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

'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 incredsadand
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 pratsen methods
for dangerous goods during transport can have isemonsequences onboard a ship. The loading omagtofor a
container ship is one of the serious problems taatto 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 usingiflayer
Perceptron (MLP) as an Artificial Neural Network W&l 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 geagon of
dangerous goods.

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

1. INTRODUCTION loading of cargo transport units represents theifsigint
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 solveseény
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 orduiais to establish the master bay plan in accordance thith
in containers is the beginning of a more efficiani 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 hataio
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 igts
reported that hazardous cargo constitutes appraoeiyna  occur in cases that have grave results due tohiheagye
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 lokeof data processing and judgement to help managers
and the loss of the ship in 2003. An explosion frel (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’siddar 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 technigunat

11



Constanta Maritime University Annals Year XV, Vol.22

can be used by researchers which has shown pr@misinSystems 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 techgolo
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 resaareke
agency operators. The Database used for the medel ia promising method in forecasting studies.
composed of various containerized dangerous gduds t Artificial Neural Networks (ANNSs) are computer
have different characteristics. Multi-layer percept systems developed to imitate activities of the huma
(MLP) as an Artificial Neural Network Model has mee 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 output®or
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 tnos
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].

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 network eThost 3.1 Evaluation criteria
popular network model used for classification pewirs
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. Reguokati

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 accotaling 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, éfee 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 sgameger different hazard classes modelled in the study. The

class. Thus, members of the same dangerous gaasts 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 segregatioriween
Dangerous goods are represented by UN numbers irclasses, they are not stowed in the same defined

the IMDG Code. There are approximately 2500 diffitre 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 pofiudan

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
21 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
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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 tn
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 Gidisation 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 categoriegwh
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 acegrti
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
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

bow and supervised learning, specifically with a back-pmgt#on
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 hypécbho
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 aangs

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 fiv@-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 validatiata, achieved. In our Multi-Layer Perceptron network raipd
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 configuraticxdeh multi-layer perceptron model with three layers duade
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 ANNido

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 Method

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-validatidti,
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 trairhmg
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 in€Tab
subsets. For a different number of hidden neurtimes, 5. Training for the network with sigmoid functionas/
network is run 5 times by 1000 iterations by chogsi 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 pedn 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).

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.
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Table 6: Results of Testing Process for the Prapdtmural 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 0.8065 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 ofgianus
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 constraini 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 ggg‘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 04.0b 1d
-0.0494 | 0.03996| -0.046¢6 0.03746 0.16978 0.81%46 7634 3-h
0.16016 | 0.71723 0.19104 0.769%54 -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 6408® 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 G857 3-d
-0.0526 | 0.16763| -0.05072 0.18442  -0.0008 0.90R7 301 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 0.01099 -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 dipa 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 suitabl 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 shipihgad
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
Cat malarn Bilgi Tabanl Karar Destek Aracyla
Cozimii. Yuksek Lisans Tezi, Anadolu Universitesi,
Sivil Havac | k Anabilim Dal . 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 evaluaticteria
depending on the nature of loading operations. Ikjina
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 applicatidnhao
genetic algorithm.
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DYNAMIC ANALYSIS FOR CALCULATING THE MARINE STRUCTU RAL DESIGN BY
USING THE FINITE ELEMENT METHOD

JON 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. Eney
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 findingseobed
(Fluids, Thermodynamics, Electromagnetism, etce T  in established rules that apply not only in theigies
MEF idea consists in modeling the field studiedtlgh stage, but also in the construction and approeglest. In
a number of elements with finite dimensions, cote®c the construction stage, a careful control in ailf keages

to each other in a number of nodal points in witioh 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#drn decades.

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

2. CURRENT STATUS IN 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 smaf 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 pesi 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, méttyeo
brought by the rules can not estimate the exaengxo vessels placed in service in the last 40-50 yeautdaot
which the vessel is considered safe. In other wdids have been built: modern vessels to transport coerts,i
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 finiterant
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 exampliei (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 Reegi®n
Rules is often aprons; they refer to a specificgeanf
situations in which the structure can be foundislt
possible that these relations, although possibiynigaa
fairly wide applicability, may not match their imged Figure 1 Nodes network of finite elements of a
purpose, efficiency criteria of the designed ship a medium sized container ship
other requirements of the beneficiary. The design
process must be developed based on the functipmidlit 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 Jeske
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 detezdhby
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. must stresses.
made).

Due to the development of information technology, 2.3 Quasi-static loads
in the last half century, numerical and analytitathods
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 usingfihiée 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 inioiug
structures can be achieved. inertial forces. Examples of stresses that are gtdmto

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 alshuips
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 eletsen
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 hhi¢
structure. In these cases, stresses with low amplt
can create at resonance, high amplitude variatas
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 na&nbe

loads generated by alternating movements of thexmai 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 boad
other parts of the hull structure, including théefs 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 solnetthe
frequency domain. Transformed operator.

3. OTHER LEVELS OF 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, therefbwie 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 impodadt
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.

5. REFERENCES
[1]. ALINA ION, - “ Research on the calculation of a

container ship structural resistance to wave oatitins,
Phd thesis; 2014

[2]. ALINA ION, PAUL BOC NETE, RODICA
IONELA ICU, ,The modern design of naval
structures” Analele Universitii  Maritime din

Constanta, Roméania, Vol. 20 — 2013, ISSN 1844-5381
[4]. ARGYRIS J., KELSEY A., Sovreménye metody
ras jota slo ynyh statieskih neopredelimyh sistem
trad. din engl., redactofFilin A. P., Sudostroenie,

conducted on the whole ship, but on ship modules,Leningrad, 1961
consisting usually of maximum 3 compartments. These[5]. ANSYS Structural Aanalysis Guide ,ANSYS ,INC

modules are analyzed and optimized separately.

