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THE STOWAGE AND SEGREGATION OF DANGEROUS GOODS ON A CONTAINER
SHIP THROUGH USE OF ARTIFICIAL NEURAL NETWORK APROACH

'BAL ELIF, ZBAYRAKTAR DEMET, °KILIC ALPER, “OZTURK EMIN
Yistanbul Technical University;*“Balikesir University Bandirma Maritime Faculty, Tkay
ABSTRACT

Container ships carry most seagoing non-bulk céngmugh major seaports today. Due to the incredsedand
in a variety of industrial fields, the movementd#ngerous goods has increased through seaborre @ag of the
greatest challenges of container shipping is thesportation of dangerous cargo onboard. The pfatsen methods
for dangerous goods during transport can have isemonsequences onboard a ship. The loading oragtofor a
container ship is one of the serious problems tlaatto be solved by each company that manage aigenterminal.
The stowage of dangerous goods requires more iattesiie to the hazardous consequences, which améared using
strict regulations by IMDG Code. This study aimscteate a Decision Support System (DSS) by usingifayer
Perceptron (MLP) as an Artificial Neural Network Ned which may help in determination of the propmrations for
these dangerous goods on a ship. In this way, pleeator (maritime terminal or agency) will have mawareness of
the situation and it would be possible to prevemtritime accidents due to improper stowage and gagon of
dangerous goods.

Keywords. Container Ship, Dangerous Goods, Ship Accidentsfjdal Neural Network, Multi Layer Perception.

1. INTRODUCTION loading of cargo transport units represents theifsignt
category of contributing factors for dangerous good
Container transportation is one of the most releases because of reactions between differegbesr
important elements of the global shipping industry. Only 2% of releases were attributed to excessivp sh
Container transportation has had a significant iale  motions and storms [6].
world trade since the 1950s. It is stated the The loading or stowage of a container ship is dne o
containerization of cargoes has gained importamce f the most serious problems that have to be solvesény
maritime transportation worldwide since the 1970k [ day operations by any company which manages a
The biggest reason for the fast growth of container container terminal [7]. Previously, stowage plaas f
transportation is that it provides a reduction in containers were performed by the captain of ship,
transportation costs by bringing standardizationthte however nowadays, the maritime terminal or agerasy h
maritime industry. Transportation of cargoes ordoiats to establish the master bay plan in accordance thith
in containers is the beginning of a more efficiantd stowage instructions of the ship co-ordinator
economical period both for cargo owners and ship representing the company holding the ship [8].
owners. The stowage and segregation of dangerous goods on
Maritime transportation and consequently transport a ship possess great risks therefore international
of dangerous goods have increased with globalizatio regulations are mandatory for loading and stowafje o
[2]. ‘Dangerous goods’ are designated as the sobsga  these goods. The maritime terminal or agency hatio
materials and articles covered by the Internationalthe stowage of containerized dangerous goods aogord
Maritime Dangerous Goods (IMDG) Code. to international requirements. The proper loadimgl a
Approximately 10% of dangerous goods are carried stowage of dangerous goods requires great attention
by containers on many shipping routes [3]. It was However, it is known that generally faults and wigts
reported that hazardous cargo constitutes appraoeiyna  occur in cases that have grave results due tohieagje
10 - 40% of total cargo for container ships [4].eOof of time and insufficient care during operations.
the biggest challenges of container shipping is the Decision Support Systems (DSSs) with quick and
transportation of dangerous cargo on board [5]. accurate response are needed to reduce mistakesoand
In recent years, there have been serious accidentslisasters caused by the maritime terminal or agency
during transportation of dangerous goods by sefireA  DSSs are a group of procedures based on models with
on the Sea Elegance container ship ended in lobfeof data processing and judgement to help managers
and the loss of the ship in 2003. An explosion fired (maritime terminal and agency) decide on the most
on the Hyundai Fortune, and the fire on the Zimf&lai appropriate course of action [9]. Over time, laageount
2007 are similar examples [6]. According to the of data have been processed through the computer an
research, the majority of contributing factors to database technology, thus, DSS became an important
dangerous goods releases identified by the UK'sildar tool for managers that makes it easier to make a
Accident Investigation Branch (MAIB) for the cases decision. The use of Atrtificial Intelligence Systems a
between 1998 and 2008. An estimated 91% of theDSSs is increasing day by day due to advances in
contributing faults occurred prior to the loadinftbe computer technology. Artificial Neural Network (ANN
dangerous goods onto the ship. Problems with themodels are one of Artificial Intelligence techniguinat

11
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can be used by researchers which has shown prgmisinSystems have been developed for solving complex
results. An Artificial Neural Network approach, problems. Decision Support Systems are computerebas
pioneered by McCulloch and Pitts (1943), can beluse  systems which aims to help the decision-maker aehie
classify large amounts of items in terms of a multi the optimal solution in very complex problems. Tuise
criteria classification in order to reach propesv&ige of Artificial Intelligence Systems as DSS is incsim
management objectives. day by day due to the advances in computer tecggolo
This study aims to establish a DSS model using theArtificial Neural Network as a form of artificial
Artificial Neural Network for maritime terminal or intelligence techniques have been used by resaarele
agency operators. The Database used for the medel ia promising method in forecasting studies.
composed of various containerized dangerous gduds t Artificial Neural Networks (ANNs) are computer
have different characteristics. Multi-layer percept systems developed to imitate activities of the huma
(MLP) as an Artificial Neural Network Model has Imee brain by mathematically modelling its neuro-
used to support the users for determining suitablephysiological structure. Artificial Neural Networkeave
locations for containerized dangerous goods in thebeen shown to be effective at approximating complex
stowage plan. The stowage and segregation of padkag nonlinear functions [11]. ANNs are used to model
dangerous goods on a ship has been addressed witbomplex relationships between inputs and outputor
consideration of danger classes, internationallatigns find correlations in the data. Unlike traditional
for stowage and segregation of dangerous goodscomputational models, ANN models have a brain like
regulations indicated in the United Nation Number structure and functionality similar to brain cqil].

(stowage on deck - in hold and clear living of deies). ANNs generally have 3 layers which are listed as
Priority unloading ports have also been considdmed input layer, hidden layer and output layer. Theuinp
eliminate the accidents or incidents due to therimect layers function is getting information from the ental

stowage of these goods on the ship and to savedtme environment and transmitting it to the hidden layére
ports. In conclude, the fast and safe stowage andhidden layer processes and transmits informatiothéo
segregation of dangerous goods has been assured bgutput layer. The output layer is responsible for
designating the location of dangerous goods stowaige transmitting the processed information receivednftbe

container ships through using this DSS. hidden layer to the external environment. The maslel
characterized by a network of three layers of sampl
2. ARTIFICIAL NEURAL NETWORK processing units connected by acyclic links (FiglixeA

single hidden layer feed forward network is the tmos
Due to the limitation of human brain capacity for widely used form for modelling, forecasting, and
the storage and procession of data, Decision Stuipporclassification [13].

Y1 > Ow

Yit2 »> Q Wi

Yt3 = Y
——

Hidden Transfer Function
Output Transfer Function

Y t-p -

W 0,j

Input Layer Hidden Layer Output Layer

Bias Unit Bias Unit

Figure 1 Neural network structure

The Artificial Neural Network structure may have logically arranged into two or more layers are knoas
to change according to nodes and their connectionsmulti-layer feed-forward neural networks [16].
Most research models use a three layer network that
consists of one input, one hidden and one outpigrla 3. METHODOLOGY
Hidden nodes with their activation function are uieed
to introduce nonlinearity in the neural networkeThost 3.1 Evaluation criteria
popular network model used for classification pewis
is the Multi-Layer Perceptron (MLP) network [13,,14 In maritime transportation, the International
15]. Networks that consist of a set of neurons Hrat Maritime Organization (IMO) has been developing
regulations regarding the dangerous goods. Regnokati

12
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introduced by the IMO for dangerous goods carrigd b not, and flash points, the limited amount of resprd
container ships have been included in the IMDG Codepackaging details that can be used in transp@tkistg
(International Maritime Dangerous Goods Code). In and separation rules (UN Recommendations). Each UN
addition, the International Convention for the $afef number has 18 columns that give information about
Life at Sea (SOLAS) entails IMDG Code in Part A for dangerous goods. Column 16 provides informatioruabo
packaged dangerous goods as well as includingthe rules regarding stowage and separation.
regulations about dangerous goods in SOLAS segtion "Clear of living quarters” refers to the rule thhe
According to the IMDG Code, hazardous cargo is substance should be kept away from the accommadatio
divided into 9 danger classes and their sub classesarea of the ship. "Category A, B and E" impliest tie
Annex 1 shows the danger classes of goods accoraling goods should be kept on deck or under deck. "Cayego

the IMDG Code. C and D" implies that the goods must be transpooted
Ships are classified into two distinct groups excep open decks only for container ships.
for class 1: cargo ships and passenger ships, feréd t The term “segregation” means stowing apart

are five different “stowage” categories from A ta D various dangerous goods which can interact to cause

Substances, materials or articles must be stowed irhazardous reactions between them. The segregation i

accordance with these categories. Class 1-Explosive  achieved applying IMDG rules, establishing a certai

divided into six subclasses from Class 1.1 to bué,due distance between the goods or putting them in mdiffe

to extreme risk of hazard, most ports only accdps€  cargo holds. These rules have different application

1.4 which has no significant explosion hazard, éfae depending on the type of cargo transportation onit

only this type of explosives (Class 1.4) are com®d in position of the cargo on board the ship. Ship typasgo

the study. stowage on longitudinal or cross sections, on declkn
Dangerous goods that have different United Nation hold stowage cover other important criteria.

numbers (UN numbers) are subject to different stmva Table 1 indicates the segregation levels between

and segregation rules even if they are in the sdéamger different hazard classes modelled in the study. The

class. Thus, members of the same dangerous gamsts cl fourth level of segregation requires separatiomadds

can be stowed in different cargo spaces on a simg@, longitudinally by an intervening compartment or dol

this detail is taken into account when building thedel. thus if there is the fourth level of segregatiorwsen
Dangerous goods are represented by UN numbers irclasses, they are not stowed in the same defined

the IMDG Code. There are approximately 2500 diffiere longitudinal cargo areas. For example, there igtfou

UN numbers, and each of these numbers has inf@mati degree segregation between class 6.2 and claserl1.4

about proper shipping name, danger class, packingclass 2.1.

groups, whether the goods contain a marine poliudan

Table 1 Danger Classes and Segregation Levels

Class | 14 | 21 | 22| 23| 3|41 |42 |43 |51 |52|61|62|7|8]9
14 * 2 2|2 2 2 2 2 X 2| 2| x
2.1 2 X X X 2 2 X 2 2 X 2 X
2.2 X X X X X X X 2 X | X
2.3 X X X 2 | X 2 X X 2 X 2 X | X
3 2 2 2 X | X 2 2 2 X 3 2 | X | x
4.1 2 X X X | X X 2 X 3 2 X
4.2 2 2 2 2 X 2 2 - 3 2 X
4.3 2 X X X X X 2 2 X 2 2 X
5.1 2 2 X X 2 2 2 2 3 2 | x
5.2 2 2 2 2 2|2 2 2 3 2| 2| x
6.1 X X X X X| X X X | X | X
6.2 2 2 3|3 3 2 3 X 3|13 | x
7 2 2 2|2 2 2 2 X 3 X[ 2| x
8 2 X X X 2 2 X 3 2 | X | x
9 X X X X X| X X X X X X X X| X | X

13
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Container ships usually visit more than one port in
their total voyage so the priority port is takertoin
consideration for the cargo stowage plan to sawe tnh
unloading processes at ports.

To summarize, a total of five criteria (input

stowage of dangerous goods on a ship which aregjedan
classes of goods, obligations about whether thgocar
should be stowed on deck or under deck, placenteat c
of living quarters and unloading priority of therga.

Table 2 summarizes the dimensions of criteria used

parameters) are chosen to decide how to plan thehis study [14].

Table 2. Dimensions of Evaluation Criteria for Gldisation of Containerized Dangerous Goods in StgavPlan

Criteria Dimension
Danger Class IMDG Code Classes
On Deck Only Yes =1
No=0
In Hold Only Yes =1
No=0
Clear of Living Quarters Yes=1
No= 0
Unloading Priority 1 = First Port
2 = Second Port (there are 2 ports in this study)

While creating a decision support system for
stowing the dangerous cargo, regulations aboutikgep
the cargo clear of living quarters should be taken
account, as well as different stowage categoriegxhwh
provide the information on whether the cargo shddd
carried in an open space or indoors. For examplejoc

space 1-d is for the cargo which is carried in oparo
space at the fore side of the ship, while cargeeah
is for the closed cargo hold in amidships.

Table 3 illustrates a schematic diagram of a cargo
ship. Cargo stowage areas are roughly split acegrtti
IMDG stowage rules.

Table 3. Ship Stowage Parts

3 2 1
Poop deck Accommodation 3- deck (3-d) 2- deck (24d)deck (1-d)| D
Steering room| Engine room 3- hold (3-h) 2- holch§211- hold (1-h) | H

Cargo ships usually have accommodation near theArtificial Neural Network model is contextualizeds a

poop deck. Cargo holds between bow
accommodation area are divided
Vertically, cargo can be stowed either on deckroai
hold. The poop deck is used for stowage as wele Th
seven different parts are determined for modeltihthe

stowage of cargo depending on the danger.

3.2 Network building

and supervised learning, specifically with a back-prggtion
into three parts.algorithm for the classification in their networkitaing

method suggested by Partovi and Anandarajan [18. T
activation function is generally taken as a hypécho
tangent or logistic sigmoid in the hidden layer,[13,
15]. The activation function is important and itpeads
on the nature of the output of the network. Botk th
hyperbolic tangent and logistic sigmoid were coasd
to compare the results.

Several parameters and variables which define the
network and which have an impact on the performance3.2.2 Determination of hidden layer number and sode

of the network have to be decided on; while desigra

neural network. The number of layers, the number of
processing elements in every layer and the number o

in hidden layer

Two hidden layer networks may slow the learning

synapses that are connected to each node are the marate and affect the overall performance of the petw

factors which are necessary in the determinatiothef
architecture. In addition, it is important to cheothe
appropriate activation function of the hidden nodesd
output nodes, as well as the training algorithmtada
transformation and normalization methods, trainamg
testing sets, and the performance criteria [17].

3.2.1 Network structure
A Multi-Layer Perceptron (MLP) model was
chosen for the classification of containerized aaogs

goods in a stowage plan due to its simple architect
and algorithm [15]. The Learning method of the

14

[16]. Therefore, only one hidden layer is used tloe
network. After determination of the hidden layer
number, the number of nodes in the hidden layerthas
be identified by trial and error. The number of s in
the hidden layer is calculated based on the five-fo
cross validation method.

In five-fold cross validation method, the number of
nodes in the hidden layer is calculated by a steptép
training of five subsets from training data, in erdo
select the model which minimizes the generalization
error. Training data is divided into five disjoidte
subsets. One of these subsets is held as validdtitn
and the other four subsets are utilized as theibgidata
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set. The network is run five times by a thousand The learning process should be stopped when the
iterations which can be selected by the user inglit network reaches a pre-defined criterion. The tragjns

and by changing the number of nodes from two to stopped either when training performance reaches th
twenty in the hidden layer. The minimum of the mean target performance or when a specific epoch nuriser
square error (MSE) of training and cross validatiaita, achieved. In our Multi-Layer Perceptron network mapd
which is obtained from the experiments, is notelder; the stopping criterion for the training process was
the first subset of the input is fed back into trening marked as the minimum of mean square error (MSE) or
set and second subset is chosen as the validaicand the point when the network reaches a certain nuraber
training is repeated again while noting the minimum epochs. Celebi and Bayraktar have stopped trainfng
MSE for the second subset. the neural network as the epoch number reached 1000

This procedure is performed until all five subsets iterations or the MSE for the cross validation deips
are used as validation sets and we receive thdt resubelow the threshold value of 0.01 [14].
containing the data from a minimum MSE for five The learning rate of the network is dependent en th
subsets for different numbers of nodes in the hidde step size and the momentum in each layer. Ghate and
layer [14]. The MSE or mean squared error function Dudul (2010) have evaluated optimal parametergher
calculates the accuracy rate of the configuratiadeh multi-layer perceptron model with three layers dnade
by determining the difference between the outputhef  found that optimal step sizes should to be 1.0Ghdor
model and the desired output as can be seen iti@qua hidden and output layers respectively and moredeer,

1. the momentum of hidden and output layers the optima
value was determined to be 0.7.

The network parameters for the neural network are
given in Table 4 as a summary. Neurosolutions 5.0
software was used to run the neural network moadiel f

The average of the minimum MSE for five subsets the classification of containerized dangerous gdods
is calculated and the network model with hiddenesod stowage plan. The study was conducted on 102
which has the lowest average of minimum MSE for dangerous packaged goods or containers.
cross validation data is chosen as the best caatign.

n

1
MSE = —xZ{:d: —¥;)
n

i=1

(1)

Table 4. Network Parameters for the proposed ANNidMo

Learning Method

Supervised

Learning Model and Type

Multi-Layer Perceptron witdick propagation algorithn

Performance Function

Mean Square Error (MSE)< 0.01

Number of Hidden Layers

1

Number of Neurons in Hidden Layer

To be determibgdrive Fold Cross Validation Methoc

Transfer Function

Sigmoid functions

Number of Input Neurons

5 (Danger Class,

On Deck Only,

In Hold Only,

Clear of Living Quarters and
Unloading Priority)

Number of Output Neurons

7 (1-d, 1-h, 2-d, 2-h, 3-¢th and poop deck)

Hidden Layer Step Size

1.0

Output Layer Step Size

0.1

Momentum for Hidden and Output Laye

r 0.7

Number of Maximum Epoch

1000 iterations

Learning mode

Batch

From the total data, approximately 85% (70%
training and 15% cross validation) of data was cteté

as training and about 15% of data was used

asigesti

training samples. Evaluation data for the 5-foldssr
validation method consists of 85 data, of whicht@&n
as training data and 17 are in the validation set.

The structure of the neural network which will have
the minimum Mean Squared Error (MSE) at the end of
the training process was chosen for the evaluatfdhe
testing data.

data as suggested by Ghate and Dudul (2010) [18]. F
determination of hidden nodes in the hidden layer f
classification of containerized dangerous goods,
accuracy was assessed via 5-fold cross-validatidth,
model tuning by a cross-validation nestled withie t
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Data for 17 dangerous packaged goods ortraining and 17 cross validation data) 2 times dachO
containers are left out for the testing processhieck the runs and 1000 iterations with randomized initiaigigs
validity of the trained network. in order to avoid networks becoming stuck at local

The training data set is divided into 5 disjointed minima. As can be seen from the results of trairmg
subsets; one of these subsets is retained as crossetwork with a sigmoid function network, the minimu
validation data and others are selected as traidatg mean squared error is 0.00737 which is shown ir€Tab
subsets. For a different number of hidden neurthtes, 5. Training for the network with sigmoid functionas
network is run 5 times by 1000 iterations by chongsi stopped at the 5th run and 711th iteration.
one subset as cross validation data from the divisle

subsets until all subsets has been used as vahdasta Table 5. Results of Training for Sigmoid Transfer
once. The minimum MSE for training and cross Function
validation data is recorded for each subset.
The average minimum MSE for five subsets is Best Networks| Sigmoid Functioh
calculated for each number of hidden neurons in the
hidden layer. The neural network was run for sigioi Run # 5
activa_ltion function..The neural network with 12 psdn Epoch # 711
the hidden layer, gives the lowest MSE data as9®80
in the five-fold cross-validation method for sigmoi Min. MSE 0.00737
function.
After the number of hidden neurons in the hidden Finally, the network chosen consists of 5 nodes in

layer has been determined to be 12 for sigmoidtionc  input layer, 12 nodes in hidden layer and 7 nodtes i
model, networks have been trained with 85 data (68output layer as shown in. (Figure 2).

1-D

Danger Class

1H
On Deck Only

2D
In Hold Only

2-H
Clear of Living Quarters

3D
Unloading Priority

3-H

ni2 . Poop Deck
Input Layer Hidden Layer Output Layer

Figure 2 The ANN model used for this study.
3.3 Testing the neural network
In order to validate the training results, 17 the network previously, were used for testing pssce

dangerous containers data which were not introdt@wed  The results of overall testing of the network areeg in
Table 6.

16
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Table 6: Results of Testing Process for the Prapdtmiural Network.

Poop Deck Overal
MSE 0.0438| 0.017Q 0.0585 0.0171 0.0184 0.0233 3.020 0.0297
NMSE 0.2111| 0.1634 0.282Pp 0.1649 0.0887 0.1294 7B09 0.1684
MAE 0.1447 | 0.1066| 0.1647 0.1101 0.1043 0.1126 @115 0.1238
Min Abs Error 0.0202] 0.0227 0.0348 0.0315 0.000801R8 0.0130 0.0008
Max Abs Error 0.6821] 0.2828 0.8085 0.23D05 0.30483740 0.2932 0.8065
R 0.8932| 0.9371 0.8502 0.9325 0.9660 0.9498 0.96910.9278
Percent Correct 100 0 100 - 10d 100 - 88.24

As can be seen from the performance dangerous goods on board. Although there have been
measurements, the overall correlation (r) of thsting is several grievous disasters in the previous yeaes tdu
0.9278 for the testing data. The mean absolute ésro  the deficiencies in application, the stowage ofg#aaus
the overall testing network is determined to be288L  goods or containers is still typically carried antthe
which shows that the developed neural network givestraditional way which takes more time and pays less

results that are acceptable solutions. attention to safety during planning.
The traditional stowage method of dangerous goods
5. CONCLUSIONS or containers on a ship uses the UN number andsneed

expert staff for planning. Yet, in some casess krown
The stowage of dangerous goods on a ship has greahat there are errors due to the time constrain a
importance due to the high risk of the cargo. insufficient care in application. The comparison of
Inappropriate stowage of goods during loading thie s neural network output and desired data are given in
is the main factor that contributes to the relea¢he Table 7.

Table 7. Desired Data and NN Output

1-d 1-h 2-d 2-h 3-d 3-h g‘éz‘k’ Output
Output | Output | Output | Output | Output | Output Output (Symbolic)
-0.0488 | 0.02268| -0.0452 0.03147 0.304B3 0.77744 9312 3-h
0.86475| 0.11486] 0.84633 0.11428 0.05658 -0.0447 6183® 1d
0.12443 | -0.0477 0.1306 -0.0473 0.89647 0.02321 8883 3-d
0.86419 | 0.11687 0.8504 0.12561 0.06071 -0.0463 04.0b6 1d
-0.0494 | 0.03996| -0.046¢€ 0.03746 0.169¢8 0.81%46 7634 3-h
0.16016 | 0.71723 0.19104 0.76954 -0.04f1 0.10809 0466. 2-h
0.03761| -0.0406| 0.0524  -0.0426 0.7641  0.15084 @®345 3-d
0.82163 | 0.09964 0.80652 0.11411 0.06769 -0.0441 640® 1-d
-0.0426 | 0.02956| -0.0376 0.04204 0.276P9 0.62513 3002 3-h
0.04867 | 0.79468 0.0794y 0.82606 -0.0517 0.30877 05-0. 2-h
0.02017 | -0.0455| 0.03482 -0.0455 0.891p6 0.15434 5903 3-d
0.10224 | -0.0482 0.117 -0.0475  0.91393 0.02%907 G897 3-d
-0.0526 | 0.16763| -0.0507 0.18442  -0.0008 0.90p7 30B1 3-h
0.13792 -0.048 0.14551 -0.0464 0.91695 0.01284 1035 3-d
0.68208 | 0.13208  0.7446Y 0.188p 0.01009 -0.0404 9627 2-d
0.73453 | 0.21044] 0.73398 0.22619 0.04485 -0.0402 396.0 1d
0.76216 | 0.16106f 0.76154 0.17418 0.06499 -0.0425 578.0 1-d
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This study aims to propose a Decision Support [7] THOMAS BJ.,Management of port maintenance: A

System for proper stowage of dangerous goods aipa s
Multi-Layer Perceptron (MLP) as an ANN has beerduse
for determining the proper locations of dangeroosds

review of current problems and practica9.89.
[8] SCIOMACHEN A, TANFANI E., A 3D-BPP
approach for optimising stowage plans and terminal

in a stowage plan. The proposed solution method hasproductivity. European Journal of Operational Research.

shown very good performances in terms of suitablk a
fast planning of stowage and segregation.

The model gives ample possibilities for future
research on a number of themes. First of all, shisly
can be considered as combining an overall shipitgad
problem with consideration to different types of
containers, ship sizes, and ports as well. Secorbéy

2007; 183: 1433-46.

[9] OZGUR M., Hava Trafik Yol Kontrol Sektériindeki
Catymalarin Bilgi Tabanlh Karar Destek Araciyla
Cozimii. Yuksek Lisans Tezi, Anadolu Universitesi,
Sivil Havacilik Anabilim Dali. 2007. Turkish.

[10] MCCULLOCH W., PITTS W.,A logical calculus
of ideas immanent in neural activity. Bulletin of

other steps associated with management of dangerouMathematical Biophysics. 1943; 5: 115-33.

containers such as packaging or placement in cwaTsi
can be classified by using an ANN model. Thirdly,
different criteria may be considered as evaluatigieria
depending on the nature of loading operations. Ijina
the problem can be solved with other methodologies

[11] ZHANG GP.,An investigation of neural networks
for linear time-series forecasting.Computers and
Operations Research. 2001; 28: 1112-83.

[12] HAYKIN S., Neural Networks: A Comprehensive
Foundation.New Jersey: Prentice Hall; 1999.

the study can be extended to be used in comparison§l3] SILVA L, MARQUES J., Alexandre LA.Data

with the results acquired through the applicatidnao
genetic algorithm.
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DYNAMIC ANALYSISFOR CALCULATING THE MARINE STRUCTURAL DESIGN BY
USING THE FINITE ELEMENT METHOD

1ON ALINA, TICU IONELA-RODICA

L2Constanta Maritime University, Romania
ABSTRACT
The design of ship structures is a technical pmdtleat includes a series of structural analysisthrdsynthesis
itself — when from a range of sheets and profilles,project of the ship’s resistance structureoised In this process, a
number of requirements of reliability and efficigrare taken into account and they must be salisfiethat after the
materialization of the project to achieve an optiomnstruction

Keywords: material, resistance, finite elements, design.

1. INTRODUCTION repair; wider use of standardized components; cdmfo
and pleasant overall appearance.
Throughout history, shipping has played a key role Until very recently, the structural ship design was

in transport and trade. Today, about 95 % of tradeddone with predilection (sometimes even exclusivély)
goods are transported by sea. The remarkable empans Rules of Classification and Shipbuilding Societies
of trade and industry markets in the last 50 yearsld (Books), set mostly based on experience in design,
have been impossible without a stable, secure andconstruction and operation.
diversified network of naval, maritime and river The Book’s rules are largely empirical and based on
transport. experience and feedback from ships in service. Erey
The Finite element method (FEM) allows to formulas and sometimes simplified algorithms
numerically solve the most diverse problems ofdsoli applicable to all structural elements of a typesbip.
Mechanics (which also includes the Structural These rules were obtained by tracking a multitufle o
Mechanics of ships), but also from many other areasships at all stages and by transforming findingseoted
(Fluids, Thermodynamics, Electromagnetism, etce T in established rules that apply not only in theigies
MEF idea consists in modeling the field studiedbtlgh stage, but also in the construction and approeaglest. In
a number of elements with finite dimensions, cotec the construction stage, a careful control in alf keages

to each other in a number of nodal points in witoh is run and from the moment of entry into serviegular
solution is sought. The operation is called firdtement checks of class recertification are run. Structural
mesh. In structures, the values of linear and, sioms, integrity is pursued until the ship is out of seryi by

angular shifts are determined in nodal points. Fimite estimations on its lifetime. If damages are found o
element model must simulate as correct as postliele accidents caused by failure of structural elements
behavior of the real structure which is and remains happen, the classification society can update tiesr
continue even after deformation and each infinibesi Achieving the maximum efficiency of an optimal
element inside of it or on its boundary should be i algorithm to design a certain type of ship can last
equilibrium under the action of internal and ex#rn decades.

forces. Although it is widely recognized the relative eade
designing structures by Registration Rules - which

2. CURRENT STATUSIN THE FIELD OF provides simple scaling relations for certificatiche

MARINE STRUCTURAL DESIGN extension of water transport ( the cheapest medns o

transport), functional/constructive diversificatioof

The design of ship structures is a technical pmces vessels and the increase of their size , the chafige
that includes a series of structural analysis amel t ratios between the main dimensions required by new
synthesis itself — when from a range of sheets andforms of transport and the categories of goods
profiles, the project of the ship’s resistance dtite is transported, as well as the increasing requirements
done. In this process, a number of requirements ofregarding the handling of dangerous goods and
reliability and efficiency are taken into accoanid they environmental protection require increasingly anfoi
must be satisfied so that after the materializatbthe design based both on Rules and calculation, Rules
project to achieve an optimal construction. serving to an initial operative assessment. Fortypes

Among these requirements, the following facts are of ships that do not fall into Rules, the designdingct
stated: safety with a coefficient of risk as smad calculation is indispensable.
possible to a minimum weight; maintaining the arai The very development of rules for such vessels
quality throughout the operation period; competitiv requires research teams to seek new methods afndesi
workload and manufacturing cost, minimum envelope by direct calculation. Designing only based on
structures for achieving maximum interior spacessye  algorithms of the classification societies haveuaber
accessibility for maintenance, inspection and gesi of disadvantages and risks.
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Firstly, structural failure modes are numerous, requirements. Without the advanced calculation
complex and interdependent and the simplification procedures based on finite element analysis, méattyeo
brought by the rules can not estimate the exaengxo vessels placed in service in the last 40-50 yeautdanot
which the vessel is considered safe. In other wdids have been built: modern vessels to transport coeitsi
difference between necessity and oversize cannot beressels for the transport of oil, liquefied gasigéa
made. Therefore, sometimes these formulas are nopassenger ships, catamaran and trimaran ferryledats
completely effective. In some cases, it appearg tha Figure 1.1 shows the nodes network of the finieerant
excessive oversizing of some ships produces wastemodel analysis of a medium sized container shifpe T
throughout its service. Moreover, oversizing does n evolution of the first container ships built in ti&®s
always necessarily mean also safety. For examplinei (with  maximum capacity of 1000 TEU) to huge
case of vibration and fatigue, the oversizing of a container ships that can carry more than 13,500 TEU
structure might be a negative factor for its beban was only possible due to the development of
operation. computational techniques.

Secondly, formulas and algorithms of rules are
aiming at avoiding structural failure. Although taeare
several ways to reach the same result, the paticul
method required by the rules is not always besedub
the specific features and tasks of the ship, gitren
economic criteria. Sizing relations under the Regi®n
Rules is often aprons; they refer to a specificgeanf
situations in which the structure can be foundislt
possible that these relations, although possibiynigaa 3
fairly wide applicability, may not match their imged Figure 1 Nodes network of finite elements of a
purpose, efficiency criteria of the designed shipl a medium sized container ship
other requirements of the beneficiary. The design
process must be developed based on the functipmilit 2.1 Forces acting on the hull
the ship, trying to optimize structures in orderathieve
the desired purpose. Forces (or loads) acting on the hull come eithemfr

Thirdly, and perhaps most importantly, these rules interacting with the gravitational field (force gfavity)
imply the introduction of a number of simplifying and the environment (forces created by water amai wi
assumptions. Therefore, they can be used only withi pressure) or are generated by the vessel in itement.
certain limits (application conditions of the sirfyihg These loads determine the emergence of stresgég in
assumptions). Beyond these limits, formulas lossrth  hull and structures within it. Most often stressasised
accuracy. The history of structural design is rich by the load are influenced by the size of the Veske
examples of defective design (ships, bridges, andshape of the hull, the type and distribution of thad.
aircraft) in which methods proven by experience ever After the way they vary in time, loads can be stati
used, but the accuracy and application limits ofcWh  quasi-static or dynamic. Loads of all three categoare
were not sufficiently known from scientific pointf o commonly acting on the hull. To decrease the
view. computation time, tests are usually performed sephy;

The computer-aided rational design has as startingthe overall response of the structure being detezdiby
point, the goal that must meet the ship and takés i summing the partial results.
account all aspects of performance and structure,
achieving precise estimations about the hull's bigha 2.2 Static loads
Designed ships must fulfill their mission in thefesd
way possible and under economic conditions. Contpare It is believed that this type of loads is constant
to traditional design methods, the design on rafion throughout the time they are acting on the vesHeis
grounds requires a greater computational effortt tha includes: all hydrostatic loads: external pressures
would be impossible without the help of computers. generated on the wetted surface of the vesselraeuhal
Nowadays, the naval design is computerized and-semipressures generated by liquid cargo; all the forakes
automatic (not fully automated because during geptp  gravity: weight of the empty ship, cargo, equipment
a number of specific decisions on objectives, fties crew etc., reactions of supports when docking; nizér
and criteria of verification, constraints etc. mus stresses.
made).

Due to the development of information technology, 2.3 Quasi-static loads
in the last half century, numerical and analytitatthods
have also strongly developed. Introducing the dinit Quasi-static loads are those loads with maximum
element method has allowed new approaches to theérequency lower than the minimum natural frequeaty
complex issues of structural analysis. By usingfithiée the structure. The quasi-static analysis is acstatalysis
element method, more accurate calculations onin which, after motion estimation and its charastas,
resistance and assessment criteria for fatigue ofthe effect on the structure is considered by intoiag
structures can be achieved. inertial forces. Examples of stresses that are gtdxto

The finite element method also allows the iterative quasi-static analysis are:
optimization of size structures until the fulfillmeof all
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- the distribution of the dynamic pressure on the main engines. In most cases, only a modal analgsis
hull, caused by a combination of wave action and conducted in order to avoid resonance with theatibn

movement of the ship; the pressure, thus definall, w

have two components: one, mainly determined by wave

action in the absence of the vessel and an addition
component conditioned by the presence of the shipe
wave;

- tasks given by the dynamic pressure distribution
the hull during oscillation on calm water ; in ttdase,
there are two components: a resistance component
wave ) and a component of inertia of the drivenseas
of water in motion at the same time as the shigsses
that develop during berthing and departure mansuaer
dockside .

2.4 Dynamic loads

sources.

On the other hand, there are some cases where
dynamic analysis is required. We are talking alships
with relatively flexible structure that may be pafudly
required by the springing phenomenon; these vessels
typically operate at high speeds and have powgrfull
flared edges. This includes also container ships.

(
4. CONCLUSIONS

Structural design of a ship involves formulating a
mathematical model that can estimate as accurately
possible the way it behaves in loads stressing it.
According to the adopted program with finite elemtsen
the model is discretized and submitted to the logdi

Dynamic loads are considered those loads that havewith external forces and bindings.

a frequency sufficient to induce a response to hhié
structure. In these cases, stresses with low amplt
can create at resonance, high amplitude variatafns
stresses and strains.

Examples of loads dynamically approached
dynamic loads induced by the propeller on the hull

The results are subject to safety criteria (in otde
certify the strength of the structure) and optirtia so
that the response of the structure to the loaduipra
would optimally correspond to one or more objedive

The continuous expansion of markets and the
development of industry in recent years have nanbe

loads generated by alternating movements of thex mai possible without a stable and increasingly divedif

engine components ; hydro-elastic loads resultnognf
the interaction of the hull projections with theestm

shipping network (sea and river), conducted under
conditions of maximum protection of the crew lifeg

lines; loads induced by waves, the frequency bedm o environment and the capital invested. Because @deth

which overlaps the natural frequency of vibratidrtte
hull, a phenomenon calledpringing loads resulting
from the wave hitting the stem, or the flared boamd
other parts of the hull structure, including thé&efs of
depositions from the deck; this phenomenon is dalle
slamming impact loads can induce temporary hull
vibrations, calledwhipping If the force-displacement
relation is linear, the dynamic issue can be solvetthe
frequency domain. Transformed operator.

3. OTHERLEVELSOF ANALYSIS

In the first years of application of the finite edent
method for designing vessels, the biggest probleas w
the calculation power. In addition, the finite eksmh
analysis on the entire ship involved the creatidnao
mathematical model of large dimensions, thereftie t
analysis could have errors and their source wdgwif
to discover. This is the reason why, simulationsewsot

aspects, the issues of design and strength catoulaf

the ship structures have always remained impogadt
current, of great interest to ship owners and diaaton

and shipbuilding companies and stuck to the atianif
engineers and researchers dealing with design,
construction and shipping issues.
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ABSTRACT

Use of software has spread more and more in allcapion areas, becoming more and more relevantcaitidal
for the development of design process of engingepioduct. Also in new design of ships the usedffwgare is an
important element for the development of the prioyéth quality and on time. Prediction of power aegdistance of the
ship is one of the most important components gi sleisign process.

The purpose of this paper is to present the amtbite of the computer program, Ship Power V1.0, tfor
prediction of resistance and power of the ship. $bftware predicts resistance and power, as wethagesistance
coefficient and power propulsion factor.

The software is written in Visual basic, takingcionsideration the requirement of quality of ISO ®1Phe current
version of software configuration is based on MARigression analysis models, but it is, also, cptuadized to
include easily other regression analysis modelfyrther enhance its range of application. The moyggives a detailed
report and graphical representation of effectivestances and power versus speed. Ship Power casdak with
satisfactory results, during the early stage op st@sign process for a rapid prediction of resistasnd power, or to
carry out the optimization of principal dimensioimsprder to find the best solution.

Keywords: Resistance, Power, Ship Design, Regression Analysis

1. INTRODUCTION because of their complexity, are tedious and coesam
very long time, if applied manually. All these pleins
Ship design process requires the recognizing asmay be passed if the calculations of resistance and
soon as possible of resistance and power, needdein  power, by theoretical models, will be realized wiitblp
conditions of maximum displacement, so that the shi of computers and computer programs.
can advance with the required navigational speed. In market there are advanced computer programs
Consequently, in early stages of ship design ppées which enable predictions of resistance and powarfdy
needed a rapid assessment of some hydrodynamicheir application these software generally requine
quality, specially the power and resistance. Ingué development of the detailed geometry of ship. Regen

of first and fast determination of resistance aoever, in the Department of Naval Architecture and Marine
from the early stages of ship design, is emphasizéue Engineering at University of Vlora (Albania) haarsed
relevant literature of ship design. [1],[2],[3]. the work for the development of an integrated cot@pu

Current practice of naval hydrodynamic design also program, which will be able to evaluate, accordioga
wildly uses mathematical models. Developmentsefdfi  certain level of accuracy, the propulsive charasties
of computers and programming have facilitated toekw  of a wide range of ships during the early desigyes.
with very long and sophisticated mathematical madel The first version of this software has been dewetbp
The estimation of propulsive power enables the taking into account the requirements of the Intéonal
estimation of size and weight of propulsion plast,well Quality Standard ISO/IEC 9126 of software product.
as estimates for fuel consumption and operatingscos 1SO 9126 not prescribe specific quality requireraehut
One of the options available for ship designer to defines a general framework for the evaluation of
determinate the resistance and power are the modelsoftware quality and that this is in fact one of it
based on regression analysis. strengths as it is more adaptable and can be usedsa
Ship resistance prediction based on statistical many computer systems. Its characteristics may be
regression methods has been a subject of someshter applicable to every kind of software, including quuter
for a number of years. In literature there areistasl programs and data contained in firmware.
methods, such as Holtrop and Holtrop-Mennen methods The main objective set for the development of this
Van Oortmersen's method, Savitsky method, etct, tha program have been that the software be easy to use,
enable the assessment of resistance and poweipohsh minimize the difficulties and the required compiaat
early design stage. These statistical methods asedb time, provide estimates with a satisfactory accyra

on the traditional naval architectural parametdr$dl provide estimates for various combinations of data;
form; for example, block coefficient, longitudinegéntre assist the user step by step.
of buoyancy, prismatic coefficient, etc. The program performs calculations, within a range

Most of these methods include a large number of of speeds and a whatsoever step, declared by #re us
variables and mathematical operators. During thewithout limit on the number of speeds for the
application these methods can be associated witinser  calculations. The program gives a detailed repbthe
which are transmitted step by step, thereby affgctin components of resistance, coefficients of resigtanc
the accuracy of the final result. Some of thesehou, power and propulsive factors. These reports can be
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generated either in printed or in electronic format
according to the format chosen by the user. Likewtise
program represents graphically the results of ¢aficuns

of resistance and power in function of speed. The
program is developed in "Visual Basic", and theor&p

of calculations are realized by the help of they&tal
Reports".

2. MATERIAL AND METHODS
2.1 The software quality. ISO norms

According 1SO 9126 the software quality is defined
as the totality of features and characteristics aof
software product that bear on its ability to satisfated
or implied needs. The quality of a software product
concerns characteristics relating to different foiof
view. The characteristics of software quality aefired
as ‘"internal", "external" and "of use". The intdrna
characteristics relate to the intrinsic quality tife
software as, for example, its modularity, comphgxit
understandability, defectiveness, compliance tadsed
etc. The characteristics of internal qualities affact the
external characteristics and these on those of Tise.
model that best represents the various charadtedst
software quality, is that described by ISO / IEC
9126.The original model defined the following six
quality characteristics of software product (sesoal
Figure 1). [4],[5].

« Functionality — A set of attribute that bear on

existence of a set of functions and their respectiv

performance under stated conditions for a stated
period of time.

e Usability — A set of attribute that bear on the
effort needed for use, and on the individual
assessment of such use, by a stated or implied set
of users.

 Efficiency — A set of attribute that bear on the
relationship between the level of performance of
the software and the amount of resources used,
under stated conditions.

» Maintainability- A set of attribute that bear tire
effort needed to make specified modifications.

 Portability — A set of attribute that bear on the
ability of the software to be transferred from one
environment to another.

| Functionality

Portability
\ 1S0 9126
/

Maintanability I Usability
Efficiency

Figure 1 The Model of ISO 9126 [4],[5]

I Reliability

These six characteristics are further subdividéd in

properties. The functions are those that satisfy @ number of sub-characteristics (see Tablel).

stated or implied needs.

These characteristics and sub characteristics are

« Reliability - A set of attribute that bear on the taken in consideration during the development opSh

capability of software to maintain its level of

Power V 1.0.

Table 1. Characteristics and sub characteristitS©f9126 [4], [5], [6]

Resource Utilization

Characteristic Sub-characteristic Explanation
Suitability Can software perform the tasks required
Functionality Accurateness Is the result as expected?
Interoperability Can the system interact with aeotbystem?
Security Does the software prevent unauthorizedss
Maturity Have most of the faults in the software@beliminated over time?
Reliability Fault tolerance Is the software capable of handdimgrs?
Recoverability Can the software resume working @stiore lost data after failure?
Understandability Does the user comprehend hovedathe system easily?
Usability Leg_rn ability Can the user learn to use the sysiesiiy?
Operability Can the user use the system withoutmaffort?
Attractiveness Does the interface look good?
Efficiency Time Behaviour How quickly does the system respond?

Does the system utilize resesiefficiently?

Analyzability Can faults be easily diagnosed?
Maintainability Changeability Can the software be easily modified?
Stability Can the software continue functioninglifanges are made?
Testability Can the software be tested easily?
Adaptability Can the software be moved to otheriremments?
Portability Install ability Can the software be installed egail
Conformance Does the software comply with portgbfitandards?

Replace ability

Can the software easily replacemsioftware?

All characteristic§ Compliance

Does the software comply with laws gurations?
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2.2 The operational model of the software early stages of ship design. [1], [2] These modedsthe
most models used for displacement hulls&?). [5].

The first and very important element in Also the formats of these models are ideal for aatep
development of any applicative software is the programming and the mathematical equations of these
determination of theories and models which arelalvks models include a wide range of parameters.
in literature. After determining the available mtés Holtrop and Mennen model is a complex, physical
important to assess the suitability of these method based model, where the final coefficients were iobth
regarding the accuracy of the results, scope ofby regression analysis of 334 model tests conduated
application, disadvantages and facilites of these MARIN. [1],[2].[7],[81.[9].
methods related to programming. Besides the high degree of accuracy that these

In determining the mathematical model, that has models have, compared with others models, the
served as the core of the program, we have hadrid m mathematical models developed by Marin have also
that the mathematical model must be reliable, iak® other advantages as they allow the evaluation ef th
consideration a great number of resistance andinfluence of bulbous bow; evaluation of the infloerof
propulsive components factors and be easy to modifybow thrusters; evaluation of the influence of diffat

and improve. stern types, evaluation of the influence of diffarbalf
Ship resistance prediction based on statistical angles of entrance of the waterline.
regression methods has been a subject of someshter All these advantages have made the MARIN model

for a number of years. Early work by Scott in tf8¥Qs as the model chosen to constitute the heart of the
[1], resulted in methods for predicting the trial developed program. Also the others proceduresdiet
performance of single- and twin-screw merchant ship planned to be implemented in the developed program
The theme of statistical prediction was then talprby will be formatted around these models.

