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Chapter 1Chapter 1
DYNAMICAL ANALYSIS OF THE MECHANICAL SYSTEM WITH 
TWO DEGREE OF FREEDOM APPLIED TO THE TRANSMISSION 
OF THE WIND TURBINE

1.1. State of the art in the field of the wind turbines 
1.2. Water pumping, a particular application of wind 
energy useenergy use 
1.3. The objectives of the chapter 
1 4 Analysis of wind generator pumping1.4. Analysis of wind generator pumping 
1.5. Dynamic analysis of pumps used in small wind power 
systems y
1.6. Experimental confirmation of the theoretical results  
1.7. Conclusions 
1.8. Original contributions of the author in the field



Classical solution

Front view Side view

Sketch of mechanism that transform the blade rotation in translation 



Classical solution - Samples



Sketch of an eolian waterpump used in a farm



Writing equations of motion for a classic pump with single 
or double effect for a basic mechanical transmission



KINEMATICS AND DYNAMICSKINEMATICS AND DYNAMICS
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Motion equations:
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Final form of motion equations:
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Angle of rotation and 
angular speed obtained 
after numerical integration 



Angle of rotation and 
angular speed obtainedangular speed obtained 
after numerical integration 



PROPOSED MECHANISM WITH TWO DEGREE OF FREEDOM PROPOSED MECHANISM WITH TWO DEGREE OF FREEDOM ––
““MECHANISM CLOSED BY INERTIAMECHANISM CLOSED BY INERTIA””

Mechanism with two Geometry of theMechanism with two 
degree of freedom

Geometry of the
mechanism



Free body diagrams
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Equation of motions
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Results after integration for t=20 secResults after integration  for t=20 sec



Results after integration for t=30 secResults after integration  for t 30 sec



Sk t h f th ti f th t d f f d t f thSketch of the motion of the two degree of freedom system for the 
angular speed 160 rot./min 



Sketch of the motion of the two degree of freedom system for 
th l d 190 t / ithe angular speed 190 rot./min 



Slider motion representationSlider motion representation 
in the phase space 

Sketch of the mechanism 
with markers highlighting 



Highlighting the markersHighlighting the markers 

Experimental setup for testing

The path of marker 1



Horizontal speed of the slide

Horizontal speed of the slide 



Trajectory of marker 1

Horizontal displacement 
of marker 1 





The displacement of the piston  1_0_0_1

Th di l t f th i t 0 0 0 0The displacement of the piston  0_0_0_0

The displacement of the piston  1_1_1_1



CONC USIONSCONCLUSIONS

This mechanism property provides the following benefits:This mechanism property provides the following benefits:

 Allow startup of the vertical axis wind turbine at low wind p
speeds (thus avoiding the disadvantage of this type of 
wind turbines);

 Accomplishes an increase of pump turbine efficiency with 
the increase of wind speed. This is obvious if you noticethe increase of wind speed. This is obvious if you notice 
that as speed increases, both the number of racing 
pistons in unit time and the length of its stroke increase;

 Limits the speed in case of strong wind turbine, by 
substantially increasing the power consumed by thesubstantially increasing the power consumed by the 
pump;



Chapter 2
ANALYSIS OF THE MOTION EQUATIONS AND DYNAMIC 
RESPONSE OF THE MULTIBODY SYSTEM WITH 
ELASTIC ELEMENTS

2.1. Modeling the multibody systems with elastic elements

2.2. Eigenvalues and eigenmodes of a cardan joint

2.3. Finite Element Analysis of a Two-Dimensional Linear Elastic 
Systems with a Plane “Rigid Motion”

2.4. Some properties of motion equations



Modeling the multibody systems with elastic elements

Representative finite element  



Eigenvalues and eigenmodes of a cardan shaft

The cardan joint analysed
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The first six eigenmodes corresponding to the non null 
eigenvalueseigenvalues



Finite Element Analysis of a Two-Dimensional Linear 
Elastic Systems with a Plane “Rigid Motion”

A two-dimensional finite element with plan motion 



Th i d f di k d f ti it t d iThe eigenmodes for a disk - deformation situated in a 
plane





The eigenmodes for a disk deformation situatedThe eigenmodes for a disk - deformation situated  
perpendicular to a  plane



CONCLUSIONS

In this section  are presented some mathematical properties of motion 
equations in the case of multibody systems having elastic elements.