Canonsburg,PA,1997

The process can take a very long time, but in this[6]. ANSYS, Mechanical User Guide, Release 14.5,

way, issues which may pass unnoticed,
discovered if we analyze the entire model. In oraer
take account of the interaction of a module wité tast
of the structure, various techniques have beenlojgsd.
Due to the difficulties and uncertainties in
determining the interactions between modules, iticen
the entire ship began to be modeled with finitenaats.

can be2012

[6] BAARHOLM, G. S., AND MOAN, T, Efficient
estimation of extreme long-term stresses by corisgle

a combination of longitudinal bending stressek
MarineScience and Technology, Vol. 6, Issue 3, 122—
134, 2002

[71 BARKANOV, E., Introduction to finite element

The continuous improvement of computer hardware andmethod Institute of Materials and Structures, Riga, 2001

specific software come to support these approaciés.
the level of main elements and at local level, aatgic
analysis is performed only if required significantly
sources that cannot be avoided, such as propeltats

21

[8]. BEARDS, C. F.Engineering vibration analysis with
application to control system#rrowsmith Ltd, Londra,
1995

[9]. BATHE K.-J.,Finite element procedures in



Constanta Maritime University Annals

Year XV, Vol.22

engineerng analysjsPrentice-Hall, New Jersey, 1982;
[10]. BEARDS, C. F.,Engineering vibration analysis
with application to control systemdrrowsmith Ltd,
Londra, 1995

[11]. BATHE K.-J.,Finite element procedures in
engineerng analysiPrentice-Hall, New Jersey, 1982 1
Beards, C.F., Engineering vibration analysis with
application to control system#érrowsmith Ltd, Londra,
1995

[12]. BESCHEA N.,Rezistera materialelor— capitole
speciale Editura Didactic i Pedagogic, Bucureti,
1971

22

[13]. ZIENKIEWICZ O. C., The Finite Element Method
in Engineeting Science McGraw Book Company,
London, 1972

[14]. ZIENKIEWICZ O.C., TAYLOR R.L, The finite
element methqd vol |, Butterworth - Heinemann,
Oxford, 2000;

[15]. ZIENKIEWICZ O.C., TAYLORR.L., The Finite
Element Method for Solid and Structural Mechanics,
Sixth Edition, 2005



Constanta Maritime University Annals Year XV, Vol.22

THE ARCHITECTURE OF SOFTWARE SHIP POWER V1.0

’XHAFERAJ BLENARD,’LAPA KRISTOFOR,’DUKAJ AGRON

L2Department of Naval and Mechanical Engineering,unsity of Vlora “Ismail Qemali”, Vlore, Albania
®Department of Maritime Science, University of d6ismail Qemali”, Viore, Albania

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 usedffware is an
important element for the development of the prioyéth quality and on time. Prediction of power aedistance of the
ship is one of the most important components gi sleisign process.

The purpose of this paper is to present the amdbite 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, cph@dized to
include easily other regression analysis modelfyrther enhance its range of application. The pmoyggives a detailed
report and graphical representation of effectiveistances and power versus speed. Ship Power caisdak 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 plelms
Ship design process requires the recognizing asmay be passed if the calculations of resistance and
soon as possible of resistance and power, needdéein  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 medel 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 poweipoihsh  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 theoré&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 aefined
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 tadzed
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
\ ISO 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 softwarebeliminated 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 Legrn ability Can the user learn to use the sy:ﬁesiiy?
Operability Can the user use the system withoutmaffort?
Attractiveness Does the interface look good?
- Time Behaviour How quickly does the system respond?
Efficiency

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 hullsg(Fr2). [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, iake 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 diéfat

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 proceduresdieat
performance of single- and twin-screw merchant ship planned to be implemented in the developed program
The theme of statistical prediction was then taiprby 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 mathtésal 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 + R + Rar + Ryarain (1)
Pr=T» (7
Frictional resistance {@is calculated according the P
ITTC — 1957 formula. Depending on the specific Pp=-F (8)
conditions, the form factor (1 + k), appendages ho
resistance (R, wave resistance (f, additional Each component of resistance is expressed in

resistance due to a bulbous bowg)Radditional pressure ~ function of speed and hull shape parameters. This
resistance due to the immersed transom)(Rhe model ~ particular model applies to displacement mono hulls
ship correlation resistance {Rare calculated as in With characteristics, in the range 0.8 0.85;
Holtrop (1984) and in Holtrop and Mennen (1982)r Ai 3.90 L/B 14.9; 2.10B/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, cargs, 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/B ar C
are calculated as in Holtrop (1984) and in Holteod ~ ©Of ship type, speed and geometric parameters, the
Mennen (1982). program verifies and selects the method of calmiat

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
R calculations of resistance and propulsion factoss a
Cyx = % ) described in Holtrop (1984).
05xr XS»/ The program is structured in modular form, where
Ry each component of the resistance and propulsiaorfac
T=—— (3) is calculated according to an individual procedarel
@1 the final result is taken as the sum of the residtsved
hy = (1' t) (4) from each procedures. Such a setup provides arbette
(1- W) localization of possible problems that may ariseirdy
ho =hy i (5) the development of the code, and facilitates

modifications in future. Each procedure is tested
Pe =RV () 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 thast 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 drd, the problem, creating him the possibility for nesszy
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 resistancehis

Figure 2 The simplified flow chart of “Ship Power”

3. RESULTS AND 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 probletmest Reports and Language menus. In the current vethion
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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 efficiench0. 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
efficiencyh,.

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.

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

During all working time, in this graphic interface,
the software signals the possible irregularitiehiew 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 inteefand
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 sind
bow.

The block “Water Environment" is a block in which
the user can declare water characteristics such as,
temperature, density and viscosity. Default thevearfe
takes in consideration the standard characterisiics
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 asaniage
of viscous resistance.

and

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 bplayed
under the menu Report. Reports compiled by the
program are: resistance report, report of resistanc
coefficients, report of propulsion parameters agplort
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 construéteoh
the program are: graph of effective and delivered
propeller power in function of speed and graph of
resistance components in function of speed.

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 codegeShy
stage each of the developed procedures is verified
running the program and comparing the output resfit
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 resistan
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, propelléarust,
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.PT 3.30m Stern parameterg 0.0
Displacement voluméd\ 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

sppeek 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 Ccv 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 ea2tg35 knots, speed increment 2 knots

Total thrust Effective Delivered

V Knots w t hR hH hD 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 0.9213 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%38. | 12,740.59 18,762.68
33.00 0.03768 0.05409 0.98 0.9213 0.68 9031447. | 14,506.88 21,365.49
35.00 0.03761 0.05409 0.98 0.9213 0.68 9666893. | 16,466.60 24,253.49

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

vV |Rw (kN) Diff. |Ry (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 -0,88 756 248, 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 V008 |-1.04
35 618 618,6 0,10 925 914,61 -1,12 978 &EH, |-1.13