Holtrop and Mennen in a series of papers (19778197 The model as implemented in the current version of
1982, 1988). [1]. Bibliographic researches realized  Ship Power calculates the total resistance acogrttia
technical literature indicate that among the mathtéral following formula:

models available the models developed by MARIN
(Holtrop & Mennen, 1982; Holtrop 1984) are widely
accepted for the estimations of resistance and paive

Rr = Re (1+ky) + Ry + Rg + Rig + Rapp + Ry + Rar + Ryiarain (1)
P =TV ©)
Frictional resistance {@is calculated according the P
ITTC — 1957 formula. Depending on the specific Pp=—F (8)
conditions, the form factor (1 + k), appendages o _ _ _
resistance (B’P)a wave resistance QB, additional Each component of resistance is expressed n

resistance due to a bulbous bowg)Radditional pressure ~ function of speed and hull shape parameters. This
resistance due to the immersed transorr)(Rhe model ~ particular model applies to displacement mono hulls
ship correlation resistance {Rare calculated as in With characteristics, in the range 0s&<0.85;
Holtrop (1984) and in Holtrop and Mennen (1982)r Ai  3.90<L/B<14.9; 2.1&B/T<4.00; 0.05Fn<1.00. [3]. The
resistance (R;) is calculated as in Van Manen and Van MARIN model gives results very close to real resiffit
Oossanen.  (1988).  Additional  resistance  for is applied in the case of tankers, bulk carriemsylers,
meteorological conditions (R in the current version ~ coaster, tugs, containerships, destroyer, carga, lirll

of the program is simply calculated as a percentageon roll of, car Ferries. In each case the model &as

addition of the resistance in calm seas. defined range of the values of Fn, B/ T, L/Bamd C

In its current version, all propulsion factors wik Before the completion of calculations, in function
are calculated as in Holtrop (1984) and in Holteod ~ ©f ship type, speed and geometric parameters, the
Mennen (1982). program verifies and selects the method of calmriat

Calculations of resistance coefficients, power, For Froude numbers up to 0.4 the program folloves th
propeller propulsion force, hull efficiency, andagii ~ calculations of resistance and propulsion factoss a
propulsive efficiency are realized according the described in Holtrop and Mennen (1982), while for

following formulas. Froude numbers above 0.4 the program follows the
calculations of resistance and propulsion factoss a
R N
Cyx = % ) described in Holtrop (1984).
050p BV The program is structured in modular form, where
Ry each component of the resistance and propulsiaorfac
T :ﬂ (3) is calculated according to an individual procedarel
- the final result is taken as the sum of the residtsved
_ (1"[) from each procedures. Such a setup provides arbette
My = 4) o7
(1—W) localization of possible problems that may ariseirdy
Mo =N By B (5) the development of the code, and facilitates

modifications in future. Each procedure is tested
P =R [V (6) P
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individually, providing firstthe accuracy of evaluation version of software is not developed any special
of each component and then the whole result. evaluation procedure, but it can be included byuber

Particular attention has been given to the interfac in the percentage increase of resistance and pdwer.
of the program, because a well-designed interfaceother versions of the program, is intended thas thi
pleasant and consonant to the cultural environnent resistance will be evaluated in greater detail.

which the product is used has a lot of relevancesful Before the implementation of calculations the
users and is a very important element for the dgte program verifies, if all the necessary data areladed
software. and if these data are written in an appropriatenaann

In this first version of program, additional power all cases of irregularities the program signalsutber for
and resistance for the effects of operational dr i, the problem, creating him the possibility for nessry
sea state and fouling, is obtained simply as are&se in correction.
percentageof resistance and power in calm seas, where In Figure 2 is presented a simplified flow chart of

the user simply needs to declare the value of thisthe program.
increase. For the calculation of wind resistanceahis

@r‘t Ship Power >>
¥

Insert the value of a new Project or read the
registered value of an existing project

3

e Inserted or read data are ok? ——

Correct the values

L 2
Evaluate the Calculation Method (Holtrop or
Holtrop Mennen)
2
Evaluate the form factor based on the chosen
method

w

Do the nessecery configuration for the
calculation of resistance components

L 3

Calculate resistance components based on the
calculation method

¥

Read
registered
value

(

o (¥
Calculate total resistance and effective power % E
& <
! ¥ e =
Calculate resistance coefficients e

¥

Calculate propulsion factors w,t, My, No
¥
Calculate propeller thrust and delivered power
¥

Do you want to memorize
the data of this ship?

in SHIP POWER DB
and display reports

Display, Print,
Memorize or
e-mail the Reports

Memorize ship data”

e ¥

"Closa SHIP POWER |t

r

Figure 2 The simplified flow chart of “Ship Power”

3. RESULTSAND DISCUSSION may arise during the development of the code, and
3.1 Software Interfaces facilitates modifications in the future.
The software has five menus that are activated and

The software has two main interfaces, a first deactivated in function of the graphic interfaaesvhich
interface for the input of general data and a sécon we are working. The five menus are all active omhen
interface that can be customized in function of the the software works with personalized interface. The
relevant computational procedure. Again, such apset menus of Ship Power are File, Edit, Configuration,
provides a better localization of possible probleimest Reports and Language menus. In the current vetkimn
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software operates with graphical interface in Aiaan
and English.
3.1.1 General Data Interface of Ship Power V1.0

This graphic interface has five main blocks and two
buttons "Continue" and “Cancel’. The main blocks of
this interface are; Ship; Ship Type; Propulsionetyp
Propeller Data and General Data. (sea figure 3).

The block "The Ship" is a block in which the user
completes the general identification data of thé,sh
such as name, flag, ship-owner and IMO number.

The block "Ship Type" is a block in which the user
selects the ship type and its categorization, lekiclg in
the respective option and combo box.

The block "Propulsion Type" is a block in which
the user can selects the type of propulsion bidgcin
one of the options boxes located in this block,if.& is
a single screw ship with a traditional stern, stngtrew
ship with an open stern and twin screw ship.

The block "Propeller Data" is a block in which the
user can declare (if known) the propeller datahsas
the diameter, the expanded area ratio (AE/AQ) piteh
ratio (P/D) and the open efficiencg0. When the
propeller data are not known we can activate th@op
"propeller data are not known" and the program
automatically disables the entry of data for thentiter,
the expanded area ratio, the pitch ratio and thenop
efficiencyno.

The block "Main data" is a block in which the user
can declare the main ship data, as ship lengtesdiis,
draughts and ship navigational speed.

Ship Power

Ship General Data
Ship's Mame: | Prova holtrop =] | Lengtns
Flag [ Albania = Betwen Parpsndculars |50
= " 50
Shipowner ‘UI]IVB[SI()' of Vlera O steline
. Maimum |50
Call Sign ‘xxxxxxxxxxx
‘ J Beams
HHOOOOOOK -
Do Aotz Onwateline |12
Ship Type Masimurn (12
¢ Cargo Ship
 Trawl d 51 Shi L
rawler and Support Ship
& Fasl oo Shi — Draught Fomword 131
+ Fast Cargo Ship anker -
- it Somod Draught ot 133
ight Speed Crafts
Mean Draught |32
5 | = r—
Depth of Ship |4
o
Sevice Speed 3
Propulsion Type Propeller Data
. | I# Data are not known
&+ Single Screw conventional stere
Diameater:
€ Single screw with apen flow stem Disk Arearatio | (BT Cancel
Piteh ratio
 Twin screw .
Open Efficency

Figure 3 General Data Interface of Ship Power V1.0.

During all working time, in this graphic interface,
the software signals the possible irregularitiefiew all
the required data are completed in this graphieriate
the user must click on the “Continue” button in erd
that Ship Power can continues with others procedufe
any of the data is not completed properly, or whea
not quite completed, the program indicates theedtat
problem, by giving to user the opportunity to make
necessary corrections. Once the program verifiasat
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data are well completed “Ship Power” continues with
further procedures.
3.1.2 Interface of customized data

This graphic interface has four main blocks that ar
Ship  Hull;, Form Feature; Water Environment;
Appendages Modelling and Speed Range, sea figure 4.
This graphic interface allows the user to declates
data, needed for program execution.

The block "Ship Hull" is composed of two other
sub-blocks, “Main Particulars” and “Form Features”.
This block has several options that allow the user
personalize the ship in consideration and intereith
Ship Power, enabling the software to take, or adake,
in consideration some certain parameters
characteristics.

The sub-block “Main Particulars” is a block in
which the user can declare the coefficients of fofrthe
hull and the LCB position. The basic data, sucleagth
of waterline, breadth of waterline, draught forwanad
draught aft, are imported from the previous intesfand
can be modified in this interface, if the user ¢dess
necessary. The sub-block "Form Features" is a hiock
which the user can declare other feature of the shder
investigation such as the characteristics of simnd
bow.

The block “Water Environment" is a block in which
the user can declare water characteristics such as,
temperature, density and viscosity. Default thevemfe
takes in consideration the standard characterisifcs
water defined by ITTC.

The "Speeds Range” block is a block in which the
user can declare, minimum and maximum values of
speed and also the step of speeds for which the
calculations will be performed.

The block "Modelling Appendages” is a block in
which the user can model the hull appendages,deror
that “Ship Power” can evaluate the appendages
resistance as the sum of resistance of individual
appendages or to calculate this resistance asamniage
of viscous resistance.

and

L EX]

3 Ship Power ...

7 [Kmwthe vaveof bl suface 1 | know the bl ange cf erlrance.

|2 |

Speeds Range
Minimun Value 2 koo
B ook

5 ko

Mamum vk

Figure 4 Customized interface of “Ship Power V 1.0”
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3.1.3  Ship power reports and charts.

The reports of calculation for each speed and
graphical representation of calculations can bplaygd

verified in order to ensure its validity. The véétion of
this software, as we have stated in previous sestioas
started upon the early development of the codegjeShy
stage each of the developed procedures is verified

under the menu Report. Reports compiled by therunning the program and comparing the output resflt

program are: resistance report, report of resistanc
coefficients, report of propulsion parameters agpglort

of general parameters of the ship. All these repoan

be printed in paper format, or can be saved intrlpic
form for further processing. The graphs construétech

the program are: graph of effective and delivered
propeller power in function of speed and graph of
resistance components in function of speed.

the program with results available in literatures A
reference for verifications of the program we have
obtained the data presented as in Holtrop (1984 T
main ship data, obtained as in Holtrop (1984), are
presented in Table 2.

For the realization of calculations of resistannd a
power the user must start the program and choase fr
the “File” menu to create a new project (or to oen

The report of resistance includes for each speedexisting project, if it is an existing project exaed

results of calculation for the frictional resistenc
residual resistance, total resistance, wave resista
viscous resistance, model ship correlation resigtan
appendages resistance and air resistance.

The report of resistance coefficients includes for
each speed the results of calculation for the wefits
of frictional resistance, residual resistance, ltota
resistance, wave resistance, viscous resistanceglmo
ship correlation resistance.

The report of propulsion factors includes for each
speed the results of calculation for wake fractithnyist
deduction fraction, relative rotative efficiencyip hull
efficiency, quasi propulsive efficiency, propellgarust,
effective power and delivered power.

3.2 Software Validation.

As required by ISO standards (ISO 9126 and ISO
9001) the developed program certainly requires ¢o b

before by Ship Power). After this it is necessapy t
complete the relevant data of the ship in the graph
interface opened by the program.

Results of the calculations performed by the
program are compared with the results of calcuhatio
presented in Holtrop (1984). Below are presented
comparison of results obtained by the program with
those available in literature.

Summary of the reports of resistance, propulsion
and resistance coefficients generated by the pnogra
presented in Tables 3, 4, 5. Graphical representatbf
the results of calculations of power and resistance
components in function of speed are presentedyimedi
5 and figure 6. Results obtained by the program are
compared with results presented in Holtrop (1984).
table 6 are presented these comparisons.

Table 2. Main Characteristics as in Holtrop (1984).

Main Ship characteristics Main Ship charactegssti

Length on waterline, LWL 50.00 m Appendages aBzay 50.0 m2
Breadth moulded, B 12.00 m 1+k2 3
Draught moulded on F.PT 3.10m Transom area;A 10.0 m2
Draught moulded on A.P T 3.30m Stern parameterg 0.0
Displacement volume] 900 m3 Midship coefficient, & 0.78
Longitudinal center of buoyancy, LCB 4.5 % A Walane coefficient, Gp 0.80

Table 3. Resistance components calculated in

spege 25-35 knots, speed increment 2 knots.

V knots RF RR RT RW RV RA RAPP RB RTR
25 80,091 | 523,733 656,143 475,119 103,878 31,y48 ,5720 0 24,827
27 92,508 [ 555,431 708,729 512,4p8 119,983 37,030 ,7623 0 15,458
29 105,758| 573,03¢ 748,648 539,3p7 137,169 42,207,162 0 2,257
31 119,837] 599,532 798,944 563,940 155,429 48,815,788 0 0
33 134,736 629,932 854,592 589,915 174,53 55,8174,603 0 0
35 150,451 663,289 914,608 618,6p4 195,135 62,258,643 0 0
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Table 4. Resistance coefficients calculated in@parge 25-35 knots, speed increment 2 knots.

V Knots CF CR CT Ccw cv CA
25.00 0.001618 0.010581 0.012199 0.010100 0.002099 0.000641
27.00 0.001602 0.009620 0.011223 0.009145 0.002078 0.000641
29.00 0.001588 0.008604 0.010191 0.008132 0.002049 0.000641
31.00 0.001575 0.007877 0.009452 0.007410 0.002042 0.000641
33.00 0.001562 0.007304 0.008866 0.006840 0.002046 0.000641
35.00 0.001551 0.006837 0.008388 0.006376 0.002011 0.000641

Table 5. Propulsion factor calculated in speed e&?tg35 knots, speed increment 2 knots

Total thrust Effective Delivered

V Knots w t nR nH nD T (N) Power PE Power PD
(KW) (KW)

25.00 0.03802 0.05409 0.98 0.98 0.68 6934b3. | 8,438.00 12,422.97
27.00 0.03792 0.05409 0.98 O.9$ 0.68 7495545, | 9,843.40 14,493.53
29.00 0.03783 0.05409 0.98 0.9$ 0.68 7915677. | 11,168.47 16,446.08
31.00 0.03775 0.05409 0.98 0.9$ 0.68 844%R8. | 12,740.59 18,762.68
33.00 0.03768 0.05409 0.98 O.9$ 0.68 9031447. | 14,506.88 21,365.49
35.00 0.03761 0.05409 0.98 O.9$ 0.68 9666893. | 16,466.60 24,253.49

Table 6. Comparison of calculation results of “SRigpwer V1.0” with results presented in Holtrop (428

\% Rw (KN) Diff. Rr (kN) Diff. T (kN) Diff.
knots [Ref.[2] | Program % Ref.[2] | Program % Ref.[2] Program | %
25 475 475,1 0,03 662 656,14 -0,89 699 @B, |-0.76
27 512 512,4 0,10 715 708,73 -0,88 756 245, 1-0.89
29 539 539,3 0,06 756 748,77 -0,96 799 4B, 1-0.94
31 564 563,9 -0,01 807 798,63 -1,04 853 @38 |-0.98
33 590 589,9 -0,02 864 854,59 -1,09 913 V08 |-1.04
35 618 618,6 0,10 925 914,61 -1,12 978 8BS, |-1.13
K3 Ship Power E@@ £3 Ship Power @@@
it 25000 /
o % ) /
% e =R X £ 20000
AT | |z "
200000 / / /
p——— 5000
D / =%4 /
Speed (Knots) o 5 10 15 SFEE;?K"DE) 25 an 35 40

Figure 5 Graph of resistance components vs. speed,
generated by the program. (Appendages resistance
included at R)
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program

Figure 6 Graph of power vs. speed, generated by the
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similar with the accuracy of the models availabhe i [6]. CHUA, B., DYSON L..Applying the ISO 9126
literature. Even though nowadays exist many othersmodel to the evaluation of an e-learning system
reliable software or programs to calculate and iptede [7]. HOLTROP, J.,, MENNEN, G. G. J."An
resistance and power of ship, this program is alsoApproximate Power Prediction Meth@dinternational
reliable and can be used like other existing antl-we Shipbuilding Progress, Vol. 29, No. 335, pp 1665170
known programs. The program should be seen as@ goo1982
tool to reduce design iterations and ensure thathill [8]. HOLTROP, J. A Statistical Re-Analysis of
form, which is tank tested, is as close to thelfimdl as Resistance and Propulsion Ddta, International
possible. The program could be used to qualitativel Shipbuilding Progress, Vol. 31, No. 363, pp - 2752
compare the merits of a series of hull forms anel th 1984
output from the program will only be as good as the [9]. VAN MANEN, J.D, VAN OOSSANEN.,
input at early design stage. “Resistance”, Principles of Naval Architectur®olume

I, chapter V, pp-29-34, S.NA.M.E, 1988
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COMPARATIVE ANALYSIS OF THE OPTIMIZED AND UNOPTIMIZ ED DOUBLE
BOTTOM STRUCTURE

CRISTEA ANISOARA-GABRIELA
"Dunarea de Jos" University of Galati, Faculty oWl Architecture, Romania
ABSTRACT

This paper shows the effects of variable stressisgaon structures, the positioning modes of strassers, as well as
the determination of stress concentration factor the establishment of some cracking scenariosdardo determine
the main characteristics of the crack.

Keywords: concentration factor, the J-integral, stress intigns

1. INTRODUCTION
where:

Fatigue analysis is performed on some connecting g, - represents stress value in the most stressed

elements, joining elements, within a set of strreguof area (in concentration — hot spot). It must betakito
high volume. Verifigation of fatigue strength foorse consideration that the effects céused by the plessib
structurzl elenrﬁn;s 'Sf rtr;]ade throlu?_h thg two mefthé)lds soldering, addition of material or welding are taiten
that is baesen;eonotheocrit;riggrgijelzi/eby %gfinggm?ne?r into account in determining stress, bqt the ove&’_ﬁéct
by designing the stress curves — S-N cycles. oflthle _georper:ry of _th(-r strucrure is taken into the
- The method of allowable values for the variation 2 " ation of the nomina st_ress, . .
of maximum stresses, at extreme loads (Dearmj L., O,..m - fepresents nominal stress, in a cross-section
2002). or in a local area, but away from the concentratiod
In order to satisfy the criterion of resistance the area where the crack may occur. Nominal stress
proposed by Palmgren - Miner, the cumulative damagevalue is not influenced by the geometric effectsany
factor obtained through calculation must be smalan  soldering, additions, etc.;

1, D<1. Oimog~ TEPresents maximum stress at welding.
Determination of the cumulative damage factor Maximum stress value includes the stress of theerai

(D) represents the linear summation of individual (hot spot - 0, ), as well as stress from weldin
damages of all intervals considered in the periéd o P hot/? 9

stress. additions of material.

In principle, these stress raisers or “HOT SPOT” To calculate stress concentration factor, the
appear in the connection areas, in areas with holesfollowing aspects must be taken into account:
soldering, addition of material, etc. - Digitization: it must be fine so as to captue a

In practice, this problem is solved by applying a accurately as possible the effect of stress in afea
stress concentration factor (SCF), of stress rieguliom considered dangerous; o
the analysis. - The type of element: it is recommended to

Determination of stress concentration factor by membrane and plate type (Shell) or solid (brick ease
standard relations or through the use of someefinit of volume elements), and digitization must be
element programs, which explicitly calculate trastbr, ~ quadrilateral;
is done by se|ecting an appropriate geometric area. - The dimension of the digitization element: in the

Figure 1 shows the position of the stress raisdr an area of the stress raiser the dimension of the eielis
distancet that represents the dimension of an element offecommended to béxt. The dimension of an element
digitization of the structure. of digitization, in the case of the plate-like eksmh

should be approximately equal to the thicknesshef t
AA plate in the proximity of the concentration, Figdre
- The ratio between the length and width of the
G;;f“‘ element of digitization: as a rule, a ratio of 1:isl
o Shot_u2 preferred in the area of the stress raiser, a oitii3 is
N ot 312 preferred outside the concentration and ratio showot
oo exceed 1:5 in the rest of the structure;
- Determination of stress: it is based on a linear
I {[ 2] Hotspot extrapolation system.
1 - Formula (1) allows calculating stress in the most
Figure 1 Position of the stress raiser stressed point, determining by the use of linear
("HOT SPOT"), (ABS, 2010) extrapolation, stress concentration factor for each
location considered dangerous.
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Ohot =190 5t ~ 0507 5 1)

2. DETERMINATION OF STRESS
CONCENTRATION FACTOR USING FEM

Due to stress variation in case of fatigue strength
analysis, the possible influences of stress raesedshow
they modify fatigue strength values must be taka@n i
consideration.

In the first step in the analysis of cracks, stress
concentration areas were determined for each model
separately.

The second step is the simulation of two cases of
production and extension of the crack, resultinghe
calculation of the intensity factoK at the tip of the
crack and the J-integral.

Following the global analysis, the position of ste
raisers can be noticed. (Figure 2)

In order to determine stress concentration fatier,
area of technological cutouts in the double bottom
reinforcements (DB), with a radius of the technatab
cutout of 200 mm, was taken into consideration.

In order to analyze this concentration factor foe t
models presented, one radius of fillet with diffgrebads
namely of a force of 25 kN + 75 kN was discussed.

- Case 2D - R_200_unoptimized;

- Case 2D - R_200_optimized.

|
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b) Coarse
Figure 3 Digitization in case of Structure R_200

Stresses were selected from the area adjacent to th
stress raiser at 0.5t and respectively 1.5t (Taple

Table 1 Determination of the concentration factor
SCFReoarse— Structure R_200_unoptimized

Figure 2 Higﬁﬁ_a |n stress ralsrs,out detai

Structure R_200

When fatigue strength due to stress variation i

analyzed, the possible influences of stress raiaads

Quota to extract | Force Stress value
stress [kN] [MPa]
0.5t 176.459
1.5t 74.083
The value of 25
227.65
SCFCO&I‘SG
0.5t 352.918
1.5t 148.166
The value of >0
455.29
SCFCO&I‘SG
0.5t 529.378
L 1.5t 75 222.249
The value of
682.94
A SCFcoarse

how they modify fatigue strength values should b
considered.

In this case, determination of this stress
concentration factor was done by two different rodth
of digitization: fine and coarse, applying the
methodology described above and using the fornila (

2.1 Coarse Structure

R_200_unoptimized

digitization-

In this case, structure R _200 was finely and
coarsely digitized (Figure 3).

For a fine digitization of the structure (Figure),3a
the dimension of the element is approximately 8 mm
the area of technological cutout, and for a cogrsel
digitized structure (Figure 3b), the dimension bttt
element is approximately 4 mm.

32

Stress concentration factor for different loads was
carried out by interpolating stresses at 0.5t arft, 1
respectively (Figures 4, 5, 6).

Strewn inlepoletes o 050 and 150k Structare B_B00_wnioptmised

ﬂ.h . SCFeoarse
‘\\__{.m? i 65
T

Chioks o erisct wbwes

Figure 4 Stress interpolation at 0.5t and 1.5t for
Structure R_200_unoptimized (a force of 25 kN)
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Stien e polates ol 0% and 150 te¢ Sructune B_P00_onoptesided Stienn e polaes ol 05 and 15 e Practue §_M00_onopSsided
0 bl | o
T ”"“"n,,,__ _SCFeoarse - 3 SCFfine
% \% -E:TZ':?!'! E‘ y = 260 12 {507 9
00 >0
i 108 A E.c | \‘\“‘ 1.5
§ : mmbrl-nlnlblu e 5 2 ; mnmun.l-u::urr- b
Figure 5 Stress interpolation at 0.5t and 1.5t for Figure 8 Stress interpolation at 0.5t and 1.5t for
Structure R_200_unoptimized (a force of 50 kN) Structure R_200_unoptimized (a force of 50 kN)
Sarean nimpoletes o (.50 and 150 e Sroctioe 0360 _snoptsised Terraa larpolates o 0.5 and 1.5 tor Structure F_P00_enopSesiand
il Ll
P 0.5t IL'--._____ . SCFeoarse T 0.5 . SCFfine
30 600 - X 1
ilmm 4 o E'a-t \‘N\"-H
b i) 1% - 8 Gl i 18
¢ e I:hnbinrl:md'lﬂr!ll . - z % Casoln o ENBCE FiED
Figure 6 Stress interpolation at 0.5t and 1.5t for Figure 9 Stress interpolation at 0.5t and 1.5t for
Structure R_200_unoptimized (a force of 75 kN) Structure R_200_unoptimized (a force of 75 kN)
2.2Fine digitization - Structure R_200_unoptimized 2.3 Coarse digitization - Structure
R_200_optimized
Following numerical analysis, stress values at
0.5t and 1.5t were extracted, resulting in the eabt Stresses were selected from the area adjacent to
stress concentration factor (Table 2). the stress raiser at 0.5t and respectively 1.51€T3).
Table 2 Determination of the concentration factor Table 3 Determination of the concentration factor
SCHhine— Structure R_200_unoptimized SCRoase Structure R_200_optimized
Quota to extract | Force Stress value Quota to extract | Force Stress value
stress [kN] [MPa] stress [kN] [MPa]
0.5t 188.741 0.5t 168.6095
— 1-5It f o5 58.334 1.5t - 73.9405
e value o
The value of
SCFine 253.94 SCE 215.94
- coarse
0.5t 377.483 0.5t 335.886
— 1-5|t f 50 116.668 15t 50 147.881
€ value o The value of
SChine 507.89 SCE 429.89
- coarse
0.5t 566.224 0.5t 503.829
— 1-5It f 75 175.002 1.5t - 221.821
e value o
The value of
SCFine 761.84 s 644.83
coarse

Stress concentration factor for various loads Stress concentration factor for various loads

was obtained by interpolating stresses at 0.5T andyas carried out by interpolating stresses at 0.5d@ a
respectively 1.5T (Figures 7, 8, 9). respectively 1.5T (Figures 10, 11, 12).

Strean Fvierpolases ot 0510 st 150 for Structure B_200_unopSssieed

200 Sarenn Ailerpolabos of 080 and 150 der Sbructure B 200 onopteised

0,5 SCFfine
b — T LA
y=- 1304 e f5 304 ] SCFfine
Lt b MY
i y = 260, izn {507 85]
200
\\- 1.8

4

=

Stresa waln JAPS]

Strens ki [Fs]

] os 1]

. : |
Charta tn it stresn o

L] 1.6

Orsots fo extract s e

Figure 7 Stress interpolation at 0.5t and 1.5t for
Structure R_200_unoptimized (a force of 25 kN) Figure 8 Stress interpolation at 0.5t and 1.5t for
Structure R_200_unoptimized (a force of 50 kN)
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Figure 9 Stress interpolation at 0.5t and 1.5t for
Structure R_200_unoptimized (a force of 75 kN)
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Figure 10 Stress interpolation at 0.5t and 1.5t for
Structure R_200_optimized (a force of 25 kN)
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Figure 11 Stress interpolation at 0.5t and 1.5t for
Structure R_200_optimized (a force of 50 kN)
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Figure 12 Stress interpolation at 0.5t and 1.5t for
Structure R_200_optimized (a force of 75 kN)

2.4

Fine digitization - Structure R_200_optimized

0.5t 390.992
1.5t 122.168
The value of 50
525.4
SCFﬁLe
0.5t 586.488
1.5t 183.253
The value of S
788.11
SCFﬁne

Stress concentration factor for various loads was
carried out by interpolating stresses at 0.5T and

respectively 1.5T (Figures 13, 14, 15).

LUt ST R N LR TEE LIPS PECR - e B )
X230
’ﬂirL ! 3
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Figure 13 Stress interpolation at 0.5t and 1.5t for
Structure R_200_optimized (a force of 25 kN)
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Figure 14 Stress interpolation at 0.5t and 1.5t for
Structure R_200_optimized (a force of 50 kN)
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Figure 15 Stress interpolation at 0.5t and 1.5t for
Structure R_200_optimized (a force of 75 kN)

Since in finite element analysis, precision depends

Following numerical analysis, stress values at 0.5t on the digitization adopted, it results as it candso

and 1.5t were extracted, resulting in the valuestodss

concentration factor (Table 4).

Table 4 Determination of the concentration factor

SCHine— Structure R_200_optimized

Quota to extract | Force Stress value
stress [kN] [MPa]
0.5t 195.496
1.5t 61.0842
25
The value of 262.7
SCI:fin_e '

34

noticed in Table 5 that, in case of fine digitipati stress
concentration factor resulted was higher than e aaf
coarse digitization (Figure 16).

Table 5 Comparing the results in the two cases of

digitization
Deviations
Structure F[Igliﬁe SCFine SCFeoarse SC[;):/: jarse/
SCFine
R_200_u 25 253.94 227.65 10.35%
noptimize | 50 | 507.89 | 455.29| 10.36%
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d 75 761.84 682.94 10.36%
R 200 25 262.7 215.94 17.80%
Fooed |50 | 5254 [ 429.89 | 18.18%
75 788.11 644.83 18.18%
s
00
g 800
£ 500
‘g 400
E 00
25 m;o[w 75
B 5CFfine_R200_unoptimzed B SCFfine R200_optimzed
0 SCFooarse_R2X_unoptimzed 0 5CFooarse R200_unoptimzed

Figure 16 Results for both structures
unoptimized/optimized in the cases with fine
digitization and coarse digitization

3. EMERGENCE AND EXTENSION OF
CRACKS IN TECHNOLOGICAL CUTOUTS
AREA OF DOUBLE BOTTOM REINFORCEMENT
(DB). DETERMINATION OF PARAMETERS
SPECIFIC TO CRACKS PROPAGATION

For crack propagation, stress field must release

deformation energy. When variation of the deforovati
energy, due to the extension of the crack, is greatn
the energy needed to increase the area of the, aeaaik
propagates. Most of this energy is consumed foringpv
the deformed area from the tip of the crack.

Analysis of stress at the tip of the crack is eatri
out by the determination of some values such &sstr
intensity factor at the tip of the cradk, ,K, and the J-

integral that generally characterize the evolutidrthe
crack.

The critical value ofJintegral can be determined
and defined by similarity with crack extension ferhat
represents in this case the limit at which craderesion
may occur.

J(@)=z . (2)

Relation 2 states that a crack develops only if the
potential energy released by crack extension istgre
than the energy required for the formation of free
surfaces.

The assessment of stress intensity factar
contains all the information on external load ahe t
geometry of the body containing a crack.

Based on numerical calculations performed, the
results obtained were summarized in charts which
highlighted the variation of Jintegral as well as
variation of the stress intensity factor

Verification of Jintegral value can be done with
the relationship:

®)

where:

35

K - represents stress intensity factor;

E - represents the modulus of elasticity of the
material.

Afterwards, the numerical calculation dfintegral
and stress intensity factris carried out.

Then, the dependence aFintegral is determined
depending on the length of the crack for each sirac
separately.

In order to determine stress intensity factorand
the J-integral, the area of technological cutontdduble
bottom reinforcements (DB), with the radius ofdillof
200 mm was considered.

To analyze the production and propagation
cracks for the models presented only one radiuslef
with different loads namely of a force of 25 kN 5 KN
was discussed.

- Case 2D - Structure R_200.

In both cases, digitization was carried out using
PLANE 2D type finite element (for the floor) and
SHELL 4T type finite elements for the rest of the
elements that are part of the double bottom stractu
(DB).

The material considered in numerical modeling is
isotropic with material properties:

E = 2100°[MPa], v =03, 0=7800-7900
[Kg/m?].

The numerical calculation has been carried out
under static loading. Model loading was carried bwt
introducing an experimentally determined load.

In the first step of the analysis of cracks, stress
concentration areas were determined for each model,
separately.

Following this step, three cases of production and
extension of the crack were simulated resultinghe
calculation of the intensity factok at the tip of the
crack and the J-integral.

of

3.1 Emergence and extension of cracks in Structure
R_200_unoptimized. Determination of parameters
specific to crack propagation

Figure 17, shows the position of the stress raiser
following numerical analysis.

Figure 17 Model with concentrators emphasis
2D analysis — Structure R_200_unoptimized

As shown in Figure 6.1, stress raiser occurs in the
connection area and does not have a gradual sl
makes this portion to be prone to cracking.

a) SCENARIO |
Scenario | (Figure 18) consists of the initiatidnao
crack with the length equal to a digitization elee
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Figure 18 Scenario | of cracking 2D analysis —
Structure R_200_unoptimized

The results obtained both for the J-integral and fq

intensity factork are shown in Table 6.

Table 6 Scenario | of cracking — Structure
R_200_unoptimized

parameters specific to crack propagation will be
followed.
a) SCENARIO |
Scenario | consists of the initiation of a crackhwi
the length equal to a digitization element.
The results obtained both for the J-integral and fo
intensity factork are shown in Table 8.

Table 8 Scenario | of cracking — Structure
R_200_optimized

Force Module | Module Il
' [kN] J K J K
Scenario [N/mm] | [N-mm®9 | [N/mm] | [N-mm®9
| 25 16.074 1837.2 10.262 1468

50 64.295 3674.5 41.046 2935.9
75 114.66 5511.7 92.354 4403.9

Force Module | Module I1
' [KN] J K J K
Scenario [N/mm] | [N-mm®3 | [N/mm] | [N-mm®9
| 25 15.069 1778.9 10.319 1472.1
50 60.274 3557.8 41.275 2944.1
75 135.62 5336.6 92.869 4416.2
b) SCENARIO I

This scenario considered a continuous propagati

of the crack, the length of the crack being dirdcoa
two elements of digitization (Figure 19).

Figure 19 Scenario Il of cracking 2D analysis —
Structure R_200_unoptimized

The results obtained both for the J-integral and fo

intensity factork are shown in Table 7.

R_200_unoptimized

Table 7 Scenario Il of cracking — Structure

b) SCENARIO II

In this scenario the length of the crack is dirdaia
two elements of digitization.

The results obtained both for the J-integral and fo
intensity factork are shown in Table 9.

Table 9 Scenario Il of cracking — Structure
R_200_optimized

Force J-integral [N/mm]
F Module | Module Il Structure - -
orce 3 K 3 % [kN] Scenario | | Scenario Il

Scenario [kNI [N/mm] | [N-mm®9 | [N/mm] | [N-mm®9 R 200 25 25.387 17.854
I 25 | 23.783 | 22348 | 59285| 11158 —cOU_UNop 7 10155 71.418
50 95.132 4469.6 -23.714 2231.6 timized 75 528.49 160.69

75 214.05 | 67045 -53.357] _ 3347.4 : :
. 25 26.335 18.590
- - R_200_opti 105.34 74.359

3.2 Emergence and extension of cracks in Structure mized 50 : :

R_200_optimized. Determination of specific paramsete 75 237.02 167.31

to crack propagation

The optimized _ _
technological cutout of 200 mm (sheet thicknesss11. length of an element (scenario ), respectively tbe

mm) where the same steps for the determinatiomef t

structure

has a

radius

bn Force Module | Module I
. [kN] J K J K
Scenario [N/mm] | [N-mm®9 | [N/mm] | [N-mm®9
1l 25 25.380 2308.7 -6.7906 1194.2
50 101.52 4617.3 -27.162 2388.3
75 228.42 6926 -61.115 3582.5
4, NUMERICAL PROCESSING OF

RESULTS IN THE ANALYSIS OF EMERGENCE
AND EXTENSION OF CRACKS IN DOUBLE
BOTTOM STRUCTURE. 2D ANALYSIS

The results obtained were summarized in charts
which highlighted the variation ofl integral and stress
intensity factoik depending on the length of the crack.

Table 10 shows the results of the J-integral in the
area of technological cutouts in double bottom
reinforcements (DB).

Table 10. The J-integral for the structures oftthe
structures - unoptimized/optimized

Figures 20 and 21 show the variation Dfintegral

of depending on the radius of fillet and load capaeitythe

length of two elements (scenario Il).
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Variation of the J-integral depending on the radius of fillet and
load capacity {Scenariol)

F 260
208 o]
5 156 L]
n
5 104 =
E 52—
3 0
25 3 %5 85 8 75

Forre TkN1
— Structure_R_200_unoptimized — Structure_R_200_optimized

Figure 20 Variation of the J-integral dependingtos
radius of fillet and load capacity (Scenario I)

Variation of the J-integral depending on the radius of fillet and
load capacity (Scenario II)
T 180
£ e
Z 108 __,-_-“"”
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Force [kN]
= Structure_R_20{_unoptimized = Structure_R_200_optimized

Figure 21 Variation of the J-integral dependingtom
radius of fillet and load capacity (Scenario I)

Tables 11 and 12 show the values of stress inyensit
factor K, and K, , for each step of the extension of the

crack.

Table 11 Stress intensity factoy for both structures

Force Stress intensity factor K
Structure [KN] [N-mm°9]
Scenario | | Scenario Il
25 1778.9 2234.8
R_200_unop
timized 50 3557.8 4469.6
75 5336.6 6704.5
. 25 1837.2 2308.7
R290-9P1 ™50 | 36745 4617.3
75 5511.7 6926.0

Table 12 Stress intensity factoy; for both structures

Force Stress intensity factor K,
Structure [KN] [N-mm°®7]
Scenario | | Scenario Il
25 1472.1 1115.8
R_200_unop
timized 50 2944.1 2231.6
75 4416.2 3347.4
. 25 1468 1194.2
R—%?Z()e—(j"pt' 50 2935.9 2388.3
75 4403.9 3582.5

Stress intensity factor&, and K|, at the tip of the

crack give a picture of the structure where crask i
considered. In case of 2D cracks (Figures 22, 23

37

25), variation of, respectively depending on thagté of
the crack, is shown.

Kl factor [N/mm*0.5]

Wl factor vanation depending on the length of the crack {Scenario [}

=
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=
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1400

[=1

25 35 45 55 65 75
Force [kN]

— Structure_R_200_unoptimized — Structure_R_200_optimized

Figure 22K, factor variation depending on the
length of the crack (Scenario 1)

Kl factor [N/mm*0.5]

Kl factor wvariation depending on the length of the crack {Scenario I}
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Fig

ure 23K, factor variation depending on the length
of the crack (Scenario II)
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Kl factor variation depending on the length of the crack {Scenaric [}
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Fig

ura 24K, factor variation depending on the length
of the crack (Scenario I)

Kll factor [N/mm*0.5]

Kl factor variation depending on the length of the crack {Scenario 11}
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Figure 25K, factor variation depending on the length

of the crack (Scenario II)
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5. CONCLUSIONS [2]. Dumitru, I., Masavina, L.,Elemente de mecanica
ruperii, - curs - Univ. “Politehnica” Timjoara, 2000.

Determination of the modes of cracking necessary [3] Goana, V., Palihovici V.,Calculation of J-Integral
for the extension of the crack was an importanhipii by the Analysis of Finite ElemenBuletinul Institutului
evaluating and determining damages that occur durin Politehnic 1ai, Tomul XLV(IL), fasc. 1-2, p. 241-248,
operation in structures made of steel. 1999.
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EXERGETIC ANALYSISOF THE HEAT PUMP USED TO RECOVER
ENEGY RESOURCESWITH LOW THERMAL POTENTIAL
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ABSTRACT

Exergy efficiency increases are subject to theombtfimitations, which identify the maximum attability, and

practical limitations, which further limit efficiexy.

The paper presents the results of an applicab&arels where the aim was to establish the real gredfigiency of
the heat pump for industrial practices to recovergrgy resources with low thermal potential.
Also, this paper put on users’ disposal usefulrimation referring to the exergy efficiency calcidatfor different

heat pumps working conditions.

Keywords:. Efficiency, exergy, heat pump, qualitative analyssovery processes, secondary energy resources

1. INTRODUCTION

and improve energy and other systems. Exergy flows
through at all points in a process or system are

We conventionally assess energy systems usingexamined. Many suggest that devices are best dedlua

energy, which is based on the first law of
thermodynamics which states the principle of energy
conservation. But energy analysis has many weaksess
that can be overcome with an alternative
thermodynamic analysis method. Exergy analysisdbas
on the second law, has several advantages ovegyener
analysis. For instance, more meaningful efficiencee
evaluated with exergy analysis since exergy efficies
always measure approach to ideality, while
inefficiencies are better described with exergylysia

in terms of magnitude, type, cause and locatiorer@x
methods can also play a role in improving
environmental and economic performance. When all
facets of exergy are taken together, it is obsethed
exergy is a powerful tool for understanding and
improving the efficiency of processes and systeans,

helping achieve sustainable development. For these
been

reasons and others, exergy analysis has
increasingly applied over the last several decattes,

improve efficiency, economic and environmental
performance. Exergy analysis can be applied tosasse

and improve energy systems, as well as other sgstem

like ecological systems. In this article, we exaenthe
role of as a tool for efficiency, with the objeaiwof
increasing appreciation and utilization of exergy
methods.

Here, we describe exergy and its application [1]
through exergy analysis. The breadth of energyesyst

and improved using exergy analysis with or in plate
energy analysis. Energy analysis has inherent
difficulties as it considers only quantities of egeand
ignores energy quality, which is continually degrdd
during real processes. Exergy analysis overcomes/ ma
of these problems. Many exergy applications havenbe
reported over several decades, and extensive
bibliographies assembled, including Goran Wall's
compilation at http://fexergy.se. In addition, a rjual
devoted to exergy, International Journal of Exengss
established several years ago by Inderscience.
Applications of exergy reported include:

» Conventional and alternative
generation.

» Engines and combustion.

» Transportation, e.g., land, air and water.

» Heating and cooling and cogeneration.

electricity

* Petrochemical processing and fuels production.
e Chemical processes, e.g., distillation and
desalination.

 Metallurgical processes, e.g., smelting.
» Energy storage, e.g., in batteries and thermal
storages.

2.1 Exergy

Exergy is defined as the maximum work which can be
produced by a flow or system as it is brought to

assessed with exergy analysis is presented. Tlse tieequilibrium with a reference environment, and can b
between exergy and economics, the environmentalviewed as a measure of energy usefulness or quality

implications of exergy and the links between exeagy

Exergy is consumed during real processes due to

recovery energy processes are described. Finafly, a irreversibilities, and conserved during ideal psess.

illustrative example of applications of exergy ass# is
presented heat pump for industrial practices based
recovery energy resources with low thermal poténtia
2. EXERGY ANALYSIS

Exergy analysis [1,2] involves the application of
exergy concepts, balances and efficiencies to atalu
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Exergy quantities are evaluated relative to a esfes
environment [1,2], which has zero exergy and is in
stable equilibrium, with all parts at rest relatitce one
another. Chemical reactions can not occur between
environmental components. The reference environment
acts as an infinite system (a sink and sourceédat hnd
materials), and experiences only internally rewdesi
processes in which its intensive state (i.e., teatpee
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To, pressure Po, chemical potentials for each efith  environmental impact [1,3], which are illustrated
components present) remains constant. These piegpert approximately in figure 1 as a function of process

in part determine the exergy of a flow or system. exergy efficiency.
Exergy efficiency increases are subject to thecakti o _
limitations, which identify the maximum attainabjli Sustainabilit Environmental

impac

and practical limitations, which further limit effency.
Theoretical limitations establish an upper limito T
assess the potential for increased efficiency, réteal
limits must be clearly understood. Lack of claoty this
issue has in the past often led to confusion, it pa Includes:

because energy efficiencies generally are not messu - degradation
- emission

of how nearly the performance of a process or @evic
approaches the theoretical ideal. The consequesices
such confusion can be very significant. For example
resources have at times been directed towardsasiog

the energy efficiencies of devices that in realitgre
efficient and had little potential for improvementhile
devices have not been targeted for improved effaie
even though the difference between the actual and
maximum theoretical efficiencies, which represehts
potential for improvement, has been large. Prakctica
limitations acknowledge that no process can belidea Figure - Process exergy efficien

And that the goal when selecting energy sources and

utilization processes is not to achieve maximum

efficiency, but rather to achieve an optimal trade- 3. EXERGETIC EFFICIENCY OF HEATING
between efficiency and such factors as economics, PROCESSES

sustainability, environmental impact, safety andiesal ) . ) )

and political acceptability. This optimum is depend ~ EXergetic efficiency may be define as ratio of heat
on many factors, which can be altered to favour €X€rgy E which is delivered to the warm source and

increased efficiency via government financial irtoess combustion exergy gwhich is necessary for generating
for efficient technologies and disincentives fowlo ~ N€atQ, so:
efficiency alternatives through special taxes and EQ
regulations. =-— (1)
EB
2.2 Exergy and Environmental Impact and
o . I , To —-T
Exergy applications are increasing in environment EQ =Q R m 2)

and ecology. Many suggest that the impact of energy
resource utilization on the environment and the
achievement of increased resource-utilization iefficy

are best addressed with exergy. Although the exefgy
an energy form or a substance is a measure of its
usefulness, exergy is also a measure of its petetati
cause change. The latter point suggests that exaayy

be, or provide the basis for, an effective meastiride
potential of a substance or energy form to imphet t

where:
Tr is warm source temperature (K)
T is environment temperature (K)
Eg is combustion heat (J)

If we are taking into account the device's
guntitative analysis (energy loss), we can defihe t
device efficiency:

environment. The most appropriate link between the _ Q

second law of thermodynamics and environmental - (3)
impact has been cited as exergy, in part becauseait EB

measure of the departure of the state of a system f T.-T

that of the environment [1]. The exergy of a system so E, = [Eg BR—" (4)
depends on the states of both the system and the Tr

environment. This departure is zero only when the -T

system is in equilibrium with its environment. Ralas and 5 =1 BTRTTm (5)

between exergy and the environment may reveal the
underlying fundamental patterns and forces affgctin
changes in the environment, and help efforts taesd
environmental damage. Tribus and Mclrvine [1,3]
suggest that performing exergy analyses of theralatu
processes occurring on the earth could form amatio
foundation for ecologically planning because it Wbu
indicate the disturbance caused by large-scalegesan
The author introduced relationships between exargly

For small power plant the usual average value of
efficiency is between 0.7 and 0.9 [3]. In situatiwhen
tr=20°C and },=-15°C exergetic efficiency is between
0.084 and 0.107.