These properties are due to the existence of the skew symmetrical 
matrix C, by which the relative motion of nodal coordinates ismatrix C, by which the relative motion of nodal coordinates is 
manifested by the Coriolis effects and the additional term introduced in 
equations (applying the finite element method);

Using these properties is possible to allow a qualitative analysis of the 
obtained motion equations. q



Chapter 3Chapter 3
MECHANICAL PROPERTIE’S IDENTIFICATION  AND 
TESTS ON ADVANCED COMPOSITE MATERIALSTESTS ON ADVANCED COMPOSITE MATERIALS
Mechanical Properties of a Sandwich Composite with twill weave 

carbon and EPS

Flexural load-unload test detail. Sandwich panel clamped on contour



Tensile test detail on an epoxy
impregnate 2/2 twill weave carbon fabric



Three-point bend test 
of the sandwich panel supported 
linearly on two opposite edges.

Force-extension distribution on 
10 mm thickness specimen subjected 

to three-point bend test.



F t i di t ib ti 30 thi kForce-extension distribution on 30 mm thickness 
specimen subjected to three-point bend test.



Comparison betwwen force-extension distributions
on 30 mm and 40 mm thickness specimens subjected

to three-point bend tests.p



The following conclusions can be drawn:

 The sandwich structure’s strains with skins based on twill weave The sandwich structure s strains with skins based on twill weave 
carbon fabric reinforced epoxy resin are comparable with those of 
the structure with skins based on EWR-300 glass fabric/epoxy resin;

 Stresses in fibres direction in case of the sandwich structure with 
carbon fabric/epoxy resin reinforced skins, are up to six times highercarbon fabric/epoxy resin reinforced skins, are up to six times higher 
than those existent in EWR-300 glass fabric/epoxy resin skins;

 Stresses transverse to the fibres direction in case of the sandwich 
structure with carbon fabric/epoxy resin reinforced skins are 20% 
lower than those existent in EWR-300 glass fabric/epoxy resin skins;g p y



On the polylite composite laminate material behavior to tensile 
stress on weft directionstress on weft direction

RT300 glass fabric-reinforced 
Polylite 440-M888 polyester resin specimens 

cut on weft directioncut on weft direction

RT300 glass fabric reinforcing material



Specimens’ maximum
mechanical properties with 1 mm/min

Specimens’ maximum 
h i l ti ith 2 / imechanical properties with 1 mm/min

test speed
mechanical properties with 2 mm/min 
test speed



Young’s modulus distribution of eight 
RT300 glass fabric-reinforced Polylite  

440-M888 polyester
resin specimens (1 mm/min test speed)

Young’s modulus distribution versus tensile strength of 
eight RT300 glass fabric- reinforced Polylite

440-M888 polyester 
resin specimen  (1 mm/min test speed)



The following conclusions can be drawn:

 The Young’s modulus distribution of twelve layers RT300 glass 
fabric-reinforced Polylite 440-M888 polyester resin specimens cut onfabric reinforced Polylite 440 M888 polyester resin specimens cut on 
weft direction presents a maximum value of 7446.16 MPa at 
specimen 8 and a minimum value of 6424.94 MPa at specimen 4 ;

 The first failures take place at a strain value of 0.025 – 0.035 for both 
test speeds. These failures appear due to delamination. The p pp
delamination is not so spectacular than in case of chopped strand 
mats reinforced polyester resin laminates. ;