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

included at R)
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Figure 6 Graph of power vs. speed, generated by the
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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 factak 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 s~ - represents stress value in the most stressed

elements, joining elements, within a set of streeguof area (in concentration — hot spot). It must betakito
high volume. Verific;ation of fatigue strength foorse consideration that the effects céused by the plessib
structu_rﬁl elenrﬁngs 'Sf T:]ade throlu%h thg two mefthé)lds soldering, addition of material or welding are taien
that is baesen;eonotheocrit;rigzrirjc,léL?elzi/eby %gfn?gm?ne?r into account in determining stress, bqt the oven’_ﬁéct
by designing the stress curves — S-N cycles. oflthle _geor?er:ry of _th(—f 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 (Doarmj L., S om - 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, DE1. Simod- 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 - s, ), 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 thastbr, ~ 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 ra}iser the dimension of the exlémns
distancet that represents the dimension of an element offecommended to bé” t. 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
plate in the proximity of the concentration, Figire
- The ratio between the length and width of the
element of digitization: as a rule, a ratio of 1:isl
preferred in the area of the stress raiser, a tdtihi3 is
preferred outside the concentration and ratio showk
exceed 1:5 in the rest of the structure;
- Determination of stress: it is based on a linear
extrapolation system.
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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Shot =195 g5t - 0551 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, a) Finely
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;

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

- Case 2D - R_200_optimized. Table 1 Determination of the concentration factor
SCFReoarse— Structure R_200_unoptimized
Quota to extract | Force Stress value
stress [kN] [MPa]
0.5t 176.459
1.5t o5 74.083
The value of 297 65
SCFcoirse '
0.5t 352.918
1.5t 50 148.166
Figure 2 Highlighting stress raisers, cut-out detai ThSer';aC\(I)l::eof 455.29
Structure R_200 O 5t ©20.378
When fatigue strength due to stress variation i$ 1.5t 75 222.249
analyzed, the possible influences of stress raiaads The value of 682.94
how they modify fatigue strength values should be SCPFeoarse
considered.

In this case. determination of this stress Stress concentration factor for different loads was

concentration factor was done by two different rogth ~ Carried out by interpolating stresses at 0.5t arfst, 1
of digitization: fine and coarse, applying the respectively (Figures 4,5, 6).
methodology described above and using the fornila (

2.1 Coarse digitization- Structure
R_200_unoptimized

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. Figure 4 Stress interpolation at 0.5t and 1.5t for
Structure R_200_unoptimized (a force of 25 kN)
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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)
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 1.5I€T3).
Table 2 Determination of the concentration factor Table 3 Determination of the concentration factor
SChine— Structure R_200_unoptimized SCRoarse 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
1.5t o5 58.334 1.5t 73.9405
The value of 253 94 The value of 25
SCFige . SCFoee 215.94
0.5t 377.483 05t 335.886
- 1.5|t f 50 116.668 1.5t 50 147.881
e value o
507.89 The value of
SCFige SCFonee 429.89
0.5t 566.224 05t 503.829
- 1.5|t f 75 175.002 1.5t 75 221.821
e value o
761.84 The value of
SCFine SCFiouee 644.83
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).

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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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).

Figure 9 Stress interpolation at 0.5t and 1.5t for
Structure R_200_unoptimized (a force of 75 kN)

Figure 10 Stress interpolation at 0.5t and 1.5t for

Structure R_200_optimized (a force of 25 kN) Figure 13 Stress interpolation at 0.5t and 1.5t for

Structure R_200_optimized (a force of 25 kN)

Figure 11 Stress interpolation at 0.5t and 1.5t for

Structure R_200_optimized (a force of 50 kN) Figure 14 Stress interpolation at 0.5t and 1.5t for

Structure R_200_optimized (a force of 50 kN)

Figure 12 Stress interpolation at 0.5t and 1.5t for

Structure R_200_optimized (a force of 75 kN) Figure 15 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
Since in finite element analysis, precision depends
Following numerical analysis, stress values at 0.5ton the digitization adopted, it results as it candso
and 1.5t were extracted, resulting in the valuestofss  noticed in Table 5 that, in case of fine digitipatj stress
concentration factor (Table 4). concentration factor resulted was higher than e caf

Table 4 Determination of the concentration factor C02rse digitization (Figure 16).

SChine— Structure R_200_optimized Table 5 Comparing the results in the two cases of

34

Quota to extract | Force Stress value digitization Devialions
stress [KN] [MPa] Force [%]
0.5t 195.496 Stucture | Ty | SCRine | SCRaase | gop -
1.5t 61.0842 SChine
The value of 25 R200_u| 25 | 253.94| 227.65| 10.35%
SCFine 262.7 noptimize | 50 | 507.89| 45529 10.36%
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d 75 761.84 682.94 10.36%
R_200_op 25 262.7 215.94 17.80%
timized 50 525.4 429.89 18.18%
75 788.11 644.83 18.18%

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(@)? g @

Relation 2 states that a crack develops only if the
potential energy released by crack extension iatgre
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:
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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 ofdfllof
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 = 2140°[MPa], u =03, r =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 ali#
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 elene
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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
Figure 18 Scenario | of cracking 2D analysis —
Structure R_200_unoptimized Module | Module I
Flc(’,{f]e J K J K
The results obtained both for the J-integral and fg Scenario [ [Nfmm] | [N-mm®] | [N/mm] | [N-mm°7

: . ) [ 25 16.074 1837.2 10.262 1468
intensity factork are shown in Table 6. 50 64295 36745 21046 59359

75 114.66 5511.7 92.354 4403.9

Table 6 Scenario | of cracking — Structure

R_200_unoptimized b) SCENARIO 1l
Force - Module | - 5 Module II < In this scenario the length of the crack is dirdaa
scenario | KM Nmm] | (Nemm9 | [mm] | [Nemmo two elements of d|g|t|_zat|on. _
I 25 15.069 1778.9 10.319 1472.1 The results obtained both for the J-integral and fo
50 60.274 3557.8 41.275 2944.1| intensity factork are shown in Table 9.
75 135.62 5336.6 92.869 4416.2
Table 9 Scenario Il of cracking — Structure
b)  SCENARIOII R_200_optimized
This scenario considered a continuous propagation Force Module | Module I
of the crack, the length of the crack being dirdoo® REN J K J K
two elements of digitization (Figure 19). Scenario [Nfmm] | [N-mm®] | [N/mm] | [N-mm°9
I 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 of integral and stress
Figure 19 Scenario Il of cracking 2D analysis — intensity facto depending on the length of the crack.

Structure R_200_unoptimized Table 10 shows the results of the J-integral in the

] ] area of technological cutouts in double bottom
The results obtained both for the J-integral and fo |einforcements (DB).

intensity factork are shown in Table 7.
] ] Table 10. The J-integral for the structures oftthe
Table 7 Scenario Il of cracking — Structure structures - unoptimized/optimized
R_200_unoptimized

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 | 50285| 11158 —cOV_Unop 7 10155 71418
50 95.132 4469.6 -23.714 2231.6 timized 75 52849 16069

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 _ o _
Figures 20 and 21 show the variation Dfintegral

The optimized structure has a radius of depending on the radius of fillet and load capacitythe
technological cutout of 200 mm (sheet thickness11. length of an element (scenario I), respectively tbe
mm) where the same steps for the determinatiomef t length of two elements (scenario I1).
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25), variation of, respectively depending on thagté of
the crack, is shown.

