maximum octahedral normal stress, σoct1 max = 1058.39 MPa, which is in node 1083 in finite element 117, [137].
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	Figure. 3.16 Octahedral normal stresses.


The octahedral normal stresses in the graph are between -60 MPa and 270 MPa, Figure. 3.17.
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	Figure 3.17 Dangerous voltage graph.


Based on the three boards, a short object-oriented programming (OOP) in Python will be done, Figure. 3.18.
De altfel programarea orientată pe obiecte este o paradigmă de programare care utilizează concepte abstracte (sub formă de clase și obiecte), pentru a crea modele bazate pe elemente din lumea reală. 
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@author: Remus Cojocaru

class Placi:
“Masini amfibii cu placi de protectie’
empCount = @

def _init_(self, name, pieces):
self.name = name
self.pieces = pieces
Placi.empCount += 1

def displayCount(self):
print ("Total Placi %" % Placi.empCount)

def displayPlaci(self):

print ("Name : ", self.name, *, Pieces_no:

", self.pieces)

"Placile laterale de la masina amfibie’
placal = Placi("Laterala”, 2)

"Placa frontala de la masina amfibie”
aca2 = Placi("Frontala”, 1)

"Placa inferioara de la masina amfibie’
placa3 = Placi("Inferioara”, 1)
placal.displayPlaci()
placa2.displayPlaci()
placa3.displayPlaci()

print ("Total Placi %" % Placi.empCount)






	Figure. 3.18 Program Python


Rezultatele acestui mic program evidențiază tipul plăcii și numărul total de plăci, Figura. 3.19.
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	Figure. 3.19 Results of program Python


Armored car protections made of plates are heavy. That is why we are also discussing the protection of vehicles made of specially designed bars.
The study of deformations of bars subjected to bending is of interest both for problems that set the stiffness conditions. In this work, the shape that the axis of a straight bar must have after bending is studied. This shape is called elastic line or deformed mean fiber of a bar.
3.2. Bumper analysis
But in order to present the bumper system more easily, we chose to make a model of an amphibious vehicle, which is the first prototype.
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	Figure. 3.20 Prototype 1


Many amphibious vehicles use bumpers that form a protective system. Moreover, there are many types of side and rear bumpers.
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	Figure. 3.21 Prototype with front bumper


In this case we will study the front side protection system. We will call this lateral protection system system 1, Figure. 3.21.
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	Figure. 3.22 Face protection system


This protection system, only the lower part is mounted.
The tangential stresses from the frontal protection system are distributed as follows:
· The minimum tangential stress, τ4 min = 2.69•10-8 MPa, which is at node 2916 in finite element 76.
· The maximum tangential stress, τ4 max = 347.646 MPa, which is at node 603 in finite element 432.
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	Figure. 3.23 Tangențial tensions. 


The plot of tangential stresses from system 1 has only positive values. From this graph, the maximum value reaches up to 270 MPa, Figure. 3.24.
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	Figure. 3.24 Graff of tangențial tensions. 


The normal stresses from system 1 are distributed as follows, Figure. 3.24:
· The minimum normal stress, σ4 min = -278.114 MPa, which is at node 3032 in finite element 292.
· The maximum normal stress, σ4 max = 280.668 MPa, which is at node 2626 in finite element 82.
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	Figure. 3.24 Normal tensions. 




The normal tensions stress graph from system 1 has zero values in the first part. After which it varies from negative values of -15 MPa to values of 35 MPa, Figure. 3.24.
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	Figure. 3.24 Graff of normal tensions. 


The von Mises stresses from system 1 are distributed as follows, Figure. 3.24:
· The minimum normal stress, σv4 min = 4.675•10-8 MPa, which is at node 603 in finite element 432.
· The maximum normal stress, σv4 max = 630.623 MPa, which is at node 1968 in finite element 695.
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	Figure. 3.25 Von Mises tensions. 


Both at the beginning and at the end of the von Mises graph of system 1 the values are zero. All other values are positive. These values can reach up to 410 MPa, Figure. 3.25. 
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	Figure. 3.26 Von Mises tensions grafph. 


· The minimum octahedral stress, σoct4 min = 2.204•10-8 MPa, which is at node 603 in finite element 432.
· The maximum normal stress, σvoct4 max = 297.278 MPa, which is at node 1968 in finite element 695.
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	Figure. 3.27 Octahedral tension stress. 