In case of heating with electrical resistance,
electrical energy W will be produced with an efiecy:
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W

=— 6
E, (6)

e

Because the whole electrical energy is changed ing,

heat (W=Q) exergy efficiency for this kind of hewfi

became:
GTR B Tm

EE _,7e TR

with heat pump, in all the situations and technizalg
processes.

EXERGETIC BALANCE OF PROCESSES
WITH HEAT PUMP

For qualitative analysis of process with pump heat
considered the scheme figure 2.

Forne=0.35 and the same temperature conditions exergy

efficiency is £=0.042. Is very clear that electrical
heating is not a proper method economical and teahn
speaking. So, electrical heating is better to heoned

Ns

Power plant
circuit

w

v
@ Electric
motor

Compressb

&

Condenser

)

Tr

Figure - Heat pump scheme

g Heat pump circuit
Q

O
N

T
c o-w

Vaporizer

Throttle

used for exergetic ane

In figure 3 the exergetic balance of the heat pump - Mechanic and electric losses of the heat punyirdyi

process is shown.
In the ideal process (zero losses) the energy ef th
compressor electric motor equals the exergy of keat

(Eq)-

w
Cold sourc

HEAT PUMP
LI
HEATED OBJEC

Q(Tr)
Tm
Environment

Figure - Sankey diagram of the proc

system Q). The internal irreversibility of the process

must be considered alsg;).

- The external irreversibility of the process asute of

the finite temperature difference of the heat tians

process over the condenser and vaporigg).(

For the real process conditiong ¥ Tg ; T,>Ty; ni<l it

means thaf,r< 1.

For a correct comparison between heat pump and the

other heating processes we must taking into acdabaint

electrical energy is produced into a power plarthvain

efficiency ne = W/Eg and in this situation the exergy

efficiency of the heat pump procegsd) became:
&pc= Ec/Eg = W/Es*Q/W*E o/Q =niéar 8

If is considered that in condenser and vaporizaat he

transfer processes are running at the constant

temperatures:

& =Yy =% )4

)

In the real process two types of loss affect the here  is lost exergy in condenser and vaporizer heat

process quality (W>§):
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1 1 1 1 5. HEAT TRANSFER INFLUENCE
E, =QT,| — —— |t (Q-W)T,| ——— |@0) o
T, T. T, T, The heat exchange through the condenser is directly
proportional with temperature difference [2] :
If the process follows Carnot conditions: Q~(Te=Te) ~ (Tr = Tw),
so (Tc—Tr) / (TR — T,) = K =const (13)
Qo[ e w2y a1)
W Tc _TV ,7i ! el Q""’Tvch"'(TR—Tm);T\//Tc“"(Tm—Tv), SO
T -T, T
and -mn__VY [JC =V =const (14)
_ . 1-p\T.-T, Te=To Ty
$ar =Nl T -T + T (12) K and V are two constants that characterize quiaita
c v n m behaviour of condenser and vaporizer. Considerihg a
these, the exergetic efficiency of heat pump became
T
1+(V+K)E€1—ij 1 T
_ R —17;
5pc =N d1lla; + : [El_.l_—mj (15)
R

The analysis of functiofec = f (V+K, Tr — Ty)) allow us
to reach the conclusions that:

- heat pump works in good conditions fog ¥ T, = (10
-30)°C;

- for low environment temperatures heat pump etarg
efficiency increase.

6. LIMITING VALUES OF HEAT PUMP
EFFICIENCY

By definition, the heat pump efficiency is:

e=Q/W (16)
Using relations 11 and 16 results:
T,
1+(V + K)(l—mJ
— TR -1,
&= ,7m,7eI,7i T + n 17)
(1+V+K)1--m i
Tr
Setting limiting conditions regarding the fuel

1+(V +K)

17,

7. CONCLUSIONS

One of the conclusions is that the heat pump igigoo
be used wherx > g, because in this situation is a
proper fuel consumption.

Making a graphical and experimental analysis of
function gpc = f (V+K, T — T,) some conclusions
regarding the heat pump efficiency limits were dnaw

-is recommended > 2.6 for the units with power plant
in cogeneration;

- is recommended> 2 for the units with power plant;

- is recommended > 1 when heat pump replaces
electric heating.
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produce electric energy W for driving the heat pump

compressor, and heat pump thermal charge is Q, the

following relation can be written:

Emin = Mg / Me (18)
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RHEOLOGY OF THE MATERIALS’ COUPLE WITH COMPOSITE ST RUCTURE
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ABSTRACT

The paper is a simplified hypothetical model ofra tnade up of a toroidal flexible membrane, ofaérdnt rigidity
zero where there is a gas under a certain prepsumecontact with a flat stable running path. Thetual operation is
presented, with intense dynamic loads, where fhisaximation cannot be used even for an ideal Tife real tire is
not an ideal membrane without inherent rigidity bas a certain thickness, a certain rigidity whikchrubber is not
particularly linear when subjected to combined defation of compressive and flexural tensile strbragid adds to the
additional nonlinear components making the elafice expression become more complicated and ditfito
formulate. Rubber is not perfectly elastic and at Iplastic and viscous components, making thatlditian to the
elastic conservative forces even when they ardinear, to occur dissipative forces correspondinglasticity and
viscosity. Considering the path as real, therefteformable, the foregoing considerations for the deformation are
also valid for the path deformation. In additiorfweeen the tire and the road/path, on the contiygse surface appear
dry-type friction forces. All this leads to a vezgmplex rheological model that cannot be approacegdrately for the
tire or for the path but only for the assemblytwf two elements.

Keywords: rheology, tire, material’'s couple, friction, com@sstructure.

1. INTRODUCTION pressure which provides a certain form and sizee Th
rheological characteristics of each component are

The rheology of a body considered isolated is a known, highly non-linear characteristics, but teeaable
purely abstract, idealized concept. If we consittext all of these features onto the whole tire it wobkl to
rheology describes the behavior of a body subjetied reconstruct the characteristics of a material by
stress, it automatically appears the need to haleaat assembling the characteristics of the atoms thaipose
one other body that produce this stress. Accortirihe it and still it would not be accurate. On the othand,
principle of action and reaction in Newtonian meaths, the path can be made of concrete, asphalt or simply
at the interaction between two bodies, the stresthé compacted ground. Here too all the features of any
contact area act at the same intensity and directio material are known, and they are strongly nonlirtear
each body, so both bodies are subject to stresseSi but if it should be found the tire —path couple
there are no non-deformable bodies, the stressvlmeha characteristics, all this is of no help. One isrtodel the
means summation of the behavior of each body, thedeformation of a rubber body under the action of a
mathematical models that must describe the rheabdgy laboratory device, and other is to act upon theyheith
each body cannot be properly used unless conceised a real element such as the path which is diffeflenn
torque models where important are not only the the laboratory device in terms of shape, size,
mechanical characteristics of each body but algir th characteristics, and particularly dynamic action.
shape and size. It is easy to see that, for exantipte Therefore a vehicle tire and the road/path together
same spherical body in interaction with another form a purely individually deformable geometric
cylindrical body will deform quite differently if assembly, dimensional and rheological under the
interacting with another flat body, the so-callezhizct influence of external efforts, the shape and siz¢he
patch shall have different sizes and shapes when th contact surface depending on the shape, dimensions,
same forces are applied. Not only the sphericaybed  mechanical properties and deformation of the two
deformed but also the bodies it reacts with, i.e. components. The deformation of each componenttiead
cylindrical or flat bodies in the example above ekvf internal reactions which, in general, can consfstlb
the deformations of one of the bodies are smaltet a types of mechanical forces known such as elastistigl
thus may be neglected, especially at static stthisjs viscous and dry friction. A very brief analysis cslmow
no longer valid for dynamic stresses where thensitg that these forces are far from linear, which coogiés
of the stress is greater as the body is less datneand any attempt to develop and solve a rheological hasle
where forces in the contact area are no longerclose as possible to reality. The complexity of
transmitted instantly throughout the body. deformation is so high that makes it, very diffictd

As the most obvious example of the rheology of develop a rheological model if only theoreticahding
materials is the torque of a motor vehicle tire dhe to the necessity of experiments to provide inforamabn
road surface/path. The tire is a very complex caitpo  possible rheological models. With this convictiome
structure, consisting of a mixture of elasto - fitas initiated a series of research whose results wilsbown
material (usually natural or synthetic rubber),titexor below.
metal inserts, and last but not least, the gas runde
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2. ASSUMPTIONS

From the very beginning it will be deemed that no
internal reaction which occurs after the tire defation
has a linear characteristic. If we considered gkfiad
hypothetical model of a tire made up of a toroidal
flexible membrane, of inherent rigidity zero whehere
is a gas under a certain pressure p, in contabt avitat
stable running path, Figure 1, a simple calculasbows
that the relationship between the force F and dedle
o0 cannot be linear.

The force F is taken up by a reaction which is
obtained by applying pressure p on the elliptictaon
surface with the semi-axes a and b, i.e.

Contact|ellipse

. 2B

Za

Figure 1 The simplified tire
F = ptab (1)
From triangle$D;,AB andO,CD it is found that

a=AB=,/3(D-5 )

b=CD=,/3(d-5 3)

Where from

F=prsy/(D-3)d-0) 4)

From (4) it is seen that even in the case of aalid
tire, of the simplest form, which is on a dimensity
stable running track/path, the force F relationghhis an
elastic force, is a nonlinear function of the defation
J. Only for very small deformations so titat is
negligible compared to d and D, respectively,
0<<D,d<<d and only by such approximation it can

be considered that the elastic reaction of the iire
described by a linear expression of the form:

F=provDd (5)

But in actual operation, with intense dynamic kmad
this approximation cannot be used even for an itiesal
as the above. The real tire is not an ideal mengbran
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without inherent rigidity but has a certain thickag a
certain rigidity which in rubber is not particuladinear
when subjected to combined deformation of compvessi
and flexural tensile strength and adds to the force
provided by (4), additional nonlinear components
making the elastic force expression become more
complicated and difficult to formulate. Rubber istn
perfectly elastic and, like any real deformableamiat, it

has plastic and viscous components, making that in
addition to the elastic conservative forces evererwh
they are not linear, to occur dissipative forces
corresponding to plasticity and viscosity. Consiugr
the path as real, therefore deformable, the forggoi
considerations for the tire deformation are alsldviar

the path deformation. In addition, between the &nel

the road/path, on the contact ellipse surface apgea
type friction forces. All this leads to a very coew
rheological model that cannot be approached seggrat
for the tire or for the path but only for the asbdmof

the two elements. The development of researchim th
regard considers the following assumptions:

1) The internal forces of the tire-path assembly
opposing the action of the external are elastiastj,
viscous and dry friction forces dependent nonlilyean
the deformation of the assembly in the contact;area

2) The components that cause elastic, plastic,
viscous and dry friction forces in environments jsab
to deformation will be considered as connected in
parallel because they produce effects each of them
undergoing the same deformation

3) Resultant of the internal forces (reaction
forces) is found, as any coupling in parallel, logiag
the elastic, plastic, viscous and dry friction fesc

4) The resultant is oriented toward the center of
the tired wheel, being normal onto the path assit i
before deformation

5) The deformation in the contact area is the
result of joint deformation of both tire and patidawill
be considered as a whole, without separating o int
separate deformations corresponding to the tirethed
path.

The rheological model developed will be
substantiated both theoretically and experimentdhg
experiment being also the instrument that detersnihe
actual values of the coefficients of the analytical
expressions. From the assumptions stated above, the
fourth is far from the real situations by failing t
consider the reactions in the path plane (plane
perpendicular to the wheel beam direction in thetact
point), that appear in the startup or braking tbaidle,
when driving on sloping or uneven road. We accepted
this simplifying assumption to test a particular
rheological model valid only to stresses on thermair
direction and to conduct a simple accurate experime
which, if it will prove effective, can be extend&nl any
other stress.
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3. THE EXPRESSION OF THE REACTION
FORCES

As shown above theeaction forces characterize the
tire- path assembly and depend nonlinearly on oina |
deformation & . These forces occur only when the tire
presses on the path/road, being identifiable byféot
that the position h of the vehicle wheel cergrto the
undeformed road surface is smaller than the oaigdius
of the tire, D / 2, Figure 1, the remaining fordssing
null. This alone makes the internal reaction formebe
non-linear by the discontinuity introduced by thalue
of h =D/ 2, which is illustrated in the form ofiting

{F(é) if h<D/2 -

0 ifh>D/2

and presented in figure 2.

discontinuity
here

Figure 2 The gap of tire inside reaction

It is also known that the elastic, conservativeds
oppose deformation while dissipative forces which
include the dry friction and viscous forces oppdtise
deformation rate. Also the plastic deformation &sc
being also dissipative forces, will resist the defation
rate. The expressions of these forces can takeusri
forms. After several tests it was found that thereno
realistic is the polytropic writing so that we have

- For the elastic force,F, dependent on
deformation, and resisting deformation
Xel .
= - Cq|3*®'SGN() if h<D/2 -
0 if h>D/2

- For the plastic deformation forceFy,,
dependent on deformation and resisting deformattite

z _{_CPIHX"'SGB(S) if hsD/2
pl =

: (8)
0 if h>D/2

- for the viscous friction forc€&,, dependent on
the deformation rate and resisting the deformatide

F =)
0

In the above expressions SGN function is the "sign
function in the well known truth table

§"SGNE) if h<D/2
it h>D/2

)
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+1 if x>0
SGN(x)=40 if x=0 (10)
-1 if x<0

and sign in front of each expression (7) - bow
formally that there are forces that oppose defaonatr

deformation rate. The dot above deflectidnshows that
it is the deformation rate, ie¥ = dJ/dt.

Although deflection & cannot be negative as
formulated in Figure 2, we preferred the writing deo
for the relations uniformity. As regards the vissou
friction, the deformation rate may be negative osifive
and model writing is compulsory for a polytrope
function when the value of the frictional force is
independent of the sense of the deformation réatthel
viscous friction values would depend on the serighi®
rate, the writing would have the form

~Cf§sGN) it h<D/25i 650

5| Xv2

SGN(3) if h<D/25i 5<0
daci h > D/2

E

\

- Cv2
0

(11)

but in viscous homogeneous isotropic and continuous
environments, the viscous friction value can be
considered not dependent on the sense of thespzed.

As for the dry friction force, dependent on the

amount of deformatiord which in turn the amount of
normal force depend on, its expression is simitathe
plastic deformation force and can be included.i®it a
closer analysis it is found that even the plastic
deformation is a deformation where strong interha
friction force occurs thus preventing the return to
original shape after removal of the forces thatdpiced
the deformation, so that the inclusion of the twocés
into the same expression can be considered correct

In conclusion, the internal reaction forces can be
written grouped as conservative forces, ie thetielas
force of the form given by (7), who opposes to the
deformation and as dissipative forces under then fof
internal friction forces opposing the internal fiom
force F, opposing to the deformation rate given by:

- - {—(cp.a*p' e i Json) it hs 72

0 ifh>D/2

(12)

4. THE DETERMINATION OF THE REACTION
FORCES COEFFICIENTS AND EXPONENTS

To determine the coefficients and exponents that
appear in equations (7) and (12) use is made ohple
experiment but with the appropriate precision tetibe
desired goal. A real tire wheel, having mass M is
dropped from a heighh; on a flat surface of the real
running path, Figure 3. After the partially elastic
collision with the path surface, the tire wheellwige to
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height h,. Considering the origin of the time when the independent parameters of the experiment, ie whaek
wheel is allowed to fall freely the moment when the and fall height. The theory according to which is
wheel reaches the height represents the time during minimized the effect of the measurement errorsdead
descent-ascent movemetat, 6 experiments planned as follows.

Very important is to know the valués, h, and t, For each parameter we consider two valugs,,
because their determination accuracy influencing th M,, h.y, h_,.which in terms of geometric forms is a

outcome. In order to find them, the following adlutial | ith h sid d the f
equipment was resorted to: next to the ruler grestlian rectangle with a parameter on each side and the fou
corners would be all possible combinations of thkies

mm was placed (actually a saw tape, unfolded) aed t £ th Fi 4 Th ; eh
experiment was filmed with a digital camera, re@ogd of the two parameters, Figure 4. The experimentisho
be carried out for the four values above plus twioe

at normal speed of 25 frames / second. By analyttiag
video frame by frame on a normal PC using thetytili 'éctangle center M; values h_..a total of 6
"Ulead VideoStudio 10", the values of hl and h2ldou determinations being required. If we follow theliefce

be measured, then viewing the photograms with theon the three parameters, for example the two apte
utility used the momernt, was found. Such analysis does the pressure p in the tire, the three parametensidvo
not take much time as the motion takes 2 secomis, a form as a parallelepiped with eight corners, reéggira

no more than 50 frames have to be studied. total of 10 experimental determinations resultimgnf

the 8 corners plus twice the values in the cente¢h®
parallelepiped. It goes without saying that in thter
case it is necessary to correct the expressionar{d)
(12) for the pressure to appear as an independent

variable.
: h
a o
g Trajectory h ™,
. . ’ng—c
Figure 3 The experiment
. . A2
Another important element is the number of
experiments performed with the same wheel so that t 0 l A
results are less influenced by measurement ermus a »
take into account the existence of the three typles | M; M My
reaction forces. The experiment must carry out
deformations with different values for the same Figure 4 The experiment planning
deformation rate and deformation at different
deformation rates. For the purpose of the experiment the vertical

Getting deformation with different values at the coordinatey will have the origin in the center of the
same rate of deformation is possible if the whedlsf  wheel which is the initial height, and will be positive
from the same heightt, but have different masses M. In  downward, Figure 3. Equation of the vertical motizin
this way, the deformation will be different, buteth the wheel results by applying the principle of eévhbert
impact with the running path is made verticallyta¢ ~ and separating the forces opposing the movement fro
same speed, so that at least the initial deformatio those which favor the movement
conditions of speed are the same.

Getting different deformation rates is possibléhé
wheel falls from different heightk, . Thus there are two

My + (Cpl|6|xpI +C, S‘XV jSGN(S)+ Cel|6|><el SGI\(ES) it y>h, - D/2 _

Mg (13)
0 if y<h,-D/2
With initial conditions: y=0, y=0. The solution of And the deformation rated can be found, taking
equation (13) is considered the numerical function into account (14), by
y=f(t) (minush= f(t)), assuming that we know the
concrete values of the coefficients and exponents. 6—@— . 15
Deflection, will be expressed in this case as Tdt y (15)
0= D/2—(h1—y) (14) But in reality, the values of the coefficients and

exponents of the equation (13) are not known pedgcis
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these are true unknowns of the problem. In reality
know the tire data (diameter, mass, internal pre$sand
the six experiments, therefore we know the follayvin

- The values of pressugand the diameted, constant
for a given real tire;

- The values of variable parameters such as the aras$
drop heightM andh;, under the form of two-dimensional
arrayM;, h_,i = 12, 6;

- The values measured fbg, t,, under the form of two-
dimensional arrayh,_; , t,_;,i =12,---6.

As a way of working to find the coefficients and
exponents of the relations (7) --- (9) it will bepdied the
mean square deviation minimizing method applied
numerically to the solutions of equation (13). Thesic
idea is that, by trials, to find the values for the
coefficients and exponents such that the solutibn o
equation (13) on the the valuesiuf si t, have smallest

deviations from the experimentally measured values.
The concrete working algorithm using the numerical
analysis in an original software includes the failog
steps:

1) The user chooses for each unknown value to
be found, i.e. forC,, xp, C,, X,, Cqj, X, @n interval

values of the coefficients and exponents
Cpis Xpis Gy Xy, Cgps X Which are for to the min.

square deviation characterizing the rheologic model
proposed.

A very complicated issue occurs though. If, for
example, for a certain coefficient, be@, , the search

interval lies between the valuesC,,=0 and

Cpi2 =10000, to finally obtain sufficiently accurate

value it would be necessary to divide it into minim
n=100 subintervals 100. With six unknown values for
which all intervals are divided into 100 subintdsvit
follows that equation (13) should be solved

6% = 653010"" times, which would take very much

time even for the age of the Universe. For a simple
comparison, our Universe has an estimated age of

10'® years which means abo@®1610°? seconds. And if
solving took only a thousandth of a second to aentitk
complete resolution would enormously exceed theadige
our universe. In spite of this, the problem has the
solution. Instead of 100 subintervals or more ili Wwe
chosen only 6, maximum 7 subintervals, which reduce
the number of solutions to " only " 46656, max I8,
which does not last very long (tens of seconds)aon

yvhere their true value is supposed to be. Let thesetypical computer. The problem of accuracy is solbgd
intervals be known through concrete values for eachﬁ”ing the above algorithm by the following steps:

margin, which we denote
Cpinr Cpizs Xpi1 Xpi2s Curs Cuzs Xo1s X2 _

Ceirr Ceizs Xei1: Xel2

2) Each interval is divided into a numbar of
equidistant subintervals. Thus a network of nodes>o
independent dimensions is formed, correspondirtfeo
six coefficients and exponents, of the form

Cotis Xp1is Cuis Xis Celiis Xetis 1 =12+

3) The differential equation (13) is numerically
solved in all possible combinations formed on thewve
node network, thereforé" solutions are needed. Every
solution begins with the initial conditions givebowe
and stops when the valug is canceled for the second

time, ie when the wheel reaches its maximum height
after the collision denoted By ,cuatea(first cancellation
occurs at the start of the climb race, on the irhpath

Solving equation (13) for the 6 and 7
subintervals the value of the coefficients and eeguds
were divided into;Cy, Xy, Gy, X5 Ceps Xe

After retaining from the 6 or 7 values the
group of values fo€p, Xy, Cy, X, Cep, X Which

minimizes the standard deviation are intervals are
created in which to look for the solution whichturn
will minimize the deviation. These intervals willve
the ends formed of the adjacent values
Cois Xpis Cys Xy, Cgs X found above;

to

The new intervals are divided in turn into the
6 or 7 subintervals and the algorithm describedvabs
applied;
" The process continues until no minimum
deviation decreases significantly ie until the eliénce

between two measurements of minimum deviationss le

the running path, the second cancellation occurs atthan the value required for accurate determinates;

achieving the maximum height).
4) For  each of the 6" values
Cois Xpis Gy X, Cepy X are record and the values

N5 caculated @NA ty carculated F€SUIted from each solution;

5) Forthe6" cases is calculated the mean square
deviationS using the known formula

26: (hzi - hZCaIcuIated)2

N = (16)

6
And it is found for which group of values
Cpis Xpis Cyy Xy, Cgp Xg the deviation is minimum. The
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well it may be required a number of reversals & th
iterative process, | prefer to choose up to 8 4- 1
reversals.

In this way the problem of accuracy and length of
solving is also dealt with, requiring a maximum of
2,239,488 of solutions to equation (13) insteadtwdut

653010’ solutions.

If we are only interested in the rheology of tie it
can be used in experiment a practically rigid ragni
path such as a slab of concrete or cast iron of laege
mass. If we are only interested in the soil rheglog
instead of a tire it can be used a wheel as rigid a
possible. But the results will not be correct arith mot
allow summation of the two cases because they do no
account for the fact that deformations are fromhbot
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bodies. Only if both - the tire and wheel - areadefable

the rheology of the pair tire - wheel can dbtained.

REAL BALLON TYRE

The complete proposed rheology of the ballon tyre contains:

Non-linear internal dissipative forces dependent from the deformation and deformation speed same as

Fpo=- [cp_g|5|xpi +cv|5|x" JSGN(.S)

Non-linear internal flexible (conservative) forces dependent from the deformation same as

Fgp=- ef|5|xej SGNI:C?)

& =the deformation: the first part of the dissipative force is the plasticity. the second part is the viscousity

START

Figure 5 Print screen of software for coefficiemtsl exponents calculation

We have shown above that the final value of the

coefficients and exponents are under the conditia
the standard deviation (16) is minimum. As paramite
determine this deviation the heidh was chosen taking
into account the calculated and measured valugsthBu
experiment and the differential equation also pleva
parameter, namely the tintg which has also thgreat
importance in the determinatioGiven this, there are
several possibilities of calculation:

6

Z (tu i Ly calculatet;)2

i=1
6 6

i(hZi - h20alcu|atet)2

S= |2 (17)

a) To calculate a standard mixed and weigthed tewia
of the form (17) with A; andA, weighing coefficients
between 0 and 1so tha{ + A, =1. Computer tests have

shown that this variant fails to provide additional
accuracy while making the calculation time longer;

b) let us calculate the standard deviation onlyetielng

on a single parameter, eithés or t, and the other
parameter is used to decide which type of exprassio
internal forces is closer to reality. After testiitgwas
determined that the most accurate results are redutai
using h, for finding the values ant, for choosing the
type of expression. Thus it was found that the
expressions presented here, the of polytropic thest

fit (small inaccuracies resulting from valudg in
comparison with other expressions of polynomial,
exponential, or combinations type.

5. PRACTICAL RESULTS

Details of the structure of the tire (humber of
insertions, the thickness of the layers, the ceassional
shape and the like) or of the running path (trad&ma
thickness, etc.) have no relevance. Their knowlezige
only have archival value, they cannot be taken der
the physical and mathematical model of the pamier
rheology.
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The model so developed, of actual values for the
empirical coefficients, will only be a model foristly
the individual pair of experiments that have been
conducted. Changing the tire pressure, its size, th
running path (eg asphalt) another rheological madel
the new pair will be obtained. And precisely ths i
highlighted in the paper: any material pair wilVbaheir
own rheology, we shall call it pair rheology and
characterizes only one couple actually. The adggntd
this approach is to obtain a precise and reprotricib
rheological model as long as the couple remains the
same.

In the experiment conducted to determine the
coefficients and exponents from the relation (18jch
actually describe the mathematical model of theadyin
rheology, we chose what we had available, namely a
wheel tire Opel Corsa 1300 type 185/70 R14 Contalen
company, internal pressure 2 bar on a concrete aynw
Additional data may be found at the company but| as
mentioned, they are of no value.

For processing we have developed specialized
software in the Delphi 6 which, provides a screagep
as shown in Figure 5 and after START it requires th
actual data of the experiment, Figure 6.

After running the software the results are visiae
shown in Figure?.

A comparison of the calculated values using the
model described by (13) is shown in Figure 8.
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REAL BALLON TYRE

The complete proposed rheology of the ballon tyre contains:
Non-linear internal dissipative forces dependent from the deformation and deformation speed same as
Py =7[cpj\5|xp1 +Cyld™ JSGN(S)
Non-linear internal flexible (conservative) forces dependent from the deformation same as
By = Coglo] ™ 5G27(3)

& = the deformation; the first part of the dissipative force is the plasticity. the second part is the viscousity

Press CONTINUE and wait for results CO NTI N U E

Experimental data are

him [Mkal [Diml [wisl [h2[ml |
Test 1. 00 10.00 0.60 1.16 1.55
Test2. | z.00 20.00 0.60 1.16 1.45
Test3. | 3.00 10.00 0.60 1.52 250
Test4. | 3.00 20.00 0.60 1.48 235
Test5. | z.50 15.00 0.60 1.36 1.92
Test6. | 2.50 15.00 0.60 1.32 1.95 §
The starting values are into the domain 8
cpl Cv | xpl | xv | Cel xel Tra'ectoD:
from 0.00 000 0.00 0.00 000 4 1y
to |13000.00 1000000 300 300 1000000 300

Any green yalue can be modified before CONTINUE

Figure 6 Print screen with practical values ofélperiment

Experimental data are

wio [iva [pe (oo [ee ] RESTART
Testl. RO 1000 060 116 | 155 iz wrlvEs ane
Test2. |200 (2000 | 060 116 | 1.45 o = £ v el — Fror ] ii
Testd. | 300 1000 | 0.60 1.52 2.50 Step 1 [13000.0010000.00 3.00 300  |10000.00 2.00 0.12063
SIS 300  |2000 | 060 148 235 Step 2 | 7600.00 | 2000.00 1.80 060 |10000.00 1.20 0.05483
Testh. | 250 1500 | 0.60 1.36 1.92 Step 3 | 7800.00  400.00 132 012 840000 0.72 0.02414
IEI| 250 1500 | 0.60 132 193 Step 4 | 6968.00  160.00 1.13 0.02 808000  0.53 0.01515
Step 5 | 6801.60 | 64.00 1.05 | 0.02 | 8080.00 0.49 | 0.01416
Step 6 | 6807.60 | 6400 1.05 | 0.02 | 797760 0.46 | 0.01416
The starting values are into the domain Step 7 | 6801.60 | 64.00 1.05 0.01 795712 0.45 0.01416
Col Cv [ [= [ca xel Step 8 | 6801.60  64.00 1.05 | 0.01 7953.02 0.45 | 0.01416
from 000 000 000 000 | 000 Step 9 | 680160 6400 105 | 0.0 795220 0.4 | 0.01407
T 13000.00 10000.00  3.00  3.00  10000.00 3.00 Step 10 | 6801.17 | 63.82 1.05 | 0.01 795220 0.4 | 0.01407
CHECK |CHECK
Test1 tu=1.125 h2=1.55m j
Figure 7 After running software results
6. CONCLUSIONS AND RHEOLOGICAL model must be developed due to the combination of

TESTS OF OTHER MATERIALS

radial load with the transversal or tangential czed the
movement of the wheel in both directions, vertizahd

We have shown that the method presented abovehorizontally, and its forced rotation at collisiand free

allows finding the tire behavior only to radialastr. For
strains in other directions,
tangential, the method described in principle remdhe

rotation after the collision. Since the physico-

such as transverse ormathematical model must include also the rotatibih®

wheel, the moment of inertia about the axis of tiota

same. All six experiments are needed, but organizedduring the experiment must be known - or measured.

differently. Instead of the wheel falling onto thiee to
collide with a hard surface, the wheel remaineat in a
non-deformable area (or negligible deformation) drisl
allowed to fall on it, transverse to the tire, dodmable
body, hard and heavy of mass M, Figure 9.

On the tire other devices may be attached astwell
allow collision to tangential direction or any diten of
interest. A more refined variant of the transveisald
testing, applicable also to tangential strainshisven in
Figure 10, for which another physical -mathematical

49

Using an experiment like that described in Fig@ire
under the mathematical formalism discussed in Gapt
3 of this paper, we can determine the rheological
characteristics of materials with a very compleRawgor
due to internal forces of different natures causgdhe
deformations, such as different types earth, agphal
concrete, composites, rubber, plastics and mordasim
ones.
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Calculated values are

Cpl Cw I xpl | b3 I Cel xel Error

Step 10 | 680117 63.92 | 1.05 0.0l 7952.20  D.44 0.01407
CHECK |CHECK

Test 1 =112z h2=1.55m

Test 2 tu=1.16s h2=1.47m

Test 3 tu=1_48s h2=2_49m

Test 4 tu=1.48s h2=2.34m

Test b tu=1.32s |h2=1.94m

Test b tu=1.32s |h2=1.94m

Figure 8 The calculated values for the rise tigrent the height:h

Figure 9 The determination of tire behaviour on
transversal direction
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MODELLING THE HEAT RELEASE IN HIGH SPEED DIESEL ENGINES
MAHRAN DAWWA, PAUL BOCANETE
Constanta Maritime University, Constanta, Romania

ABSTRACT

Heat release phenomenon is considered one of tlsé important factors that affect the charactersst€ diesel
engine. Hence, modeling the heat release rateiimportant step for modeling the whole combustioocpss in diesel
engines, and for predicting the engine performanceylinder temperature, and emissions specialyxNemissions
which are so linked to the in-cylinder temperatair¢he premixed phase of combustion. Dependindiemature of the
heat release and the nature of combustion prooeseidiesel engines combustion chamber many mddeis been
developed in an effort for modeling the actual lred¢ase in a relative short time with a satisieduracy. This work
shed light on the ignition delay period, the phasiesombustion process in diesel engines, and enmbain important
models which used for modeling the heat releaskeisel engines, the vibe model and Watson et akemod

Keywords:. diesdl engine, heat release, double vibe function, Watson function.

1. INTRODUCTION influences the combustion process and the emissions
formation including NOx formation. The mixture
This paper discusses the modelling of heat releaseformation process controls the diffusion phase. €hé
in diesel engines by the use of different functione of the diffusion phase generally is determined by
heat release in diesel engines is linked direatlythe reaching the maximum temperature of in-cylinderegas
mass fraction of fuel which burned during the The third phase or called post-combustion (late-
combustion process, so the higher heat release rateombustion) corresponds to the “tail” of the conthnrg
means the shorter combustion period, actually thethird phase occurs at late period of the dieselineng
burning of fuel inside the engine cylinders is ingiete expansion stroke, the combustion continues eveugtino
and imperfect combustion it should be distinguished the injection process has completed, flame jetsftams
between the different types of combustion, complete into pockets of air-fuel mixture that surrounded thg
perfect, incomplete, and imperfect combustion. The flame because no addition fuel injected into the
products of complete combustion are only carbon combustion chamber, which causes the decreasing of
dioxide and fuel vapour, however this type of pressure and temperature in the combustion chamber,
combustion is hypothetical type and it cannot be which leads in its turn to reduce chemical readion
obtained whether air ratio greater, equal, or snalian speed.

one. The third phase also depends on the injection
system characteristics such as the speed of noeeldie
2. HEAT RELEASE PHASES closure, a quick closure leads to form high speesd f

parcels which combust in the same sequence ofsibiffu

Due to the nature of the Diesel fuel and the nature combustion, differently a slow closure leads to low
of mixture formation inside the cylinder of diesel speed fuel parcels with lack of oxygen, this pheaoom
engines the mixture formation and the combustion causes the increase in soot emissions formation.
process cannot be considered as a separate or
independent from each other, because of the mixture3. HEAT RELEASE MODELS
formation has a large impact on the combustion gssc
Hence, the combustion process in diesel enginedean The heat release rate is given at each crank &ygle
divided into three phases, the first phase is dalle empirical equations which will be explained asdulk.
premixed combustion, this phase corresponds to the
period of high pressure increase speed, and ireldies 3.1 Double Vibe model
engines this phase is accompanied with noise wisich

which it is the result of high pressure increaseesp Vibe function provided by “Vibe” (1970). This
And it lasts for only a few crank angle degreesrtie of equation is used to model the mass fraction of duirn
burning during this phase is generally high. fuel as a function of crank angle, in other worls t

The second phase is the diffusion combustion (mainequation is described the total heat release matdd the
combustion), this phase starts once the fuel amd ai combustion chamber, vibe function is based reaction
mixture which formed during the ignition delay have kinetic consideration [3]. In other words formatia
been started to burn, the fuel injection contindasng radicals is proportional to the amount of injectfee!
this phase, and the mixture formation continuesdres which means the more fuel injected the more raslical
of processes atomizing, vaporizing, and mixing fied formed, and formation of radicals is inverse proijpoal
with hot compressed air, this series of processesto the increase of fuel that is available to contibus
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d +
% =k Ny , and dmyy = —4 [My,
m+1
Quen(®) _1_ g a£¢ - ¢wc] 0
Qchem.tot A¢CD

parameter is complicated, it affects the amount of
released heat during the premixed combustion phase,
parameter@ becomes larger with7 ., s INCrease,

also the combustion terminates earlier for larger

. - However, the value of paramet& varies
6908

,700I"IV tot:

from 2995 forn ., a = 0950, to for

Where: @ is crank angle degree between the start Neomiow = 0999 More data about this model in [8], [3]

and the end of combustion, the entire amount ot hea

release is calculated from calculation the fuel snissit
injected in one engine cycle multiplied by lowertieg

value of diesel.
Qf tota = My (hv (2

By deviating the total heat release rate from the
degree of crank angle

dQ:hem_ ¢_¢soc _ ¢_¢soc "
T¢_alzochemtm [Gm"'l)[é A¢CD jﬁx{ A¢CD ] ‘| (3)

The heat release also can be modeled a as doubl

vibe function, the idea of the double vibe functisrto
replace the simple vibe heat release rate modeéd wit
more sophisticated model of two Vibe functions, for

making the heat release model more suitable for rea
combustion process and make a division between

premixed and mixing-controlled phases.

de,1 ¢_¢soc1 " _ ¢_¢soc,1 i
21 =q.am )P | @x{ f %o ] @

Where: @ is crank angle degree between the crank

In order to get the most accurate result from using
the vibe function a heat release rate pre-cal@andatiust
be carried out to determine the three parametexsbef
function, start of combustion, combustion duratiand
the shape parameters. Anyhow in this study the eshap
parameters will determined and fixed for all engine
regime work on the other hand for, the determimati®
the start of combustion the following equation $ed:

Poc = P T @)

The combustion duration depends on the air-fuel
gatio and on the speed and given by the following
€quation

beo
Ao =09 [A J
CD,A

Where: the indexA means initial operating point of
the engine. The shape parameter will not be
implemented in this work.

Aa n

G

(8)

3.2 Watson et al model:

This model considered a good model for modeling

angle that corresponds to the start of combustitth @ e heat release in diesel engines especiallyhforfitst

crank angle that corresponds to the end of premixed

phase.
de,z _ ¢_¢so 2 N _ ¢_¢so 2 "
ap ~Am EE Mo ] @X{ Mo ] ] ©

Where: @ is crank angle degree between the crank
angle that corresponds to the end of premixed paade

the crank angle that corresponds to the end of

combustion. By taking into consideration the praipor
of released heat for premixed and diffusion pheases

follows. Qf 1= XQf ,gas’ and Qf 2= (1_ X)Qf ,gas

dQ, _dQ,  dQ,
dg d¢  dg
Where Parameters M and M, indicate
respectively the shape of premixed and diffusioasgls
of combustion. Increasing the paramet@l leads to
increase the released heat during the premixecepras
to reduce the released heat during the diffusiaasghin
the contrast increasing the parametan, leads to
decrease the released heat during the premixee faimals
to increase the released heat during the diffupluase.
ParameterX is the phase proportionality factor which

(6)

determines the amount of released heat in eachephas K, =5000, K,

With regard to paramete@it is linked to the total
conversion coefficient/f.,., a )» the influence of the

52

phase of combustion, by the use of two functions fo
modeling the heat release the first function isdusa
model the premixed heat release phase, and thexdeco
function is used for modeling the diffusion phadence,
the mass of burned fuel by the total fuel mass with
injected per cycle can be written by the use of tthe
functions as follows [7]:

o= g+ (1- ), ©)

Where: [is the phase proportionality factor which
determines the heat release for each phase given
asﬁzl_ﬁ ,0.<a< 095, and025<b < 045 are

id
empirical constants.

The first function that describes the premixed ghas
is given as:

f=1-[-t% ) (10)
The second function for the diffusion phase is give

as:

f, =1-expll- Kt'*) (11)

Wherey' = P~ Psoc | K,=2+12510%(r,N)*
CD

_142 andK4 = Q79K 2z are empirical
P

coefficients.



Constanta Maritime University Annals Year XV, Vol.22

4. RESULTSAND DISSCUSION affect the accuracy of prediction the engine patarse
specially the peak pressure and the amount of NOx
In this section the result of modelling naturally emissions that forms inside the combustion chamber.
aspirated Hino W04D high speed marine diesel engine It can be noticed that decreasing the value of
will be discussed, the model have been done bysi®  m wiill increase the peak of heat release and on the
of MATLAB program. The fuel system is direct ) ] ]
injection system, bore and stroke dimensions arecontrary increasingm value will decrease the rate of
104mm, and 118 mm respectively, the total displam@m heat release peak. As will as it can be noticed tie
is 4.009 L, and the compression ratio is 17.9. peak of released heat occurs earlier by decreabimg
At 1600 rpm and 150 N.m the figure 1 shows, value of parameter.

changing the value of parametan affects the peak of
the rate of heat release at the premixed phasehwtill

mi=09 |
m1=0.75

mi=05 |
m1=025

o
= o

Rate of heat release[KJrdeg]
o o o o o o o o
s o e s o o o o
m & BE 5 o ® = & @
I Y I A I

D
2
i

360 370 380 390 400 410 420
Crank angle degree[CA]
(]

Figure 1 The effect of parametéin on the rate heat release

rate of heat release[KJideg]

0 L
353 358 363 368 73 378 383 388 393 398 403 408 413 418 420
Crank angle[CA]

L

Figure 2 The effect of parametn, on the rate of heat release
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0.1 T T T
H H H 1 H 1 1 1 H H 1 H H — Watson function
— Double Vibe function ]

Rate of heat release [KJ/deg]

T
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Figure 3 The rate of heat release

The figure 2 shows the effect of changing parameter6. REFERENCES

M, on the profile of the rate of heat release by using
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5. CONCLUSIONS

In order to model the combustion process in hig
speed marine diesel engines, it can be relied amyus
Vibe and Watson models for modeling the rate oft hea
release because they give satisfied results edlyeata
premixed phase during a relative short tirlis paper
showed the importance of choosing the accurate
parameters for using Vibe function on modeling thie
of heat transfer in diesel engines. The error whicturs
from using inaccurate parameters for both functions
causes unacceptable results, so the most impstapt
for modeling the rate of heat release by numerica
models is to determine the functions parameters to
ensure accurate modeling process.
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NUMERIC GEOMETRY OPTIMIZATION OF AN WED FOR DUCT PR ESSURE ANGLE,
LENGTH AND RADIUS

'MARTINAS GEORGE,’ARSENIE ANDREEA? LAMBA MARINEL-DANUT
1.2 3Constanta Maritime University, Romania
ABSTRACT

The Wake Equalizing Duct (WED) device must be custed to fit to the afterbody of the ship in terwfs
performing its supposed function as Duct Pressurgléd Length and Radius. The Designer is thergitmeed in the
front of multiple geometric solutions from betwele@ has to make a choice. A given geometry of a WElice is
taken and via Design Optimization the geometryhaf tluct was refined so that better results areemeti with a
smaller and more compact WED. A rational choosipgraach by involving the numeric optimization oétgeometry
of the WED in order to select the best fitted WEDperform the best in order to achieve some preddfparameters is
targeted in this papers. The pressure on shipgnks to achieve both reduced fuel costs and redesgssions by
optimizing the hull and propeller has never beaghér. Being one of the key strategic business doalship owners
and operators, the reduction of fuel cost beconssergial; and furthermore a variety of recent lagiisns require
owners and operators to move towards the reduadigmissions from ships of SOx, NOx and CO. Theas been
great interest in the potential to enhance theopesdince of existing vessels through retrofit ofidey to the hull, in
parallel to the performance improvement of newthugksels.

Keywords: Finite Volume Analysis; Geometry Optimization; Design Explorer; Maritime Ships, Wake Equalizing
Duct.

Furthermore,the magnitude of the savings may well b
1. INTRODUCTION within the range of uncertainties and measurements
on the full-scale vessel. Consequently, cautiowsatprs

The reduction of fuel cost has always been one ofmay well be skeptical about the validity of theuiigs
the key strategic business goals for ship owneds an being presented to the market, and it is absolutely
operators. In the current climate of high oil psicéhe reasonable and necessary for a buyer to verify
reduction of fuel costs becomes essential, andindependently the amount of savings before any
furthermore a variety of recent legislations requir investment on an ESD or ESDs.
owners and operators to move towards the reduction The savings look very attractive to ship operators,
emissions from ships of SOx, NOx and CO. for instance a saving of 7-9% from installatioreofvake

Hence the pressure on designers to achieve bothequalising duct (Schneekluth, 1986, Schneekluth D)VE
reduced fuel costs and reduced emissions by ojtignis  and Bertram, 1998) or 8-9% from a combination okeva
the hull and propeller has never been higher. haljgh equalising duct and pre-swirl fins (Mewis, 2008, Wig,
to the performance improvement of new built vessels 2009). In general, the negative aspects of thecdevi
there has been great interest in the potentiahtmece  include the considerable cost of installation, ateb the
the performance of existing vessels through retrofi reported reluctance of manufacturers to guarartiee t
devices to the hull. A wide range of concepts hesnb  claimed savings.
proposed, many of which involve modification or troh
of the flow in the vicinity of the propeller. Thieterest 2. MODEL OF THE SHIP - CAD AND FINITE
in these devices arises with increasing oil priCeese VOLUME ANALISYS (FVA
devices are commonly called “energy saving devices

(ESD)” and sometimes ‘“retrofitting technologies” The goal of this paper is to calculate via software
although many can be considered for new designs asAnsys 13" the best geometric solution for a WED
well. device. It is known that a poor design of the WEDot

In any case for instance the WED device must beonly improving the overall efficiency of the vesdait
customized to fit to the afterbody of the shipénnis of may have an adverse impact failing to achieve its
performing its supposed function. The Designer is purpose.
therefore placed in the front of multiple geometric The model has as departure point a real portcanais
solutions from between he has to make a choices Thi seen below, with the following parameters:

paper is intended to help the Designers to hawianal - LengthL- [m]- 173,
choosing approach by involving the numeric - BreadthB- [m]- 25,
optimization of the geometry of the WED in order to - DraughtT- [m]- 9.50,
select the best fitted WED to perform the bestriteo to - DiameterD- [m]- 5,
achieve some predefined parameters. - Number of bladeZ — 6,
The claims may not give details as to the condstion - Propeller RPM-120, Average Speed-16 knots

under which the savings have been achieved andier h (7 m/s)
the savings have been calculated and/or measured.
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_ In order to have a startiqg point for the simu_la,tio Distance from the | Continuos, 1800 2200
first of all the afterbody was firstly CAD generdtwith P5| ropeller (Minimize) mm] | [mm]
the WED device attached, and all the parameters fo
fluid flow were calculated accordingly. From thadint
on the Ansys

Design Explorer was involved in order to optimize
the geometry.