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

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

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

Figure 23K, factor variation depending on the length

Tables 11 and 12 show the values of stress injensit of the crack (Scenario Il)

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
R_200_opti 25 1837.2 2308.7 Figura 24K, factor variation depending on the length
“mized 50 3674.5 4617.3 of the crack (Scenario 1)
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
R_200_opti 25 1468 1194.2 _ o _
mized 50 2935.9 2388.3 Figure 25K, factor variation depending on the length
75 4403.9 3582.5 ;
of the crack (Scenario Il)

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
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5. CONCLUSIONS [2]. Dumitru, I., Maravina, L.,Elemente de mecanica
ruperii, - curs - Univ. “Politehnica” Timioara, 2000.

Determination of the modes of cracking necessary[3] Goan , 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 lai, Tomul XLV(IL), fasc. 1-2, p. 241-248,
operation in structures made of steel. 1999.

Most times, the analysis of the emergence and[4] Had r A., Constantinescu I.N., Gheorghiu H., Cote
extension of cracks can be achieved only by usingC.E., Modelare i modele pentru calcule in ingineria
numerical and experimental methods. mecanic, Editura PRINTECH, Bucuré, 2007.

As can be seen in Table 1k () compared to Table [5] Irwin, G.R.,Relation of stresses near a crack to the

12 (K, ), K, factor has the highest values. Therefore, crack extension forceRroc. 9th Int. Congr. Appl. Mech,

the possibility of cracking most likely to occur ke Vol. VIII: 245-251, University of Brussels, 1957.
oper?ing y 9 y [6] Rice J.R.,”A path independent integral and the

approximate analysis of strain concentration bychets
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EXERGETIC ANALYSIS OF THE HEAT PUMP USED TO RECOVER
ENEGY RESOURCES WITH LOW THERMAL POTENTIAL

' DIACONESCU IOANA,?GRIGORESCU LUIZA

L2«punarea de Jos”University from Galati

ABSTRACT

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

practical limitations, which further limit efficiery.

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 analysisdhas
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 locatiomer@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
exergy analysis has been

reasons and others,
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://exergy.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.

* 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.

electricity

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 pses.

illustrative example of applications of exergy a#s# 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

39

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 revwdesi
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 S _
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 clacty 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 effiie
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 tradie- 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 &which is necessary for generating
for efficient technologies and disincentives fowlo ~ N€atQ, so:
efficiency alternatives through special taxes and EQ
regulations. X=— (1)
EB
2.2 Exergy and Environmental Impact and
o . . . To-T
Exergy applications are increasing in environment EQ =Q R m )

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 meastirie
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, =h xEg x B0 (4)
depends on the states of both the system and the R

environment. This departure is zero only when the _ Tr-Th

system is in equilibrium with its environment. Ralas andX =11 XT (5)

between exergy and the environment may reveal the
underlying fundamental patterns and forces affectin
changes in the environment, and help efforts taestd
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
tx=20°C and ,=-15°C exergetic efficiencyx 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)

he

Because the whole electrical energy is changed ing,

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

became:
xTR B Tm

Xe =he =
R

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.

For hg=0.35 and the same temperature conditions exergy

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

he

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)-

"
A, Cold sourc
| HEAT PUMP
= Aq
HEATED OBJEC
Q(Tr)
T
Environment

Figure - Sankey diagram of the proc

system [, xh). The internal irreversibility of the process
must be considered alsi;).

- The external irreversibility of the process asute of
the finite temperature difference of the heat tians
process over the condenser and vaporizg).(
For the real process conditiong ¥ Tg ; T>Ty;
means thaxgr < 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 . = W/Eg and in this situation the exergy
efficiency of the heat pump processd) became:

<lit

Xpc= Ec/Eg = W/Eg*Q/W*Eo/Q = iXor 8

If is considered that in condenser and vaporizat he
transfer processes are running at the constant
temperatures:

Xor =%XE%=%M' E\/%

©)

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, —-— +(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)
Q. T 1A yph (11)
W TC - TV hi i el Q""’Tvch"'(TR—Tm);T\//Tc“"(Tm—Tv), SO
and Tn=Tv e v = const (14)
_ T. 1-h T,-T, Te-To Ty
Xor =hih 1 T-T + h T (12) K and V are two constants that characterize quiakta
c v i m behaviour of condenser and vaporizer. Considerihg a
these, the exergetic efficiency of heat pump became
1+(V +K)x1- -m - .
Xoe =S 1N, R 4= "1x1-_nm 15
PC ehm el”fi 1+(V+K) hi TR ( )

The analysis of functionsc = f (V+K, Tg — T, allow us

to reach the conclusions that:

- heat pump works in good conditions fog ¥ T, = (10

-30)°C;

- for low environment temperatures heat pump estirg
efficiency increase.

6. LIMITING VALUES OF HEAT PUMP
EFFICIENCY

By definition, the heat pump efficiency is:

=Q/W (16)
Using relations 11 and 16 results:
T,
1+(V +K) 1- T—m
e=h_h,h R+ ay
T h,
(1+V+K)1- ™
Tr
Setting limiting conditions regarding the fuel

consumption that means fuel amount used by power

plant to produce heat Q equals fuel amount used to

produce electric energy W for driving the heat pump

7. CONCLUSIONS

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

Making a graphical and experimental analysis of
function pc = 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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compressor, and heat pump thermal charge is Q, the

following relation can be written:

mn= 8/ e (18)
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THEORETICAL AND EXPERIMENTAL RESEARCH ON THE
RHEOLOGY OF THE MATERIALS' COUPLE WITH COMPOSITE ST RUCTURE

'GRIGORESCU LUIZA?DIACONESCU IOANA
12 Dunarea de Jos” University, Galati, Romania
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. Thletual operation is
presented, with intense dynamic loads, where f{yisaximation cannot be used even for an ideal Tife real tire is
not an ideal membrane without inherent rigidity bats a certain thickness, a certain rigidity whikchrubber is not
particularly linear when subjected to combined defation of compressive and flexural tensile strbragtd adds to the
additional nonlinear components making the elafice expression become more complicated and diffito
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, thereftgformable, the foregoing considerations for the deformation are
also valid for the path deformation. In additioetwseen the tire and the road/path, on the contiyese 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 consitet all of these features onto the whole tire it wobl to
rheology describes the behavior of a body subjetted 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. Accorthrite it and still it would not be accurate. On the othand,
principle of action and reaction in Newtonian meths, 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 rheobdgy 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 diffefileh
torque models where important are not only the the Ilaboratory 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 thcontact 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 consisalb
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 csimow
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 hase
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 deédle
a 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.