On the graph of octahedral stresses for system 1, the highest values are in the middle of the graph (242 MPa and 270 MPa respectively).
Moreover, the last part of the graph has zero values, Figure. 3.28.
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	Figure. 3.28 Octahedral tension stress grafph.


The resultant forces from system 1 are largely zero. There are only values of 576.775 N from node 2095, Fig. 3.29.
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	Figure. 3.29 The resultant forces.


In the graph it is observed that only two values appear, i.e. 325 MPa and 520 MPa. Otherwise the graph has zero values, Figure. 3.31.
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	Figure. 3.31 Graph of resultant forces.


3.3. Optimization of constructive elements
Types of amphibious vehicles are being studied in the world. That is why we think to continue with the study of prototype 2, Figure. 3.32.
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	Figure. 3.32 Prototype 2


Prototype 2 is designed to study the transport of special equipment.

Thus, depending on the mission to be accomplished, a trunk box must be used.

For example, you can use a blue trunk box that contains depollution equipment, Figure. 3.33.
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	Figure. 3.33 Prototype 2 with blue trunk box


 A red trunk-type box can also be used. This box contains flood rescue equipment, Figure. 3.34.
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	Figure. 3.34 Prototype 2 with red trunk box


On prototype 2, a fluid acts frontally.

Then I study the movement of a fluid particle in space and time. That is, the trajectory of a particle in the fluid acting on prototype 2.
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	Figure. 3.35 Prototype 2 and fluid. Study


The fluid acting on prototype 2 has a certain trajectory.

The particles that make up the fluid have different velocities at several points.

Moreover, the velocities of the particles from the fluid can have a maximum speed of vmax = 217.24 mm/s. This maximum speed is found at the top of prototype 2 and the trajectory is a function of the shape of prototype 2, Figure. 3.35.
CHAPTER 4

Conclusions
4.1. Final conclusions regarding the research carried out within the PhD paper work thesis
Following the bibliographic research carried out and the theoretical and applied studies presented in the doctoral thesis, the following results and conclusions can be highlighted, as follows:
· The modern concept of amphibious transport is determined by an appreciable number of historical and current models.
· It is appreciated that the current aspects of amphibious transporters can be considered as an investment in the future, because the performance of dangerous rescue and depollution missions require the development of new specific installations.
· It is necessary to increase concerns for the development of devices belonging to amphibious vehicles by applying the finite element method.
· As a result of the complexity of the protection elements, it is opportune to study the protection of amphibious vehicles during emergency situations.
·  In case of the occurrence of defects of amphibious vehicles and protective elements, it is necessary to establish the volume of human and material resources to reduce repair times and reduce their costs.
· Optimizing protection elements for amphibious cars appears to be appropriate, as it increases the protection of people inside these types of vehicles.
 4.2. The author's personal contributions in the researched field
In the framework of the theoretical and practical research carried out in the field of the doctoral thesis, the author highlights the following developments, contributions and results, as follows:
a) In the field of theoretical research
· An analysis was carried out regarding the appropriateness of the theme and the approach module from the theoretical and practical point of view of research.
· An analysis of the current state of research on the quality and study of amphibious vehicles was carried out.
· An analysis of the theoretical framework was carried out regarding a prototype of an amphibious vehicle in an aerodynamic tube.
· A synthesis of the main concepts and parameters of amphibious vehicles was presented.
· A comparative analysis of the methods of analysis and evaluation of the protection systems used in amphibious vehicles was carried out.
· The main technical-economic evaluation indicators of the development of amphibious vehicles were presented in a synthetic form, with reference to the availability of protective equipment.
· An analytical study was presented regarding the determination of the optimal moment to replace the modular box.
An analysis of the rescue and decontamination devices that are mounted on the chassis of the amphibious vehicle was carried out.
b) In the field of applied research
· Development of a model of a cargo ship (model).
· Development of technical-economic optimization models for cargo ships.
4.3. Future developments in the researched field
Considering the theoretical and applied studies elaborated and presented in the doctoral thesis, new developments can be made oriented towards the following concepts:
· Development of new models of amphibious vehicles.
· Development of new models of specific protective systems that are removable for amphibious vehicles.

Development of mountable or removable environmental protection models on amphibious vehicles.
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Finite element part 1
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Finite element part 2
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