The fluid domain was divided in two: the fluid
domain which is surrounding the afterbody having th
relative velocity on Oz axis of 7 m/s and the Pilgpe
fluid domain with CFX option of “frozen Rotor” wher
the fluid is moving circularly around OZ axis wift20
RPM. In between these two domains interfaces were
established. The other boundary conditions weret,inl
outlet and openings as shown below:

Fig.1 CAD geometry with WED

In order to provide more details on the geometry of
starting model of the WED device and the optimazati
input parameters, the below figure is shown, with
dimensions in [mm]:

5.000

Fig. 3-Boudary Conditions

In order to make clear some important surfaces,

three control planes were defined as follows:

e Control plane number 1 (P1) placed at 1200
mm above the propeller axis and coplanar with
the two WED devices axis;

*  Control plane number 2 (P2) which is including
the propeller axis;

e Control plane number 3 (P3) placed at 1500
mm away from the propeller domain;

e Target Plane which is in fact one of the
propeller domain interfaces as below:

Taking into account the above defined control
. . planes as output parameters needing to be optimized
Fig.2 WED device geometry were defined as being the Average fluid velocitggiag
i ) i through the Target Plane (suspected to improve the
5 input geometric parameters were defined aspgpeller efficiency-the bigger the better) and the

follows: _ average pressure on the inside of the WED device
Table 1-Input geometric parameters (suspected to increase the drag-the smaller therpet
Lower | Upper Table 2. Output parameters
Name VP imit  limit
Angle . 14 22 Starting .
Pl (Minimize) Continuos [degree] | [degree] ID Parameter Name Value il
_ . o N
o E:r?gt;th Continuos| ; 409 2420 P6| VelocityTarget (maximize 14.769| m sh-1
(Minimize) [mm] | [mm] p-| PressureDuct 80874 | Pa
(minimize)
P3 Small radius Continuos| 1600 2250
(Minimize) [mm] [mm]
P4 Bigger cone radius | Continuos| 2250 2750 3. CFA SIMULATION AND OPTIMIZATION
(Minimize) [mm] [mm] RESULTS
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response surfaces of the project:

Na
me

o oA~ W N

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

Table 4.0utput calculated parameters for each desig

P1-
Angle
(deg)
18
14
22
18
18
18
18
18
18
18
18
16.867
19.133
16.867
19.133
16.867
19.133
16.867
19.133
16.867
19.133
16.867
19.133
16.867
19.133
16.867

19.133

Table 3-Design Points

P2 —
Duct

Length

(mm)

2200
2200
2200
1980
2420
2200
2200
2200
2200
2200
2200
2137.7
2137.7
2262.3
2262.3
2137.7
2137.7
2262.3
2262.3
2137.7
2137.7
2262.3
2262.3
2137.7
2137.7
2262.3
2262.3

P3 —
Small
radius
(mm)

1925
1925
1925
1925
1925
1600
2250
1925
1925
1925
1925
1832.9
1832.9
1832.9
1832.9
2017.1
2017.1
2017.1
2017.1
1832.9
1832.9
1832.9
1832.9
2017.1
2017.1
2017.1

2017.1

P4 —
Biggerr
adius
(mm)

2500
2500
2500
2500
2500
2500
2500
2250
2750
2500
2500
2429.2
2429.2
2429.2
2429.2
2429.2
2429.2
2429.2
2429.2
2570.8
2570.8
2570.8
2570.8
2570.8
2570.8
2570.8
2570.8

After reaching the convergence of the given stgrtin
models, and going through Design Explorer Modulg, 2
design points were calculated in order to define th

P5 —
Distance
from
propeller
(mm)

2000
2000
2000
2000
2000
2000
2000
2000
2000
1800
2200
2056.7
1943.3
1943.3
2056.7
1943.3
2056.7
2056.7
1943.3
1943.3
2056.7
2056.7
1943.3
2056.7
1943.3
1943.3
2056.7

e PE ety E7prsas

1 14.518 1.0123E+05
2 14.75 99999

3 14514 1.0294E+05
4 14.553 1.02E+05

5 14.482 1.0077E+05
6 14.527 1.033E+05
7 14.541 97174

8 14.561 97907

9 14.581 1.0307E+05
10 14.556 1.0094E+05
11 14571 1.0135E+05
12 14.65 1.015E+05
13 14.596 1.0155E+05
14 14.574 1.008E+05
15 14.543 1.0136E+05
16 14.6 98976

17 14.539 99788

18 14.563 98563

19 14.576 99455

20 14.595 1.0255E+05

21 14.553 1.0314E+05

22 14.547 1.0218E+05

23 14.514 1.0297E+05

24 14.588 98469

25 14.577 1.0143E+05

26 14.57 1.0046E+05

27 14.558 1.0152E+05

The software is automatically selecting the
maximum and minimum calculated values of output
parameters as below:

Table 5-Minimum and maximum output parameters

Minimum Maximum
value value
- i N
1)P6 VelocityTarget (m s 14.478 14.784
P7 - PressureDuct (Pa) 67648 1.4648E+05

By judging the above minimum and maximum
value of the pressure inside the duct, the diffeeeis 20
folds which is clearly making a difference betwesn
good and a poor design.

By setting the goals of maximization or

Taking each and every design points to be Minimization defined above for all the parametetsthe
calculated via CFA, the output parameters to be €nd of the optimization process three best canetsdatll

optimized are shown below:

points

be generated:
Table 6. The three best candidates



Constanta Maritime University Annals

Year XV, Vol.22

MNEYS

P7 - PressureDuct

Response Chart far P7 - PressureDuct
| i 1.045

1035
1025
1.015
1005
0.005
0.985
0.975
0.065

(= 10%)

- PressureDuct (107 [Pa]

P
o
o
o
1

T ooo7 -

K 7"
22 24 %

Fig.4 Duct Pressure-Duct Angle and Duct Length
Response Surface

From the above chart one may imply that the duct

Angle has a bigger influence than the Length ofdnet

over the Pressure inside the duct, which is somehow
line with a common sense hypothesis. The smaller th
angle is and the bigger the length is then the lsmtde
inside pressure will be.

e Duct Pressure-Duct Angle and Duct Small
Radius Response Surface

P4 —
P3 - Bigger
P1-Angle @ P2-Duct Small 99
; con
(degree) lenght (mm) | radius radius
(mm) (mm)
candi| L%, A Y *7
o ey HH .1 HH
Point 1 14.164 2049 2081.8& 2330.3
14 degree | 1050mm 2080mm | 2330mm
Candi| - + by b
date A A o 1 b &
Point 2 | 14.644 1997.4 2242.3 2282.3
Candi| , - - -
date R +rir W R
Point 3 | 15.284 1988.8 2028.3 2295.1
P5 -
Distance \F;glc;ci P7 -
from the ty Pressure
Target (m
propeler n Duct (Pa)
sh-1)
(mm)
\;I'\k = f
2159.4 *k "
2160mm 14.78 98351
- = +r
20054 14.756 94591
\;{'\;{' \.;_r -
2154.7 14.702 1.0633E+05

Here once again the Designer is called to make a
decision, we choose the first candidate havingetistars
to the most of the parameters.

In order to have an overall idea on the influente o
each and any input parameter has on the outpui
parameter, the sensitivity charts and responsexcesf
are the best aids for judgment. Since the possible
combinations are many, only few response surfaoes a
given below.

e Duct Pressure-Duct Angle and Duct Length
Response Surface

Response Chart for P7 - PressureDuct

&
L

11+

(x 109

[ed] (.0T¥) 32nQaunssaid - £d
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“
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18 \((\“‘
M
19, ol

2
% g
B, 20 2.1 qf
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Fig.5 Duct Pressure-Duct Angle and Duct Small Radi
Response surface

The pressure inside the duct will be smaller as the
angle is smaller and the small radius will be serall

* Velocity over the Target Surface-Duct Angle
and Duct Length Response Surface

The smaller the Duct angle (near 14 degrees) aed th
Length is, the bigger the velocity of the fluid ¢ime
target surface will be.
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Response Chart for P6 - VelocityTarget NSHS

A PG - VelocityTarget

[T-.s w] 38Bie | A100j3A - 9d

Fig.6 Duct Pressure-Duct Angle and Duct Small Radi
Response surface

In order to place all the influences on a single
chart, the sensitivity chart is used as below:

Local Sensitivity

PL-Unghi s

P2 - LungimeDuct —e
o P3 - RazaMica
T P - RazaMare e

5 —_—

0.1

Local Sensitivity

-0.2

—_— — Fig.8 The starting model and the optimized
Output Parameters model velocities

Fig.7 Sensitivity chart

e The influence of optimized parameters on

Finally if one wants to visualize the effect of the the pressure inside the duct
optimized input parameters, we can recalculate the
model with these new optimized parameters for
geometry resulting for the output parameters the
following figures:

¢« The influence of optimized parameters on
the velocity through the target surface

By analyzing the figures below, one may see that
the shape of the velocity fields on the upper zohthe
propeller is more extended, so that the optimizedion
is “pushing” more fluid on this zone.
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IGII :'I 1500 2080 {m) "L

'al\ ! 0.750 2280

Fig.9 The starting model and the optimized
model duct pressures

The starting model has a bigger (red colored)
pressure fields on the inside the duct whereas th
optimised version has smaller and placed at thétout
zone of the duct pressure fields, which is an iatibn
that the inside pressure and the drag is then @ihed
for the optimized version.

4. CONCLUSIONS

The wake equalizing duct (WED) is one of the most
commonly used energy saving devices for improvirg t

propulsion performance of a ship; and reducing the
resistance

propeller-excited vibrations and viscous
forces.

In this paperwork a given geometry of a WED device
taken and via Design Optimization the geometryhef t
duct was refined so that better results are actiewth a
smaller and more compact WED consideribyict
Pressure Angle, Length and Radiusin doing so, the
Designer is assisted by numeric optimization meshtod

60

e

choose from only three final candidates instead of
several thousands in order to provide the bestdfitt
WED geometry for a given ship afterbody.
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AN EXPERIENCE IN REFRIGERATION CALCULATION CARRIED OUT BY FUTURE
MARINE ENGINEERSIN CMU

MEMET FEIZA
Constanta Maritime University, Romania
ABSTRACT

An important educational outcome of the Undergréel&udies Programme belonging to Naval Electrozeicis
Faculty in Constanta Maritime University (CMU) iset ability to design a component or a system sjgeftif marine
technologies. In CMU, students are introduced iftigeration technology due to the discipline ertitl“Marine
Refrigeration Plants”, which they take in tH& semester of their higher education.

This paper highlights the manner in which our stigl@re achieving competencies in evaluating thfopeance
of vapor compression systems in terms of CoeffioidéiPerformance (COP).

Such kind of experience enables the understandinigasic concepts and principles which rule thisetyqf
technology

Keywords: marine engineering, refrigeration, competencies, students.

1. INTRODUCTION This discipline is in accordance with competence A-
n/1-4.1
An engineering curriculum is successful if it Basic construction and operation principles of

ensures engineering design skills gained during itsmachinery systems and with Appendix 3 from STW,

undergraduate engineering programs (Abu-Mulaweh, AIIMO Model Course 7.04 — Marine Engineering at

Arfaj, 2012). Operational Level.

The curricula specific for Naval Electromechanics It is also in accordance with the number of hours
Faculty in Constanta Maritime University (CMU) aims requested by IMO Model 7.02 — Marine Engineering at
to offer to its students a proper framework able to Managerial Level Competence, A-llI/2-7.02 (Mitu,
develop their self confidence, to gain specific 2014).
competencies and to assess the level of their adjol

As an important provider of services to the shigpin
sector, CMU has generated its study programmes
according to STW and national authorities requinatsie
under IMO Model Courses for Navigation and Marine
Engine specialisations (Stan, 2011).

Educational outcomes of a Marine Engineering
curriculum might be summarised as (Deng et al, 2003
» the student will acquire requested competencies in

fundamental education in fields of mechanical

engineering applied in marine technologies;

» the student will be able to prove its competeniies
experimental testing, error analysis, data
acquisition, laboratory safety, instrumentation and
report conceive;

e the student will show computer competency in
solving different engineering problems.

positions

Competence

of
employee

Aptitude for continous
learning, development
and change

Our future graduates should have a strong
theoretical and practical background which will gap Figure 1 Competencies gained by a professional in
their professional carrier in Marine Engineeringl amill Marine Engineering throught education
generate motivation for future professional deveiept.

Competencies that an employee in Marine
Engineering sector should demonstrate can be aepict This paper deals with the manner in which students
in Figure 1 (Williams, Mui Hua, 1999). in CMU are familiarised with calculation experience

Curricula in Constanta Maritime University specific for vapour compression refrigeration psant
contains the course entitled “Marine Refrigeration more specific with the determination of Coefficienit
Plants”, which is delivered for students enrolled i Performance (COP).

Undergraduate Studies Programme, Naval
Electromechanics Faculty, year 1V, during one seeres
the seventh, for 47 hours.
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evaluation of COP for a given vapour compression
2. MATERIALSAND METHODS refrigeration cycle.
A simple vapour compression refrigeration systems
Teaching syllabus of the discipline called Marine contains the elements seen in Figure 3.
Refrigeration Plants replies to a plan able to atve
outcomes, as seen in Figure 2 (Terry et al, 2002).
The following deals with an example of marine
refrigeration design experience, namely with the

Oteomes

Establis lonent of attboates ;

M understanding of principles of mfhgeration,
ability o solwe refrizeration proh lens, tobe
awrawe of safety and envircrmental isa1es,

2y -ability touse modem tools i refiigeraton

Establis liment of comnpetencies: in S taderts ermolled
accordance with S TW objectives : operation inMaval
¥ of 1ain engine and snciliany mackines and Electromecharics
Tpats assoclated conbiol svsterms Faculty, rear IV
L Contant update %

Improvement or generation of newr o | Instactomal
1t tachonal baimne actvibes training achvities

Enoarledze in marre refiigeration assess mert

R

k
Graduates
Figure 2 Outcomes of marine refrigeration education
Heat
Evacuated
.;6’/‘
\%\ g/ ; r
W/ Expansion . Work
R Compressor —
f%' Valve L Ompress Input
"\
y /A N Heat —
1 | /Absorbed
‘Evaporator

Figure 3 Simple vapor compression refrigerationeays
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The cycle starts when low pressure and temperature
vapours of refrigerant enter in the compressor wlae .
compressed, resulting high pressure and temperature
superheated vapours.

These vapours will be led into the condenser where
are turned into refrigerant liquid by evacuatingatho
the environment, during an isothermal-isobaric pssc

Resulted liquid presents
temperature and for this reason is directed inte th
expansion valve where its pressure is lowered ® th °
evaporation pressure, by keeping the enthalpy aahst

The refrigerant enters then into the evaporator
where it is turned into vapours at pressure and
temperature constant, by heat absorption. .

The refrigerant compressor is a thermal device that
needs energy input to increase the pressure éfeedint
vapours.

The condenser and the evaporator are two basic
heat exchangers in the refrigeration plant. Theysist *
of coils of pipe where refrigerant gives up itslat heat
to the surrounding (sea water) — in case of thelenser
and absorbs latent heat of vaporisation from thdiume
(air, water or brine) which should be cooled — @se& of
the evaporator.

The expansion valve might be met also under the
title of throttling valve or refrigerant control va.

A part of the refrigerant liquid evaporates as it
passes through the expansion valve, but the mosiga
vaporised in the evaporator of the system.

The mixture of the liquid and gas going out the
expansion valve is also known as “flash gas”.

Assumptions made for an ideal
compression cycle are as follows: .
» the main components of the system are designed as

open systems and work under steady—state, steady—

flow process; *
 heat exchangers are considered to be constant

pressure devices and irreversibilities are ignored

inside them;

 there are no changes in kinetic and potential
energies across devices;

e there are no frictional pressure drops;

» there are no heat losses to the surroundings;

e compression processes is at constant entropy.

vapour

3.

refrigerant mass flow:

m:&@)
q

high pressure and Where Q- cooling effect.

heat flow rate in the condenser:

Qc =mc (5)

power input to the compressor:

PK sz]K

Coefficient of Performance:

COP=

RESULTSAND DISCUSSION

Calculation is done in the case of a vapour
compression cycle working in the same conditions bu
using two different refrigerants: R134a and \bioth of

them often used in marine refrigeration.
Considered working conditions ar8efban et al,
~ 2012):

(6)

(@)

temperature in the cooling spacéC3
temperature of water at condenser inlef0
cooling effect: 100 kW.

Results of thermal calculus are presented in Table

cycle

Table 1. Results of thermal calculus of the refidgien

Cycle working

Cycle working

The equations of thermal calculus of the cycle are

given in the following:
» specific cooling effect:

do =hy—hy (1)

e specific work input:

Ik =hz—-hy (2)

» specific heat evacuated at the condenser:

dc =hy-h3 (3)

with R134a with NHz
Jo, kJ/kg 149,58 1100,33
Ik, kJ/kg 28,06 176,7
Jc, kJ/kg 177,64 1277,03
m, ka/s 0,67 0,09
Qc, kw 119,02 114,93
P, kW 18,80 15,90
cop 5,32 6,29

where h — enthalpy.
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From environmental protection point of view, using
NH; as a refrigerant is more profitable than using /i3
because it has null GWP (Global Warming Potential).

Table 1 offers the possibility to the students to
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AN ORIGINAL METHOD TO EVALUATE THE ELASTIC CONSTANT S OF THE
ELASTIC SUPPORTS USING THE METHOD OF INITIAL PARAME TERS

'OANTA M. EMIL, *AXINTE TIBERIU, *DASCALESCU ANCA-ELENA
L2Constanta Maritime University:Politehnica’ University of Bucharest, Romania
ABSTRACT

Elasticity of the supports is usually disregardgdh®e structural analysts, who want to create pkmmodel of a
given structural phenomenon. However, there artaicesituations when the accuracy of the resuligedds on the
consideration of the elastic supports. In the paperesented a method to consider the elasticastgn analytic
models. Thus, there is assumed a linear dependmtayeen a given reaction and the according dispiaog in this
way being possible to consider a spring directedathat given reaction. There is also interestingtudy the effect of
the elastic supports onto the calculus methodolegpd within the method of initial parameters whidfers laws of
variations of the displacement and of the rotatitong a straight bar. Beside these aspects, samee gtiestions still
remain regarding the methods used to evaluateldlséaity of the supports.

Keywords: Elastic supports, elastic constants, method oiahjtarameters, calculus methodology.

1. INTRODUCTION applications. To conclude, the method of initial
parameters was employed to create the algorithm of

Analytic models in structural mechanics are based some original software applications, but none afnth

on a set of so-called ‘classic’ hypotheses or apsioms. include the concept of ‘elastic support'.

These hypotheses were very useful in an age of The elastic supports may be identified in many

technological development, when the instrument structural models, being important to evaluate the

employed to perform the calculi was not very evdlve elasticity of the supports. Their use may offer enor

Some assumptions may be considered axioms, such aaccuracy of the model, together with a higher cexipy

the punctual application of the concentrated forcesof the algorithm. The solution to deal with the Heg

which, theoretically, may lead to an infinite catta complexity is to implement the according algorithm.

pressure, aspect which is disregarded. Another pbeam Consequently, the second direction is to create
concerns the small displacements hypothesis, whichsoftware instruments for the more complex and more
offers a simple theoretical set of relations, [@d [9]. accurate computer based models which consider the

However, beside their inherent lack of accuracye th elasticity of the supports. The rigid supports aften
hypotheses were very useful to create models of ofos mentioned as simplified versions of the elasticpsus,
the structural phenomena, models which lead to an[7]. However, there is no coherent theory which
important industrial progress. In the next sectiams systematically considers the elasticity of the sufgpin
presented aspects regarding the theoretical coatekt the deduction of the calculus analytical relations.

the elasticity of the supports. If the influence of the supports must be exgijcit
considered, there may be carried out experimeBis, [
2. THEORETICAL CONTEXT the results being used to calibrate the theoretiezdel,

[4], which therefore includes accurate models of th

The nowadays modern computation instruments elastic supports.
may be used in several directions in the analytical In this context, we investigate the influencettod
modelling field. elastic supports onto the theoretical aspectsatetised

One of the important directions is to automattze to deduce analytical relations. The next section is
calculus for certain, well defined models whichveoh dedicated to the definition of the simplest elastic
given problem. Regarding the calculus of the supports.
displacements, the method of initial parameters thas
best choice to calculate the laws of variation loé t 3. DEFINITION OF THE ELASTIC SUPPORTS
displacement and of the rotation along a straigtanin.
Several ideas regarding the most effective, geramdl Let us consider the types of supports for plane
parameterized algorithm to calculate the displac#sne problems presented in figure 1. As it can be ndtiée
were studied [5]. Finally, the algorithm was the upper area of the figure there are the elasfiports
implemented in an original software application and in the lower part there are their simplifiedjict
consisting of more than 11000 computer code lifds, versions. In order to have a relative simple madehe
It is important to notice that once a model is elastic supports, we consider a linear dependency
implemented, the resulting parameterized software between the elastic reaction, force or moment, thaed
solves completely that given problem. It is also given displacement or rotation. This linear functis
important that the resulting software to have ahhig graphically symbolized by a coil (helicoidal) spmrin
degree of connectability with other software positioned along the elastic force / moment. I3 thay,
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the elastic constant of the spring is actuallyefesticity ~ \where, byk there are denoted the elastic constants of

of the support along that given direction. the support.

The relations between the general elastic reastion As it can be noticed, for the rigid supports the
(forces or moments) and the according displacements according displacements are zero. In this case the
rotations are: elasticity of the supports is disregarded.

H, :ku My, (M, =k¢ ingi There ar.e.several approaches regarding_the way
X how the elasticity of the supports may be considiéne

Voi =k, iy My =k, @y~ (1) the subsequent calculi.

Vo =k ity | My =K, 95,

@ @
gf s M D— . —

W 7 H=k, ;-Uy;
H=Kk, .-U,: i Ui “Xi
V'=kuz,-uz, 1 UX: X i ‘/'=ku ‘,uZ'
Vi=ky,;-Uz; z
Mi:kqg,i"f’w
@ 0]
Uy ;=0 =>H;=? Uy ;=0 =>H;=?
U, . =0 = V. =? Xi i
2%0 ’ Uz ;=0 =>V;=? Uz =0 = V;=?
Pyi=0 =M;=?
H,'=0,M,'=0 M’.=

Figure 1 — Definition of the elastic supports féane problems

For most of the physical bodies, the elastic displaced shape of the structure. The third ordérutus
displacements are small. Therefore, the solidsddduy disregards the small displacements hypothesisthall
external forces have small changes of theirs shapes displacements being considered large, and thec stati
hypothesis is known as the initial dimensions equilibrium equations are set for the displacedestd
preservation assumption. According to this hypdthes the structure.
the static equilibrium relationships may be set by As it can be noticed in figure 1, by considerthg
considering the initial non-displaced shape of the elasticity of the supports it is possible to use second
structure, when the points in which the externatds order calculus or the third order calculus if alpeon
are located are not displaced. The calculus whichrequires this type of approach.
considers the non-displaced structure is desigregdtie The following study is focused on the method of
first order calculus. The second order calculugsakto initial parameters, widely used for the calculustioé
account the small displacements hypothesis, and thealisplacements.
static equilibrium relations may be set by consitgthe

F, M, P R

’ (D [ RRARRRARCINA RN f)
@ DO 0 5 (®)

CLgp | Loz | Lsg | Lgg | !

= Lan Lan L ) L ) L

Figure 2 — Calculus scheme of the method of inisglameters for an elastic built-in support

4. THE METHOD OF INITIAL PARAMETERS noticed, in section no. 1, we have an elastic built
AND THE ELASTIC SUPPORTS ISSUE support. In order to write the laws of variation tbe
shear force, bending moment, rotation and of the
Let us consider the theoretical model presented indisplacement we use Heaviside’s function
figure 2, [1] pg. 151-157, [2] pg. 398. As it cae b
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0, X< X,
1

H&—XJ: +§, X=X, 0x; (2)
1 X>X;

which is represented in the following figure.

| HEX)

A B

=5 X
| XX

Figure 3 — Heaviside’s function

We denote theX; coordinate of each section as:

6
X =2 Ly (3)
i=2
The law of variation of the shear force is:
TZ(X)=V1[H (X)+ (_ Fz)[H(X_ X2)+
+(_ p)[ﬂX—X4)|:H(X—X4)+ (4)

+ p[ﬂX—XS)EH(X—XS)
The law of variation of the bending moment is:
M, (x)= M, [H(x)+V, [x[H(x)+
+(_ Fz)[ﬂx_xz)DH(X_Xz)"'
+M,H (X_ X3)+

®)

) )

2
2
X—X
+p el -
The differential equation of the neutral fiber is:

(E0,) 2 =(0,) 2 =M, (0.0

After the integration, it results the law of vdia
of the rotation:

E0)FEN = (E0,)p (=

integration
consant

(ED,)0%,, MH(x)-M, XMH(x)-

2 VY
_V1%EH(X)+F2 X XZ) EH(X_XZ)_- (7)
—Ms[ﬂX—X3)EH(X—X3)+
3
+p X~ x,) H(x-x,)-

6
—pE{X_TXS)SEH(X—Xs)

Integrating the previous equation, it results léng
of variation of the displacement:
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integration
constat

(E0,)m,(0 =(ED,)0U, H(x)+

integration
constat

+(ED,)08,. D(EH(X)—MlE%ZEH(x)—

3 RV !
—VlE%EH(x)+F2 X 6X2) H(x-x,)-. (®

X=X, )

_Ma |:H(X_X3)+
4
X=X
tp 244) |:H(X_X4)_
4
X_
-p 2:5) l:H(X_Xs)

The unknowns of the problem atg,,, @, ,, V,,

M, , being necessary 4 equations to create a compatibl

and determinate system of equations.
We consider the following boundary conditions:

a) at the rightmost end of the beam, f&r= X, the
shear force is:

T, (Xe) =F: )

b) at the rightmost end of the beam, the bendingnerd
is:

M, (%) = M; (10)

c) at the leftmost end of the beam, if there wobéda
built-in support, the vertical displacement will kero,

i.e. Uy (X = O) =0. In our case the displacement cannot

be set to a given value. However, for an elastitt-bu

support, relations (1) are connecting the displaremto

the internal forces and moments. The accordingioala
is:

Vy = kuzl (W, ,;
whereV, ; =V, may be deduced using relation (9), i.e.
V1=F2+p[ﬂxs_x4)+|:6; (12)

d) at the leftmost end of the beam, if there woodda
built-in  support, the rotation will be zero, i.e.

¢Y(X=O)=O. For an elastic built-in support the
according relation is:

My = k¢y1 [Py ;
where M, ; may be deduced using relation (10), i.e.

Ml :_Vl D(6+ Fz [(XG_XZ)_M3+

p .
+E[(X5 _X4)|:QZD(6 X5~ X4)+ Me
So, it results that if we know the elastic conttanf

the built-in support,k, ; and k, ,, we are able to

(11)

(13)

(14)

calculate the initial displacement using relatidéd)(and
the initial rotation using relation (13).

It is interesting to evaluate the method to sahis
problem if we do not know the elastic constantsisTh
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means that we have two more unknowdﬁJkl and (16) we calculateU,, and ¢, ,. So far, using this

In this way we need some additional information information there may be deduced the laws of \ianat

K, ..
ol : _ of the shear force, of the bending moment, of ttation
which may be offered by some experimental studies. — onq of the displacements. However, if the loads are

us suppose that we are able to measure the verticghgifying their values, new experimental measurésien
displacements in sections 2 and 3. This meanswibat _ .
of the U,, and U, displacements are required. In

have the equations

integration order to avoid this situation it is easier to ctdtel the
—— elastic constants of the built-in support usingtiehs
uzz=(EDY)mz(Xz)=(EDY)Du21 + (11) and (13).

N (15)
integration
constat

Calculus of the elastic constanlg, ;, and K; ,
—— 2 3
+(EDY)D¢Y1 D(Z_Ml%_vl%

using the results of an experimental study may be
considered the calibration of the model. It is iagting

integration to relate the number of displacements measured
constat experimentally to the elastic supports of a strectu
uza:(Euv)mz(xs):(EDY)Duu +

5. CASE STUDY — A STATICALLY
INDETERMINATE SYSTEM

integration
constat

—— 2 3

+(EDY)D¢Y1 D(a_MlEﬁ_VlEﬁ"" (16) . . . !
2 6 Let us consider the case of a statically indeteatei
system, figure 4. The system has an elastic huilt-i
support at its leftmost end and an elastic simpfgpert
along its length. We must conceive the optimal méth
to solve the problem, i.e. if there are necessddjtianal
In this way we are able to add two more relations jnformation and what the information consist of.

for the additional unknownsl,(uzl and k¢Y1- Thus, we We shall not follow the solving pattern presented
for the previous case study, which offers the mimm
amount of information, relevant for the method bé t
initial parameters in the context of the elastipmrts.
For now, we shall simply follow the balance unknawn
vs. equations in order to establish the best sgjyate
solve this type of problem.

X3 7% )3

+F B

obtain a compatible and determinate system of
equations. In this particular case we notice thahq
conditions (9) and (10), we deduce the unknown

reactionsV, and M, . Then, using relations (15) and

F

o

F,

3

M;
P

5

Li2

@

\

Loz |

5 g 5
bz
Lsqa |

|

Lys

F 3

-

Ll

F
r

-

Figure 4 — Case study: statically indeterminatéesyswhich uses elastic supports

The law of variation of the shear force, similar t
relation (4), includes the following unknown¥; and

V,. The law of variation of the bending moment, samil

to relation (5), uses the unknowng, V, and M,.

After the first integration of the neutral fiberweion, it
results the law of variation of the rotation, siilto

relation (7), which uses the following unknown¥;,

V,, M; and @,,. Next, integrating this equation it

results the law of variation of the displacementiolth
uses the following unknowns?;, V,, M,, ¢,, and

U,,. To conclude, there are 5 unknowns and we must

68

identify 5 equations in order to create a compatahd
determinate system of equations.

First two equations are taking into account the
boundary conditions in the rightmost end, simitar(®)

and (10), ie. T, (X5)= F. and MY(X5)= M.
Because we have a statically indeterminate system,
unknownsV,, V, and M; cannot be calculated using

the aforementioned two relations.

In order to match the number of equations to the
number of unknowns, we conclude that there aré¢ stil
needed 3 equations. These equations must be colberen
the type of unknowns, i.e. there cannot be equstion
regarding only the reactions (forces and momerte T
upmost level which takes into account all the unin®
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regards the displacements. Moreover, there are @ymm displaced displaced
experimental instruments for the measurement of the shape ® shape
displacements. In this way, if we are able to _niial Zsr’"i{ﬁﬁa!_
experimentally measure the displacements in 3rdisti ~ direction ) direction
points along the beam, it results that the systdm o tangent io the X k
equations is compatible and determinate. right side of __ k| tangent to the
the pinned connection _left side of the
6. METHODOLOGICAL ASPECTS pinned connection
Let us suppose that the elastic constants of theFigure 5 — Variation of the rotation (slope) iniaternal
supports are unknown. pinned connection
For the problem presented in figure 2 there a@ tw
elastic constants, therefore are required two Let us analyze relation (1). We identify three

displacements experimentally measured. For thelpmob  classes of information: forces and moments, geizexl
presented in figure 4 there are three elastic entsand ~ displacements in the elastic supports and the ielast
consequently three displacements resulted fromconstants. This means we have 18 nodal parameters.
experimental studies are required. Beside these parameters, according to figure te thee

A first conclusion is that for each elastic consta certain displacements supposed to be nil. The géner
which is unknown, there is required a displacenmmt ~ aspect of the aforementioned remark is that the
that given direction. For instance, we have théofahg displacements may have a given value, nil or nen-ze
distinct classes of unknowns for which there aguied ~ for some given constraints (given values of the

distinct experimental measurements of the accordingdisplacements in some certain points). This means
displacements: another 6 nodal parameters. Moreover, if in a eaciie

. . — have a concentrated moment, or a concentrated, fihee
1. U, , axial loads for whichH,, . = T : ; ' s ' ;
X X k“X' X value on the right side of the section must taki® in

2. @, torsion for whichM, , = k¢ Py account the sudden variation of the shear forcef ¢ine

. _ X bending moment, produced by the these concentrated
3. Uy , flexure for whichV, ; _kuYi [ ;5 loads. Same situation occurs when we deal with an
4. U, , flexure for whichV, ; = kuzi [, internal pinned connection, for which the slope tba

. ) right side is different with respect to the slopetbe left
Once the according systems of equations areside, case presented in figure 5, [1] pg. 156 pgp]400.
compatible and determinate, the problem of the This means that the sudden variation of the ratatiay
displacements is completely solved. The next sitsde  pe also identified as a nodal parameter, which beagn
calculate the elastic constants, using relatiops (1 unknown in the first stage of the solving proceBse
At this point, we are allowed to suppose that the only notion which may not have a sudden variatiothe
elastic constants of the supports are known, s@ave  displacement, this means that the beam is notliapse,
solve similar problems for other values of the Bad gg we have the continuity of the topmost variabte the
(external distributed force, forces and momentdle T displacements. This means we have additional 4Inoda

subsequent variants of models do not require parameters. So far, we were able to count 28 nodal
experimental measurements once the elastic cosstantparameters, to say nothing about the geometrical

are known. . S . coordinates which identify the node, the flag paeters
Starting from this theory we identify the follovgn  and the data used to connect the adjacent nodes.
method: we create a parameterized general modhl wit To conclude this section regarding the nodal

various forces and with elastic supports. We comcei parameters, we state that a computer based model ma
and run experimental studies in order to measurepe rationally and optimally designed if an abstraata
displacements which allow us to define compatiid a type is conceived, based on the aspects previously
determinate systems of equations which, once they a presented. Moreover, this concept regarding the
solved, we calculate the elastic constants of tipparts. allocation of some significant information to a v

All the following low-complexity models, for which  node may lead to a meta-level of understandinchén t

some of the external loads may be nil, are solvieldowt  gesign of the computer based models in engineering.
the use of the experimental studies. In this wag,ane

able to create a coherent and accurate analytiehode 7. CONCLUSIONS

real structural phenomenon, based on the firstrorde

calculus. However, a higher order calculus approach The paper is an endeavor to identify general

must take into account our theory and our method patterns in computer based models in engineering.

previously presented. A major aspect concerns the elastic supports,

Another interesting aspect regards the signifieanc widely used in the real life, their elasticity bgin

of the ‘node’ related data._For_ instance, eachi@edh disregarded by the hypotheses on which are based th

the problems presented in figures 2 and 4 may besp-called ‘classic’ theories. By considering thewe

identified and classified in several classes. have more accurate mode|S. The paper Offers a
methodology to solve problems and to design arcalti
models based on the use of the elastic supports.
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A second aspect regards the parameters which may[2] KUMBETLIAN, G. Rezistenta materialelowol. 2,
be assigned to a node which belongs either to anCentrul de multiplicare al Institutului de Marinavila

analytical model, or to a numerical model (whichyrba
based on either the finite element method, or thigef
difference method). This is a long run concern lad t
author and a general solution regarding a genesifact
data type would be very useful for the easily desigd
development of computer based models in engineering

Constanta, Constanta, 1992.

[3] OANTA, E.; TARAZA. D. Experimental
Investigation of the Strains and Stresses in thin@gr
Block of a Marine Diesel Enginé®aper SAE 2000-01-
0521,2000 SAE International Congress and Exposition,
Detroit, Michigan, March 6-9, 2000, ISSN 0148-7191.

The elastic supports issue is a very interesting[4] OANTA, E. PhD Thesis: FEM Study of the Stresses

problem and additional solutions may be imaginddgis
both the theoretical aspects and the experimenidies.
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AN ORIGINAL METHOD TO MEASURE THE ELASTICITY OF THE SUPPORTS
USING A SHOCK LOADING AND THE STRAIN GAGE TECHNOLOGY

'OANTA M. EMIL, *AXINTE TIBERIU, ® DASCALESCU ANCA-ELENA
L2Constanta Maritime University:Politehnica’ University of Bucharest, Romania
ABSTRACT

The accuracy of the analytical models of the stmatphenomena may be improved if some of the sipipd
hypotheses are disregarded, being replaced withe reophisticated and more precise approaches. snwhy, the
elastic supports which may be found in all the @anomena were modelled as rigid supports. If vaatvio use
elastic supports in our models, which may be themaky defined as coil (helicoidal) springs, we shwconceive
experimental methods to measure their elastic aatst The paper presents an original method to unedke elastic
constant of a support using a shock loading whéfeete are measured using the strain gage techyologhis way,
there is measured the elastic displacement of lf#ti@ support under various loads, the ratio betwie reaction and
the displacement being the elastic constant ofghan support. Beside this information, there rhayalso evaluated
the damping effects due to the elastic support. fikeéhod may be tested in laboratory conditionshdpeible to be
generalized for real, field conditions, if necegsar

Keywords:. Elastic supports, elastic constants, strain gaght®logy, damping factor.

1. INTRODUCTION based on the strain gage technology, which is &ble
record maximum values of the dynamic strains, [2],

Analytical models are usually based on a set ofand [4]. In these experimental studies there weare n

assumptions provided by the so called ‘classicbitie considered elastic supports of the structure stdgjeto

These simplifying hypotheses are useful for the shock loading. The statical loads were not considler

modelling of many real phenomena where the accuracythe experimental study being carried out simply tfoe

is not a special issue. For these simple caseesttdere  verification of the stresses produced by the dyoami

is not required an advanced instrument to perfdien t loading and it was not followed by the creation af

calculi, such as an original or a commercial sofewa theoretical model (analytical or numerical).

application. However, there are cases when more A case study when the influence of the elastic

accurate results are necessary, so new approaches asupports onto the state of strains and stressetiped

needed. by variable loads is given in [6], the experimersaldy
Regarding the structural studies, the elastipstp being presented in [5].
considered within a model may improve the accuiacy As it can be noticed in figure 1, several typés o

the results. The main problem regards the measuiteme boundary conditions and models of the elastic suppo
of the elastic constants of the supports, theakyic were tested. Each model is producing a given sifte

defined as coil (helicoidal) springs. strains which is variable in time according to the
periodical loads produced into the internal comioust

2. PREVIOUSEXPERIMENTAL WORK engine, (ICE).

REGARDING THE SHOCK / DYNAMIC In order to calibrate the finite element modettod

LOADINGS block of cylinders belonging to the ICE, experinant

studies were carried out in order to have the tiarieof
There are many practical situations when shockthe strains in points R1 and R5 in several steddte s
loadings are produced: crash loads, explosionsagfia conditions of the ICE.
weapon, impact and others. There was studied the best match between the
Shock loadings are producing an overload results of the theoretical model and of the expental
expressed by the shock load multiplying factor, ahi  studies, being analysed millions of values produbed

according to [1] pg. 414, it may be defined as the experimental measurement, for various steaakg st
O ¢hock loadin condit_ions of the ICE.
l//:—g (2) Finally, there were selected the models of the
O statical loading supports whose influence was very similar to the

By default, the effects of the shock loadings are influence of the real supports, in this way theotiedical

considered to be in the linear-elastic range ofsthess- ~ Model being calibrated. , _
strain diagram of the material. A description of the hybrid model conceived for

For complex loadings and complex calculus this study and of the subsequent studies is gine]i

domains it is difficult to create theoretical (aytidal and ~ together with directions to be followed in the
numerical) models of the shock loading phenomeaa, s development of the interfaces necessary to design a

there are very useful experimental studies, moshefn ~ actual hybrid model.
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Figure 1 — FEM tests regarding the elasticity ef sipports of an internal combustion engine

Gear System

Figure 2 — Experimental study regarding the
internal combustion engine in running conditions

3. SETUPOF THE EXPERIMENT

Let us consider a theoretical case study, the
experimental setup being presented in figure 3it Aan

be noticed, an object of masg falls from heightH in

the midsection of a beam. The bar has a pinnedostipp
at its left end and a simple support on its rigid.dn the

left drawing the supports are rigid, meanwhile e t
right drawing the supports are elastic. The elastic
supports are drawn as coil (helicoidal) springsirth
elastic constant being the unknowns of our studye T
beam has a rectangular cross section of helyhand

width b. The according geometrical characteristics of
the cross section are:
_bm® ., b
== W, = (1)
12 6
The force applied in static conditions is the ginti
of the object which falls:
F =mlg ).

The reactions produced by this static force are:

I Y ! Y
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strairthe adjacent area of the supports of an

L
V=V, =F s =P
I‘13 + L35 2

At distance @ with respect to the supports, in
sections 2 and 4, we bond td,, R,, R; and R,

strain gages, which are installed in a full-bridge
arrangement. The grid of the strain gages is alkheg
length of the beam, i.e. along the principal digat.

In sections 2 and 4 the bending moment produced
by force F is:

My, =M,,=V,a=(m@)E. @
The maximum normal stress on the topmost and

bottommost surfaces of the beam, on which therstrai
gages are bonded, is:

®)

(5).

In this way we have a connection between the
strains which are measured in sections 2 and 4ttand
mass of the object which falls.
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Relations (1) +(5) may be used for the both typles  supports, rigid and elastic.

=+ m N m
I I
o R | |® ® R 0@
> R|® R,|E
i © 2
* L 4

MY _SMY+8ﬂe_r_ I .

—=R2Ry Wy
compressed fiber

AD @, extended fiber
T T
EMY.I.EQ'B'_ R1 ] R3

N

Figure 4 — Strains which are measured by [Riestrain gages and their locations in the Wheatstwitge

4. CALCULUS RELATIONS The stress in this section for a full bridge
arrangement is

Let us consider only thd}, and R, strain gages, oM = V,la _ EDSWB @®)
located in section 2. Both strain gages are maaguhie 2 b [h? 4
mechanical strain given by the mechanical load thed
apparent strain given by the temperature variadianmng 6
the experiment, which is considered a parasitieotff The reaction is
The strain gages are located in adjacent sidéseof b [h?
Wheatstone bridge, so their effects are subtraotesl V, =Ell——— |&5- (9)
from the other. The according output signal of the 24(&
Wheatstone bridge, denotetj; is: The shock load multiplying factor for rigid supf®
is

+ En = &y tE 2H

(+) R, vy ¥ Eno W =1+ 14— (10)

(-) Er, = ~&y, Téno U statice rigid

£ = £ +g£. = 20% The displacement in section 3 under a static foad
w8 TR My rigid supports is
2 2
It results that for a half-bridge arrangement the Us oo = 1 F DL13 (s _
strain measured by the Wheatstone bridge is Zs@icknad s 3rE ], L+ Ly
Ews = ZEMY : (6) (12)
For a full bridge arrangement we have If L =L, =L, itresults the relation
&g =4LE, . @
Y
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Fd

U statice. rigid 3 = m : (12)
Y

The shock load multiplying factor for elastic
supports is

2[H
welastic = 1 + 1 + (13)
uZ static& elastic3
Using the previous relation, we express
U qaticg elastics With respect taf,, ... and it results
u = 2IH (14)
Z static& elastic3 :
welastic |:&aelastic - 2)
The uZ static& elastic is
uZ static& elastic3 = uZ static& rigid 3 + uZ elasticsupportl * (15)

According to the definition of the shock load
multiplying factor
My

— M
02 elastic — welastic Ijj-2 sYtatic’ (16)
and it results
M
_ 02 eYIastic _ E Il’MY elastic __ EWBeIastic
elastic — M - - ' (17)
. ELf , & -
02 static My static WB static
The strain in static conditions is
M
_ 02 v _ MYZStatic _ Vl@-
Ewysate = TET T TRy T By,
Y Y
_ F & _ gWBstatic
gMY static 2[E W - 4 (18)
Y

In this case the output signal of the Wheatstone
bridge is

_2[Fla
gWBstatic - E N\/Y : (19)
From relation (17) it results
M
_ 02 eYIastic _ IleeIasticZ _ Vlelastic
elastic — M - - ’ (20)
Yo M ) V, ...
02 static Y static2 1static
whereV, ... is given by relation (3).