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

a=AB=,/dD-d )

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

Where from

F=ppdy/(D - d)(d- d) 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
a. Only for very small deformations so tltht is
negligible compared to d and D, respectively,
a<<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 = ppdvDd )

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 thickeg 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. Consiagr
the path as real, therefore deformable, the foregoi
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 segarat
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 expearime
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 d . These forces occur only when the tire
presses on the path/road, being identifiable byfdot
that the position h of the vehicle wheel cerigrto 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 forebe
non-linear by the discontinuity introduced by thalue
of h =D/ 2, which is illustrated in the form ofiting

_ Fd) ifheD/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 ;
= Cold*®'SGN(d) if h£ D/2 @

0 ifh>D/2

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

- C,ld*P'sGNd) if h£ D/2

Fy =
0 ifh>D/2

(8)

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

d'sGNd) if he D/2

if h>D/2

-C,
0

R = ©)

In the above expressions SGN function is the "sign
function in the well known truth table
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+1 if x>0
SGN(x)= 0 if x=0 (10)
-1 if x<O0

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? = dd/dt.

Although deflection d 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

- Culd™sGNd) it hep/2 id>0

d"?seNd) it hep/2 id<0
dac h>D/2

Fv = - 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 thatdpoed
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:

_ - Gld™ +c)d™ seMd) if hepy2 12

0 ifh>D/2
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 height; on a flat surface of the real
running path, Figure 3. After the partially elastic
collision with the path surface, the tire wheellwite 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.,, hy,.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, reaogd 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 thelifnce
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 secomus, a form as a parallelepiped with eight corners, reggira
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 expressionsar{d)
(12) for the pressure to appear as an independent
variable.

Figure 3 The experiment

Another important element is the number of
experiments performed with the same wheel so that t
results are less influenced by measurement ermuds a
take into account the existence of the three tymples
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 possibléhi
wheel falls from different heightk, . Thus there are two

C,ld*P +c |d sGNd)+c,ld*'sGNd) if y2 h,- D/2
My+ pl|q v N( ) el| | '\( ) y 1 / - Mg (13)
0 if y<h,- D/2
With initial conditions: y=0, y=0. The solution of And the deformation rat& can be found, taking
equation (13) is considered the numerical function jnto account (14), by
y=f(t) (minush= f(t)), assuming that we know the
concrete values of the coefficients and exponents. d_@_ 15
Deflection, will be expressed in this case as T dt y (15)
d=D/2- (hy- 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 valuesiyf i 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% » 65330"" 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@®164.0°? 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 il Wwe
chosen only 6, maximum 7 subintervals, which reduce
the number of solutions to " only " 46656, max I35,
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
Cpitr Cpizs Xpi1s Xpi2s Cuas 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, correspondirtheo
six coefficients and exponents, of the form

Coiis Xp1is Cuis Xis Celis Xarin 1 =12, 0

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

time, ie when the wheel reaches its maximum height
after the collision denoted By ,cuated(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, X, Gy, X5 Ceps Xe

After retaining from the 6 or 7 values the
group of values fo€, 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 Xpi» 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 Cyy X, Cep, X are record and the values

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

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

i (hzi - hZCaIcuIated)2

s=qiz (16)

6
And it is found for which group of values
Cpis Xpi» 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 6- 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

6534.0"" 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 artl 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.

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 paramete
determine this deviation the heidht was chosen taking
into account the calculated and measured valudsthBu
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:

i (tui - tucalculater)2

+ | i=1
6 2 6

i (h2i - hanlcuIateJ2

S L)\ (17)

a) To calculate a standard mixed and weigthed dewia
of the form (17) with /; and/, weighing coefficients
between 0 and 1so thdi +/, =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 redtai
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 wilVeaheir
own rheology, we shall call it pair rheology and
characterizes only one couple actually. The adygntd
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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Figure 6 Print screen with practical values of¢lperiment

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 omed the
movement of the wheel in both directions, vertigahd
We have shown that the method presented abovehorizontally, and its forced rotation at collisiand free
allows finding the tire behavior only to radialatr. For rotation after the collision. Since the physico-
strains in other directions, such as transverse ormathematical model mustinclude also the rotatibthe
tangential, the method described in principle remmahe 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 Using an experiment like that described in Figlire
collide with a hard surface, the wheel remainsat in a under the mathematical formalism discussed in Gapt
non-deformable area (or negligible deformation) drisl 3 of this paper, we can determine the rheological
allowed to fall on it, transverse to the tire, dolmable characteristics of materials with a very compleRawgor
body, hard and heavy of mass M, Figure 9. due to internal forces of different natures causgdhe
On the tire other devices may be attached astwell deformations, such as different types earth, agphal
allow collision to tangential direction or any diten of concrete, composites, rubber, plastics and mordasim
interest. A more refined variant of the transveilsald ones.
testing, applicable also to tangential strainshisven in
Figure 10, for which another physical -mathematical
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Figure 8 The calculated values for the rise tigent 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 ENG INES
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. Dependindieméature of the
heat release and the nature of combustion prooeseidiesel engines combustion chamber many mddeis been
developed in an effort for modeling the actual hetgase in a relative short time with a satiséeduracy. This work
shed light on the ignition delay period, the phasiesombustion process in diesel engines, and enmain important
models which used for modeling the heat releaskeisel engines, the vibe model and Watson et akemod

Keywords: diesel engine, heat release, double vibe functidaison 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. €hd
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 asduls.
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 formatiaf
been started to burn, the fuel injection contindasng radicals is proportional to the amount of injectee!
this phase, and the mixture formation continuesdres which means the more fuel injected the more raslical
of processes atomizing, vaporizing, and mixing filned 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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drn:uel . parameter is complicated, it :?\ffects the amount of
— = = kxmfuel,and dmfueI: - m»«jmfuel released heat during the premixed combustion phase,
dt - parameter@ becomes larger withf1, ... increase,
Querl/ ) =1-exp- a J -/ s " also the combustion terminates earlier for larger
Qunernot D oo A oo - However, the value of parameté@ varies
from 2995 for/ . = 0950, to 6908 for
Where: / is crank angle degree between the start 4 = 0999 more data about this model in [8], [3]
and the end of combustion, the entire amount ot hea In order to get the most accurate result from using

release is calculated from calculation the fuel srissit the vibe function a heat release rate pre-cal@natiust

injected in one engine cycle multiplied by loweatieg  pe carried out to determine the three parametersbef
value of diesel. function, start of combustion, combustion duratiangd

nytota, =m,, Ahv (2) 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:

oo / =/ +f (7)
dQ'hem :'3>Qchemm >(m -E)x/ '/soc >exp- a / '/soc (3) Soc . SOl . id )
d The combustion duration depends on the air-fuel