 Due to good drape ability of RT300 glass fabrics, these reinforcing 
materials are widely used in most common polyester based 
composite structures.;



Hybrid carbon-hemp composite laminate used in 
automotive engineering impact applicationsautomotive engineering impact applications

Carbon-hemp composite laminate 

The impact device



 m
g
vH
2



     2/ smtFgta     / sm
m

gta 

      ttvtFtU
t

 
0
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Results

Force-displacement (F- δ) curves
at the impact’s moment 

Force-time (F-t) distribution 
at the impact’s momentat the impact s moment 



The variation of indentor’s displacement
δ at the impact’s moment 

The variation of energy U 
at the impact’s momentat the impact s moment 



The following conclusions can be drawn:

- Integrating the area under the loading curve (force-displacement) until 
the maximum value of the force (according to the first failure) the 
energy required to initiate the failure can be obtained;energy required to initiate the failure can be obtained;

- At the impact’s moment, the energy accumulates in time and is direct p , gy
proportional with the force and increases until reach a constant 
landing;

- In general, at the composite laminates the energy is frequently 
absorbed by creating some delamination surfaces called delamination 
breaks that lead to the strength and stiffness decrease 



Ch t 4Chapter 4
TOWARD THE USE OF IRRADIATION FOR THE COMPOSITE 
MATERIALS PROPERTIES IMPROVEMENTMATERIALS PROPERTIES IMPROVEMENT 

Glass fiber composites materials

Carbon fiber composites materials



Vegetable fiber
reinforced

Hemp fiber
reinforced



Internal conveyor and their sources of Co-60

Schematic representation of an irradiator with electrons accelerator



Hemp fabric based specimens 
irradiated with 2 kGy dosisirradiated with 2 kGy dosis 

Hemp fabric based specimens

Hemp specimen during the tensile test 

Hemp fabric based specimens 
irradiated with 56,7 kGy dosis 



Cross-section through a hemp fabric 
based specimen irradiated 

with 2 kGy dosis (100X magnitude)

The VHX digital microscope 

Cross-section through a hemp fabric based g p
specimen irradiated with 56.7 kGy dosis (100X magnitude)



Some results



Hybrid glass-hemp specimens, before test

Glass-Hemp specimen during the test

Hybrid glass-hemp specimens, after test



Some results



Carbon-hemp specimen during 
three-point bending testp g



Some results

Flexural rigidity distributions of  non-
irradiated and irradiated carbon-hemp 
composite specimens

Young’s modulus of bending distributionsYoung’s modulus of bending distributions 
of non-irradiated and irradiated   carbon-
hemp composite specimens

Load-deflection distributions of specimen no. 4 
with registration of first failure



FINAL  CONCLUSIONS

 Two different direction of research: composite materials 
and dynamic response of the multibody systems;and dynamic response of the multibody systems; 

 Results: papers published in ISI indexed journal (16) Results:  papers published in ISI indexed journal (16), 
monographs in the field (3);

 Grant and research project in these two research fields –
16 research project;p j ;

 Very good collaboration in a team.y g



The evolution and development plans for career 
developmentdevelopment

Teaching activity

- Updating and upgrading of teaching syllabuses to ensure consistency 
of content and task specialization;

- Implementation and development of modern technologies for teaching 
and learning in order to ensure adequate professional training practical 

liti ti th d f l i h th d l irealities; promoting methods of analysis, research methodologies, 
models of organizing activities with the participation of creative teaching; 
application of teaching methods based on information technology;

- Upgrading and equipping of laboratories for practical activities extend 
to subjects taught;



Research activityResearch activity

Participation at national and international conferences to sustain the- Participation at national and international conferences to sustain the 
research results of PhD students in the field of mechanics;

- Publication of scientific papers in journals with impact factor   in 
vederea  national and international recognized;

- Development of partnership agreements to facilitate PhD students to 
participate at these research infrastructures.
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