Moreover, using the previous relations we are abl
to calculate the damping effect, this is the régtween
the shock load multiplying factor for the rigid qquts
and the shock load multiplying factor for the elast

. wrigid
SUppOI’tS, l.e:
elastic
5. NUMERICAL EXAMPLE

We use the geometrical information given in setti
3 and in figure 3, together Withg siaic: Ews shockrigid

and By we mean

gWB shockelastic* gWB static

EWBstatia?Lrigid '
Using relation (19) and (2) it results the makthe
object,
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EIl
m= \M |-_‘E‘WBstatic '
20aly

For the shock loading, the shock load multiplying
factor is given by relation (17).

(21)

Figure 5 — Device which was initially designed to
measure the effects of a shock loading

Uy statics rigia 3 1S 9iven by relation (12) in which we
replace (2) and (21) and it results
L3

Uz statice rigid 3 = m Il’W (22)

B static *

Using (14) we calculatel; i clasics: and from
relation (15) it results

uZ elasticsupportl = uZ static& elastic3 uZ static& rigid 3 * (23)
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X AD AE AK AL AM AN AO AP AQ AR AS AT AU AV AW AX AY AZ BA BB BC
1 H  Eps_WB_stEps_WB_elaUz_elastic_sup V1_static  k
2 | mm e e N N/ mm
5 1 38 200 118E-01  0.81E+400 8.34E:01
6 2 38 276 1.06E-01  09.816+00 9.26E+01 |L.00E+02
7 3 38 326 1.08E-01  0.81E+400 9.12E:01
8 4 38 362 1.13E-01 9.81E+00 8.72E+01 |9.00E+01 ,—-—* i
9 s 38 374 131E-01  0.81E+400 7.46E+01 / \\ /\ AN /\ /'\ A7 Ne
10 6 38 439 1.10E-01 9.81E+00  8.93E+01 |g or .01 \./ / \’__‘\\/
u 7 38 443 1.26E-01  0.81E+400 7.78E+01 \/ v N ]
12 8 38 492 1.14E-01 9.81E+00 8.59E+01
13 9 38 503 12801 9.31F+00 801Es01 | OOHO!
14 10 38 552 1.11E-01 9.81E+00 8.84E+01
15| 11 38 537 130601  9.81E+00 7.56E+01 [6.00E+01
16 12 38 573 1.23E-01 9.81E+00 7.99E+01
17| 13 38 626 110E-01  9.81E+00 8.91E+01 |5.00E:01
18 14 38 610 1.25E-01 9.81E+00 7.83E+01
19 15 38 625 12801 9.8IE400 T.EOEOL |y oo o
20 16 38 634 132601 9.81E+00 7.41E+01
2 1 38 696 115E-01  0.81E+00 8.56E+01
2 18 38 706 118E-01  9.81E+00 8.326+01 |>00F01
23 19 38 725 118E-01  9.81E+00 8.33E:+01
2 20 38 732 121E01  9.81E+00 8.08E+01 |2.00E+01
25 21 38 779 112E-01  9.81E+00 8.78E+01
% 22 38 809 108E-01  9.81E+00 9.08E+01 |1 00E:01
27 23 38 817 1.11E-01  9.81E+00 8.86E+01
28 2 38 813 LI7E0L  9.81E400 8AOE4OL |o o o
29 1 2 3 4 5 & 7 8 9 1 U L 13 14 15 1 17 18 19 20 2 2 23 24
30 s 83.6467
AF AG AH Al Al AK AM AN AO AP AQ AR AS AT AU AV AW AX A
1 |Eps_WB_s Eps_WB_e csi_elastic UZ_static. m UZ_static_Uz_elastic_sV1 _ static k
2 ue ue mm kg mm mm N N/ mm
5 2 735 381  5.54E-04 0.10 9.14E-05 9.79E-12 4.92E-01
5 4 928 241 139603 0.20 1.82E-04 1.20E-03 9.81E-01 2.00E+01
7 6 1059 184 2.40E-03 0.30 2.73E-04 2.13E-03 1.47E+00 ' 4
8 8 1173 152 3.496-03 0.40 3.65E-04 3.13E-03 1.96E+00 /
9 10 1276 132 463603 050 4.57E-04 4.17E-03 2.46E+00 1.80E+01
10 12 1371 119 576E-03 0.60 547E-04 522E-03 2.94E+00 /
11 13 1466 109 6.85E-03 0.70 6.38E-04 6.22E-03 3.43E+00 /
12 15 1556 101 7.94E-03 0.80 7.28E-04 7.21E-03 3.92E+00 1.60E-01
13 17 1645 95 9.04E-03 0.90 8.21E-04 8.22E-03 4.42E+00 /
14| 19 1732 90 1.01E-02 1.00 9.13E-04 9.20E-03 4.91E+00 1.40E+01
15 21 1814 86 1.11E-02 1.10 1.00E-03 1.01E-02 5.39E+00
16 23 1899 82 1.21E-02 1.20 1.09E-03 1.10E-02 5.89E+00
17 25 1982 79 131602 1.30 1.196-03 1.19E-02 6.38E+00 1.208+01
18 27 2063 77 1.40E-02 1.40 1.28E-03 1.27E-02 6.87E+00
19 29 2145 74 1.49E-02 1.50 1.37E-03 1.36E-02 7.38E+00 1.00E+01
20 31 2224 72 1.58E-02 1.60 1.46E-03 1.44E-02 7.87E+00
21 33 2296 70 1.66E-02 1.70 1.55E-03 1.51E-02 8.32E+00
2| 35 2375 60 174602 1.80 1.646-03 158E-02 8.81E+00 8.008+00 g
23 37 2456 67 1.83E-02 1.0 1.73E-03 1.65E-02 9.33E+00 /
24| 38 2532 66 1.90E-02 2.00 1.82E-03 1.72E-02 9.80E+00 6.00E+00 /|
25| 40 2606 65 1.98E-02 2.10 1.91E-03 1.78E-02 1.03E+01 rd
26 42 2682 64 2.05E-02 2.20 2.00E-03 1.85E-02 1.08E+01
27| a4 2756 62 212602 2.30  2.09E-03 1.91E-02 1.13E+01 4.00E+00
28| 46 2833 61 219602 240 2.19E-03 1.98E-02 1.18E+01
29 48 2902 61 2.26E-02 2.49 2.27E-03 2.03E-02 1.22E+01 2.00E+00 /
30 50 2981 60 2.33E-02 2.60 2.37E-03 2.09E-02 1.28E+01 i
31 52 3049 59 239E-02 2.69 246E-03 2.14E-02 1.32E+01 /
32 54 3129 58 2.46E-02 2.80 2.56E-03 2.20E-02 1.38E+01 0.00E+00
0.00E:00 250E-03 5.00E-03 7.50E-03 100E-02 125E-02 150E-02 175E-02 200E-02 2.25E-02 250E-02 275602 3.00E-02
33 56 3198 57 2.52E-02 2.90 2.64E-03 2.26E-02 1.42E+01
34| 58 3271 57 2.58E-02 3.00 2.74E-03 2.31E-02 1.47E+01

Vl elastic = ‘/lelastic |N/l static = l//elastic

Figure 6 — Results of the calculi performed in eeagdsheet software

According to relation (20), it results

where M is given by relation (21).

Using the above relations, there may be conceived

2

mig

(24)

an algorithm which may be implemented, either by th

use of a programming language, or using a spreatishe

application.

The device which may be used to perform the

measurements is presented in figure 5. The stajeg

may be connected to a SYSTEM6000 data acquisition

equipment in order to have a data acquisition chEtiis

device was created as a practical application withi
university graduation project about 25 years ago ian
was conceived to measure only the effects of tleelsh

loadings, not the effects of the elastic supports.

By adding a layer of rubber under its supports, w
redesign the device to be able to measure thetedfec
the elastic constants of the supports.

75

The measurement based on this device must take
into account the following hypotheses (sources of
inaccuracy):

« the mass falls right in the midsection of the bar;

the heightH is precisely measured;

the sections 2 and 4 are precisely located at the

same distance@, with respect to the ends of the

bar;

the elastic constants of the both supports have the

same value (thickness, composition and elastic

behavior of the both layers of rubber);

« the strain gages are precisely aligned to the
principal directions.

Based on these sources of inaccuracy, there were
drawn conclusions regarding the redesign of sonns pa
of the device, the stages to be followed during the
experimental measurements and regarding the methods
to process the results.

Experimental data reduction may be done, eittver f
the same masdn, together with several heights;l ,
case presented in the upper part of figure 6, sdweral
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masses, this case being presented in the bottonpadst
of figure 6. In this case it was simulated an @&ason-
linear support. There was also simulated a cedagree
of randomness of the simulated experimental datés T
proves that our theory is able to generate a malcti
method to measure the elastic behavior of the stgmpo

Other calculi were also performed regarding the

maximum normal stress, to verify if they are in the
linear-elastic range of stresses and the dampifertef
due to the elastic supports.

6. CONCLUSIONS

developed in the framework of the scientific reshar
study ‘Development of computer assisted marine
structures’, Emil Oanta, Cornel Panait, Ghiorghe
Batrinca, Alexandru Pescaru, Alexandra Nita, Feiza
Memet, which is a component of the RoNoMar project,
2010.
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ANALYSISOF INTERVENTION METHODSIN CASE OF ACCIDENTAL POLLUTION
WITH OIL PRODUCTS

'PARASCHIV SPIRU’PARASCHIV LIZICA-SIMONA

L 2«pynarea de Jos” University of Galati, Romania

ABSTRACT

Combating the pollution with hydrocarbons inclugesventive methods but also intervention methods.

In present worldwide, are used five methods to aantbe pollution with hydrocarbons. Using eithertése
methods involve a number of factors such as: wedtmit conditions, technical features of interviemt equipment,
boundary conditions on the state of the pollutanst a number of advantages and disadvantages degeowlithe type

of method chosen.

Keywords: pollution incident, oil dispersion, marine equiprhen

1. INTRODUCTION

The magnitude of a pollution event is given by the
guantity of oil spilled or that are going to belkgul from
the sources presented before [1]. The method ustki
intervention is determined in first place by thevesity

of the pollution incident.

In this context according to OPRC
Convention/1990 were established the following leve
of severity based on the quantities that have bp#lied:

« Minor marine pollution (level 1) <7 tons;

« Average marine pollution (level 2) from 7 tons up

to 700 tons;

« Major marine pollution (level 3) more than 700
tons;

For each pollution level there is a method of

intervention as:

- for level 1 and level 2 exists local plans of agtio
with the involvement of the polluter or local
authorities;

« For level 2 pollution where local authorities are
outweighed by the situation and for level 3
pollution are activated the national structures
designated as law requires.

An analysis on the three levels of pollution
depending on the sources that caused it is negessar
make a hierarchy of pollution risk areas.

Although they are rare, in general context when
they appear, major pollution (more than 700 t) can
seriously affect the environment, economy, and the
health of population and social frame [3].

The number of accident involving oil spills bigger
than 700 t in the last 43 years indicates the fhat,
from 1970 until present, in oceans or seas waten the
whole world there have been spilled about 5, 73ianil
tons of oil products [2]. However, from this datg can
take a positive conclusion highlighted by the dasiieg
number of accidents worldwide, due to international
regulations that are applied by most countries hia t
world.

The data provided by international sources show
that, on global plan, the number of oil spills podd by
marine ships decreased by 60% in the last 25 yéhrs
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2. METHODSUSED IN CASE OF MARINE
POLLUTION WITH OIL PRODUCTS

In present there are known five
intervention techniques as follows:

- Natural degreasing;

- The transfer of goods in storage barges;

- Dispersion in the water body;

« The concentration and recovery of oil products

from the water surface;

« Setting the hole site on fire

The methods of recovery and control of the
pollutant are in general the first used [5]. Specif
equipment include a series of floating barriers tee
meant to stop the fast dispersion of the pollutant,
machinery and ships specially designed for thevego
of the pollutant (ex. Skimmers) and also naturatl an
synthetic absorbent materials.

There are also used special containers for transien
storage of pollutant.

types of

Figure 1 Dam limiter from Danube Eco 1 ship
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retain oil) and in the same time to be hydrophdtie
materials can’'t absorb water), and water-insoludtlea
rate of at least 70%.

From the point of view of their origins this
materials can be included in three base categories:
natural organic, inorganic natural and synthetic.

The natural organic materials can absorb a poftutan
guantity from 3 to 15 times their own weight, botrse
of them have the disadvantage that they absorb a
guantity of water which can result in more rapidkang
of them, which largely prevents their collection.

Chemical and biological methods are used along
with mechanical methods. There can be used some
substances that either disperse the pollutantsure its
agglutination. These methods are useful in thergiteo
prevent the pollution of coasts, lagoon areas, laueds
or other sensitive ecosystems. In the same area® s
biological agents that enable a more quick elinidmest
of pollutant.

Biological agents are either chemical compounds
that stimulate the activity of microorganisms ttastroy
the pollutant, or microorganisms that accelerate th
process of natural biodegradation. Bioremediation
technologies refer to dispersion actions of feits or
microorganisms (bacteria and fungi) in the polltitan
mass that increase the rate of natural decay fatkeo
pollutant.

Physical methods are mainly used for cleaning
coastal zones. The natural processes such as ioxidat
evaporation and biodegradation, may be charadterist
for the beginning of pollutant elimination procelsst
they are usually to slow to return to a normal estat
) ) i o environment.

Figure 3 Spray ramp for chemical dispersion in wate Physical methods involving removal of residual

volume waste, the use of some absorbent materials, waslihg
pressurized liquids and the removal of the affecteit
layer may accelerate the process of natural
decontamination.

3. MODELING THE MOVEMENT OF THE
POLLUTANT IN MARINE ENVIRONMENT

In the modelling of pollutant dispersion in the
marine environment we used GNOME (General NOAA
Operational Modelling Environment) modelling progra
[7].

Input data in the program are:

- Type and quantity of spilled pollutant

- Weather conditions

- The place and moment of the accident
Figure 4 Exercise with limitation dam from DanubeoE Data ob_talneq: .

1 ship - Dispersion vector of the spill '
- The surface affected by the spill
- Localization of the spill at a given moment
- An estimative path in time
-Front movement

Absorbent materials that are used are insoluble and
are able to recover the liquid pollutant either by
absorption or adsorption, or by both processes,tlagyl
are able to retain up to 50% of the pollutant. T®@ b

e . . The model was made for a 5000 ail spill with a
effective this materials need to be oleophile gable to P

wind speed of 10 m/s from NNE.
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Figure 9 Evolution of 5000 froil spill after 15 hours
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The experience earned from different intervention
el PR B AT P situations, shows that every pollution event isquej

and because of this it doesn’t exist a single ieffic

system that can cover all the situations that meguio

practically on sea and that being said, the bestitrean

be obtained only by combining the methods.
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DESIGNING A HYBRID WIND / PV POWER SYSTEM TO SUPPLY ELECTRICITY FOR
A PUBLIC BUILDING

PARASCHIV SPIRU
“Dunarea de Jos” University of Galati, Romania

ABSTRACT

The paper presents a procedure for sizing a hykyatem with which it will examine annual performanc
photovoltaic hybrid power system considering wiedewable resources available. The hybrid systernghaihcludes
PV panels, wind turbines, inverter and batteries heen designed to provide a building with enexaysumption of
319.7 kWh/day, given that renewable energy ressuofehe site are: solar radiation the 1700Wh //nd2y and an
average speed of wind of 3.43 m/s.

Keywords: wind energy, solar energy, hybrid system

1. INTRODUCTION Wind energy has already proven to be a very good
solution to the problem of global energy. Using

A hybrid power system consists usually of two or renewable resources is addressed not only produce
more renewable energy sources used together teaiser  energy, but the particular way of generating refdated
the efficiency of the system. model of development through decentralization sesirc

Renewable energy resources such as solar and windVind energy in particular is among the forms of
power alternative offers clean and economically renewable energy that lends itself to small-scale
competitive to conventional energy generation ieaar  applications.
where wind and solar radiation are available. According to experts in renewable energy a small

wind power and solar energy that used electric system that combines wind technology VWAth
independently as energy sources are less relialdeal  offers several advantages over the two systems
their random change, but by combining them to pcedu individually. In many locations, wind speed is ldw
electricity they complement each other by daily and summer, and the sun has the most power. Instead the
seasonal variation. wind is much stronger in winter, when the sun less |

By implementing systems that combine two energy power. Since the periods of maximum efficiency thoe
sources may become more reliable and could lea to two systems are different, a hybrid system can yed
lower cost system based on renewable potential. more energy when you need it.

Renewables do not produce emissions and benefits
the environment and combat local pollution. Thermai 2. THE BUILDING'S ELECTRICITY
objective of using renewable energy is to reduce CONSUMPTION
emissions of greenhouse gases.

The development of renewable energy sources as a  The PV and wind turbines generate electricity for
significant energy resource and clean is a majoball energy supply and excess energy is stored in kester
energy policy objective, in the context of sustdlea and used to power when the energy generated is not
development, aimed to increase the security ofggner enough. Battery charge controllers maintain battery
supply, protects the environment and the developwien voltage within specific voltage and eliminate theeo
commercially viable energy technologies. In therenr discharge regimes or overload. Inverters convertD
context characterized by an alarming increase ofpower generated in AC for AC consumers.

pollution caused by energy production from fossil§ Electricity will be produced by wind turbines in
is becoming increasingly important to reduce combination with photovoltaic panels to cover the
dependence on these fuels. consumption of the building as shown in Table 1.

Table 1 Electricity demand of the building

Consumers Power h/day | Quantity kWh/day kWh/month
[W] (20 working days)

Energy saving light bulb 15 8 100 12 360

Fluorescent light bulb 20 8 50 8 240

Refrigerator 1000 5 4 20 600

Vacuum cleaner 1500 2 1 3 90

Air conditioning 2000 5 9 90 2700

Printer 35 1 7 0,2 7,4

PC 350 8 65 182 5460

Total 5020 319,7 9592,35
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3. GEOGRAPHIC LOCATION OF THE
BUILDING ANALYZED

Figure 1 present the geographical location and
meteorological data required for photovoltaic hgbri
system design / wind.

a

9
HE
g
E
LefLe]Le

Lacul datelor meteorolagice Galati

Latitucine

Figure 2 Building Presentation analyzed

4. CHARACTERISTICS OF WIND SYSTEM

] directions N, NE of the building is not located @th

buildings with a height greater than it is showrFigure
3.

539

2,012

i ; The building is located in a favorable area in the
|
|

Figure 1 The geographical and meteorological data

Meteorological data presented in Figure 1 were
measured at a height of 10 m above the ground. Wind
speed at roof height is usually significantly higliean
wind speed measured at anemometer height for wind
system design wind speed values were recalculated f
the height of 25 m above the ground (height of the
building), which is the height of their installatio

Figure 3 Overview of the roof of the building

Surfaces that are placed wind turbines are oriented
as follows: one side is oriented north with a léngt 40
m, it will be located on 10 wind turbines AVX100Qet

The variation of the wind speed v, depending on the
second side is oriented east with a length of 20mthis
will by placed five wind turbines. In total 15 wind

height h:
a
Vo (N
vV turbines will be installed with a nominal power %
0 - wind speed at anemometer high, [m/s] KW. _ _ _ .
o - Characteristic coefficient of the locatiom, = The main features of this type of wind turbine are
0.25 shown in Table 3.

Table 2 Wind speed in the analyzed location Table 3 The main features of a wind turbine AVX1000

V[m/s]at 10 m| V[m/s] at 25 nj Characteristic value
January 5.7 7.1 Rated 1 kw
February 5.7 7.1 Generator starting speed 2.2m/s
March 5.7 71 Rated speed 6.5 m/s
April 6.2 7.7 Maximum wind speed 60 m/s
May 4.6 5.7 Protection for wind speed Automatic
June 4.6 5.7 Rotor diameter 1.83m
July 4.1 5.1 Blade number 5
August 4.6 5.7 Suport height 1.6m
September 4.6 5.7 Turbine weight 60 kg
October 4.6 5.7
November 5.1 6.4 5. WIND SYSTEM DESIGN
December 5.7 7.1

Choosing an appropriate model wind turbine is very
important. For a typical wind turbine charactedsti

82



Constanta Maritime University Annals Year XV, Vol.22

output power can be assumed so as to start geTgeti a,
startup speed.\generator output and the power increases
linearly with the increase of wind speegd wntil rated .\

wind speed v Rated power PR is produced when the ‘;f

wind speed varies from, ¥o wind speed at which wind ® ‘

turbines are closed for safety reasons. ,/\\ ///L/' /

The power produced by wind turbines can be ® yata ”
simulated as follows: . / .
D
P, G\;’_\:c/ (Vc < v< VR) Figure 5 Layout rows of photovoltaic modules
R c

P,={P, (V< v W)

(v<v, sau v y)

For small wind turbines, wind speed startup is
relatively smaller, and wind turbines can operaisilg
even when the wind speed is not very high.

The system must to provide the energy needed for 2
days even if we have no supply of energy from wind
turbines, solar panels or from the grid. Figure 6 The area available for placement of

Because the building is already equipped with photovoltaic panels
batteries needed they will be used for connectivigrs
hybrid system / wind. For the system to have a good  The relationship used to determine the distance

range it is composed of a number of 48 batterietymé between rows of collectors is:
Sunlight SVT1500 - 2V / 1500Ah, the 2x24

configuration and 2x batteries connected in s€@&24) L
connected in parallel (Figure 4). These batteriespart D= sin(5+ y) -

of a wide reliable for heavy duty applications. [Desd sm(d)
to support up to 1,200 cycles for a 100% dischabg,

can reach 4500 cycles for a discharge rate of 30%g. Where:

o . Declination of the sun
Lc - module height

o . inclination angle of the modules
Declination depends on the day and month of the
year and is calculated with Cooper’s formula:

0=——I[8in| 2L———

23.45 284tn
180 365

n - The number of days elapsed since the beginning
of the year

The inclination angle of PV panels is consideyed
30 ° for maximum seasonal operation thereof between
the months of April to September.

Figure 4 Group batteries

6. CHARACTERISTICS OF PHOTOVOLTAIC

SYSTEM D=3,101m

The building is located in a favorable area, in the The length available for placement of modules is
direction E, S, W is not placed other buildings hwit 18.4 m and the number of rows of PV modules will be

height greater than it, so the photovoltaic moduwiés SIX.

not be shaded all day. _The number of PV modules mounted on a single
row is:
N b = ﬂ =30
b
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Total number of PV panels to be installed: For the period from October to March is considered
as PV modules operate at a capacity of 0.1 for/ 8ldy
N, = N,[N,-2[20= 14C and wind turbines operating at rated power for/Sdhy.

Daily total power supplied by the hybrid systemidgr

October-March will be:
Selected PV module is USP 150, with maximum w

power of 150 W.

=R} By Bt NINTPT o) 7 7 o] KM 3
R'=R,/ + P, =215685kWh/z

Total power from the hybrid system during a yedr wi
be:

R.*" =78833,04kWh /ar

Figure 7 Overview of the hybrid wind / photovoltaic 7. RENEWABLE ENERGY DEFICIT
system
Renewable energy deficit Ed, is the difference
The maximum power output of PV system will be:  between the energy needed ER and energy collected
from wind and solar sources and delivered EP:
P, = N, IN,[P,.l#
p s m o 9 _
E,=E,-E,
P,, =18,95kW L
PV For the summer energy deficit will be:
Total power produced by the hybrid system

considering that wind turbines and PV modules dpera E, =319, 7kWh/day
at nominal power would be:

E,' =100,757%Wh /day

PR=R/*hRy
For the winter energy deficit will be:
P =33,952 kW E, =229, 7kWh/ day
For the period April to September is considered tha v _

the PV modules operate at rated power for 6 h [ dag E,y =14, 015kWh/day
wind turbines operate at a capacity of 0.65 for/&dhy.
Daily total power supplied by the hybrid system in The contribution of renewable energy provided by
April-September period will be: the hybrid wind / PV system is shown in Figure 8:

R—V :va'l' PP\/V

RY =R\ BT+ NINLRI 0 71 7 Kk o

Distribution of energy inputs in summer

Where:
n 100757 _ -
- “"W. Wind system capacity P [ National Grd[kW/day]
Mev _py system capacity 0
AL : ’
- 'W_ FEUNCTIONING duration of wind turbines B B Hybnd system[kW/day

- TPV FUNCTIONING life of the PV system

R =218,943 kWh /day
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Distribution of energy inputs in winter

14.015,
6%
B National eridfiowiday]
m Hybrid system{kWiday]
215.685,
94%

Figure 8 The contribution of renewable energy

8. GREENHOUSE GAS EMISSIONS
REDUCTIONS ANALYSIS

The net annual reduction of GHG emissions when

using the proposed hybrid wind / photovoltaic sysie
shown in Table 4:

Table 4 The net annual reduction of GHG emissions

Net emissions of GHG tCO
Monthly net emissions GHG tGO
Net annual emissions GHG tGO

7,194
86,331

Annual net reduction of GHG emissions

Reducing GHG emissions tCO2 in 29,557
summer

Reducing GHG emissions tCO2 in 25,067
winter

Reducing the gross annual GHG 54,624
emissions tCO2

Net annual GHG emissions tCO2 by | 31,706

integrating hybrid system

Gross annual reduction of GHG emissions tCOZ
equivalent to:

- 21956,4 Liters of petrol unused
- 112,32 Unused oil barrels

- 18,36 Tons of waste recycled

S

9. FINANCIAL ANALYSIS

For hybrid system wind / PV studied, the annual
cost of the system is composed of the annual dajuitt
Ca, Cr and annual
maintenance cost Cm. The annual cost of the system
be expressed in terms of four main componentscoisé
of PV modules, wind turbines, batteries and coringct
auxiliary equipment):

85

replacement cost of annual

C,=(C PV+ C,,DM C, OA¢ €[ He
C
+C, [1AQ +( G, [PV GIW GO Ae GO B
iy s

G ot
The costs of equipment used in this study, pregente
below are just estimates, following the final eaian
of the project to be implemented discounts dimemnsio
corresponding application.

The lifetime of the project is considered 25 years.
C, =7597,8Euro /an

The cost of electricity generated by the hybrid
system wind / PV is:

A

C

e an
>

0,09637Euro /kWr

4. CONCLUSIONS

The main advantage of wind energy is zero
emissions of pollutants and greenhouse gases, $edau
does not burn fuel.

Other advantages are that wind is a "fuel" free,
inexhaustible, abundant and independent of pdlitica
sensitivities. The turbines are installed quickhyl a&asily
and reliable with an availability of 98%. Howevénge
use of wind turbines has a number of disadvantages.

Initially, an important disadvantage of wind energy
production was rather high price of energy producti
and relatively low reliability of the turbines. Irecent
years, however, the production cost per unit oftelgty
fell sharply, reaching the figures of the order 8ehts
per kilowatt hour, improving the technical paramgtef
the turbine.

A practical disadvantage is the variation in wind
speed. Many places on Earth cannot produce enough
electricity using wind power, wind energy and tliere
not viable in any location.

By installing turbines on the parapet of the buityi
the manufacturer claims that the turbines will hased
speeds 15% higher, which results in 50% more energy
compared to capture wind turbines mounted on the
tower.
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SAVING ENERGY IN BUILDINGS THROUGH THERMAL INSULATION

PARASCHIV SPIRU
“Dunarea de Jos” University of Galati, Romania
ABSTRACT

This paper analyzes the impact of thermal insutatio heat demand of a house in the SE of Romaria. @
noticed that by insulating the exterior walls of thuilding can reduce heat flux transmitted throtigdm about 5 times
and therefore the total losses by exterior wallsual25-40% depending on the glazing surface obtliling and the
materials of walls are made.

Keywords: energy efficiency solutions, thermal insulationilding insulation

1. INTRODUCTION bathroom, a living room, a kitchen and a loungee Th
house was built for the needs of a family of fowith
Energy efficiency reduces energy consumption andthe area of 64.42 m
eliminates energy waste. Energy saving is the most Effective areas of the building on each camera are
effective and simplest way to reduce the consumptifo ~ presented in Table 1.
primary resources and reduce emissions of greeehous

gases. Consequences of emissions reduction by Table 1Surface house
decreasing energy consumption are: increasing air
quality, health and life. Area [nf] Height [m]
European Commission recommends new targets to
climate and energy policies: 40% reduction in Hall 12,5
greenhouse gas emissions by 2030 compared to 1990.
EU could save by 2020, 20% of current Bathroom 472
consumption, which means 20 billion per year.
In accordance with Directive 31/2010 / EU on the Kitchen 792
energy performance of buildings, they are respdas ' 2,6
40% of total energy consumption in the Eu_ropeamUnl Bedroom 1 9.01
Therefore, reducing energy consumption and use of
renewable energy in the buildings sector constitute
important measures needed to reduce the Uniontgyene Bedroom 2 119
dependency and greenhouse gas emissions. .
Living room 17,99
2. THECLIMATE IN GALATI COUNTY
Total area 64,42 [fh

The energy consumption of a building depends on
external and internal factors. External factors are

S ; : Galati is located in the eastern part of Romania,
climatic features of the site parameters: air tenajpee,

X . M oo . southern extremity of the Moldova plateau at 45°27
wind speed, sunshine, humidity. Designing buildiagel  orth |atitude, respectively 28°02' east longitude
afferent installations is based on statistical ager | jcated on the left bank of the Danube. coversraa af

values of climatic parameters for a specific peiddhe 241.5 km2, at the confluence of Siret (west) andt Pr
year (day, month, heating season) values obtairted f (east).

observation durations for decades. These values are

standardized conventional air temperature and wind, |NCREASING THE ENERGY EEFICIENCY

speed to sunlight, humidity and air temperature) et OF HOUSING BY THERMAL INSULATION
In this sense for a home located in Gialéhe

climate is temperate-continental, with an averagsual
temperature of 10°C, with a range between 0 ° C in
winter and -28°C, and in summer between 15C and
35°C. Due to its location in the city of Galavinds are
guite common from the N-NE and S-SE

The sealing elements of the buildings are roof and
exterior walls. They are made from opaque glazing
elements. Glass elements that provide naturalifight
assure much lower thermal protection than the opaqu
so their share in the entire closure assemblyrigdd to
what is necessary to ensure natural lighting.

To ensure an efficient thermal protection are used
insulating materials. The thickness of the insoti
material directly influences thermal protection.

The building is located in the city of Galali, iS |creasing the thickness reduce heat loss andréfuiuse
located at ground level and has two bedrooms, aihe heating power required and therefore fuel

3. THE STRUCTURE AND LOCATION OF
THE BUILDING
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consumption. At the same time, increasing the thérm hot air temperature t., =20°C
insulation leads to increased cost. Embodied en&rgy
the energy consumed as fuel or electricity to pecedu
mat_erlals used in that constructlon,_from raw makeo cold air temperature t . =—15°C
its finished form, and for transportation. f2

Also enhancing thermal protection construction is gnvection coefficient _ nt
necessary for reducing harmful emissions, in paldic a,=28W [t K
carbon dioxide, which emphasizes the global greesbio  Layer "1" - internal plaster: J, =20mm
effect and increase comforts.

convection coefficient a,=9W/ nt K

According to the norm [20], the thermal insulation /11 =0,988W /mK
of buildings aims: Layer "2" - concrete plate: 5. = 250 mm

e ensure proper thermal environments in enclosed 2
spaces; A, =151W /mK

* eliminating the risk of condensation on the inner | ayer "3" - plaster support: -
surface of building elements; 53 10mm

« avoid the accumulation of water in the structofe A, =0,988W /mK
the building elements as a result of condensatibn o Layer "4" - thermal 5 =50
water vapor in their structure; insulation: , =2Umm
* reducing energy consumption in operation. ' _
A, =0,04W /mK

There are a number of building blocks which must
be provided with a certain amount of insulatione3é  Layer "5" - plaster exterior: J, =20mm
are:

» elements that separates the external environment /15 =0,988W /mK
of the indoor environment, with different temperaty

« the internal bounding partitioning for closed spa The complex process of heat transfer can be broken
with operating temperatures that differ by morentba®>  down into simple processes:
C.
0cL:a'1[th1_tp1) 1)
5. THERMAL INSULATION OF PLANE WALL
Heterogeneous plane wall flanked by two known q, = tpl_tpz @)
temperature fluids: 2 o)
Consider a plane wall consists of "5" layers /T
perpendicular to the direction of heat flow bounded 1
t t, >t
known temperature fluids, tf1, and? EG f1 fz) . L R 3
£1C] %= )
t1=20. a1 1 A2 Aad4ds /12
B t .-t
— p3 p4
Ipl 7 q4 - T (4)
q -3
e X /13
tpé
oo to=-15 oz t . -t 5
L 1413 Os = : %) - ®)
% [m] Z4
. A,
81 82 B4 |B35
5 tp5 'tps
" - G =5 (6)
| 2
Figure 1 Insulated wall P
5
Initial data for calculation are: 4 =a; [thﬁ - 2) Y

Considering the condition of unidirectional heat
flow:
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©=%=G6=--=Gq

It is obtained:

t, -1,

tfl_tfz _
Ri+> R+ R

a'Z)
:k[qtfl_tfz

Unde:
k - - total heat transfer coefficient

q= =
+7

(8)
)[W/ ul

K= 1 51

1 > J 1 &1"'21:':%"'32

(Wi M K]

TA 4 ©)

Temperatures on the lateral and contact surfaces o ta=20. o

the wall:

(10)
Rizg Rz Re=3 Ry
I S Y
Re=y Ry Revg
q= t—t,
&1+2Ri+a2 (11)

Temperature on the lateral and contact surfaces of

the wall when insulation is mounted is calculated a

t, =t,~qR [°q

(12)
tp2 =tfl—qm&l+ Rl) e (13)
L=t -aIR+R+R)ICC o,

=, "qUR +* R+ R+ R) [ €5,

n =l AR +R+ R+ R+ R [° ¢

t, =t;, *qR, [°Q

(17)
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25
20— *17107M087 * * *
1(5) 17,58902607 1333764833
15,907 IJ.JO\ t fl
—_— 5 -
o 0 —a—t 2
5 4 o 4 o5 o0 L g \..— oo ——tp
tpt tp2 tp3 tp4 tpS tp6
10
P . . 1400542133
-13,78579828
20
x [m]

Figure 2 Variation of temperatures on lateral and
contact surfaces of the wall when insulation icethon
exterior

Determination of temperature on lateral and contact

surfaces of the wall in the case of un-insulated wa

t[°C

81 b2 O3

Figure 3 Un-insulated wall

Initial data for calculation are:

- The hot air temperature tf1 = 20°C and convection
coefficienta; = 9 W/nfK;
- Cold air temperature,t= -15°C and convection
coefficienta, = 28 W/nfK;

- Layer "1" - plaster interiord; = 20 mm and, =
0.988 W / mK;

- Layer "2" - concrete plat&, = 250 mm and., =
1.51 W/ mK;

- Layer "3" - plaster suppord; = 10 mm andy; =
0.988 W/ mK.

Temperature on the lateral and contact surfaces of
the un-insulated are:

t, =t, —aR [°Q (18)
t, =t, "qUR +R) [°Q (19)
t, =ty "qR +R+ R)[° ¢ (20)
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tp4 :tf2+q|:&z [°q

(21)

25
20 + + + +
15

10 —— 6,586856534
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Figure 4 Variation of temperatures on lateral and
contact surfaces of the wall un-insulated

102,1144449

21,69875729

Densitatea de flux termic

Perete izolat Perete neizolat

Figure 5 Variation of heat flux density for the lested
and un-insulated wall

After analysis, it can be seen that insulating the
external walls of the building will improve thermal
efficiency by reducing heat flux density and redgci
thus the amount of heat lost.

6. CONCLUSIONS

A properly installed insulation reduces heating and
cooling costs by reducing heat loss and gain tHidhg
building envelope.

Isolation of the house is the most effective way to
reduce energy bills and make your home a livingcepa

Insulation protects your home against cold in the
winter and excess heat in summer, and may everceedu
noise pollution. Most isolation techniques are ¢ega
and their cost is recovered in less than five years
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STRESS AND STRAIN ANALYSIS OF HEAVE PLATES

ISCURTU IONUT-CRISTIAN,?0ONCICA VALENTIN 3GARCIA DIAZ IGNACIO, “BABIUC
BOGDAN
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ABSTRACT

This paper presents the analysis of WindFloat'srbgaate using the finite elements method. It Wl draw a
cylinder with a hexagonal heave plate at one emgusizing technology of the WindFloat. Heave ptatee realised
according to the technical prospects of the desighlee stress and deformation analysis will usefihiée element
analysis software Solidworks for different heavat@lconfiguration.

With Solidworks, the analysis program, will shove thehaviour of the heave plate submerge in therwiaténg
heave motion. A comparative study between diffecanifigurations is presented.

Keywords: finite element method, Solidworks, heave plate gfloat.

1. INTRODUCTION hexagonal heaves plates that use a principle called

A floating wind turbine, like WindFloat, is an “added mass”, it creates a resistant area to the
offshore wind turbine added to a tri-column movements of water at the bottom of the structure.
semisubmersible in order to unlock high wind energy Damping force is generated by the vortex shedding
potential in water depths more than 60 m. at the thin edges of the heave plate, and theaeclsse

WindFloats are semisubmersibles structures relationship between the heave plate thicknessthed
designed to support turbine weight and environnienta damping force.
loadings according to sea characteristics. Thi® tgp
structure is designed and patentedHrinciple Power
These structures are developed to float in the faea
away of the coast (offshore) because the windfiése
areas are more consistent and stronger due tbfenee
of topographic features that disrupt wind flow. Rbis
reason it must be most stable as is possible imgud
stability elements to improve the dynamic stability
heave plates.

WindFloats consist in a tri-column triangular
semisubmersible platform with the wind turbine
positioned on one of the three columns or in thddhei
of the triangle depending on design. The triangular
platform is then “moored” using asymmetric moor[6g
system consisting of four lines, two of which are
connected to the column supporting the turbineyrégl.

To get the hull-trim the structure used a ballast
system, this system shift water between each oftites
columns. This permit to the platform maintain eeel
while producing the maximum amount of energy. Also,
the floating structure must provide enough buoyatacy
support the weight of the turbine and to restrdiohp
roll and heave motion within acceptable limits [6].

Figure 1 presents the main elements of a complet
floating wind turbine, whit the wind float equipp&dth
heave plates and the mooring system and the turbin
positioned on one of the three columns [1].

Turbine Lighting

Mooring System
and Anchors

——————— Heave Plates

Fig. 1 Floating wind turbine [2]

The research on the optimization of hydrodynamic
performance for heave plates is scarce. The shapeds
geometry are very important. Tao and Thiagarajan
(2003) investigated the hydrodynamics of a vertical

eheaving cylinder with a single disk attached to kiedl.

The effects of the geometry of the dick, such gmeis
Fatio (thickness / Diameter heave plate) and diamet
ratio (Diameter heave plate/ Diameter column), the
recommendation os a spar hull and disk geometry was
made to achieve optimum heave response [2].

SHEN Wen-jun (2011)studied the optimize shape
of a heave plate [3] and. Tao (2007) studied the
spacing between the heave plates to lead the maximu
damping and added mass [4], but this project isibtihe
analysis of stress and strain of a heave plate with
different configuration of stiffener. In each casedded

2. PROBLEM DESCRIPTION

It is necessary to attain movements in a restricted
limits with the intention of generate the maximum
amount of energy. This is achieve by increasing the
damping factor, so in order to create a huge dagnpin
factor for these movements, they are equipped with
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stiffener in order to see the displacements andvtire 7. Plot the results as images and data files.
Misses stress distribution due to the movementhef t
structure in the heave, this movement creates a 3.1. Analysis of the hexagonal heave plafé 1
hydrodynamic pressure at the top of the heave ,plade stiffener configuration
must be consider because these can be importaig. loa
Also seeing it as a cyclic load, the fatigue aspegst be This configuration consists in only the plate,
considered. without any stiffener as is shown in Figure 2.

The structure is made from naval steel, also the
heave plates are made in the same material. The mai
particulars of the WindFloat floater are presenbie

Table 1 Particulars of WindFloat Floater

Unit | Value
Column diameter m 10
Length of heave plate edge m 15
Draft m 17
Thickness of heave plate m 0.1

3. PROBLEM SOLUTION. ANALYSIS OF THE
DISPLACEMENT AND STRAIN OF THE .
WINDFLOAT’S HEAVE PLATE ks

For the case study we analysed using the finite Fig. 2 Heave plate -*1Configuration
element method, with the software SolidWorks, the
heave plate of a single column, the diameter of the With the purpose of achieve the analysis for the
column is 10 [m], the diameter of the circumscribed heave plate with this configuration, it was applibe
circle of the heave plate is 35 [m] and a thicknefss.1 load as is shown in Figure 3 with the deformed shap
[m] as is presented in table 1. In this paper w# wi consists in one constrain at the column’s exterior
analyse the displacements and the von Mises Stressurface. The pressure is applying on the top sertdc
creates because of the influence of a pressurepoft  the heave plate as a hydrodynamic pressure geddnate
the heave plate with a value of 50000 [R/miue to the  the movement of the column with a considered heave
hydrodynamics pressures. The material used is navamotion with velocity of 10 [m/s], the structurefieating

steel with the characteristics presented in table 2 in fresh water (1000kg/fy so the hydrodynamic
pressure is:
Table 2 Material characteristics
Elastic modulus 2.10E+11  N/m"2 P = p:— =1000—-= 50000 N fm?
Poisson's ratio 0.28 NA - -
Shear modulus 235E+10 N/m”2 The determined pressure pressure produce a
Mass density 7700 kg/m'3 deformed shape as is shown in Figure 3:
Thermal expansion

1.30E-05| /Kelvin

coefficient

To study heave plates with finite element analisis
was performed a statically analysis that was going
through following steps:

1. 3D modelling as specified dimensional geometry.
2. Establish the boundaries conditions as a fixture
surface, in this case will be the surface of theron.
3. Addition of the acting pressure on the top surfaice
the heave plate and the value calculated by thaular
of dynamic pressure:
1_:!':

P=p ?
4. Selection of material defined previously.
5. Run the calculated program, it will do a meshing
automatically and then solve the equations usirgy th
finite element method. ) o ) )
6. Access the results of the analysis, confirming that Fig. 3 Deformed shape = Configuration
the displacements of the structure are correct.
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In this case the maximum deformation the value of To analyse this second configuration, it shall gppl
0.01362 [m]and these occur at the outer corners as isthe same charging scheme as in the other case the
shown in Figure 4. deformation shape after this is shown in figure 7.

Mocel ruee pievr

Stutly nane: Siudatoriprese gy
Pty Estermed Srops Detormtion
Descrnalion acal 1256 90

Fig.4 Maximum deformation —‘configuration

The igure 5 present the von Mises stress distobuti
for the heave plate, in this case the greater stigs
3.69558e7 [N/rf] and it location is in the edge of union
between the column and the heave plate. Fig.7 Deformed shape 2™ configuration
Table 1 - 1st Configuration - Maximum values In this case the maximum deformation the value of

: 0.001371 [m]and these occur at the outer corners as in
Location Yalue the first configuration, but its value tien times lessthis
is shown in Figure 8.

Displacement [m] Corners 0.01362

Von Mises stress 3.6956E+0
[N/m"2]

Edge of union

Wkl o, gicer 3
‘Stuthy nane: Sudatoritjress Sty
Pt by, Stpoc dispiacemerd Uispncenen
Detcrnalion scale 125690

Fig. 5 Von Mises stress distribution & 1
configuration

3.2. Analysis of the hexagonal heave plates#iffener

_ [ Fig. 8 Maximum deformation —"2configuratio
configuration

Following the analysis of the second configuration
we observed that the Von Mises Stress distribusoin
the union of the column with the stiffeners. Théueaof
the maximum stress 8.5409e7 [N/rf], so close to the
first configuration value. The results are plotiedigure

This configuration consists in a grating of stiféen
as is shown in Figure 6.

8.
Table 2 - 2nd Configuration - Maximum vatue
Location Value
D'Sp'[‘ﬁ]eme”t Corners 0.00137
Von Mises stress| Edge of
BY IN/m~2] union 3.54090E+07

Fig. 6 Heave plate- 2" Configuration
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Fig. 8 Von Mises stress distribution 22
configuration

3.3. Analysis of the hexagonal heave pldfes8ffener
configuration

In this configuration is added a bar between the
corners and the column as is shown in Figure 9.

A

Fig. 9 Heave plate- 3 Configuration

Applying the same hydrodynamics loads as in the
other cases, the deformation with this configuratias
many changes as is shown in Figure 10.

Fig.10 Heave plate- 3 Configuration
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It can appreciate that the corners stays
approximately in the same position, while the beams
the middle of the segment are the points where the
maximum displacement happen. The values of these
displacements are the smaller, the corners have a
displacement of 0.0002 [m] and the middle of the
segment 0.0004 [m] and the maximum displacement
value occurs in the middle of the bars and it 0056
[m].