I:}ICD IyCD
The heat release also can be modeled a as doublg"tIO _and on the speed and given by the following
€quation

vibe function, the idea of the double vibe functisrto
replace the simple vibe heat release rate modei wit D . =D/ N n ®)
more sophisticated model of two Vibe functions, for Yoo =H

/ n
CD,A A
making the heat release model more suitable for rea ] . I : .
combustion process and make a division between Where: the indexA means initial operating point of

premixed and mixing-controlled phases. j[he engine. Thg shape parameter will not be
e n o et implemented in this work.
dQ, J '/ soa J =/ soa
= =Q,,dm A)xT—"2% sexp-a ——= 4
o] ' 16{ ) Dol D cos @
Where:/ is crank angle degree between the crank

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

3.2 Watson et al model:

This model considered a good model for modeling

angle that corresponds to the start of combustitth @ o heat release in diesel engines especiallyhferfitst
crank angle that corresponds to the end of prem'xedphase of combustion, by the use of two functions fo

phase. . modeling the heat release the first function isdute
dQ, _ dm, 4 J -/ so ™ J -/ soe " model the premixed heat release phase, and thexdeco
g QeAm AT R exp-a T () function is used for modeling the diffusion phadence,

. the mass of burned fuel by the total fuel mass with
Where:/ is crank angle degree between the crank injected per cycle can be written by the use of tike
angle that corresponds to the end of premixed paade functions as follows [7]:

the crank angle that corresponds to the end of m,
combustion. By taking into consideration the praipor —= bf1+(1' b) f, (9)
of released heat for premixed and diffusion pheses ot
follows. Q, , = XQ andQ, , = (1- X)Q Where: b is the phase proportionality factor which
" hgas "2 hgas determines the heat release for each phase given
af® 0.<a< 095, and025<b < 045 are
d d d asb =1- TS 1 - ’ L
R PR (6) i
ds ds ds empirical constants.
Where Parameters m, and m, indicate The first function that describes the premixed ghas

respectively the shape of premixed and diffusioasgls 'S given as: K,
of combustion. Increasing the paramet@l leads to f1 =1- (1' t¢(l) (10)
increase the released heat during the premixecemiras The second function for the diffusion phase is give
to reduce the released heat during the diffusiasphin ~ aS:
the contrast increasing the parametan, leads to f,=1- eXF(l' K3t¢(4) (11)

decrease the released heat during the premixee paimals
to increase the released heat during the diffupluase.
ParameterX is the phase proportionality factor which 142 o
determines the amount of released heat in eachephas K,=5000, K, ===, andk, =079k >are empirical
With regard to paramete@it is linked to the total f

conversion coefficient ), the influence of the

Wheret¢=/_"/soc, K,=2+12540°%(t ,N)*
Y cp

coefficients.
cony;total
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4. RESULTS AND 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 bysire m will 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 tihe
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

Figure 1 The effect of parametéi on the rate heat release

Figure 2 The effect of parametn, on the rate of heat release
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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

Vibe function, as we notice the effects of changing [1] B. Venkateswara Rao, G. Amba Prasad Rao,

Prediction of Heat Release Patterns for ModelingsBi
parameter M, are larger and affects the rate of heat gpgine Performance and Emissions, Department of
release throughout the combustion period specadltie Mechanical Engineering, National Institute of
diffusion phase, and by increasing the value opeter  Technology, India, 2012

m, the heat release during the diffusion phase will be[2] ~Constantine D. Rakopoulos, Evangelos G
increased Giakoumis, Diesel Engine Transient Operation

Figure 3 shows the difference between the resilts o Principles of Operation and Simulation Analysis,
using Vibe and Watson models, after the peak &f ot Londqn, 2009 . .
heat release the mount of rate of heat releasesimg u [3] Gunter Merk_er, Chrlst|an Schwqrz, Gu_nnar _Shesc
Watson function is less the by using Vibe function, Eranlg ?tto, Slgnulgtlrl}gt CtomFbustlotn S|;nula':|_:0n_ of
the other hand there is another peak of rate of heaDomlus |ont aBn i (2)0%6&” ormation forEngine-
release during diffusion phase by using Watson fnode evelopment, beriin,

which considered as shortcoming of this functiorewft [4]. Gunter Merker., Chnspan Schwarz, RuQ|ger
use for modeling modern diesel engines. Teichmann Combustion Engines Development Mixture

Formation, Combustion, Emissions and Simulation,

Berlin, 2012

[5] Gunnar Stiesch, Modeling Engine Spray and
h Combustion Processes, Berlin, 2003
[6] Jamil Ghojel, Damon Honnery b, Heat release aehod
for the combustion of diesel oil emulsions in Deskl
engines Department of Mechanical Engineering, Mbnas
University, Florida, 2005
[7] John B. Heywood Internal Combustion Engine
Fundamentals, Newyork, USA, 1988
[8] Klaus Mollenhauer, Helmut Tschoeke, Handbook of
Diesel Engines, Berlin, 2010
[9] Lino Guzzella, Christopher H. Onder, Introdoctito
IModeling and Control of Internal Combustion Engine
System, Berlin, 2010
[10] P, Lakshminarayanan, Yogesh V.Aghav, Modeling
Diesel Combustion, New York 2010

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 Lonstanta 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 thergiteeed 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 geometryaf tluct was refined so that better results areemeti with a
smaller and more compact WED. A rational choosipgraach by involving the numeric optimization oétheometry
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 redegssions by
optimizing the hull and propeller has never beaghér. Being one of the key strategic business goalship owners
and operators, the reduction of fuel cost beconssergial; and furthermore a variety of recent lagiisns require
owners and operators to move towards the reduaigmissions 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; @@siExplorer; 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, cautiowesatprs

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 )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, ated 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 portcantais
solutions from between he has to make a choices Thi seen below, with the following parameters:

paper is intended to help the Designers to hawienal - 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 condition - 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 starting point for the simulla,tio Distance from the | Continuos, 1800 2200
first of all the afterbody was firstly CAD generdteith P5| ropeller (Minimize) mm] | [mm]
the WED device attached, and all the parameters for
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 wiftP0
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 optimaati
input parameters, the below figure is shown, with

dimensions in [mm: Fig. 3-Boudary Conditions

In order to make clear some important surfaces,

three control planes were defined as follows:

- 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;

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

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

Taking into account the above defined control
i . planes as output parameters needing to be optimized
Fig.2 WED device geometry were defined as being the Average fluid velocitggpag
_ . 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
Name Type L_ow_er U_pp_er Table 2. Output parameters
limit limit
Angle i 14 22 ID Parameter Name Starting |y
Pl (Minimize) Continuos [degree] | [degree] Value
_ . o N
Duct Continuos| ;400 2420 P6| VelocityTarget (maximize)  14.769| m s™-1
P2| Length
(Minimize) [mm] [mm] PressureDuct 89874 | Pa
(minimize)
Small radius Continuos| 1600 2250
P3 S
(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 canetsdatil

optimized are shown below:

points

be generated:
Table 6. The three best candidates
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P4 —
Ps - Bigger
P1-Angle @ P2—Duct Small 00%9
(degree) lenght (mm) | radius radius
(mm) (mm)
Candi | /%0 1 o A
gitiit | | 14164 2049 2081.8 | 2330.3
14 degree | 1050mm 2080mm | 2330mm
Candi| 4 iy r o
date
Point 2 | 14.644 1997.4 2242.3 2282.3
Candi| , : e
date Y o - Y
Point 3 | 15.284 1988.8 2028.3 2295.1
PS5 — P6 — Fig.4 Duct Pressure-Duct Angle and Duct Length
Distance . P7 -
Velocity Response Surface
from the Pressure
propeler Tilrget (m Duct (Pa) .
(mm) sh-1) From the above chart one may imply that the duct
Angle has a bigger influence than the Length ofdtet
e over the Pressure inside the duct, which is somehnow
21504 i line with a common sense hypothesis. The smaller th
21601 14.78 98351 angle is and the bigger the length is then the lsméde
mm . . .
inside pressure will be.
2005.4 14756 94591 Duct Pressure-Duct Angle and Duct Small
Radius Response Surface
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 output
parameter, the sensitivity charts and responseacesf
are the best aids for judgment. Since the possible
combinations are many, only few response surfaces a
given below.

Duct Pressure-Duct Angle and Duct Length
Response Surface

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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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:

Fig.7 Sensitivity chart

Finally if one wants to visualize the effect of the
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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Fig.8 The starting model and the optimized
model velocities

The influence of optimized parameters on
the pressure inside the duct
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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 théetout
zone of the duct pressure fields, which is an iatin
that the inside pressure and the drag is then dihed
for the optimized version.

4. CONCLUSIONS

The wake equalizing duct (WED) is one of the most
commonly used energy saving devices for improvirgy 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
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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 ENGINEERS IN 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 stisl@re achieving competencies in evaluating tinfopeance
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, competenciesdsnts.

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, Al IMO 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-III/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 requinetsie
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 competenties

experimental testing, error analysis, data

acquisition, laboratory safety, instrumentation and

report conceive;

the student will show computer competency in

solving different engineering problems.

Our future graduates should have a strong
theoretical and practical background which will gsap 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. MATERIALS AND 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

Figure 2 Outcomes of marine refrigeration education

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 wlse
compressed, resulting high pressure and temperature
superheated vapours. o)

These vapours will be led into the condenser where m=—2% (4)
are turned into refrigerant liquid by evacuatingathto o
the environment, during an isothermal-isobaric pssc

Resulted liquid presents high pressure and where Q- cooling effect.
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

refrigerant mass flow:

heat flow rate in the condenser:

Qc =mxqc (5)
power input to the compressor:
P =mAyc (6)

Coefficient of Performance:

to the surrounding (sea water) — in case of thelenser CcOp= Qo 7
and absorbs latent heat of vaporisation from thdiume 'a @

(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;

3. RESULTS AND DISCUSSION

Calculation is done in the case of a vapour
compression cycle working in the same conditions bu
using two different refrigerants: R134a and \bloth of
them often used in marine refrigeration.

Considered working conditions areefban et al,
~ 2012):
temperature in the cooling spacéC3
temperature of water at condenser inlef0
cooling effect: 100 kW.

vapour

Results of thermal calculus are presented in Table

Table 1. Results of thermal calculus of the refidgien
cycle

there are no frictional pressure drops; Cvel ki Cvel Ki
there are no heat losses to the surroundings; \)//v(i:tr? g‘l)gél'gg yv?/i?hmll\(lﬁ ing
compression processes is at constant entropy. 8
The equations of thermal calculus of the cycle are | o kJ/Kg 149,58 1100,33
given in the following: L kIl
specific cooling effect: k,» kJ/kg 28,06 176,7
Go =hy - hy (1) de, kd/kg 177,64 1277,03
.

o . 0,67 0,09
specific work input: m, kg/s
Ik =hy-hy (2) Qc. kw 119,02 114,93
specific heat evacuated at the condenser: P, kW 18,80 15,90
dc =hz- h3 (3) cop 5,32 6,29

where h — enthalpy.

63




Constanta Maritime University Annals

Year XV, Vol.22

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

5.
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point of view.
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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 pkmodel 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 dependmteyeen a given reaction and the according displaog in this
way being possible to consider a spring directedgthat 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 oifahitarameters, 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 accuracy 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 displacesme problems presented in figure 1. As it can be ndiige
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 simplifiedjic
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, taed
solves completely that given problem. It is also given displacement or rotation. This linear funotis
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, = kuXi U, M= iji 1 i There ar.e.several approaches regarding_the way
. how the elasticity of the supports may be considiéne
Voi =k, i i Myi=K %y . (1) the subsequent calculi.

Voi =K, iy My =K 095,

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 desigregetie 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

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

4. THE METHOD OF INITIAL PARAMETERS noticed, in section no. 1, we have an elastic fbwilt
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(x- xj): +§, X=X, "X 2)
1 X>X;

which is represented in the following figure.

Figure 3 — Heaviside’s function

We denote theX; coordinate of each section as:

6
= L.

(3)
i=2
The law of variatiorll of the shear force is:
TZ(X)=V1>H (X)+ (' F2)>H(X' X2)+
+(- p)Ax- %) H (x- %)+ (@)

+ p><(X- X5)><I-|(X- Xs)
The law of variation of the bending moment is:
M, (x)= M, sH (x)+V, > x>H (x) +
+(' F2)>(X' X2)><|-|(X- X2)+

+MH (x- x )+ ®)

+(- p)"—(x_zx“)z H(x- %)+

2
X- X
el o )
The differential equation of the neutral fiber is:

(Ex,) d’u, (x)

X—=—- =
d
After the integration, it results the law of vdia
of the rotation:

o 1, dU ()
(Ex,)0%!