Table 3 - 3rd Configuration - Maximum values

Location Value
Displacement [m] | Corners 0.00056
Von Mises stress| Top of
IN/m~2] bars 1.5885E+07

In the analysis of the third configuration we
observed that the Von Mises Stress distributioim ithe
union of the column with the bars and the valuehef
maximum stress i4.58854e7 [N/f|, also there is a
high stress on the bottom of the bars, at the uniih
the heave plate as it shown at Figure 12.
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Fig. 11 Maximum deformation ~“Xonfiguration
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Fig. 12 Von Mises stress distribution ™ 3
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STUDY OF OFFSHORE STRUCTURE DESIGN RELATED TO ANSYS STRESS,
DISPLACEMENT AND VIBRATION MODES

ISCURTU IONUT-CRISTIANZPRICOP MIHAIL, *BABIUC BOGDAN

'Constanta Maritime University;*Mircea cel Batran” Naval Academy, Romania

ABSTRACT

In this paper it is shown a comparison between Wiadfloat's constructive configuration types usithg same basic
structure provided by the designer. The entirecsitire was realized in Solid works software using #xecution
drawings from the designer, and the static strattanalysis was made using Mechanical Ansys Paranigesign
Language Solver from Ansys software.

The main scope was to obtain numerical results vhltowed us to show the influence of the dynammiEspure
over each construction configuration type.

Keywords: windfloat, configuration, stress and displacemeitiration modes.

1. INTRODUCTION 2. PROBLEM DESCRIPTION

The offshore structure industry has been growing at Offshore structures are built to withstand the
a fast rate since its inception half century agowhter environmental forces during operation in waterstlep
depths where bottom-mounted towers are not feagible more than 40 meters. In the same time a structkee |
capture the wind energy above the sea, the perfecWindFloat will be subjected to operational forcesla
solution is a floating structure that allows thebine to vibrations caused by the wind turbine. The prepapter
be mounted on and to generate electricity usingkimal will study the reinforcement elements of different
of energy. construction configurations.

This structures are semi-submersible which can All existing structure types will be analysed using
support a wind turbine, and are designed to flaat f Ansys software to solve static structural diffeesnand
away from mainland where the wind is stronger and vibration modes. The present analyses is basedloey
more abundant in the absence of landforms. In thepresented in table 1 and table 2, values extraftted
offshore areas, the marine and ocean currentsexye v Windfloat project!®. All calculations will be done
powerful and the waves are taller than those oftimze. using the magnitude of the horizontal impact fogoesn
Those two factors have a major impact on structureby Allsop® for random waves.
dynamic stability.

The structure has a triangular shape with three Table 1. Windfloat geometrical configuration

colu_mns_ Wlth_g ballast system inside them. The_ wind Geometrical specification Unit_ Value
turbine is positioned on one of those columns wigith -

i . Column diameter m 10
kept together by four horizontal pipes. In the spac Draft - 17
between two columns and the pipes which held thken, Col or i : 16
structure present some reinforcement elements of Tr?'ulinn cenfer_ 0 center m 0.1
different construction configurations. The semi- ICKNESS Of pIpes m '
submersible structure described above has enough L Operating depth m <40

buoyancy to support the wind turbine, and to kdep t

motion of roll, pitch, and heave within acceptable Table 2. Mass distribution for structure

limits™. Unit Value
In the Figure 1 is an operating floating structure Displacement t 4640
with a wind turbine mounted on one of its column. Coordinate of xg | m 34.28

the center of yo | m 0

gravity Zs m 4,70

Radius of| Ry m 34.9

giration R, | m 34.7

R, | m 26.5

3. PROBLEM SOLUTION
3.1. Offshore 3D designs in Solidworks

Solidworks software will be used to draw the tri-
dimensional designs for the three column semi-
submersible structure.

Figure 1 Floating wind turbine
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All configuration studied in this paper are: D, ¥, are those reinforcements designs which can make the
Y and Z, and will be realized as .step model ineori entire structure stronger or weaRer
be exported in Ansys software. The entire semi-
submersible structure was designed in Solidworks 3.2. Calculation of impact forces
software with each reinforcement configuration as
shown in figures 2-6. A large data of information was investigated by
Differences in mass and configuration will give a Allsop and ot. in 1996 on different structure getnes
different response to environmental and operationalto predict horizontal wave forces on vertical
loads. All models will be analysed in Ansys to abbta breakwaters. The relative wave height Hsi/d hasbee
differences between structuf&d. found to most significantly influence the wave fesc
nondimensional by the water depth. All forces were
given at a 1/250 level thustaking the mean outhef t
highest two waves (500 waves per test were measured
BIThemagnitude of the horizontal impact force camthe
be estimated from:

Fripso=13 = gy = g =d” = (Hy;/d)?
Figure 2 "D" construction configuration This formula has been derived from data sets with a
1:50 foreshore slope and checked againstother slope
where it also seems to fit the data very well. fiovs the
accurate of the presented equation, above is digrap
figure 7, which represent the relative force pldttes.
relative wave height and comparison to calculation
method given by equatidf.

Random vaves |-

GIK 198384
WKG 1998
s HR1%

&
—

@l

Fhfpw
= =
e —i} St Lt
= I g.' |
I

Figure 4 “V” construction configuration 150' i , ov

00
HgdH

Figure 7 Relative wave force Fh, max/(Dgd2) plotted
Figure 5 “Y” construction configuration relative wave height Hsi/d

In Ansys static analysis we will use a estimated

force of 30 kN according to presented data of Blaek
environment.

3.3. Software stress and displacement analysis

Ansys static structural module presented in Fidure

Figure 6 “Z” construction configuration will import each .step file previously created awdl
generate required stress and displacement values
All geometrical dimensions of the structures according to presented data. The result are ctyrect

presented in Figures 2-6 are according to the hetuac@lculated when all seven part p_oint from Ansys_icsta
dimensions of construction of the WindFloat project Structural module are checked with green, as shiown
presented already in table 1 and table 2. The imhter Figure 8 and the project model is defined as irufeg.
used is naval steel with E=200GPa gwd’850 kg/m3. All results will be extracted from Solution >Total
All structures are made identically, the only dieces  deformation and Solution>Equivalent stress.
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2 @ Enginesring Data  +" 4
3 ) Geometry "
4 @ Model o
5 @ setup v
f @ Solution v 4
7 @ Results v

Figure 7 Ansys static structural module

In Ansys static structural module settings, we give
the general details of the simulation, choose tkedf
support faces, and the last settings are for tlesspre
(size, direction, etc.). After all the settinge alone we
can ask the program to give multiple solution based
the settings provided. In Figure 8 are shown ddl steps
and the solutions that we are interested in: total
deformation and equivalent stress (von-Mi&ks)

‘(@] Project
= &) Model (D4)
w1 Geometry
(¥ s Coordinate Systems
i f@ Mesh
=.[=] Static Structural (D5)
,,f\ Analysis Settings
- ‘;ﬁ?, Fixed Support
L JBL Pressure
=@ Solution (D6)
: ‘,«*_U Solution Information
/B Total Deformation
- & Equivalent Stress

Figure 8 Ansys static structural settings

Results from Ansys static structural analyses are
summarized in table 3.

Table 3. Results from Ansys static structural yeed

Designs| Maximum stress Maximum
[N/mm?] displacement [mm]
z 2.61e4 0.047833
V 1.58e4 0.064712
K 1.69e4 0.036980
D 2.36e4 0.032587
Y 3.37e4 0.025987

As it is shown in table 3, the maximum stress in
N/mn? in present at the structure with Y design. The
order of designs after maximum stress si V, K, Dadd
Y. The V design is the most common used design in
structures as those in this study. The stressdsepted
in the joint of the horizontal pipes with the main
cylinder, and for that reason the stress preseintad
design in very low. In K design in almost the same
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situation as in V design. Those two designs areosipp
each other. When de design start to complicate the
structure, in every extra joint points it is presen extra
stress which make the structure weaker at wavespres

When we talk about displacement the order of the
designsis Y, D, K, Z, and V. The Y design is thesin
complicated (three pieces) and is more solid arepge
the structure more fix. The V, Z and K designs &gy
simple and because of this reason, structures tivithe
designs are used mostly in calm environmental with
small wave and low pressure. The constructor, based
this analysis, can decide what kind of structurenaat
depending of the environmental conditions where the
structure with its turbine operate.

3.4. Software modal analysis

Project
& Model (G4)
----- B Geometry
----- /54 Coordinate Systems
....... /% Mesh
- Modal (G5)
(TE;@ Pre-Stress (Mone)
b/ Analysis Settings
ﬂ Fixed Support
=-/88 Solution (G6)
@ Solution Information
- M Total Deformation
- M Total Deformation 2
- M Total Deformation 3
- M Total Deformation 4
- M Total Deformation 5
- M Total Deformation &

Scape
Scaping Method | Geometry Selection
Geometry Al Bodies
Drefimithon
Type Tetal Deformation
Made *
Identifeer
Suppressed Mo
Results

Menimum om

Maximum L50Ee003 m
Information

Figure 9 Ansys modal settings

In Ansys modal settings, the first step is to dive
analysis settings of simulation and then choosédixieel
support faces. After all the settings are donegthamn
the settings provided we can see how the structure
behave at different frequency. In figure 9 are shaW
this steps and the solutions that we are interéstedtal

~ deformationt®..
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Tabel 4. Total deformation of the structure

Design Y’ Z Vv D K

Total deformation 1| 7.63e-004 m 5.56e-003lm 2.086&+0 | 6.32e-003nm 2.21e-003 M
Total deformation 2| 8.45e-004 m 4.98e-003lm 1.53&+# | 5.56e-003m 1.54e-003 m
Total deformation 3| 7.21e-004 m 5.05e-003lm 1.70@+ | 5.20e-003nm 1.78e-003 m
Total deformation 4| 1.29e-003m 4.36e-003lm 2.70&+0 | 4.88e-003nm 2.93e-003 m
Total deformation 5| 1.13e-003m 3.99e-003m 2.102+# | 4.61e-003m 2.18e-003 m
Total deformation 6| 1.05e-003m 4.21e-003lm 2.10%+ | 4.70e-003m 2.20e-003 m

After we run six frequency tests on every structure the more strong the entire structure became. Esena
the most problematic frequency for D design we dad pipe joined to the structure raise the construcpaoe
total deformation 1, the value of 6.32e-003 m. With  and for that reason the turbine mounted on it rhase a
design, a problem is at total deformation 4 ah@\g in very good vyield.
figure 10, the value of 1.29e-003 m. The orderexfigns
based on maximum[d(]eformation isD, Z, K, Vand Y as 5 REFERENCES
we can see in table #! Every structure had a different [1] DOMINIQUE RODDIER, CHRISTIAN

behave at different frequencies and a total defomaat . .
: : CERMELLI, ALEXIA Aubaultand Alla Weinstein.
f that. The D d had highest val fribriin '
one of tha © esign hac Highest varues o WindFloat: A floating foundation for offshore wind

shapes and the best design with less deformation &l bi Princiole P | Seattle. Washi
is Y design. The other construction configuratidral turbines. Principle Power, Inc., Seattle, Washington,
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PRACTICAL ASPECTSREGARDING THE ROBOT ARM

'BONCATA IONUT, °NEGUT ALIN, *HNATIUC MIHAELA
L%Electronics and Telecommunication, “Mircea cel Batt Naval Academy’Constanta Maritime University, Romania
ABSTRACT

The inventions using computing systems are 3D @mntThese devices can replicate many things afrsiév
materials. In this way, the prostheses which arg ggpensive can be accessible for all the pedyter the prosthesis
is built it can be controlled by several means, ltave diverse functions, parameters or cost. Orteadeo control and
command a hand prosthesis made with the help Bf priditer is by using an intelligent glove presehite this paper.

Keywords. 3D printer, prosthesis, microcontroller, flex serso

1. INTRODUCTION But in addition to the technology used to create th
robot, the designer’'s determination and ingenuigrev

One of the most dynamic areas in robotics is the unmatchable.

robotic arms. They're best known for their use in Gael Langevin started building a life-size

industry, where they are used because of theirdsped animatronic robot using a 3D printer in 2012. He dot

accuracy, and have features such as welding andhave experienced in robotics, and his initial plaas

assembling components.  Another section of simple: to build a robot arm. The process went very

development is the humanoid arms, which are sirdlar smooth, so he continued building the upper body,

the human body. The most complicated things are including head, shoulders, brain and vocal commands

handmade, and that's why it must reproduce as manyfor the future InMoov robot.

human hand actions. The human arm reproducingtis no The hand plans were designed in Blender, printed

as simple as it seems, muscular and skeletal staucf using 3D Touch printer, and made out of ABS. This

the hand provides a unique and unrivaled steadg.han project is based on the above example, introducewy

It's stable and accurate but also fast and flexiblee ideas in manufacturing and motion. In this case, th

imitation of the models has named biomimetics or robot arm is controlled through a smart glove by an

biomimicry [1]. The terms biomimetics and biomimjcr  operator. The system was both physically and

come from Ancient Greek and a closely related fisld electrically made.

bionics. The adapted systems based on imitation are

evolved in last time. Biomimetics has given risenew 2. BUILDING THE ROBOT HAND

technologies inspired by biological solutions atcnoa

and nanoscales. Humans have looked at nature for2-1. Choosing the components for the robot system

answers to problems throughout our existence. Matur

has solved engineering problems such as self-iealin -~ The robot hand, built in the laboratory, is opedate

abilities, environmental exposure tolerance and USiNg a sensor glove. The moves made by the person

resistance, hydroph0b|c|ty’ Se|f-assemb|y, and who's Wearing the glove are sent to the robot hand.

harnessing solar energy. The implementation was done in several stages.
The prosthesis is an artificial device that repgage  First of all, the idea was to find and use compdsémat

missing body part, which may be lost through trauma Would not cause connection and configuration prosle

disease, or congenital conditions. Prosthesis device ~ The block diagram for operating the hand is shown i

based on many algorithms, have various methods toFig-1.

move and to be build. This kind of devices are Thus, were acquired [5,6,7]:

developed using interdisciplinary knowledge and * Arduino Uno development board to process

researches. the signal of glove and to command the robot h&hd [
The innovation of this century is 3D printers which *+ 5 Flex Sensors 4.5" for acquired the fingers

can replicate many objects without much knowledge movement of the operator

from the user. Using this device we are going tibddba *  5mg955 actuators to command the robot hand

hand controlled by an intelligent glove. An intg#nt e Plastic ABS (Acrilonitril-Butadien-Stiren) —

glove is a device operated by the human hand baised for making the hand itself [9]

the flex sensors which command the actuators. «  Screws, wires, pins, resistors, various materials

InMoov is a 3D printed robot. The idea was to to build the mechanical part of the robot hand [10]
create an open source robot which was capableinfdo
more complex motions than other robots. Its skimtg,
gears and other parts of InMoov are 3D printed,{3,3
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Figure 1 Block diagram of the robot hand system

2.2 Hand plans

We would download the plans for different
components from http://www.thingiverse.com/thing:
17773.

For making the hand, we would print the following
parts:

*  Fingers: Auriculaire3.stl,
Majeure3.stl, ringfinger3.stl, thumb5.stl

e Palm: WristsmallV3.stl, WristlargeV3.stl

e Wrist: robpartl.stl

e Lower forearm: robpart2Vv2.stl, robpart5V2.stl

e Actuator support: RobServoBedV4.stl,
RobCableFrontV1.stl, RobCableBackV2.stl

e Upper forearm: robpart3V3.stl, robpart4V3.stl
(These are just covers; they are not entirely reecgs

All the programs are sending to the 3D printer to
build the robot hand. This model is a first propmyfor
the hand prosthesis which are learned to movef itsel
using the adaptive algorithms.

Index3.stl,

2.3 Printing and assembling of the hand

A 3D printer was used for printing the parts and
they were all built with 2 layers, with 15% fillirgnd no
stand (already included in plan).

For fingers, standard printing resolution was used
and low-res for the wrist and arm parts (Fig.2).

Figure 2 WristlargeV3 palm printing
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High breaking point fishery thread was used for the
“tendons”. They go through the fingers, the palihtree
way down until the mg955 actuator (Fig.3).

Figure 3 The robot hand part

The robot arm is controlled by an operator using
the intelligent glove, with flex sensors on eachgér
which convert the movements into electrical signals
which enter the arm’s control board (Fig.4).

'.mm“\‘ aunt

snatet®

u//‘/‘

Figure 4 Sensor glove with the flax sensors

In order to work with Arduino, the flex sensors are
connected in a circuit. Flex sensors are variagdéstors
and that's why the signal enters the voltage divide
(Fig.5).

The change in resistance can be measured using the
change in voltage between the resistors. This ahang
wich is an analog voltage is read by the Arduinsing
its analog inputs.
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Figure 5 Flex sensors with wires attached to thieis

System connection is made using the block diagram
Fig.1 and the electrical scheme Fig.6.

Figure 7 Glove-Arduino connections

The AVR microcontroller is programmed in

Arduino’s IDE. There’s a bootloader in every

servol serval servol servod serve
| | | | | | Lew

OO )
)
L LIVIIAN IR NL SRRl

L _LLURRRRRNRRRUENNUNRRNEY B

e

—— L

—l
=
e — L

Figure 6 Electrical scheme of the command and obntr
system

The actuators’ wires connect to Arduino’s PWM.
Actuators are powered by a variable voltage self-
protected power supply. Voltage can vary from O to

18V, but for an optimal result, 7V would do. Ardairs
powered by a 9V battery.
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microcontroller, for interfacing and running thepap
Arduino program has 2 sections: setup (run at
startup/reset) and loop (it goes in cycles, as lasighe
board is powered).
The final system robot arm — glove is shown in the
Figure below.

Figure 8 Prosthesis and intelligent glove
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3. RESULTSAND CONCLUSIONS 4. REFERENCES

After the experiment, there were the following [1] http://www.reading.ac.uk/biomimetics/origins.htm
results. [2] http://www.inmoov.fr/ (French made 3D robot)
During the first test, the relationship between [3] http://www.iai.fzk.de/www-extern-
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This type of robot control using only the human dvan [10] http://www.inmoov.fr

can have tons of applications, both in medical doma [11] http://www.shadowrobot.com/products/dexterous-
and industry. The prosthesis can be accessiblednyym hand, HyperLynx Thermal user guide, march 2014
social categories of people, because of its matwiag

method.
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A PARABOLIC-HYPERBOLIC MODEL USABLE IN ELECTROMAGNETICS

'COSTEA MARIUS-AUREL,?CARLAN MILTIADE
Y umina -The University of South- East Eurof®C. Formenerg S.A., Romania

ABSTRACT

The paper presents a phenomenological analysis &@tatistical-mathematical point of view, of theerrelation of three
guantities: the magnetic potential depending ofeleetrical current and the air-gap. The magnettemtial was determined through
numerical simulations considering different valdesthe electrical current and the air gap corresiing to a E-E type, DC fed
electromagnet. To this purpose, the FEMM 2D progvees used for non-linear media in stationary cdoét For the case under
study, we propose a parabolic-hyperbolic dependefiois analysis is precedeed by the validationhef accuracy of test data,
operation confirmed by the Shapiro — Wilk concoarest, specific to this kind of statistical distition. Also, the correlation
coefficient associated to data included in thestiadl sample and those obtained using the reigregsjuation highlights their high
similarity, hypothesis also proven by another iatlic — Hamming distance — concept related to flizgic.

Keywords. Electromagnet, non-linear media, magnetic potentiegression coefficient quantile, correlation coeffint
ratio, Hamming distance

1. INTRODUCTION which along the considered realm boundary acceyts n
Dirichlet requirement.

The assumed model is supported by the The relationship between magnetic potential, the
phenomenological evolution of the three quantities electrical current and the air gap is characterizgda
important for this analysis: the magnitude of the parabolic — hyperbolic evolutions.
magnetic potential increases when the magnitudief L ~ -9 L
current increases and decreases when the air gap For simplicity, the Am = A[10 ~ equation is
increases. The volume of the primary data samptf is used and it is measured Wb/ mwhere A is given in
140 entries, but the sample used for this anab@isist table 1; the proposed mathematical model is entettia

of nine entries, approximately 6,4% of the entaeple. by the relationship:
The actual entries that have been used are presante a
ki
table 1. A=—— (5)
oP
2. CASE STUDY where | is the electrical current intensitg,is the air
gap, andk, @ and [ are the factors of the regression

2.1. Determining the magnetic potential
dependency [4].

Let there be a DC fed electromagnet [1]-[3]. The
magnetic field is produced by a coil consisting4d® 2.2 Auditing the likelihood of sample data
windings consumes a maximum current of 2 A. The
magnetic field problem can be solved using thet fini This requirement states that the concordancy ef th
element method. To this purpose, the FEMM 2D statistical data presented in table 1 must be exaamiln
software was used considering non-linear media andorder to validate them, the Shapiro — Wilk testlisha
stationary conditions. The equations of the magneti used [4]-[6].

field behaviour in stationary regime are: Table 2 presents the necesary calculation elements
to determine the quantile of the test [5], [6] eegsed by
rotH = J ) way of the foIIowmg. double inequality:
Wmf <W< WPUP ©6)
divB =0 (2) where,WInf ,WPYP  are the inferior/superior quntiles

S of the test and/\{y is the calculation quantile:

B=u(H +M), 3 )
here B = rot An (A=A
where B =10 . '

. _ Wy =- > @)

Due to the simetry of electromagnets, the field
problem can be solved for plane realms by calauati z f'A
[
i

the magnetig potentiaRm from within the equation:

_divE grad An = J+ kdrot M, (4)
u
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Table 1. Values obtained through numerical simoieti

A
I[A]
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
amm
0.0003 1 2,07 3,22 4,44 5,66 6,9 8 9,11 10 11,1
0.0004 0,83 1,68 2,6 3,52 4,5 5,46 6,42 7,37 8,28,16 9
0.0005 0,71 1,44 2,19 2,96 3,76 4,6 5,4 6,2 7 7.8
0.0006 0,62 1,25 1,9 2,55 3,23 3,92 4,68 5,32 6,08,7
0.0007 0,57 1,14 1,72 2,31 2,91 3,53 416 4.8 5,48
0.0008 0,51 1,08 1,55 2 2,63 3,18 3,78 4,3 4,87 354
0.0009 0,48 1,1 1,43 1,92 2,42 2,92 3,48 3,95 4,46
0.001 0,44 0,88 1,32 1,77 2,2 2,64 3,16 3,61 41 464
0.0011 0,41 0,82 1,23 1,65 2 2,49 2,92 3,36 3,719 224
0.0012 0,38 0,77 1,16 1,55 1,94 2,34 2,74 3,15 3,568,97
0.0013 0,36 0,72 1,03 1,44 1,81 2,2 2,56 2,92 3,8 ,683
0.0014 0,34 0,68 1 1,37 1,71 2,06 2,41 2,77 3,1248 3
0.0015 0,32 0,65 0,98 1,3 1,63 1,96 2,3 2,63 297,313
0.0016 0,31 0,62 0,94 1,25 1,56 1,9 2,2 2,52 2,84,16 3
For this analysis, there shall be used nine entries |5 11 | 0,025 0,166
Aj (Ij ,Aj ) from table 1, according to some accepted |6 |12 | 0,025 0,153
7 13 0,025 0,140

Ol,dA intervals, given in table 2.

In this table, P represents the likelihood thregladl
the statistical data; it is a quantity complementar &
the risk factor:

Table 2. Values used to determine the test quantile

I[A] _

P=1-a. 7
g 01 |05 |09 (7)
0,0003 1 5,66 10 2.3. Determining the regression coefficients
0,0009 048242 | 446 The least squares method shall be used [4], rsgarti
0,0015 0,32 1,63 | 2,97 from (5), proposed for modelling the relation betwe

the the three quantities: variabile (current arndgaip)

_ ) _ _4 and the resulting quantity (the magnetic potential)
There for 01 =0,4A si 0A=6010" mm. The calculation steps are as follows:

Base on (7), the magnitude of the calculation gleargt a) liniarization of the relationship (5),
Wp = 0,093,

Acording to tabel 3, the restraint (6) regarding th
validity of the nine entries sample is fullfiled:

INA=Ink+alnl-L£InA (8)

b) minimizing the sum of the square deviancesvben

Wi[]f =0,025< W, = the A4 computed values and the calculatépl values
n =9;P=0,95 obtained using the regression equation:
=0,93<W3™P_  =0,205. )
n;P=0,95 S=>[(Ink+alnl-BIn A) -INA] < (9)
[

Table 3. The quantiles dfhaphiro- Wilk test . )
The minimization process involves the consequent

P=095 setup of restraints:
[ n i
wn" wsuP 0S_,9S_,0S_
1 |7 ]0,025 0,260 Kk oa o (10)
2 |8 |0,025 0,230
3 |9 |0,025 0,205 . : .
4 |10 | 0025 0.184 c) the restraints lead to the subsequent lineaatems

system:
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The Hamming distance
nInk+aZ]n k —ﬁznA :Enq Another proposed method for correlating the the

(A,A) set of values is the Hamming distance, a
|nkZ]n| +a2n l -ﬂZ]nl In&y ZJ”4 In concept related to Fuzzy logic:

i -]
—|nkZ]nAi _aZ]nnnq +,[;Z]n A= Z]nAInA dy ='#, (14)
(11) . F aF i
The obtained equations system is: In the relation (14)4", A are the /3., respectively

,51 guantities expressed using fuzzy logic:
9Ink-9,3032¢ + 64,88142= 6,11866

F _
-0,30327Irk+ 17,38035— 67,068%¢ 1,64 A = Ami <1
64,88142Ik— 67,06878+ 471, 78F 47,1 Nax . (15)
AF = A <1
The regression coefficients are: ax B

k=0,0275a=1,027,4= 0,74 This operation is mandatory because the fuzzy logic
Therefore , there regression equation associated tmperates with M <1 quantities. Table 4 shows the

A= 1(l,4) is: calculation of this index.
1,027 . . .
A= 0,02741 (12) Therefore the Hamming distance is:
0,74 F AF
A Z‘A OM ¢ - AT OMye
2.4 The likelihood degree of the regression equatio dy =-! . (16)

To this end, two instruments shall be used: the where I\/IA,MA are the groups that include the
Spearman correlation ratio and the Hamming distance

A’ respectively AF elements:
The Spearman correlation ratio
The similarity of the @) computed values and the M ar ={A iF} 17)
(A) values obtained using the regression equation is M,&F :{A iF}

confirmed by the Spermann correlation ratio [7]: In order to confirm the likelihood level, we progothe

subsequent restraint:

A2 i
284 (13) dy < max‘ A - ;,\F‘. (18)

— l_ | -
> (A-A)2
i

0 0,996557

Indeed, by replacing with values, the result is:
o | 0,02145 ma%F—AF‘: 0,024
Thus, the similarity of the magnitude values of the

magnetic potential obtained through two different

methods is very high, therefore confirming one more

time the accuracy of the calculation data.

Table 4 The calculation elements neccesary to oitha Hamming distance

[ 1 2 3 4 5 6 7 8 9
A=A"™=10 | 032 | 048 1 163 242 297 446 566 10

MAF 0,032 | 0,048 0,1 0,163 0,242 0,297 0,446 0,566 1

A= A X=10,8 | 0,32 | 0,46 | 1.04| 166 242 308 444 546 10/08
M A 0,0317| 0,0456| 0,1032| 0,1647| 0,2401| 0,3006| 0,4405| 0,5417| 1

‘A‘ —A ‘ 0,0003| 0,0024| 0,0032| 0,0017| 0,0019| 0,0036| 0,0055| 0,0243| O

iZAiF - K| 0,0429
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3. CONCLUSIONS

[2] COSTEA M. A., VASILESCU M., .,“Timpul de
actionare al unui electromagnet cu afturi

The proposed relation for evaluating the magnetic feromagnetice neliniafe (The Actuating Time of an

potential in regard to the feeding current andaiegap
models the interdepency state of these three digsnét
a very high likelihood level.

Electromagnet with nonlinear ferrromagnetic armagl.r
Revista ElectrotehnicElectroni@ Automatia@, Vol. 59,
nr. 3, pp 64, Bucuresti, 2011

Using the Gregory — Newton interpolation method [3] VASILESCU M., Mihai MARICARU M.,

based on regressive or progressive finite diffezenc
becomes cumbersome, because the
operation must be itteratively repeated for eachearery
entry of the current magnitude, but maintaining shene
set of air gap value entries.

We conclude that the parabolic — hyperbolic nature [4] BARON T.(coordonator),

VARATICEANU B. D., COSTEA M. A., An Efficient

interpolatiorintegral Method For Computation Of Bodies Motion In

Electromagnetic,Field, Rev. Roum. Sci. Techn. Ser.
Electrotechn. et Energ., vol. 56, no. 2, pp.134;143
Buchatest, 2012

ISAIC-MANIU Al

of the analyzed phenomenon is confirmed also by theT@vISSI L., NICULESCU D., BARON C.,

accuracy of statististical sample entries, a caomlit
validated according to the Shapiro — Wilk criterion
appropriate for complex parabolic — hyperbolic tielss.
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CHARACTERIZATION OF GUMOWSKI — MIRA TRANSFORM’S ATT RACTORS
USING CORRELATION DIMENSION

DELEANU DUMITRU

Constanta Maritime University, Romania

ABSTRACT

In the paper we proposed an algorithm implementettuMatlab software package which computes thedatal
Grssberger — Procaccia correlation dimension oftaractor. This tool is briefly reviewed and apglito the very
interesting two-dimensional Gumowski-Mira map. Tredative merits and drawbacks of this indicatorooder and

chaos are pointed out.

Keywords: Correlation dimension, Gumowski — Mira map, ordadahaos, dynamical systems.

1. INTRODUCTION

From a practical point of view, chaos can be seen
as a bounded steady-state behavior that is not an
equilibrium or a periodic or a quasi-periodic smuntof
some dynamical system. Strange attractors assdciate
to a chaotic solution in state space are complicate
geometrical objects, which not resemble a finite
number of points, a closed curve or a torus, amd th
possess fractal dimensions. A fractal dimensioanig
dimension measurements that allows non-integer
values. A fractal is a set with a non-integer fahct
dimension. A strange attractor is a particular cake
fractal.

Examples of fractal dimensions include the
Hausdorff dimension (or box-counting dimension),
information dimension, spectrum dimension and
correlation dimension. Details regarding fractal
dimensions are given in great details by Grasslerge
and Proccacia [1] and Falconer [2]. It is generally
accepted that a non-integer fractal dimensiongsad
indicator of chaos [3 - 5].

We will focus in this paper on the correlation
dimension, which is among the most widely used
method for estimating fractal dimension of a scaktr
of data points. This fractal dimension is sensitivéhe
process of coverage of the attractor, and tellhaws
frequently different parts of the attractor areited by
the trajectory. Additionally, the theory is easy to
implement in a numerical algorithm. On the othelesi
there are a number of limitations and potentigiapg
with the correlation algorithm but one problem has
always been that the computation can be very time
consuming. To avoid this drawback, Theiler [6] had
proposed an algorithm which can realize speedup
factors of up to a thousand over the usual method.

The rest of the paper is organized as follows. In
Section 2, the Gumowski-Mira map is presented.
Section 3 describes the standard Grassberger -
Procaccia correlation dimension and outlines tepst
of the algorithm implemented in Matlab. Section 4
reports the results of applying this algorithm & t
Gumowski-Mira map and points-out the merits and
demerits of the
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correlation dimension in characterizing attractarsl
chaos. Finally, Section 5 discusses the conclusionds
future work derived.

2. GUMOWSKI — MIRA MAP
In our work, we take up as basic units a 2 —

dimensional nonlinear discrete dynamic system @efin
by the following recurrent equations

{Xml: yn+a(1_byr21)yn+ f(Xn) (1)
Yni= ~Xpt f(xn+1)
where
_ 2
f(x) = ﬂX+M,a, b, # constants )
1+x
This map is known asGumowski — Mira

transform(hereafter referred as GM map) and has been
introduced for modeling and study accelerated glagi
trajectories at CERN in 1980 [7 - 11]. The final
attractor of the GM map depends very sensitively on
the value considered for parameter and it reminds

us about “living marine creatures” like a jellyfish
starfish or a plankton or about other interestibgeots
like a slice of tomato, a butterfly, a cut end of a
orange and so on. Some phase space plots presented
Figure 1 illustrates this.

GM attractor fora =0, b = 0.05, p=-0.75
40

30+

30}

40 L L L L L L L L L
-50 -40 -30 -20 -10 0 10 20 30 40 50
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GM attractor fora=0, b = 0.05, p= 0.26

GM attractor for a = 0.008, b = 0.05, p= - 0.45

15

GM attractor for a = 0.008, b = 0.05, p= 0.9

20

Figure 1 Some phase space diagrams of Gumowski —
Mira map

The sensitive dependence of the attractorsuon

is due to the recurring periodic and self similar
substructures in the bifurcation scenario, eacln s
own intermittency, periodicity, quasi-periodic baautd
merging of bands leading to chaos [7-8].

3. CORRELATION DIMENSION OF AN
ATTRACTOR. DEFINITION AND ALGORITHM

In this section we introduce the correlation
dimension and its definition given by Grassbergat a
Proccacia in terms of the numerical problem thabis
be solved.

Suppose we want to estimate the dimension of an
attractor & from a finite sample of discrete points
{X1,X5,....X\} ON the attractor. In our paper this sample

of points represents a part of an ofbibf Gumowski —
Mira map. The Grassberger — Proccacia algorithm
measures the probability that two points randomly

110

chosen on the orbit will be within a certain distan
¢ of each other. It needs the correlation integral

CiN.&)= NEQN ) DIZ;‘,Z.:& o)
3)
where
0,x<0
H() :{l x=0
(4)

is the Heaviside function (unit-step function). is
obvious that summation counts the number of pairs

(xi,x]-)for which the distanc#xi—xj" is less thane .

With other Words,C(N,s) measures the density of
pairs of distinct points that are closer4o It decreases
monotonically to 0 ag — e . The symbol| | denotes
the Euclidean norm. Other metrics have also been
considered and it was found that the choose oficnetr

did not affect the scaling of the correlation intdg
with €.

The correlation dimensiorD ., is defined as

IogC(N,g)

D.=Ilim lim
c loge

E-ON-oo

(®)

The simplest way to estimat®. is to plot
C(N,s) againste in a log — log plot and fit with least
square method a straight line to the snzaltail of the
curve. D is than the slope of this line.

As a remark, the numerical operations performed
for determining theN (N — 1)/2 distances dominate the
computational workload in estimating . and make it
very expensive for largs.

Moreover, the reliability of determining the
above-mentioned slope is a possible source of @mror
D finding. The scheme used in the paper supposes a

plot of IogZC(N,s) versuslog, & for a number of
equally spaced values dbg, & betweenlog, &y,
and 109, &Epax-, Where &, and &, are the

maximum and minimum separation distances between
two arbitrary points of chosen sample, respectivéty
avoid the irregularities neaf,,;,, and &,,x We neglect

the first and the last few points of the plot.

In conclusion, the steps of the algorithm we will
used for finding correlation dimension of an attoac
are as follows:

Step 1 Start with any initial conditiorx, in the basin

of attraction and iterate until the orbit is on the
attractor. Thus, the first points of the numeriodbit

are not used in order to eliminate data that are no
sufficiently close to the attractor;

Step 2 Generate the finite sample of discrete points
O ={X4,X5,...,.XNy} from the next iterations of the map

(after discarding the transition points);
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Step 3 Compute the separation distance matrix
between every two points of the €&t

Step 4 Find the minimum and maximum separation
distances,&,;, and &, respectively, and divide the

interval [Iogzsmm,log2 smax] in equally spaced
subintervals of length one;

Step 5 Construct correlation integr&t(N,s) and plot
log, C(N,g) againstlog, &;

Step 6 Ignore a few points on either ends of the plot
and fit a line, with least square method, to coraput
correlation dimensiorD - .

4. NUMERICAL RESULTS

The algorithm described in the previous section
was implemented under Matlab 7.6 (R 2008 a), a
software package which is optimized for matrix
operations. As model for numerical study on
correlation dimension the Gumowski — Mira map
presented in Section 2 is considered.

We setb = 0.05 andaD{ 00, OOOE}. Changing

the value of parametes: , one obtains very diversified

attractors in the x — y plane, which could be paigp
guasi-periodic or chaotic. Some of them are degiate
Figures 2 and 3.

GM attractor fora =0, b =0.05, u=-0.95
40 T T T T T

30
20
10
> 0

-10

. L L L L L
-150 -100 -50 0 50 100 150

GM attractor fora =0, b = 0.05, p=- 0.55
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GM attractor fora=0, b =0.05, p=-0.15

20

-20 L L L L L L
-15 -10 -5 0 5 10 15 20

GM attractor fora =0, b = 0.05, p= 0.0001
200 T T T T T T T

150+

100+

50

50k

-100

-150

-200 L L L L L
-200 -150 -100 -50 0 50

L L
100 150 200
n

GM attractor fora=0,b =0.05, u= 0.5

GM attractor fora =0, b = 0.05, u=0.75

Yn

Figure 2 Examples of GM patterns with a = 0, h@50

The same initial conditionsx,= 00, y,= 05,
were considered for all orbits, the first 10,069 ations
were discarded and the next 50,000 iterations were
used for representations.

To construct correlation integraC(N,e), and
find the correlation dimensior) -, N = 5,000 points
were used. The curves ftog, C(N,s) againstlog, &
are presented in Figure 4 just for the case a = 0.0
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GM attractor for a = 0.008, b = 0.05, p = - 0.52

o

20 L L L L L L
-15 -10 -5 0 5 10 15 20

GM attractor for a = 0.008, b = 0.05, p= 0.16
10 T T T T T T T T T

Figure 3 Some GM patterns with a = 0.008, b = 0.05

Four points on either ends of the plots were
ignored in computing correlation dimension (seeeblu
and magenta lines). The other points were usedt to f
the red line. The slope of this line represents thg
number. The obtained values fdd. are given in
Table 1.
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Correlation dimension of GM attractor with a =0, b = 0.05, p=- 0.75

or ‘

10g,(C())

=
1)
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ETyS ‘ 4

205 L ‘ L |
2 4 6

0
log,(e)

It is worth to notice that for a periodic orbiD

approaches zero, for a quasi — periodic orbit dldse
to one, while for a chaotic orbit of GM mabP . is

somewhere between 1 and 2, depending on the phase
plane filling property of the attractor.

Correlation dimension of GM attractor with a =0, b = 0.05, p=- 0.55

or q
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Correlation dimension of GM attractor witha =0, b = 0.05, u=- 0.15
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Correlation dimension of GM attractor with a=0, b = 0.05, p= 0.0001
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Correlation dimension of GM attractor with a=0, b = 0.05, p= 0.26
0 T T T T T T T T 1)

2k

4

6

8-

log,(C(e))

-0k

2k

14

log,(¢)

Correlation dimension of GM attractor with a=0, b = 0.05, u= 0.5

ok

-0k

log,(C(e))

-5t e

20k

/ —

r s 4
log,(e)

Figure 4 The curves fdog, C(N,s) against

log, €in the case of GM map witha=0.0and b =

Table 1. Correlation dimension for GM map with
b= 0.05,aD{ 00, OOOE} and u values considered in

0.05

Figures 2 and 3

a H D¢ Type of orbit
-0.95 1.8464 Chaaotic
-0.75 1.8093 Chaaotic
-0.55 1.9053 Chaaotic
-0.15 1.8186 Chaaotic
0.0 [ 0.0001| 1.3813 Chaotic
0.26 1.8211 Chaaotic
0.50 1.6176 Chaaotic
0.75 1.0098 Quasi — periodi
-0.52 0.00002 Periodic (T =3
-0.495 1.1932 Chaotic
-0.45 1.8380 Chaotic
0.008| 0.16 1.9050 Chaaotic
0.60 0.0885 Periodic (T = 56
0.90 1.0814 Quasi - periodig

Dependence of D on the number N of the data

points

The D, value for a given set of parameters
(a,b, 1) depends smoothly on the numiépf the data
points used in the relation (3). On the other sitie,
computational time increases strongly with (see

Table 2). As is it observed in all the analyzedesashe
valueN = 2,000 realizes a good compromises between

computational time and an acceptable value or
correlation dimension.

Table 2 Dependence on number of poisf the
correlation dimensiorD . and computational time

T fora=0.008,b=0.005=0.16

N T - (seconds) D¢
500 3.12 1.8034
1,000 11.66 1.9114
2,000 69.35 1.9019
3,000 202.23 1.9633
4,000 436.72 1.9234
5,000 823.82 1.9050
6,000 1,123.15 1.9115

More than three quarters of the computational
time is used to compute the separation distancexmat
between every two points of the $@t(step 3). Thus,
for 4= 0.16 and N = 5,000, computational time is
equal with 823.82 sec. From this time, 0.01097 sec
were used for generating the orit(step 2), 662.32
sec for computing the separation distance matrix an
161.49 sec for constructing correlation integrat an
computing the correlation dimension.

How many points to ignore on either ends of the
plot of Iogzc(N,g) againstlog, £?

A more serious source of errors . finding is
the number of points to ignore on either ends @&f th
plot of Iogzc(N,g) against log, £ before fitting a
(red) line with least square method. If this numlser
chosen in an unsuitable way, then wrong conclusions
on the type of orbit are to be expected.

As an example, let consider the case a = 0.008, b
= 0.05, andu = 0.6, corresponding to a 56 — periodic
orbit. Table 3 shows the values of the correlation
dimension for different numbers of ignored points o
either ends of the above-mentioned graph. The right
value, D= 0, is obtained by ignoring an important
number of points (see also the Figure 5)

Correlation dimension of GM attractor with a=0.008, b=0.05, y=0.6
0 | | | £l

log,(C(e))

20}

. . . . .
30 25 20 15 -10 5 0
log,(e)
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Correlation dimension of GM attractor with a=0.008, b=0.05, u=0.6
0 . : : . : £

-10F

log,(C(e))

200

-30 -25 -20 -15 -10 5 0
log,¢)

Figure 5 Influence of number of ignored points on
either ends of the plot dbg, C(N,s) against
log, £ on the value of correlation dimensidh
Up: 4 points are ignoredd = 0.1319)
Down: 14 points are ignoredX = 0.00002)

Table 3 Dependence ob - on the number of ignored
points on either ends of the plot lofg , C(N,s)
againstlog, £

Number of ignored points D¢
on either ends
4 0.1319
6 0.0885
8 0.0620
10 0.0361
12 0.0101
14 0.00002

5. CONCLUSIONS

In the paper, the well-known Gumowski — Mira
map has been considered, and an algorithm
implemented under MatLab software package has been
proposed that can be used to obtain the standard
Grassberger - Procaccia correlation dimension of an
attractor. Our main conclusions are as follows:

- the algorithm computes accurate values ef th
correlation dimension for different types of attaas,
when compared with the reported values in the
literature;

- the influence of some parameters likelémyth
of the finite sample of discrete points on theaattor
used in the algorithm or the number of neglectedtpo
on graph of IogZC(N,s) against log,& is
investigated. While a large value of the first paeger
makes the algorithm very expensive from
computational time of view, the second parameter
could change the decision regarding the charadter o
the analyzed orbit, especially for periodic and siua
periodic cases;

- to take into account large sets of dataeioth
algorithms, more efficient, are required.
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ON A GEOMERIC APPROACH OF SAFE BASIN'S FRACTAL EROS ION.
APPLICATION TO THE SYMMETRIC CAPSIZE EQUATION

DELEANU DUMITRU
Constanta Maritime University, Romania
ABSTRACT

The paper investigates the fractal erosion of sasfrattraction, which provide valuable informatamout the loss
of engineering integrity of a ship and is one af thols extensively used in an attempt to undedsthe mechanisms
behind ship capsizing. As a model for a vesselizaps quartering regular waves, the symmetric iz@equation
derived by Kan and Taguchi is considered, whicht@ios a cubic term in the restoring moment, a limamping and a
single harmonic excitation forcing term. The paglsp proposes a new geometric way to evaluatertieegs of fractal

erosion of the safe basin and presents some weals @d the coarse grid-of-starts method.

Keywords: Capsize of a ship, safe basin of attraction, fractal erosion, normalized integrity curves.

1. INTRODUCTION

By capsiziing or kedling over of a ship we
understand that situation when the ship is turnedt®
side or it is upside down. In the language of rosdr
dynamics, capsizing is a transition from a stable
equilibrium point near the upright position to alde
equilibrium point near the upside-down position.isTh
phenomenon is a challenging task for naval engineer
because it is responsible not only for a lot of emat
damages, but also for human lives. Theoreticalissud

and experiments showed that the common reasons fo

capsizing of ships are parametric roll resonance,
broaching, water on deck, extreme and Fricke waves
loss of stability at a wave crest [1].

Development of nonlinear dynamics in the 1980s
and significant enhancement of computational
capabilities opened new possibilities to study this

dangerous phenomenon. Tools like safe basins anaz'

integrity curves [2, 3], Lyapunov exponents [4],
correlation dimension and system entropy are exhgm
used in an attempt to understand the mechanisniscbeh
capsizing.

In the paper, we concentrate mainly on the exadt an
approximate determination of boundaries of safeionot
in the space of control parameters. There have bee
published many important studies of vessel capgizin
using this technique. They were done by Rainey [&]a
Kan and Taguchi [6], McMaster and Thompson [7],
Bishop and de Souza [8, 9], Falzano et al [10] and
others. Most of them are dealing with a ship inutag
waves. Simple equations have been used to model th
ship’s motion. Generally, they describe the rolltimo
using Newton’s second law and contain a polynomial
(usually quadratic or cubic) term in the restoring

moment. The damping is assumed to be linear wherea

the regular waves are represented by a single drexyu
harmonic excitation.
In present study the following equation, derived by

Kan and Taguchi, is taken as a model for a vessel

capsize in quartering regular waves:

X+ Bx+x-x3= F sinowt

)
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Rapsize to initial conditions.

where B,a and F are constants representing the

normalized damping coefficient, the non-dimensional
frequency and amplitude of the exciting moment,
respectivelyx is the normalized angle of roll ahds the
normalized time. A dot denotes differentiation with
respect to normalized time. The details about éguiat
(1) can be found in [6].

Despite of its simplicity, equation (1) shows a &id
spectrum of qualitatively distinct types of behasijo
including steady-state solutions, jumps to resoeanc

eriod doubling cascades leading to chaos. In thé n

ections, we make a short description of safe beesil
integrity curves concepts, then apply them to tsecof
the symmetric capsize equation (1) and investigfage
merits and the weak points of the coarse grid-aftst
method proposed by Bishop and de Souza [8].

SAFE BASIN CONCEPT. APPLICATIONS

Safe basin concept has been introduced in 1990s for
the study of nonlinear ship rolling and capsizee Bafe
basin is the set of initial conditions in the phadane

(x,x) which define the separatrix between capsize and

non-capsize areas and illustrate the high sertyitvi
In fact, for a given
configurations of parametel(i?, F,w), the safe basin of

attraction is formed by all initial condition§ (0), x(0))
that do not lead to capsize (escape). As Bishopdend

eSouza have pointed out, the size, shape and losatib

safe basins provide valuable information about the
engineering integrity of the ship. Safe basins tan
generated numerically by various techniques inclgdi
ell-to-cell mapping and coarse grid-of-start metho
he simulation show that an increasing of the atuqié
of the excitation leads to a process of fractakiemo of
the safe basin, finished with a sharp decreaseafd s
area, well before the final loss of stability obtd by
conventional steady-state analysis [11, 12].
This behavior was founded in our numerical

investigation too. To show this, we assume througho
the paper the fixed valug = 0.1 and change the values
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for « and F. The capsize equation (1) is solved The fractal erosion experienced by the safe basin
numerically by Runge-Kutta-Gill method, implemented could follow different routes, as indicated in Figs 2 to

in MatLab package environment, up to ten cyclethef 4. Thus, Table 1 and Figure 2 present a slow and
forcing (having periodT =277/ w). Our investigation ~ Permanent reduction of safe basin owing to he &aBing
was restricted at this time interval because epants of the excitation amplitude. The boundary is eroded by

and numerical simulations have showed that if escap VerY thin fractal striations.
has not occurred within 8 — 10 cycles than it ifkehy
to appear in the following cycles. The initial cdiwhs

F=00,w=04

(x(0),x(0)) was selected from a vast set having 48,000=
240 x 240 elements, obtained by dividing the regian
[—1.2,1.2]><[— 1.0,1.0] in equally spaced segments. Each

point is tested against the escape criterion, ¢asbified
as safe or not. If it is safe then a small blackargle is

dx/dt(0)

drawn around it in the phase plafe x) , otherwise the

rectangle is maintain white. In this way, the dadsin is
given by the black area in the phase plane. Thapesc N
criterion is suggested by our numerical experieane

04 02 0 02 04 06 08 1

x(0)

08 06

equation (1). We considered the po(m(O),;<(0)) safe if T

the absolute value of the displacem(tt not exceeds 1, o
that means the distance between local minimum aed o o

of the local maxima of the potential function o
(V(x) =x*/4-x?/2, associated to equation (1). g,
®w=09,F=01 ®© 02
_ e e s
% . F=0.30,0=0.4
I L .
(@) ®
. w=09,F=0.15 04

04 02 0 02 04 06 08 1

X0)

1 08 06

F=0332,w=04

dx/dt(0)
&

08

06

04

02

kN 0.8 -0.6 -0.4 0.2 0 0.2 0.4 06
()

dx/dt(0)

02

(b)
Figure 1The phase trajectory of: a) a non-capsizing
oscillation; b) a capsizing oscillation

04 02 0 02 04 06 08 1

x(0)

1 08 06

For a non-safe point, the associated trajectons goe

out in the phase plane, like a spiral with expagdin
amplitude (see Figure 1).
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Figure 2 Slow erosion of the safe basin for equiatl)
with « = 04
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Table 1. Erosion of safe basin for eq. (1) with- 04 ) F=020,0=09

F 0.0 0.15 0.30] 0.332 o
Safe basin (number of| 24,573 | 18,415| 6,4663,537 0
black points)

Other type of fractal erosion is shown in Figure 3.
Now, if the forcing amplitudé increases, the safe basin
is eroded in a more complicated way. The stariverg
by a thin whiskers that begin to invade into théesa
basin (see Figure 3 a). F continues to grow, the
whiskers increase in number and area and transfaom
thick fingers (see Figures 3b and 3c). The safénbafs
attraction diminishes and, atF C 03, disappears
completely (See Figure 3d). This scenario is repced
also in Table 2.

Finally, Figure 4 displays an intermediate situatio
First, asF increases, the safe basin is eroded outside,

dx/dt(0)

especially onx direction. The first whiskers begins to
appear just at- C 065 but then grow very quickly and
invade almost all basin (see also Table 3).

dx/dt(0)

Table 2. Erosion of safe basin for eq. (1) with= 0.9

F 0.0 0.11 0.15| 0.20 0.26
Safe basin
(number 24,573| 22,490 12,764| 5,383 2,484
of black
points)
Figure 3 Erosion of the safe basin for equatignafth
F=0.11,0=0.9 «a =09

F=00,0=16

° °
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F=08,w=16

dx/dt(0)

F=11,0=16

dx/dt(0)

Bl 08 06 04 02 02 04

0
X(0)

(d)

Figure 4 Erosion of the safe basin for equatignafth

a=16

06 08 1

Table 3. Erosion of safe basin for eq. (1) withs 1.6

F 0.0 0.65 | 0.80

1.1

Safe basin (number of | 24,573| 13
black points)

,050| 4,469

200

3. INTEGRITY CURVE CONCEPT.

APPLICATION TO EQUATION (1)

Every panel in Figures 2 to 4 requires apx. 80 min 01
CPU time on our computer, so the computational forst
having a complete image of the fractal erosionafes
basin for a giver(,B, a)) pair is remarkably high.

]
dx/dt(0)

(b)

Figure 5 Intersection between safe basins andaais;

b) x axis, fora = 04

®w=09

0
dx/dt(0)

(b)

Figure 6 Intersection between safe basins andaais;

b) x axis, fora = 09

To avoid this, we plot instead the intersection

between safe basins ardrespectivelyx axis, for any
value of excitation’s amplitudg that leads to emptiness
safe basins. The results are given in Figures B fbhe
panels have been constructed for 100 valuds afosen
uniformly in the mentioned intervals.
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0
dx/dt(0)

(b)

Figure 7 Intersection between safe basins andaais;

b) x axis, fora =1.6

Although less than an hour have been necessary for

the whole computational process (for every paned,
have now a clear image of both exterior and interio
erosion of safe basin. Moreover, these pictures$ vl
helpful in the next section.

The integrity curves show the relative influende o
wave excitation’s amplitudd- on capsize relative to
vessel safety in the absence of incident wavesy The
could be generated by plotting the safe area, nmach
to unity atF = 0, over the same rangesFofalues used
in Figures 5 to 7. The simulations results areldigx in
Figures 8 to 10 (the asterisks). They must be densd
together with Tables 1 to 3. The above-mentioned
figures contain also the curves giving the depeceaf
safe segments (normalized to unityat 0) alongx and

Normalized integrity curves

0.1608

Fesc™0328 r )

0.15 0.2 0.25 03 0.35
Forcing amplitude, F

0 0.05 0.1 0.4

Figure 8 Normalized integrity curves far= 04
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0.7658 )

Normalized integrity curves

Foec=0.13

0. ‘15 D‘Z
Forcing amplitude, F

Figure 9 Normalized integrity curves far= 09

Normalized integrity curves
2

F g =0.691

0.4 08 1

Forcing aumsplilude, F
Figure 10 Normalized integrity curves far=1.6
X axis, respectively, on excitation’s amplitude.

Although the computational cost for constructing
these curves is small compared with that needed for
complete integrity curve, these additional curves/jgle
practically the same behavior for the safe basitking

for a compromise between computational cost and
accuracy of the results, the use of additional esirv
seems to be very promising.

4. COMMENTS ON COARSE GRID-OF-STARTS
METHOD

In the 1990s, Bishop and de Souza proposed the
coarse grid-of-starts method as a means of quickly
estimating the boundaries of safe motion in thetrobn
parameter space of periodically forced nonlinear
oscillators [9]. By performing numerical integrati of
equations of motion from different starting poiateund
the origin they were able to detect any significamnge
in the size and nature of the safe basin of aitmact

More precisely, they have considered a uniform
one-dimensional grid, laid along the axis, having a
given number of starting points and length. Theatiqn
of motion is integrated for each point of the gaial for
a given pair(,B, a)), under transient conditions of up to 8
waves. The escape valud; .., is defined as the
smallest value of excitation’s amplitude for which
escape occurs for any starting point of the grile T
authors observed little sensitivity of the resufsthe
number of points of the grid and the fact that kemg
grids predict the smallest escape vakig, . For these
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reasons, they adopted grids with just three stagimints
placed in origin and in symmetrically positionsand it.

We implemented their algorithm in the case of
capsize equation (1) and we think that some obsensa
are worth to be mentioned.

25
log(n)

(@)

25
log(n)

(b)

Figure 11 Effect of numben of starting points and of
the grid’s length on the escape force for 04:

a) grid laid along x axis; b) grid laid along axis

First of all, we started our investigation with
sensitivity tests involving grid size and lengthrids

were considered both ox and x axis and the
simulations have been restricted to transient metiof

10 cycles of the forcing. At least two situatione a
possible. Fora = 04, the safe basin decreases almost
linearly with F until FC03 and then it is swiftly
eroded till total disappearance arourl 035 (see
Figures 5 and 8). In this case, the sudden logsexdrity
could be detected from just one point, the orido,
lengths smaller than 0.6. For bigger lengths,
algorithm provides information about exterior eocrsdf
safe basin, and there exist a strong dependentkeof
results on the number of points in the grid (seso al
Tables 4 and 5). This is obvious from Figure 11 nehe
the effect of number of starting points and gridgin on

the

escape force is emphasized, bothxaand x directions.
The encircled points and the bolded numbers cooresp
to the coarse grid-of-starts methad<( 3).
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Table 4. Effect of nhumben of starting points and of
grid’s length on the escape force far=04. Grid is
laid alongx axis

N 1 3 11 31 101
Ax=01 |0.349|0.346| 0.343| 0.343| 0.343
Ax=03 |0.349|0.343| 0.336| 0.334| 0.333
Ax=05 |0.349|0.339|0.296| 0.283| 0.279
Ax =065 | 0.349| 0.328| 0.246| 0.232| 0.227

Table 5. Effect of humben of starting points and of
grid’s length on the escape force far=04. Grid is

laid along x axis

n 1 3 11 31 101

. 0.349| 0.348| 0.346| 0.346| 0.346
Ax=01

. 0.349| 0.344| 0.341| 0.339| 0.339
Ax=03

. 0.349| 0.344| 0.287| 0.266| 0.258
Ax=05

. 0.349| 0.334| 0.199| 0.170| 0.160
Ax= 065

For «. = 09, the exterior erosion of safe basin For
smaller than 0.11 is of little importance. Startinith
F C 012, the thin escape whiskers rapidly transform
themselves into thick fingers that penetrate thik lofi
the basin and produce a rapid erosion of the ehtigin
of attraction (see Figures 5, 6 and 9). Figure H@ws
the basic idea behind the course grid-of-startshatet
Green lines represent the grid with three starfiogts
for Ax=0.1, while the red lines give the same grid for
Ax = 065. Because the “fingers” penetrated the entire
safe basin beginning with almost the same F vahe,
escape show little sensitivity to the number oftstg
points and size of the grid (see also Figure 18aTable

6). When the grid is chosen or axis, a grid with

Ax=065andn=>10 is able to detect the appearance of
the whiskers into the safe basin (see Figures13a18b
and Table 7).

An intermediate situation was founded far=16.
Here, the interior erosion is divided into two sfgrant

areas that does not contamams (see Figure 7).

Figure 12 Basic idea of coarse grid-of-starts meth
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The grids with one single starting point give less

conservative estimate for escape while long gridth w
three points are not capable to detect the extermsion

of safe basin alongx axis (see also Figure 14 and
Tables 8 and 9).

®w=09
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Figure 13 Effect of numben of starting points and of
the grid’s length on the escape force for 09:

a) grid laid along x axis; b) grid laid alon'g axis

Table 6. Effect of numben of starting points and of
grid’s length on the escape force far=09. Grid is
laid alongx axis

n 1 3 11 31 101
Ax=01 |0.131|0.131|0.130| 0.130| 0.130
Ax=03 |0.131|0.131|0.131| 0.130| 0.130
Ax=05 |0.131|0.131|0.130| 0.129| 0.128
Ax=065|0.131| 0.131| 0.130| 0.129| 0.128

Table 7. Effect of numben of starting points and of
grid’s length on the escape force fer= 09. Grid is

laid along x axis

n 1 3 11 31 101

. 0.131| 0.130] 0.130| 0.130{ 0.130
Ax=01

. 0.131| 0.131| 0.130( 0.130{ 0.130
Ax=03

. 0.131| 0.131| 0.121| 0.121| 0.120
Ax=05

. 0.131] 0.130| 0.118| 0.106| 0.106
Ax= 065

121

—F—5y=0.1
—5 5y=03 ||

toa()
(b)

Figure 14 Effect of numban of starting points and of
the grid’s length on the escape force tor 1.6:

a) grid laid along x axis; b) grid laid anr;g axis

Table 8. Effect of humben of starting points and of
grid’s length on the escape force far=1.6. Grid is laid
alongx axis

n 1 3 11 31 101
Ax=01 |1.036|0.886|0.840| 0.833| 0.831
Ax=03 |1.036]/0.791| 0.718| 0.707| 0.704
Ax=05 |1.036|0.729|0.652| 0.637| 0.634
Ax =065 | 1.036| 0.691| 0.649| 0.639| 0.635

Table 9. Effect of humben of starting points and of
grid’s length on the escape force far=1.6. Grid is laid

along x axis

n 1 3 11 31 101

. 1.036| 0.899| 0.868| 0.864| 0.863
Ax=01

. 1.036| 0.840| 0.741| 0.721| 0.714
Ax=03

. 1.036| 0.760| 0.651| 0.587| 0.566
Ax=05

. 1.036| 0.685| 0.389| 0.302| 0.271
Ax= 065
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5. CONCLUSIONS

In this study, a thorough numerical analysis @& th
safe basin’s fractal erosion is performed, usingnasel
the symmetric capsize equation derived by Kan and
Taguchi. Different ways of erosion of safe basinrave
presented and normalized integrity curves weretgdot
The paper proposed a new geometric way to estithate
process of fractal erosion of safe basin, by carsid
the intersection of safe basin with the axis definthe
roll angle and roll velocity. This approach allowesl to
discuss and to present some weak points of theseoar
grid-of-starts method proposed by Bishop and Souza.
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AN IMPROVED GENETIC ALGORITHM FOR SOLVING
CONSTRAINED NONLINEAR OPTIMIZATION PROBLEMS

DINU SIMONA

Constanta Maritime University, Romania

ABSTRACT

Constrained nonlinear optimization problems repmés class of mathematic programming problems comyn
found in real-world applications. Evolutionary Alifhms have been intensively used to solve thigl kif problems,
especially for continuous optimization problems wgearch space is restricted by a large set dftragmts. The
strategy used for constraint handling representsimgrortant aspect of evolutionary constrained ojzation. The
proposed Genetic Algorithm is based on homomorphoappings which transform the representations spadke
feasible solutions space, according to the problgm. algorithm also integrates a preselection seh@norder to guide
the search process toward the global optimum. Enpnance of the adopted approach is tested aalgissd on two

benchmark functions, with promising results.

Keywords: Genetic Algorithm, constrained nonlinear optimipati homomorphous mappings.

1. INTRODUCTION

Constrained optimization problems are often used
in practical applications in economics, financetistics,
medicine, etc. Most economic decisions are theltresu
optimization problems that pursue goals that atgest

to one or more restrictions, such as:

- consumers seeking to maximize the utility, taking
decisions on what to buy, constrained by the abkla
budget;

- firms are taking decisions regarding productioider

to maximize profits, constrained by limited prodant
capacities;

- marketing managers, aiming to maximize salemdgei
constrained by a fixed budget allocated for adsieng;

- production managers aiming to choose the optimal
economic process with the maximum economic benefit,
meeting in the same time the required quality letred
minimizing of the total production cost while the
domestic or foreign market place requirements irapos
limitations on quantities produced; another objecti
may be to maximize output while keeping the
consumption of resources (human, material, financia
equipment) within the available stocks;

- portfolio managers seeking optimal capital altaa

for those investments that offer maximum profit end
minimum risk conditions;

- in macroeconomics, one seeks tax (fiscal) policy
formulation, for example determining the maximum
amount for a tax on gasoline, while minimizing cuser
dissatisfaction, etc.

2. CONSTRAINED OPTIMIZATION PROBLEM

A constrained optimization problem, generally, may
be written as:

min f(x) 1)
with constraintsf XA
XB

123

where:

**) f is the objective function (criterion functioar goal
function) and represents the mathematical expnessio
the optimization criterion/criteria

=) X[OR" is the decision variable vector
***) the restricion XL A is defined by the

parametrical restrictions™" < x < X"*which define
the n-dimensional search space S={
XxOR"|x™ < x < x™ | i=1,...,n}

**+%) the restriction X[1Bis defined by restrictions
P hg()=0, g=1,..., g which
define the allowed domain (the feasible regidn)] S,
F={x LR| gy(X)<0, p=1,...,p; hy(x)=0, g=1,...,9}

such asgy(x)<0, p=1,..

Observations:

1) Any problem regarding the determination of the
maximal value of a functiori(x) can be written as a
problem of the determination of the minimum valde o

the function-f(x), becausenaxcrf(x) = — mine -f(X).

2) The objective function and the functions thdfirde
the restrictions can be linear or nonlinear.
3) Equality restrictions,hy(x)=0, g=1,...,q, can be

transformed in inequality restrictions after penfiang a
transformation such as:

| hy(X)|-£<0, wherec is a very small tolerance

)
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First of all, an one to one mapping is definBd[-
3. CONSTRAINT HANDLING TECHNIQUES 1,1]"-S, where S is the problem’s search space, defined
as the cartesian product of the ranges of valueshf®
Constraint handling techniques for classical variables of the problem.
optimization algorithms are classified by K. Del} & In order to define the mappiy this study
follows: proposes a complex codification with a diploid ggpe

-generic methods (universal) - in which the lingar  [12], a population (of a fixed size, PS) of diploid
non-linearity of the restrictions is not taken into chromosomes, being given as:

consideration, for instance the Lagrange multiplier
method, penalty functions; gen _ / ~gen  ~gen gen _
-specific methods - applicable only to certaineypf P (A A pyi--AAmi) » 9EN=0..... Gax, (3)
restrictions (convex feasible domains or a smathiber 6% =(8%"..8%"..8%"
. . .. K i [ai == pli**~In]i

of variables, linear restrictions, etc.), for insta the -1 pS
Simplex method, gradient-based methods, cuttingepla =L
method. on on .

Evolutionary Algorithms represent one of the most where ,qu]i andéf%]i represent the module respectively

important methods for solving nonlinear constraint the angle of the complex representation for genétpe
optimization problems. Due to the fact that theed®&n  ihgividual i.

operations that transform the genotype have a rando The jnitial population is randomly generated, based
character, the applications of those algorithmsthia the following equations:
constraint optimization problems can lead to inidas

=1
solutions. A2 :[rand]w )
This aspect can be solved in several ways [3]: o 20 .
- through direct techniques, in which the search G, =[rand]2m; vy, =cosd ®)

procedure takes into account only feasible solstion i=1,... PS

“death penalty” - the rejection of infeasible indivals,

‘repairing” techniques of the infeasible individsial  The mapping¥ is defined as follows:
decoding functions, homomorphous mappings;

- through indirect techniques - in which the search WV Ve )= (Kt e
procedure considers both the feasible and the sitftea Where:(y[l]' Yo Yl =00+ o)

solutions: penalty functions - the most utilizeadtions, u(p) +1(p)

strategies favoring feasible solutions in relationthe X =AYt (6)
infeasible ones, techniques based on Multi-Objectiv ] 2

Evolutionary Algorithms; p=1,..,n;i=1,...,.PS ; gen=0,..ukx

- through hybrid approaches, for instance the o ]
GENOCOP Il Algorithm [9]- a combination between I(p) and u(p) represent the lower limit respedive
the repairing algorithms and co-evolutionary consep the upper limit of the decision variablg x

the Segregated Genetic Algorithm [8] - a combimatio One can notice that u@)ﬁgpe]?g(p), p=1,...,n;

between penalty functions and populations which co- i=1,...PS : gen=0,....3 .

A reference pointoflF forms a line segment L with
the point s¥(y/ymag located on the border of space S.
The segment L is defined by:

evolve, AIS-GA [2] - a combination between an #cil
immune system and a genetic algorithm, etc.

3.1 Constraints handling by homomorphous mappings
The homomorphous mappings [7] transform the L(5.5)= b+q (s- p) for 0=q<1 (7)
n-dimensional cube [-1,1]the representations space) in

the feasible solutions space, F, according to thblem, T F IS convex, L intersects F's border in exactiye

through a mapping T. point, for a g J[0,1]:
[-1,1]" is the cartesian product of n sets [-1,1],where B
n is the length of the chromosome and implicitlg th %= To+0o(S- fo) for 0<qe=<1 (8)

length of the decision variable vector.
For two elements (n=2), the representation space
[-1,1]% represents a square.
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»

Figure 1 Mapping T between cube [-1,1]" and space F in the bi-dimensional case[7]

Based on the intersection point, homomorphous

t—t+1;

mapping defines a mapping T between the decoded repeat

solution, y, and the feasible point x on segmenwlich
belongs to F.
The mapping T is defined as follows:

T(Y)=ofYmad(S- 10)do 9)

where Ya,=mMaX=1._ Yol

Because y,{][0,1], T(y) will always be a feasible
solution, x.

Each restriction (x)<0 , i=1, ..., m of the problem
can be represented as a functpirof the independent
variable g (for a fixed reference pointand a point s,
which is located on the border of S):

Bi(a) = g(L(r0:8)) = g(ro*q(s- &) (10)

for O<g<land i=1,..,m

Once the intersection pointg loetween segment L
and restrictions ;(x)<0, i=1,..,m have been determined,
as solutions to the equation$(q)=0, the feasible
solutions x=T(y) will be calculated, according 8).(

An extensive study for handling the problems where

the region F is non-convex or consisting of didjainb-
regions is presented in [7].

4. DESCRIPTION OF THE PROPOSED
ALGORITHM

The proposed algorithm follows the steps

corresponding to the general scheme of a Genetic_

Algorithm:

t<0; // initialize the iteration index
Population P(§-Create_Population(PS)
/IPS represents the population size
while (=Termination_condition)
/l number of iterations
Evaluation P(t}— Fitness_Assignment(P(t))
Intermediate population@® «
Population_Selection (P(t))
Population P(t}—Variation (R(t))
/I applying crossover and mutation operators
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Initial population P(0) = {y’, ..., ¥o<} is generated
as follows:

Generate:

(10[?.]1' ) 'p[op]l' . 'p[(:ﬂl) (IO[(J).] pPS** -ﬂog PS** 'IO[Or] PS)

(0[(1)] Ps* -ﬁoq Ps* 5E°r; ps)

0 0 0
(6[1]1- : 6[ pIL** 'e[n]l)

Where
Ay =Irana PP (11)
i=1,...,PS, p=1,...,n
&, =[rand]27 (12)

where I(p) and u(p) represent the lower limit respely
the upper limit of the decision variablg x

Then define:

0 0 0 0 0 0
(Yo Yipne-Yinp) (Yares:--¥ gps---Y es)

0 0

i 6
i=1,...,PS, p=1,...,n

where:
0 — 0
Yipi = COSG, (13)
Step 1:

Generate randomlyF(jo, --.., figjos---»lfnjo) € F
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. 0 0 0y i generational algorithm (in the new population are
Then, for each point3 (Y- Y pji++-Yngi) =1,---,PS introduced the most performing individuals in bakie
Determinel = max| y[0p]i | populations, the parents chromosomes and the oftspr
p=Ln chromosomes, as well).
The preselection scheme consists of the following
Then, determine the point sg(s..., Sy, -..,Sq), Where: steps:
1. Select a pair of two parents chromosomeand p,,
randomly.

u(p) +1 0 2. Apply crossover operator, Nmes; N offsprings will
B * O 1 7) "‘w A (Ypy / 7) €-1,1} be generated.
3. Apply mutation operator; the next Nffsprings will
be generated.

sp1= 1(p) , if (y[op]i IT)=-1 (14) 4. The best individuak;, in the first set of Noffsprings
s 0 shall be obtained.
u(p) . if (Yo /7)=1 5. The best individual ,cin the next set of Noffsprings

(that have mutations) shall be obtained.

6. If ¢, is a better individual thap;, thenp, will be

replaced by gn the population; ifc, is a better
Solve equations,{o+q(s- b)) = 0, where g [0, 1] individual thanp,, thenp, will be replaced by cin the

population.

and k=1,...,m. The scheme works for each generation, the
chromosomes being paired randomly.
The crossover operation takes place both for the
Choose that solutionyce [0,1] as the solution of  module and for the angle of the complex represiemtat
Thus, for two chromosomes with modules:

that equation ro*q(s- k) = 0 (namelyBy(q)=0) and Py = (Py-Prpp-+Pyay) and respectively
which verifies that the pointgx= ro+age(s- o) lies on the P, = (:0[1]2---,0[ p]2"'p[n]2)
border of F, therefore the conditiond(gy)<0 are

fulfilled, j=1,...,m, j#k. and angles:

6, =(6up--Gpp--Gop) and respectively

Generate the point % (Xui, ..., Xpjis +++» Xnji) € F, 6, = (0[112"B[p]2"6[n]2)

after crossover, the two offsprings will have:

Po, = (s X P + A=T) % 0125+ @nd

6, = (ol XG oy + L=1)%X G p5...) (17)
and respectively

Pe, = (s M=) X Doy +T X O p0,-..) @Nd

By = (e M=T) X G +TXE 15,.0.) (18)

X =T +7(s—1)0 (15)

Note: Each point ye[-1,1]" corresponds now to a point

plL

where r is a random number between 0 and 1.

e F,i=1,...,PS. , , ,
Xehl This study uses the non-uniform mutation [10] for

an argument module.

cot t?gep 2: Thus, if0 = (00, p)--Fy) is the module of
Stép 3: an offspring obtained after crossover, appp] is the
The chromosomes of population P(t) ={y., yog are randomly selected gene for mutation, the resulthveil

evaluated as follows:
mut

() P™ =0y -Bny) » Where:
fitnesgy,) = #(y,) = 21— (16)
2. F%) Ao * (5~ Ag) T(ge)  if ri<0.5
= mu min .
The algorithm continues with the main processing p[p]t: Bt (B —Xp ) F(gen,ifr>05  (19)
steps involved in a Genetic Algorithm.

In order to improve the performances, the algorith
is hybridized with a preselection scheme in a non- Where:

P Otherwise
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gen,., The problem was originally proposed by
fgen)r, (1-—=—)) (20)  Himmelblau [6] and subsequently used in the apgresc
Grnax based on penalty functions.
ry, r, are randomly generated numbers in the range The problem has the optimal solutior=[78 , 33 ,
(0,1); 27.070, 45 , 44.969] with £ -31026.032, restrictions g
gen is the current generation; and g being active at the optimum point.
T is a parameter that determines the dependence on
the number of iterations. In this study we consider3. 2) MinH(xX) =% + X + X3
with restrictions:
For the angle of an argument, we propose an ai(X) = 1-0.0025(% + Xe)
operator defined by Dinu [5]. Thus, if: ®(X) = 1-0.0025(% + X7 - X4)
0 =(by--G,--4,)is the module of an offspring %(x) = 1-0.01(% - %)

wu(X) = xXg — 833.33252x — 100x% +
obtained after crossover, aneﬂp]is the randomly  83333.333

selected gene for mutation, the result will be %EX; = XX7 = 122830_0)(2)(4 + _3-2255%)3
mut _ mut ) G6lX) = XaXg — —Xs %
0™ =(gy--47) --G.,) where: 0< gu(X)
0< g(x)
max@,, - f(gen(n, 0),ifr,<0,5 85 gsgxg
< Qu(X
=4 min(g,, + f(genn, 27),ifr;>0,5 (21) 0< gs(x)
. 0< gs(x)
& otherwise 100< X, < 10000
9o 1000< x, < 10000 i=2,3
where: fgenfe-r, (22) 10<x <1000 i=4,..,8

The problem was proposed in [11] and has the
optimal solution x* = (579.3167, 1359.943, 5110.071
182.0174, 295.5985, 217.9799, 286.4162, 395.59149) c
f(x*) = 7049.33, all the 6 restrictions being aetiin the
optimum point.

To summarize, each problem is characterized by
various parameters analyzed, according to Table 1:
number of decision variables (n), function typee th
relative size of the feasible region in the seasphce
(p), the number of restrictions in each categoryef@in
inequalities IL, respective nonlinear inequality) IBnd
the number of active constraints at the optimunmipoi

and the other parameters are as defined above.

As shown in the equations (20) and (22), the
magnitude of the change decreases with the proximit
the maximum number of generations. Thus, these
mutation operators perform a global search at the
beginning of iterative searching process and alloca
search in the final generations. Moreover, both the
ability of local search algorithm and algorithmiei#ncy
are improved.

5. CASE STUDY AND RESULTS

The performance of the described algorithm is (o).
analyzed on the basis of two test functions in the

literature: Table 1. Parameters characterizing the analyzed

problems
1) Min fy(x) = 5.3578547-% + 0.8356891-%s + .
37.293239x— 40792.141 function] n | MnCtON L [N«
with restrictions: type
q(x) = 85.334407 + 0.0056858xx+ . )
0.00026-xx,— 0.0022053 -5 f1(x) 5 guadratic| 46.87%| O | 6| 2
®(x) = 80.51249 + 0.0071317%x¢+ fax) |8 |linear  |0.002%| 3 | 3| 6

0.0029955-x, + 0.0021813 ¥

The value forp was determined experimentally,
generating randomly 1,000,000 points in the search
space S and checking whether or not they are bieigng
to feasible region F. The lower value pf the more

(x) = 9.300961 + 0.0047026x%+
0.0012547-xxs + 0.0019085 3,

g§<91(>8()5<9flo difficult to solve the problem. Also, the difficylof the
20< gz(x) ~ 5 problem is give_n by th(_e specific objective functidout
78< 23< 102 also by the feasible region topplogy. _ _ _
33< Xlz 45 Averag_e normalized Euclidean dlsta_nce is obtained
272 x2245 _by_c_alculatlng the average of these distances for a
57< Xi; 45 individuals pf the population. _ _

27< % < 45 Following the study presented in [1], Figure 2 and

Figure 3 present the average normalized Euclidean
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distance and the proportion between the known aptim
and the best feasible determined value for the tegd
functions.

Population diversity prevents premature
convergence. An indicator of diversity is the dista
between members of the population, calculated as th
normalized Euclidean distance:

n Iy
d, :\/12(%)2 ij=1,.PS  (23)

N X =X

30 runs of the algorithm were performed for each
problem, with a population of 20 individuals and020
generations. For each run, as a reference pgintas
selected the first point of the randomly generated
admissible points.

Average normalized Euclidean distance is obtained
by calculating the average of these distances for a
individuals of the population.
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Figure 4 and respectively Figure 5 present the
evolution of the objective functiong(X) and §(x).
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evolution of the objective function f;(x)
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Figure 5 The evolution of the objective functig¢xjy

Table 2 present the results obtained by the prapose
algorithm in 30 runs for the two functions.

SD is the standard deviation of the objective
function values obtained in 30 runs:

SD#Fz\/Z(f(x)—f(x))z

30

(24)

AVEDEV function calculates the average of the
absolute deviations of the objective function valérem
their arithmetic mean.

P RIGOEEIR]

3C
Table 2. Results obtained by the proposed algorithm

(25)

Functio fFOX) worst SD |AVEDE

1Average unning
time
28's
204 s

f(X) best

i)

82026.026{8.007
7050.201] 0.009

-31026.03
7049.33

2-31025.9
P 7050.981

0.0053
3.00061

fi(x)
fa(x)

6. CONCLUSIONS
Many real-world applications are expressed as
constrained nonlinear optimization problems. These
problems are very complex and difficult to salve

In order to address these problems, this study
proposes a non-generational Genetic Algorithm based
homomorphous mappings. The adopted approach
incorporates a preselection scheme in order toegthd
search process toward the global optimum.

The proposed algorithm does not depend on the
characteristics of the objective function and fiows
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defining constraints, on the number and the type of
decision variables and constraintr on structural
characteristics of the search space. It doesntiiredhe
use of a penalty function, whose main disadvaniage
the fact that the penalty parameters are spedfieach
problem and need numerous attempts of tuning.
Experiments performed on two benchmark

[5] DINU, S., BORDEA, GH.,A new genetic approach
for transport network design and optimizatiddulletin
of the Polish Academy of Sciences: Technical Saenc
Vol. 59 (4) , 2011

[6] HIMMELBLAU, D., Applied
Programming, McGraw-Hill 1992

[7] KOZIEL, S., MICHALEWICZ, Z., Evolutionary

Nonlinear

functions have shown that the proposed approach isalgorithms, homomorphous mappings, and constrained

efficient and is promising for wide adaptation @ak life
problems.
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EUROPEAN UNION’S FUNDING INSTRUMENTS IN TRANSPORT | N THE
PERIOD 2014-2020

BRANZA GRATIELA
Constanta Maritime University, Romania
ABSTRACT

For the period 2014-2020, European Union has setital objectives through its Europe 2020 Strate§ji/these
are not possible without the support of fundingrinsents. So, the Commission promotes an integriaegstment,
combining three financing instruments of the Euap&nion: European Regional Development Fund, Gohdsund
and European Social Fund. The present paper pseaehistory of cohesion policy and its role in artte meet the
goals of Europe 2020 strategy. Having in view ihathe core of the Strategy there are four priesitiinnovation and
research, digital agenda, support for SMEs and daseon economy), the paper aims to stress the taopoe of
promoting sustainable transport and improving netwimfrastructures, especially through developiresaurce-
efficient, secure and competitive transport sydikehigh-speed lines.

Keywords: European Union, Transport, Cohesion Policy, Europe 2020 Strategy, Funding, TEN-T, High-Speed Rail

1. COHESION POLICY climate change and 25% for research and
innovation.
Cohesion Policy is an important tool of investment, | 2014- | The introduction of simplified rules and|a
being concentrated on reducing the economic, sacidl 2020 | better focus on outcomes in a new
territorial disparities, in order to meet the goals programming period.

Europe 2020 strategy, meaning: job creation, bssine Source:[5]
competitiveness,  economic  growth,  sustainable
development, improving people’s quality of life.[1] The European Union’s strategy for the period 2014-
2020 has a budget of 351,8 billion euro and coma&rg
on 11 thematic objectives:

“strengthening research, innovation, technoldgica
development;
- enhancing access to and quality of, information a
communication technologies;
- enhancing the competitiveness of SMEs;
- supporting the shift towards a low-carbon econpmy
- promoting climate change adaptation, risk preeent
and management;
x i - preserving and protecting the environment and
1986 | The Single European Act established |the promoting resource efficiency:

legal framework for “Regional Policy”. - promoting sustainable transport and improvingvoek
1988 | The integration of Structural Funds into nfrastructures:

“Cohesion Policy” in order to cope with the  _ hromoting sustainable and quality employment and
accession of Greece, Spain and Portugal. supporting labour mobility;

Fund (CF), the Committee of the Regigns  djiscrimination:

Table 1. History of Cohesion Policy in the European
Union

Year Action
1957 | The Treaty of Rome mention for the first
time the regional differences issue.
1958 | The creation of European Social Fund
(ESF).
1975 | Creation of the European Regiopal
Development Fund (ERDF).

and the principle of subsidiarity. - investing in education, training and lifelongreiag;
1994- | Almost a third of the European Unign . improving the efficiency of public administratidfb]
1999 | budget is allocated to the Funds. This investment tool can be efficient, unless thsre
1995 | The sparsely-populated regions of Finland a well-defined strategy. In the field of transpibitan be

and Sweden are supported. used in the frame of an existing national or region

2000 | Growth, jobs and innovation become [the transport strategy. In the core of Europe 2020t&gsa
European Union’s priorities, mentioned |in  there are four priorities and to them must be alled the

“Lisbon Strategy”. ERDF investments: innovation and research, digital
2000- | The accomplishments of Lisbon Strategy’s agenda, support for SMEs and low-carbon economy.[4]
2006 | objectives. In the period 2014-2020, the Commission’s

2004 | The European Union’s population has programmes concentrate more on delivering their
increased by 20% when ten new member objectives. So, the share of Cohesion Policy budget
states joined. allocated for programmes is reconsidered. Having in
2007- | 30% of the budget goes to environmental view that two thirds of Europeans live in citiespand
2013 |infrastructure and solutions to combat
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50% of ERDF will be spent in cities, helping thease
achieve sustainable and smart growth.

Overall, around 336 billion euro are allocated to
national and regional programmes for growth andsjob
investments. The resources are: 187,5 billion ¢orihe

ERDF (European Regional Development Fund), 63

billion euro to the Cohesion Fund, 85 billion etoothe

ESF (European Social Fund). The biggest amount is

allocated (124 billion euro) to research, developinaad

innovation, small and medium enterprises (SMEs) and Structural

low-carbon economy.[4]

The second area of investment (98 billion euro) is
represented by employment, social
education. On the third place are transport andggne
network infrastructure with 59 billion euro alloedt
The smallest amount (4,3 billion euro) will be isted
in the capacity of public institutions and in tHéaency
of public administrations and services.[4]

In 2014-2020 the Commission promotes an
integrated investment, combining three financing

A resource-efficient Europe is one of the seven
flagship initiatives as part of the Europe 202Catiny,
aiming to deliver smart, sustainable and inclusive
growth. This lead to investment for jobs and grouth
economy.

2.1. Financing instruments for TEN-T

In the 2000-2006 period, the European Union’
and  Cohesion Funds  contributed
approximately 26 billion euro to TEN projects. From
1995 to 2005, European Investment Bank (EIB) giante

inclusion and loans for TEN projects totalling about 65 billioare.

For the period 2007-2013 the Council approved
8.01 billion euro in the area of transport and (hilon
euro in the area of energy. Because of the scaodity
resources, the Commission indicated that European
Union financing resources have to be focused on the
projects with the greatest added value for therenti
network (for example, projects that have the gaal t

instruments of the European Union: ERDF, CF and.ESF remove bottlenecks). In addition, the general ciames

As an example, 88 programmes in 16 countries véll b
“multi-fund programmes”. Cohesion Policy is the
biggest funding instrument of the European Union,
guiding the investment of a third of its budgebhder to
achieve the objectives of the Europe 2020 Strategy.

2. A RESOURCE-EFFICIENT TRANSPORT IN
EUROPE

Focusing on resource efficiency in policy making is
both a necessity and an opportunity for the Europea
Union. This flagship initiative sets out a framewdo
help ensure that long-term strategies in areas sisch
energy, climate change, research and
industry, transport, agriculture, fisheries
environment policy produce results on
efficiency.

and

policy operational programmes contributed to TEN-T
with 43 billion euro. Starting from January 2014gt
Connecting Europe Facility (CEF) is the new TEN
infrastructure policy of the European Union with a
budget of over 33.24 billion euro up to 2020. [9]

The general objectives in transport sector are:
-to remove bottlenecks and to improve cross-border
sections;
-to ensure sustainable and efficient transporesyst
-to boost the decarbonisation of all modes of {pans
-to optimise the integration and interconnection of
transport modes;
-to enhance the interoperability of transport ssrsiand

innovation,to ensure the accessibility of transport infragties

From the total fund of 33.24 billion euro for the

resource implementation of the CEF for 2014-2020 period, for

transport sector have been allocated over 26 bilioro

In 2011, there were adopted several initiatives to in current prices, of which over 11 billion euraifn the

deliver on the resource-efficient Europe flagstépch
as: “Low-carbon economy 2050 roadmap”, “European
Energy Efficiency Plan 2020”, “White Paper on the
future of transport”, “Revision of the Energy Tarat
Directive”, “Roadmap for a resource-efficient Euedp
“Cohesion Policy”, “TEN-T revision”, “Energy roadmpa
2050", “"Smart grids”, “Strategic Technology Plan i
Transport” and others.[2]

The initiatives in the field of transport concemdra
on a “low-carbon, resource-efficient, secure and
competitive transport system by 2050 that removks a
obstacles to the internal market for transportmotes
clean technologies and modernises
networks."[2]

To enjoy the benefits of a resource-efficient and

transportimprove connections between different

Cohesion Fund.[9]

According to the European Parliament’s wishes, the
priority in terms of funding will be given to more
environmental—friendly modes of transport being
allocated over 50% of financial fund to rail prdgend
25% for road projects. The Commission has to
coordinate the projects that are financed from Wisio
financing instruments (Union budget, the EIB, the
Cohesion Fund, the European Regional Development
Fund). [9]

The new European Union transport network is vital
for the smart and efficient development of Eurdpwill
modes of
transport and contribute to the European Uniorifeate
change objectives. As European Commission Vice-

low-carbon economy, the European Commission need toPresident, responsible for transport, stated: “Ipart is

fulfil three conditions. First, it has to take cdorated
action in a wide range of policy areas and thigadbas
to be supported by political environment. Seconti,

fundamental to an efficient European Union economy,
but vital connections are currently missing. Eurspe
railways have to use seven different gauge sizéaly

Commission must act urgently due to long investment 20 of our major airports and 35 of our major pate
lead-times. Last, there is a great need to empowerdirectly connected to the rail network. Without doo

consumers to move to resource-efficient consumptmn
drive continuous innovation and ensure that efficie
gains are not lost.[3]
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connections Europe will not grow or prosper.” [10]
The final purpose is that the new transport network
will ensure safer and less congested travel; snenathd
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quicker journeys and progressively, by 2050, theagr
majority of Europe’s citizens and businesses wiliva

in almost 30 minutes at any destination they want
through this network.

The corridor approach is very important for theecor W non-specitied
network implementation and 10 corridors will be the il
basis for the network infrastructure. Each corridurst navigation
include three modes, three member states and was-cr = aviation
border sections. The core network will connectn@in 1% road
European ports with rail and road links, 37 keyaits
with rail connections into major cities, 15.000 lkofi
railway line upgraded to high speed, 35 cross borde
projects to reduce bottlenecks. “This will be the
economic lifeblood of the single market, permitting

real free flow of goods and people around the Uhion Figure 1 Transport sector G@missions by mode
[10] in 2009 in European Union

Source: [7]

1% 2%

11%

3. HIGH-SPEED RAIL
High-speed trains are a truly technological sugcess
High-speed lines (HSLs) offer European citizens a the best result of research, development and irtimova
fast, secure and environmental-friendly mode of iN European industry. The system parts (platforms,
transport. HSLs revolutionised sustainable mobilag ~ bridges, tunnels, track and power supply) and ERTMS
high-speed trains develop speeds of 360 km/h. Europ Work together perfectly. Due to this fact, ERTMSsha
wants to use the trans-European transport netwtrk “ become the “global industry standard”.[6] Countride
link all HSLs on the continent into a proper integd India, Mexico, South Korea, Taiwan have imported th
European high-speed network.”[6] The first trans- System for its cost, its technological performaand its
European HSL between Paris, Brussels, Cologne,Positive feedback.
Amsterdam and London reduce significantly travelets To  maintain  the  environmental-friendly
between major German, French, Belgian, Dutch andcharacteristic as the most important advantagehef t
British CitieS, the number of passengers increaﬁmg] railway sector, the International Union of Rallwet—ysd
15.2 billion passenger-kilometres in 1990 to 92.33 the Community of European Railways agreed on a new
billion in 2008.[6] strategy towards 2030, focusing especially on,CO
Over a half of the 30 TEN-T priority projects have emissions and energy efficiency levels. The main
been regarded high-speed lines. One good example ofbjectives are:
this type of project is ERTMS (European Rail Traffi -‘reduce specific final energy consumption fromirtra
Management System). ERTMS is an instrument co-operation by 30% with respect to 1990 levels (pkd a
financed by the European Union to accomplish 9ross tkm);
“interoperability”. It includes the wireless globsystem  -reduce specific average @GCemissions from train
for mobile communications — railways (GSM-R) and th operation by 50% with respect to 1990 levels (pkrd a
European train control system (ETCS). ERTMS makes 9ross tkm).”[7]
HSLs interoperable and optimises rail traffic

management along international corridors. 4. CONCLUSIONS
Nowadays high-speed trains are the most ) o ) o
competitive mode of transport, because “access time Cohesion Policy is the biggest funding instrument

much shorter than by airplane and journey times areof the European Union, guiding the investment fied
shorter than by Car_”[G] But TEN-T programme boist of its budget in order to achieve the Ob]eCtlveSthﬁ
cooperation between rail, air and road sector tovoge ~ Europe 2020 Strategy.

the integration of transport at European level amd A resource-efficient Europe is one of the seven
order to improve transport energy use and to ptattc  flagship initiatives as part of the Europe 202Catétgy,
the environmental benefits. aiming to deliver smart, sustainable and inclusive

The competitive advantage of rail transport is even growth. The new European Union transport network is
higher, due to its lowest impact on the environmént  Vital for the smart and efficient development ofrépe.
example, a trip from Paris to Marseilles means 2,7 The final purpose is that the new transport netweitk
g/pkm (grams per passenger-kilometre) by HS tram f ensure safer and less congested travel; smootlér an
CO, emissions, compared with 153 g/pkm by air and quicker journeys and progressively, by 2050, theagr
115,7 g/pkm by car. As to energy efficiency, HInsa majority of Europe’s citizens and businesses willve
use 12,1 grams of petrol per passenger-kilometre,in almost 30 minutes at any destination they want
compared with 17,6 for conventional trains, 18,8 40  through this network.
coach, 29,9 for a car and 51,5 for an aircraft.[6]
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MACROECONOMIC MODELSIMPACT ASSESSMENT METHODS OF
STRUCTURAL INSTRUMENTS
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“Alexandru loan Cuza” University, lasi, Romania

ABSTRACT

Macroeconomic models are instruments that can geoah integrated approach to the economy with éhe &f
an mathematical model, calibrated on an mixtureeofiniques and taking into account changes mad# social and

economic ensemble.

The Hermin model is a dynamic and multi-sector nhélolat is used by most member states to assessffaet of
structural funds on national economies and compar&iend analysis of financial transfers.

The Herom model offers the posibility of estimatithg costs and benefits at a sectorial, at a glsbaial and
economic level, separately analysing multiple tostinal and economic sectors and the economicipslresults.

Keywords: model, impact, instruments, macroeconomic.

1. INTRODUCTION

features of different economic spheres, technoddgic
processes, configuration changes;

Various macroeconomic models were studied Instruments for adjusting and applying on the labou

assessing the impact of Structural

Instruments onmarket Public and private sector contribution.
sustainable development such as Hermine, HEROM,

The basic ideas of this model, derive from the

QUEST and ECOMODE models. These models takefollowing elements: Community financial aid has.eov

into account historical data for long periods ofi¢i by
processing them with instruments, having the rdle o
composing configurations adapted for
development models

restructural

the states, the efect consisting of two interrelate
variables: long-term supply and short term demand.

The Cohesion Policy influence has been studied,
using the HERMIN model, for two time horizons: 2000

Macroeconomic models take into account all the 2006 and 2007-2013.

changes made in social and economic terms. The

benefits of using macroeconomic modelelor is tobéna
estimation of costs and benefits at the sectonatlle
social and global economic, can be analyzed seggrat
several institutional and economic sectors anceffexts
of economic policies.

2. THEHERMIN MODEL

Between 2000-2006, it was taken into consideration
the aspect of payment and allocation of unexecuted
expenses; Between 2007-2013, the study was based on
sources provided by the General Directorate for
Regional Policy, or it was based on the quantificabf
the average annual expenditure of the six beneficia
countries.

The Hermin model fulfills its role through a series
of interconnected relationships between all itsgparhe

Various macroeconomic models were studied model is divided into three main components: supply

assessing the impact of Structural

Instruments onabsorption and distribution of income. The model

sustainable development such as Hermine, HEROM,presents two scenarios:

QUEST and ECOMODE models. These models takea.

into account historical data for long periods ofi¢i by
processing them with instruments, having the rdle o
composing configurations adapted for
development models

Hermin, is an annual model which makes an
overview of the current situation and time horizzased
on information retained, a prediction in two verso
with money and without money.

The Hermin model includes four sectors:
manufacturing, services, agriculture and governalent
services, being structured on three main elemefist
for each sector, absorption and distribution obme.

The Hermin model facilitates the study of the
following facts:

With funds scenario;
b. Without funds scenario .
This model allows a general overview of the current

restructural situation and a simulation for the following intaty

based on the information collected. The Hermin rhode
began by studying the applicability on less devetbp
regions such as Portugal, Greece, Spain, Irelandrtts
the impact of structural funds absorption. Froms thi
perspective, the public use of goods and servises i
interdependent with income and purchasing power. In
the manufacturing sector, the GDP, is based orpplgu
— demand equality, under the incidence of globa an
national demand.

For a successful implementation of the Hermin
model, there are certain useful schematizationhim t

The influence of commerce upon the studied economy,programs financed by the European Social Found:

the potential of that economy to react to endogsraond
exogenous stimulation;

135

. The relation between the number of students and
number of people trained to be 15/1
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e The cost of machinery, equipment, buildings stioul
not exceed 50% of the total cost of wages;

e  Students must receive an average annual income of

about 50% of the average salary in the industriosgc

e The training staff should have a fee similar lte t
services sector;

According to the Hermin Model, the influence proesic
by the infrastructure development can be vieweanfro
two angles :

»  The direct impact of infrastructure development -
infrastructure stock increases from baseline - Ip he
improve the industrial output;

e Global productivity of the production factors —
will increase in the services and industrial sesstarhich
could have a negative effect rising unemploymest, a
advanced technology leads to less intensive ukbof.
Placing equity in human resources with the helghef
European Social Fund - are supported by publicsund
The intensity of externalities system is determibgdhe
level of development of human infrastructure on
attracting EU funding and is calculated as:

Efectulexternalitatilor = KTRNR”
Were:
KTRNR - Human capital stock resulting from
Community financing;
[ - elasticity coefficient of externalities.
Total expenditure in terms of industry and serviogs
the industry sector, and for the services sectee laa
positive impact on economic progress by implementin
programs.
European funding contributes to GDP growth in the
short term, it reduces the interruption of finahcia
support. The Hermin model's downside is that itsloe
not take into account differences between realised
investments and ex-ante allocation of EU funds.

3. THEHEROM M ODEL

The Herom model (Romania’s version of the

e It was done according to the overall
configuration of the market economy;
It estimates relations based on Romanian
statistics, highlighting the specific parameters thé
Romanian economy;

e Itis approved by the European Commission, as
a model for other states in the pre-accession ast p

accession process.

The Herom model has the same time intervals, 2007
— 2013 and 2014 — 2020, as the Hermin model. When
this model was designed, it was taken into accoet
future trend, not the study of past or presentestag

The model is based on micro-economic elements:
the nature of the offer includes the aggregation of
important instruments through which the Structuadi
Cohesion Funds induce productive potential effects
(direct externalities on the output). There areoals
indirect externalities production factors embedded.
(capital and human factors).

In order to estimate structural and cohesion founds
impact, ex ante evaluation model included direct
externalities (over the output) and indirect instants
(over the production factor). In order to evaluéte
impact of structural founds, it's required that sthi
instruments be incorporated in economical nature
categories. The values allocated to various prograre
centralized in three categories of expenditure:

a) investment in technical infrastructure;
b) improving human capital investment;
c) financial support for investment in the

industrial sector, market services and agriculture;

The Herom model enables decision-makers, based
on projections to make the appropriate decisions,
offering the posibility to test various financiaidfiscal
policies, scenarios on the allocation of financadd
material resources.

There are two scenarios for impact assessment
analyzes on the structural funds in the period 22073
and 2014-2020, both periods including analyzestadla

Hermin model) has been designed for less developeceffects on the economy.

economies, analysing the impact of structural feund

*  “No funds” scenario — implies that structural

over the economies, the variables transformation atfounds are not taken into account, the financrericing

macroeconomic  level, over the

pre-accession between 2007 — 2013 lacks altogether, the finaraihl

phenomena, with the purpose of uniforming national level is based only on pre-accession founds aétiueof

economic policies with those of the European Union.

The Hermin model was implemented in Romania

2006.
. “With funds” scenario — in which the structural

between 1997-1999, by the Romanian Center offounds taken into account are set by the National

Economic Modelling (CERME), then improved through

Development Plan, in terms of absorption rate @0

a project Supported by the World Bank. This model It is assumed that after 2013, funds are reducmﬂ?m,

directly addresses Romania and it's current siboati
allowing also making long-term forecasts (2007-2020

The Herom model is used to analyze and estimate

forecast by the Ministry of Finance for long time
horizons

The privileges of using the Herom model for
estimating the impact of structural founds in the
Romanian economy are:

e It represents a sectorial model, helping the

evaluation of economic policies effects and higttiigg
developments across all sectors;
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which will generate an economic imbalance.

By confronting the two scenarios, "with" and
"without" structural funds, it is clear that what
differentiates them is the effect of attractingustural
funds at a macroeconomic level. Range considered
extends to the end of 2020 as the impact of strakttu
funds on a wider horizon is more relevant.

Financial support from the Structural and Cohesion
Funds will result in increased investment in 208&{&y
are expected to register a growth rate about 2Qfeh;
due to the impact of structural funds.
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4. THE QUEST M ODEL

Quest is a neoclassic model - Keynesian, global
macroeconomic, being able to study the impact of
cohesion policy on the European Union. This model i
based on the same principles as HERMIN model:
financial management and appropriate investmemtspla
This model takes into account the assumption thbli@
investments are as productive as private investment
There are several interpretations of economistsh ea
version representing a completion of economic
evaluations.

The Quest Il model in Roeger and Veld's opinion, is
configured on the following three levels:

Household consumption is directly proportional
to actual income and savings provided at a time;

c =g+ PV +1]P

' PC;
In the business department, organizations lead
to the obtaining of GDP because of capital,
labor and energy used;

PIB; = ([aKi_p +(1- a)Ei_p]_l/ pUKi )(l_a)(MiUNi )a

In the government department. Government
expenditures are financed by income taxes,
social contributions, taxes on industry, energy,
VAT

CcG;, =i;G; + ABS; +i;M; +TNG; +S;+ATR; -
—-(TV #CAS; +TI; +TE; +VAT, +R;)

Quest Il model was designed in 2007-2013,
specifically to evaluate the impact of Structuralda
Cohesion Funds to the new Member States. This mode
is divided into the following components: houselsold
business department, research department, the angnet
authority and the tax authority. In the business
department, final goods producers, uses nationdl an
imported goods, weak, medium and strong qualified
labor. Public investment in infrastructure accurteda
public capital stock is given by the following foufa:

KE =(1-)K3; +1P

5. THE ECOMODE MODEL
ECOMODE is a computerized model for general
equilibrium, being a multi-sectoral model. Usingsth
model led to the conclusion that Member States
accessing EU funding higher socio-economic benefits
from significant positive effects. Observable effexd
European funding will be extended further due to
favorable circumstances supporting infrastructure
development, improving the quality of human factor
productivity growth and capital.

The development is supported by public and private
sector investment, which is the most crucial elentén
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consumer investment being maintained as a resuheof

decrease in unemployment and increase revenues.

ECOMODE model is divided into the following three

groups:
* Investment in infrastructure services sector

INVISS

Investment in infrastructure in the service

sector in national currency in real terms
INVISSR = INVISS E!%

Investments in workforcédNVFM Investments
in workforce expressed in national currency in
real terms

INVFMR =INVFM dTFS

Investments in product developmditvVDP
Investment in production development in
national currency in real terms

INVDPR =INVDP dTFS

6. CONCLUSIONS

Multisectoral macroeconomic evaluation models
are tools able to provide a holistic approach aber
computer-assisted mathematical based economy models

Their use involves the application of econometric
techniques based on statistical data on wide hasizd
time and the transition to equations models, assess
of financial flows surprising directions in whichanges
occur in economic structure, labor or income and
expenditure.

! The Hermin model establishes consequences that
impact the performance of application programs fiogd
infrasturcture consequences tender with diminished
effects of changes in relative prices. It is neagsshat

the model equations to be recalibrated annually by
extrapolation of time series with a record of each
variable input-output tables. The area must beilddta
impact of structural funds on the factors of pradug to

take indirect effects of structural funds injection

Hermin model explores the effect of a general time
horizon of the Cohesion Policy, is based on therthef
growth, and was designed to study the impact of
Cohesion Policy in the Member States, based on the
basic idea that technical progress is determined by
external factors excluding the control of economic
policy, therefore, are difficult to study long-terffects
in the context of accepting the possibility of ieasing
the productivity of factors of production.

Hermin model is a dynamic macroeconomic model,
which in addition to the above virtues, manifest
limitations in use among them should be emphasized
particular that this model requires a large amooint
information to be applied.
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AN APPROACH FOR FORMING THE BRAND COMMUNICATION STRATEGY

DIMITRAKIEVA SVETLANA
“Nikola Vaptsarov” Naval Academy, Varna, Bulgaria
ABSTRACT

In contemporary conditions many companies areisgfito develop strong brands. This gives them oty to
win the consumers trust, to differentiate themsefvem competitors and to provide additional prdfiterequisite for
brand influence of the organization on market sss@e its basic functions, which are implementethé process of
the brand interaction with the consumers. Its comipation strategy has an important role in thiscpss. This article
is dedicated to the analysis of this topic. Inplaper is clarified the brand essence and its prattee market strategy of
the business organization. It is pointed out that brand contents are based on two componentheoprbcess of
formation of the symbol of the brand and on theesysof consumer relations with the brand. In tlesrection the
communication strategy is determined as brand mgadomponent. The main principles, to which thatstyy has to
meet, are pointed out and its basic elements amieed.

Keywords. brand, branding, brand loyalty, brand communicatgirategy.

1. INTRODUCTION The scientists do not have a unified opinion even i
relation to the terminology.

The mechanisms for increasing competitiveness of On the other hand the development of the economic
the entrepreneurial structures are constantly impgp relations in contemporary terms stimulates compsatde
and developing. One of them is the brand. The develop their brands. This gives them opporturatyin
theoretical and practical problems, which are cotete  the consumers’ trust, to differentiate themselvemfthe

with it, are gaining more and more significance. competitors and to gain good profits [KapfererN,).-
On the present markets the competition between2004].
trademarks is intensifying, the contest betweernr the Each brand has its own characteristic, i.e. tgtaift

advertising images for place in consumer's specific distinguishing marks and advantages. Thad

consciousness is deepening. Often in the consumer'snsures interaction between itself and the conssiniar

attitude the emotions predominate over the ratismal practical proof for mark position and value and

Often as a result of all of this the success ofdgoand persuasion the consumers in its advantages. Its

services on the market is based not on objectivelycommunication strategy has an important role fa. th

defined competitive advantages, but subjectively

perceived by consumers. These advantages arememtai 2. BRAND AND ITSPLACE IN THE STRATEGY

in the trademarks uniqueness and in the consumersOF THE BUSINESS ORGANIZATION

ability to identify them. They provide the appeararof

effective brands, which are designing in the bragdi On the different stages of marketing development

process. the scientists have been proposed different difirst
Recently the branding is an independent trendén th for the very complicated and multifaceted term tifa

scientific studies. Its different aspects are regesd in The brand was received a wide distribution at e &f

the studies of the specialists as Aaker. D., Kapfér., XIX —in the beginning of XX century.

Chernatony L., Maslow A., Schultz D., Trout J., I€el Many famous brands were designed simultaneously
K., Al and Laura Ries, Jacoby J. etc. with the appearance of the modern concepts about
The scientists pay attention on the human nature ofbranding at the end of XIX century with the builgiof
the brand. It connects the identification of tredegmark  companies like Procter&Gamble (1882 — the first
with the consumers’ loyalty, which is expressed in national brand), Coca-Cola, American Express, Kodak

preference for the respective product. [Keller,2008] film, Heinz (1896 — the firs umbrella brand) etc.

The branding is examined as one of the trendseof th The development of the economic relations moves
market strategy of business structures at all, kwtsc brand on higher level. The brand is determined as
playing an important rolefor providing its mechanism for achievement of competitive advantage
competitiveness [De Chernatony, L., 2010]. for firms via differentiation of their products.

Unfortunately the experience in brand building is There are many points of view for the term “brand”.

not enough generalized and formalized, which impede The closest to the author is the suggested by the
its wide distribution. In this problem the practice company “Interbrand”:

ahead of the theory. In recent years the sciehtists “Brand — this is a sum of all seeing and hidden
interest in branding is increased, but the thecaétind characteristics, which are making the proposal waiig
methodical researches are not enough. There iskeofa Analyzing the brand definitions, which are given by

unified conceptual approach to the branding process different dictionaries and experts in the fieldoofnding,
we can presume that the basic argument from whief t
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are guided is the role of the brand, which is ezged in
the design of unique impression.
For this reason not every mark can be called braad,
only this, which:
- Are capable to create something important and
valuable for its consumers;
- Are capable to express this in attributes and
communications;
« Are capable to gain the desired recognition and
long-term consumer preference, i.e. loyalty.
Specialists from the BBDO company are defined the
brand as sustainable promise, given by the company
This is the face of the company, its representatide.

- Emotional- they are formed on basis of feelings
arising from the emotional brand perception
(positive or negative) in the consumer;

- Behavioratthey are arose when consumers
carrying out actions motivated by brand to
practical result, i.e. acquisition of goods;

- Rational—- they are formed on the basis of buyer’'s
evaluation, conviction and awarene$sr the
commodity. [Keller, K, 2008].

Practically all these relations are closely intérar
From their harmonic interaction, which provides an
effective and full-value brand image, depends how
correct the symbols of the brand communications are

The brand can be determined as mechanism forformed.

achievement of competitive advantage for firms via
differentiation of their produced products.

As we said, between definitions “brand” and
“trademark” shell not be placed equal sign. Brartthis
is the degree of knowledge of the trademark andigoo
and services, which are standing behind it.

The brand is certain idea, philosophy, which defin
all business trends. Here can be defined brandesizm
such as:

Brand Essence;

Brand Attributes;

Brand Name;

Brand Image;

Brand Power;

Brand Identity;

Brand Value;

Brand Development Index;
Brand Loyalty.

We suggest including the Brand Society Value i
the set of constituting elements too. This term msethe
reflection of the social responsibility of the usss in
the brand.

Depending on addressee the brand is performing
different functions.

For brand consumers the brand is performing the
following functions:

» Communicative function;

« Function for minimizing the risk of purchase;

« Function for self-identification.

For producers the brand is performing the following
functions:

« Opportunity to sell the goods at higher price
(price premium);

Stimulation of consumers loyalty;
Minimizing the risks of purchase;
Increasing the brand equity;

Decreasing the brand expenses.

The contents of the term “brand” are based on two
components:

« On the process of formation of the symbol of the

brand

« On the system of consumer relations with the

brand. They are forming on basis of the
marketing communications and the information
about the product or the trademark.

Depending on contents of symbols in the trademark
and the brand image are formed tree types of oglati
with consumers:
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Main signs of the brand are:

- Functionality — reflection of the commodity
qualitative features and purpose in the brand
contents. This sign allows consumer to identify
his own consumer interests with the use of the
brand reflecting the commaodity features;
Sociality— reflection on the form of the trademark
of the commodity features and interests, which
are identified with the contents of the trademark;
Sociability — ability of the trademark to form
relations with consumers.

The brand effectiveness and viability depend on the
interaction of the mentioned signs and on how thdly
are shown in the trademark [Kapferer, J.-N, 2004].

In the brand building is necessary to be guided by
following requirements:

« The brand signs have to be included in the
trademark considering the interests and needs of
consumers;

The external form of the brand has to contribute
to the creation of the communication provision in
order to form relations between the brand and
consumers;

The brand image has to be objective and
convincing, but not rude and intrusive arising
negative emotions in the buyer;

The effectiveness of the brand functionality depend
on formation of relations with the consumers. The
creation of an effective communication strategy aas
important role in this process.

3. APPROACH FOR FORMATION OF BRAND
COMMUNICATION STRATEGY

The task for creation of an effective communication
strategy in branding is not examined in the sciienti
literature. All opinions are undefined and contcaoliy
in respect to the practical implementation of task. On
the other hand the communication strategy is oninef
most effective elements of the branding stratedy. |
establishes the brand image in consumers mind.

In our opinion the branding communication strategy
has to meet the following principles:

- AdequacyThe created brand has to correspond to
this, which already exists. The degree of
discrepancy must be clear defined;

« Originality. Brand has to be easily recognizable
and easy to remember;
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- Direction. Brand has to have an exact address, i.e.

to attract certain market segments and consumer

groups;

- Plausibility. If the brand causes mistrust, it is not
carried out its functions;

- Concrete definitionThe reflected qualities of the
object in the brand must be well considered and
distinguishable.

To create successful brand we have to admit
maximum factors, including: development historytoé
product; development history of the product produce
examples for its use etc.

It is necessary to influence the consumers by means

of all known marketing communication resources.

In accordance with the study of D. Aaker because
of the many barriers during the trademarks devetogm
only 20% of them are transformed into brands [AdBer
A., 2009].

By means of interviews carried out are identified
the typical barriers in the brand positioning anetmods
for their elimination are suggested (table 1).

Table 1. Typical barriers in the brand positionargl
features of their elimination

Name of the Barrier M ethods for
barrier characteristic eliminating
Estimation of
Low level of optimal
Knowledge | advertising advertising
provision budget and its
performance
Interest Weakness of
the Deepen study
emotional/ratio | of consumers
nal elements
: Personnel
e e o] Sution
9 P N9 trainings, use of
inaccessibility '
an effective
to the o
: distribution
commodity
channels
Brand _ _ Optimal price
loyalty Prlpe actions, | strategy based
which destroy | on research of
the brand the demand and
loyalty price policy of
the competitors

The examination by elements of the brand
configuration allows to be carried out following
conclusions:

1. When the consumer chooses brand, he is
influenced by the following product
characteristics:

high quality and reliability;
good functional characteristics;
level of knowledge(popularity);
experience in using;
convenience in delivery;
“price-quality” ratio;
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good service;

efficient advertising.

2. The effective brand gives answers to following
guestions:

related with consumers — who, where,

how, why the product is using;

related with the producer — where,

from who and how is produced.

When the earmarked audience is determined we
have to agree with the D. Aaker’s opinion, who
determines five levels of attitude of brand constgne
lack of brand loyalty;
the consumer has no reason to change
his attachment to the brand,;
the consumer suffers a
changing the brand;
the consumer values the brand;
the consumer is loyal to the brand
[Aaker, D., 2009].

Determining of the earmarked audience allows us to
choose the optimal method for influence on conssmer
mind.

First we have to distinguish and to aware the
consumer for the “unique feature of the producthjch
this and only this product can provide him. Thisque
feature must not create artificially. If we do thie will
lose the consumers.

When examining the different methods for
influence on consumers’ feelings, on first placeoimr
opinion, should create trust to the brand. Thislddae
achieved via informing for the high qualitative raw
materials used and ecological methods for producing

An effective way for implementation of the brand
idea in the consumers’ mind is the logo.

The basic requirements for good logo are:

- Easy to remember and originality — starting from
the position of the trademarks as an instrument
for identification and recognition of the product;
Associativity — a graphic decision, how an
unusual it can be, it has to cause certain image,
which is directly connected with the company
activity or product features;

Universality in measure change — this is the one
of general criteria for qualitative logo. The reaso
is that in the process of the advertising campaign
usually it has to be used for variety of advertisin
materials — from business card to banners for
external advertising;

« Color universality.

Strong influence on the consumer has the most
important, in our opinion, brand component - thenaa

The name plays an important role in the brand
building process. It is the most memorable elenwnt
the brand individuality. All other elements can be
reexamined and modified in time, but commonly the
name is inviolable. It is changed very rare, ite hame
is a sustainable element in the brand building ggsclt
defines the connection between brand and consumers
[Aaker, D., 1991].

It is important that the chosen name has to express
the nature of the brand, to leave a good impresaiah
to be correct in structure sense. The name detesntire

loss when
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brand position in the consumers mind and it is an
insurmountable barrier for competitors.

Other verbal problem of the brand is the slogan.
Among specialists there is no unified opinion for

When is organized the work for forming the name it that if the slogan is differed from advertisindetitSome

is necessary for us to be guided by following pples:

of them determine these two elements separatelg. Th

- The name has to include general element of opponents of this opinion consider that both thuyash

emotional and rational profits;

and advertising title are built by the same rulesl a

« The name has to be legally protected and do notcarried out same function.

allow forgery of goods;

In our opinion the title is more particular instremnt,

« The name has to be easy to read and pronounce; which is adaptive to conditions changing and less
« The name has to make good impression ondurable than the slogan. If there is a qualitatiegan,

consumer.

which contains attractive and unique commercial

The objective reflection of the product features in proposal, the title is non-compulsory. The slogatike

the name makes the company proposal unique, asd thithe title can be used
purposes.

turns it on the most effective marketing instrumd8rite
name has to point out these product profits ore/ahat
occur positive emotions in the consumer.

The good name has to:

« Occur positive associations;

independent for advertising

Examining the communication strategy as general,

we can say that the “slogan” is more complete and
conceptual characteristic of brand than advertisiihg.
Besides the slogan is an effective instrument for

« make sense, which is connected with the generaldistinguishing from the competitors. Exactly thegsln

product characteristics;
+ be easy for remembering;

is used for creation of brand image and unifiesrées of
advertising messages, which are connected with the

- sound good and to be easily pronounced in general theme of the campaign.

different languages.

The slogan ensures a connection between the

company mission and the brand (fig.1).

Mission of the firm ¢ )

Slogan

Brand

K—>

Figure 1 Connection between the mission of the &ind the brand

The slogan has to abet to action. In this connedtio 4.

has to contain only this information that will be
interesting for consumers. It is established tha t

CONCLUSIONS

At the end of this paper the following conclusions

people, who notice the slogan are 4-5 times moae th can be done:

people, who read the whole advertisement.

In principle the consumers are reading a print
advertising “diagonally”, watching a TV advertisemhe
with “half-opened eyes” and listening to a radio-
advertisement “with one ear”. Only if they notice
something important for them they are carefully
familiarizing with the whole contents of the
advertisement [Belch, G., Belch M, 2004].

The effective slogan influences on the conscious an
subconscious of the consumer and occurs in him the
necessary for the advertiser emotional reaction.

The advertising title is an important component of
other element of the marketing communication — the
advertising message. The title has to contain ass |
than 25% of the important advertising informatian t
remain the main idea of the advertisement in the
consumer’s mind. The creation of advertising tide
based on the principle: “People love to talk wittern
and about them”. The main accent has to be thatprof
for the consumer.

The emotions of the consumer, which arose in result
of the influence or the advertising title, are arganeous
and reflect the quality of the relations betwees lbhand
and the consumer, and also the efficiency of the
information for the product and brand image.
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4.1.In practice and theory of marketing there is no
unified opinion about the terminology in
branding.

4.2.The contents of the term “brand” are based on
two components: on the process of formation of
the symbol of the brand and on the system of
relations of consumer to brand on basis of the
marketing ~ communications and  other
information about the product or trademark.

4.3.When the elements of the brand are examined
we suggest including one more - the Brand
Society Value

4.4.The communication strategy is determined as
leading component of the branding.

4.5.Here are pointed out the general principles,
which the communication strategy has to meet.

4.6.The most common barriers for brand
positioning are identified and methods for their
elimination are suggested.

4.7.The name plays an important role in the process
of brand building. It is the most memorable
element of the brand individuality. Its efficiency
depends on how correct the name reflects the
features and value of the product.
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4.8.The connection between the mission, the brand[7]

BELCH, G., BELCH M., Advertising and

and the slogan has shown. In this connection thePromotion: An Integrated Marketing Communications
effective slogan influences on the conscious and PerspectiveBoston, McGraw-Hill Irwin, 2004
subconscious of the consumer and abets the[8] De CHERNATONY, L., From Brand Vision to
desired emotional reaction for brand owner in Brand Evolution Butterworth-Heinemann, 2010

him.
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INTERMODAL TRANSPORT-A WAY OF ACHIVING SUSTAINABLE DEVELOPMENT

STINGA (CRISTEA) VIORELA-GEORGIANA
Constanta Maritime University, Romania
ABSTRACT

Through this paper we tried to establish the imgurtole of intermodal transport, but also the mfeo-modal
transport, concept that was introduces in 2006heyEuropean Commission, regarding the sustainablelapment.
Both concepts refer to the efficient use of ati¢as modes of transport, with the difference tthet second one takes
also in consideration the optimal and sustainablization of resources. We showed that in ordeoltain sustainable
development it is important to realize a diversejtimodal transportation system. Within our study tsied to present
the benefits obtained by using the intermodal parnsdue to the transfer of freight to modes tretagate less external
effects.

Keywords:. Efficiency, sustainability, co-modal transport, @xtal costs.

1. INTRODUCTION - Indirect results: here we can refer to the rolet tha
intermodal transport has in terms of:
In 2001, the European Commission submitted a « creating new jobs in the country in which they

white paper on the future transport policy “Eurapea run their activities;
Transport Policy for 2010: Time to Decide” (Europea + supplying the national economy with imported
Commission, 2001). Through this white paper the goods;
European Union promotes  an mqgased usage of + reducing the harmful effects of pollution due to
intermodal transports, which is identified as a vy the use of means of transport that are less
using the existing infrastructure more efficientiyorder polluting;
to achieve sustainable transport. « the most important one refers to the

According to the UN/ECE, 2001, the standard introduction of modern technologies using
definition of intermodal transport, define it asransport containerization.
that refers to the movement of goods in a singtelilog There are many advantages in using the intermodal

unit or vehicle that successively uses at leastrtwdes  transport but the most important one, related to ou
of transport without handling the goods themseles  gydy, refers to its comparatively low external tsos
changing modes, trying to utilize the bests beséfdm  (Hanssen and Mathisen, 2011). When referring to
every type of transport mode in one integratedspart  congestion or energy consumption (Woodburn et al.,
chain (Flodén, 2007). This transport is made ireotd  2007) it is clear that intermodal freight transpoas an
improve the economic performance of freight tramspo jmportant contribution in achieving a sustainable
(Mathisen and Hanssen, 2014; Rodrigue et al., 2009) Eyropean transport sector (European Commission,
performance that it is obtain due to the fact thatmost 2009), that is why it has been promoted by polickens
suitable transport mode is used on each part afpa t on gl levels (Macharis et al., 2011). Sustainable
(OECD, 2001). ~ development is one of the themes not only of the

The evolution of “door-to-door” transport requires European Union but also of the world today, duéht®
the development of intermodal transport because itfact that it is very important especially consideri
allows the combination in a more advantageous nmranne growing urban traffic problems and urban environtakn
of the benefits related to each mode of transpammt g problems (Xing, YY.; Liang, HY.; Xu, DB., 2013). We
particular route). Intermodal transport allows the can easily say that intermodal transport offers an
convenient use of vehicles in order to achieve @mu  advanced platform for more efficient, flexible, iatile
faster transport of goods at the lowest possibd#. co and sustainable freight transportation. In ordecreate

In intermodal transport results should be viewed in gstainable urban environments it is very important

terms of intermodal transport company, in termss#rs  (ealize a diverse, multimodal transportation systBmJ.
of the national economy (exporters / importers}, diso Wickizer and A. Snow, 2011).

in terms of benefits related to the environmentud for When we talk about environmentally sustainable

an intermodal transport system to be effectivesit i transport it is important to define three factohmtt

necessary to ensure the highest level of userscontripute in promoting it (Elvik, R.; Ramjerdi, ,F.
satisfaction, users that benefit from the intermoda 2014):

transport service. ) - Modifying road user behaviour so that the external
So bet_on the process of intermodal transport, the  gffects of transport may be reduce (some external
results obtained are complex: effects include congestion, accidents, traffic @ois
- Direct results: here we can refer to the effect th and emissions to air);
relate to the movement of goods; - Transferring the freight transport to modes that
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- generate less external effects; the study of Gomes and others (2010) that showed th
- Reducing the volume of motorized travel. advantages of a co-modal transport system, taking i
consideration both internal and external (accidemtd
2. THE CONCEPT OF CO-MODALITY pollution) cost, a system that reduce the social
externalities.
After some years of promoting intermodal transport So co-modal transport covers three important
solution the European Commission extended theaspects (see figure 1) like the use of more thanoode
meaning of inter-modality to full interoperabilitpf of transport and their optimization (i.e. truckIfulbut

transport modes. For economic and environmentalalso the use of the Intermodal Transport Unitriést to
reasons, the European Commission introduced in 2006 reduce the environmental impact of freight transpmut
new notion called co-modality that refers to “the on the same time it requires a specific legal and
efficient use of different modes on their own amd i interoperability framework (Silvia Rossi, 2012).
combination that will result in an optimal and suisable
utilization of resources”. This concept entails the
development of infrastructures and actions thatl wil Co-modality
ensure optimum combination of individual transport

modes allowing them to be combined effectively in e

. . . .. than one mode Use of Inter- Optimisation of
terms of environmental, economic, service and fiein e ||t e | et e
efficiency, etc. (Jeribi, K. et al., 2011). seamless Unit (ITU) mode
There are many freight transport policies in the logistics

European Union that aim to increase co-modality and
promote the sustainability of the European Freight
Transport System. So, in 2007 in European Comntissio
introduced the concept of “e-Freight” that tries to
support the transport users, the transport infnasire
providers, the transport service providers and the
transport regulators. In autumn 2007 was presetiited
Freight Transport Logistics Action Pfanthat focuses
among others on “Green” transport corridors foigie

or sustainable quality and efficiency and relies con
modality and on advanced technology in order twigie

a competitive European surface freight transpostesy
whilst promoting environmental sustainability.

Studies have revealed that, taking into considamati
the infrastructural framework, co-modality is a @ees
capable of reducing congestion and externalitiesalso
enhancing effectiveness and efficiency of transport
(Enrico Musso, Alberto Cappato, 2010). There may be
many differences between inter-modality and co-
modality but the most important one is that the new
concept focuses not on the freight transfer (frome o
way of transport to another, i.e. from road to tae,
river or rail transport) but on the total efficignof the
transport sector.

When we refer to co-modality we have to think
about the principle that “public transport operatesre
successfully when it is planned as a unified neltwor
support seamless multi-destination travel rathanths
individual lines catering to single trips” (Dodsdviges,
Stone, & Burke, 2011), principle that is based ba t
concept of public transport network planning. i.e.
“serving the maximum number of possible journeygwi
the minimum of operational resources” (Mees, Stone,
Imran, & Nielson, 2010).

There were many studies showing that co-modal
transport cuts transport cost, leading directly the
maximization of the efficiency of the transport thaco-
modal practices being profitable and sustainabtedifi

Reduction of greenhouse gas emissions

Managerial framework in a supply chain perspective

Figure 1 Dimensions of co-modality
Source: Silvia Rossi, CO? Project, 2012

3. CASE STUDY

To show the importance of intermodal transport
(taking into account the role of sustainability) we
analysed the carriage of 4,000 tons between two
different points A (a city) and B (a port). Withihis
study we have taken into account different types of
transports, both unimodal and intermodal obtaining
different costs, but we analyse only two of them: a
unimodal transpoft(road transport) and an intermodal
one (rail-river transport). We analysed the totaktc
obtained for each solution considering both intearal
external costs. It is important to say that whemgis
different modes of transport the distance betweeand
B is not the same (referring to the final two sios,
due to the accessibility of road transport and also
considering the rail infrastructure and river frail

The results showed that intermodal transport cuts
transport costs, the rail-river transport being hwit
approximately 30% cheaper (see Figure 2).

Referring to the external costs it is clear thaemwh
using rail-river transport the social externalitiase
reduced, so we can easily say that using an inamo
transport will certain lead to an environmentally
sustainable transport due to the transfer of frteigh
modes that generate less external effects.

! Communication from the Commission COM 2007 /
The EU's freight transport agenda: Boosting the
efficiency, integration and sustainability of fretg 2 A transport that uses only one mode of transpodt a
transport in Europe COM(2007) 606 final where each carrier issues his own transport documen
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we saw intermodal transport is a key system in the

160000
140000 international transport, mainly because through it,
120000 transport modes compete with each other, benefiting
100000 entire transport of goods. We should also noticat th
S 80000 intermodal transport takes in consideration custsime
60000 demands (trying to satisfy them), but also the
20000 environment, sustainability being an important edaim
20000 of European Union policies, due to the fact that co
0 modal transport implies non-road freight transporthe
Road Rail- river long-haul.
transport transport We should also take in consideration the impact of

external costs, that's why was introduced the cpnhoé
co-modal transport, that tries to obtain sustamabl
development. It is important to say that the mdai of
intermodal transport is to utilize the strengthslidferent
transport modes in one integrated transport chain
(Flodén, 2007), so that in the end the economic
performance obtained is the highest. So, it isrcldeat
intermodal transport leads to a significant conitiin

for sustainable development.

Figure 2 Transport costs chart

As highlighted by the study of CE Delft (2011), we
can see that external costs in EU-2fbr road transport
are much higher than for rail or inland waterways
transport (see Table 1), when referring to accileair
pollution, noise and some others categories ofreate
costs.

Table 1. Total external costs for EU-27 by cosegaty
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HIGHER EDUCATION’S IMPORTANCE. CASE STUDY ON UNEMPL OYMENT RATE

ISTINGA (CRISTEA)VIORELA- GEORGIANA”OLTEANU ANA-CORNELIA
12Constanta Maritime University, Romania
ABSTRACT

Through our paper we tried to highlight the impoda of diversity in higher education system, buipathe
important role of higher education for the econdmgeneral. The skills and advantages of highecation graduates
play an important role in reducing the unemploynrate, due to the fact that in order to obtain adgmb one need to
be prepared, when referring to both transversa skills and subject or sector-specific skills. Nifitour case study we
showed that higher education graduates have bemparatively protected from unemployment than logealified
groups, this being confirmed through the low rdtareemployment.

Keywords: Institutional diversity, unemployment rate, higleelucation graduates, labour market.

1. INTRODUCTION 2. THE SKILLS AND ADVANTAGES OF
HIGHER EDUCATION

As stated by the European Commissjohigher
education plays an important role in Europe's ctille
well-being, due to the fact that it creates newvidedge
that in the end is transmitted to students. Eveimn if
Europe there is a large institutional diversityistis in
the same time one of the major key strengths dfidrig
education in Europe. It is well known that almostrf
thousand higher education institutions (that opmerat
within the legal and administrative frameworks béit

When referring to higher education graduates, we
need to highlight the importance of both transvecsee
skills and subject or sector-specific skills forl al
individuals. Studies have revealed that the most
important transversal core skills are consideredéo
team-working, communication skills, computer skills
and adaptability. So higher education programmes
should focus not only on sector-specific knowledgel
national or regional higher education systems)taee  skills, but also on core transversal competencésbho
ones that made the higher education landscape oin terms of critical thinking and learning,
Europe. We have to highlight that studies have show communication, entrepreneurship and creativity.l&db
that this diversity is the one that has a positmpact on shows the ten most important capabilities that an
performance (van Vught, F.A.et al.; 2010). Everwd employee, as a higher education graduate, showd, ha
speak about small specialized teaching collegeshout together with their importance ranking. We can e
large research-intensive universities, they ally pén the degree classification, relevance and reputatibn
important role in Europe's higher education system.qualifications achieved by graduates are very irgdr
Considerable diversity remains in European higher Figure 1 shows the employers’ main complaints
education, between systems, which retain their ownconcerning the higher education graduates as pezben

characteristics, between institutions, which varsize,
mission and profile and even, within institutions
(Reichert, S.; 2009).

Why do we need diversity in higher education
system? According to the European Commission there
are many reasons that support it like: diversitihesone
that sustains institutional specialization (everstitution
try to became the best in what they do), it all@esess
to higher education to students with different edional
backgrounds, it responds better to labour marketisie
(due to the increased variety of specializations) &
offers greater possibilities for exploring new apgrhes.
But beside these reasons it is important to sayithte
end higher education institutions contribute toisoc
economic  development, improving individual's
knowledge and skills and contributing to innovation
the wider economy.

! The Commission's Communication on Supporting graamith
jobs — an agenda for the modernization of Europ&her
education systems, 2011
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by many studies.

Table 1. Top 10 capabilities employers are moss$fad

with and their importance ranking

Capabilities Satisfaction rank
IT skills 1
A postgraduate qualification 2
Good degree classification 3
Quialification from an 4
institution with a good
reputation
Intellectual ability 5
Character/personality 6
Team-working skills 7
Relevant course of study 8
Integrity 9
Cultural fit with your company 10

Source: Will Archer, Jess Davison, 2008
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Graduates attitude towards work

Business skills

Knowledge of foreign languages

Communication skills

Team-working skills

m Getting a job much

easier
m Higher level of
education

Professionally
successful

= Obtaining a high
specialization

m A better salary

Figure 1 The employers’ main complaints

At present, in Romania, the rate of leaving in
education is quite high about 19% (while at Eurapea
level this rate is 15%) which will adversely affeitie
European level of competence. It is important to
highlight that many studies conducted by the Roarani

Figure 3 Which is the main advantage gained thraugh
college graduation?

3. CASE STUDY: THE UNEMPLOYMENT
RATE AMONG GRADUATES

It is clear that higher education has a positivpant

Ministry of Education showed that almost 75-80% of

high school graduates go to college and 17% of . .
Romanians of all ages have higher education. level, due to the fact that European higher edanati

. : raduates have significantly higher rates of emmieryt
The advantages that higher education graduates hav?ﬁan those with Igss advgncegd levels of qualifirat
are:

. The unemployment rate for college graduates Co_mpa_red to fo_recas@ future labour marke_t n’eeds and
is lower: taking into con5|dera§|on the Eurquan U_n_lons earg
. The revenues are much higher, the taxes Onthe number of Romania’s students is insufficient.

income for college graduates are higher than thate Studies have shown that by 2020 in Europe, over

e . . . . 35% of jobs will require higher qualifications il
Lc;\gteqfea\‘/lgfsgggsn’ dt?(;shilsﬁg;nges;g)nnggtlCalIy tagher increase from 29% in 2010), around 50% of jobs will

. Lower stress and higher levels of health: require medium-level qualifications and the shdrmlos

. e . . employing those with low qualifications will deceea
Workplacggenaﬁg prgrrfgtgf‘”'“es i changing  the ¢ 5006 to less than 15% (CEDEFOP, 2010a), due to

. Higher level of sa’tisfaction at work: the global economy, which requires_sp_ecialized feeimp

. Parents that are higher education graduates ar Il sectors. The European Commission stated that by

more interested in their children's education dm&y tare (r)(?gé:tet(?io driesne1atr)1 d alfr(r)1rosth '?glyr;ﬁmilr:ﬂet?ﬂspgowe IS
willing to spend more money for their school traiyi Proj y ’ . ity

. High school graduates are three times more becomes urgent to support and encourage high school
likely to live in poverty and eight times more liketo students to attend university cycles.

: : : . It is important to say that an unemployed person is
S(reaegu;?ezal assistance programs that higher educat defined by Eurostat, according to the guidelineghaf

Why should high school graduates go to university? Inte7rArr1at|9Eal LabomlirdOrganlzf?tloa? someone al?edh15_
First of all there are the legal policies that skige a 0 /4 Without work during the reference week who is
higher remuneration for those who hold a university a\;]anible tot_st?rt worl;twnhlrlw the nfx'; two wtge_lmja
degree, second of all there are the skills acqudigthg }[,t\:eolasatsf:Lfr '\\//vingSOUQ employment at some timegiur
their studies (from their lectures or during thaiactice)

and the last one refers to the professional netwioak Decgrzcboerglgglf iuz NR?)trlr?gr?ilalTjsr;uetlrﬁek?fmsetﬁilsrg?: ! the
ones can build upon their work relations. ' ploy (

: . ber of people unemployed as a percentage of the
Figure 2 and 3 present the results that were addain num
during a sociological study that was made amondp hig labour fqrc_e) was at 6.40%, compared to 7.00% last
school students in 2009, trying to find out whicte a year. This is lower than the long term a\_/erage@ﬁ%.
their opinions regarding their future plans. Thedgt The employment rate for the population aged 20-64

. ; . v . years was 67.2%, at a distance of 2.8 percentaggspo
;ﬂ\éierssgoast;secthsl?gr fSLj:tE?: lerﬁgﬁ)imsen? pinion: concegni of the national target of 70% established in thetext of

the Strategy Europe 2020. Figure 4 presents thebaum
m Attending a college
‘ m Attending post-
\ secondary schools
m Going to work abroad

of persons unemployed from 2004 till 2014 in Roraani
m Searching for a job

on employment outcomes, at both individual andetati

= They don't know what
to do
m Something else

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Figure 2 Which are the future plans of a high sthoo

graduate? Figure 4 The number of persons unemployed

Source: www.anofm.ro
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In Romania, as in most European countries,

higher education definitely has a positive impact o

unemployment among young people remains a majoremployment outcomes, an on the economy in general

social problem. In November 2014 a percentage d 22
young people (15-24 years old) were not employed, a
for people over 25, the unemployment rate was 2¥5.
This problem is due transition from school to woeak,
transition that refers to the period between gréddna
and employment on a stable full time job (Bod). M.;
2011).

when referring to unemployment rate.
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