X—=—-=
d

(B} 2= M, (0.0

(Ex, )5, (x)=

integration
consant

=(ExXy)x /i H(x)- M, xH(x)-

2 2
VA )

- M3>‘(X' X3)XH(X' X3)+
X(X' X4)3

+p XH(X' X4)'

- p@“(% Xs)

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

(EXIY)XUZ(X) =(EXIY)X Uz, XH(X)+

integration
constat 2
+(EXIY)X/Y1 XXH(X)- I\/leX?xH(x)-
X3 (x- x,)°
—V1x€><l-|(x)+ szTZXH(x— X,)- . (8)

2
w9 - )

Vi
X- X
+ px—( 244) ><H(X' X4)'

4
R
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: 9)

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 displargmto

the internal forces and moments. The accordingioala
is:

Vi :kuzlm21; 11)
whereV, ; =V, may be deduced using relation (9), i.e.
V1=F2+p><xs' X4)+F6; (12)
d) at the leftmost end of the beam, if there woodda
built-in  support, the rotation will be zero, i.e.

jY(XZO)ZO. For an elastic built-in support the
according relation is:

My = kjy1>y.Y1 ;
where M, ; may be deduced using relation (10), i.e.

Ml :'Vl XXg Fz X(Xe' Xz)' M3+

p .
+E><X5 - X4)>‘(2><X6 - X5 - X4)+ Me
So, it results that if we know the elastic conttanf

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

(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 unknowd§Jkl and (16) we calculateU,, and /,. So far, using this

K;. ;. In this way we need some additional information information there may be deduced the laws of vimiat
! . _ 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 verticghqifying their values, new experimental measurésien
displacements in sections 2 and 3. This meanswibat

have the equations of the U,, and U, displacements are required. In

integration order to avoid this situation it is easier to cédos the
elastic constants of the built-in support usingtiehs
uz, =(E X|Y)>UZ(X2) :(E ><IY)>< Uz, + (15) (11) and (13).
integration Calculus of the elastic constanls ;, and K, ;
constant 2 X3 o | . zI g Iy o
, X i i
+(Ex.)x xx. - M. X2 -\ x2 using the results of an experimental study may be
( Y) Sy 7% 1o 1 g considered the calibration of the model. It is lieging
integration to relate the number of displacements measured
constat experimentally to the elastic supports of a striectu
uzaz(EXIY)xuz(Xs):(ExIY)x u,, +
integration 5. CASE STUDY — A STATICALLY
constait 2 3 INDETERMINATE SYSTEM
+(EXIY)X/Y1 xx3-|V|1x_3-le_3+- (16) . . . .
2 6 Let us consider the case of a statically indeteatei
(X - x )3 system, figure 4. The system has an elastic huilt-i
+F, a2 2/ support at its leftmost end and an elastic simpfgpert
6 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 kjyl. Thus, we We shall not follow the solving pattern presented
ffor the previous case study, which offers the mimm

obtain a compatible and determinate system o amount of information, relevant for the method bé t

equations. In this particular case we notice thgihq N : .
conditions (9) and (10), we deduce the unknown initial parameters |n_the context of the elastipparts.
] ) ) For now, we shall simply follow the balance unknawn
reactionsV; and M, . Then, using relations (15) and vs. equations in order to establish the best gjyate
solve this type of problem.

Figure 4 — Case study: statically indeterminatéesyswhich uses elastic supports

The law of variation of the shear force, similar t identify 5 equations in order to create a compatdohd

relation (4), includes the following unknown¥, and ~ determinate system of equations.
First two equations are taking into account the

V,. The law of variation of the bending moment, samil  poundary conditions in the rightmost end, simiar(@)
to relation (5), uses the unknowng, V, and M. and (10), ie. T, (X5)= F, and MY(X5)= M.
After the first integration of the neutral fiberwegion, it Because we have a statically indeterminate system,

results the law of variation of the rotation, simnilto unknownsVl, V4 and Ml cannot be calculated using
relation (7), which uses the following unknown;, the aforementioned two relations.

V,, M; and /. Next, integrating this equation it In order to match the number of equations to the
number of unknowns, we conclude that there aré stil

results the Iaw_of variation of the dlsplace_menudvh needed 3 equations. These equations must be coleren
uses the following unknowns?;, V,, My, /y; and  the type of unknowns, i.e. there cannot be equation
regarding only the reactions (forces and momerte T

U, .. To conclude, there are 5 unknowns and we must . ;
z1 upmost level which takes into account all the unin®
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regards the displacements. Moreover, there are @mm
experimental instruments for the measurement of the
displacements. In this way, if we are able to
experimentally measure the displacements in 3ndisti
points along the beam, it results that the systdm o
equations is compatible and determinate.

6. METHODOLOGICAL ASPECTS

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 _ o
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 gener
which is unknown, there is required a displacenmmt aspect of the aforementioned remark is that the
that given direction. For instance, we have thiowaihg displacements may have a given value, nil or non-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, . = XU : ; ' s ' ;
X X k“X' X value on the right side of the section must tak® in

2./ x , torsion for whichM, ; =K; % ,; account the sudden variation of the shear forcef ¢ine

. _ ) bending moment, produced by the these concentrated
3. Uy , flexure for whichV, ; _kuYi Uy loads. Same situation occurs when we deal with an
4. U, , flexure for whichV, ; = kuzi XU, 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 siade  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  gisplacement, 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 4 Inoda

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 followgn  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 abstrdata
displacements which allow us to define compatild 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  design 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, eachiGedn disregarded by the hypotheses on which are based th

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

identified and classified in several classes. have more accurate models. The paper offers a
methodology to solve problems and to design arcati
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 genesafact
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 Engind®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 TECHNOLOG Y

'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 sipipg
hypotheses are disregarded, being replaced witle reophisticated and more precise approaches. snwhy, the
elastic supports which may be found in all the i@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 lH#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. fieéhod 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 ‘classicbiie 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 experimergaldy
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 measunteme boundary conditions and models of the elastic sttppo
of the elastic constants of the supports, thealyic  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. PREVIOUS EXPERIMENTAL 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, althi  studies, being analysed millions of values produbed

according to [1] pg. 414, it may be defined as the experimental measurement, for various steaakg st
S shock loading conditions of the ICE.
y=—. Q) Finally, there were selected the models of the
S 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 theotie¢ical

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 ginel]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, moshefh  actual hybrid model.
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Figure 1 — FEM tests regarding the elasticity ef sipports of an internal combustion engine

Figure 2 — Experimental study regarding the strairthe adjacent area of the supports of an

internal combustion engine in running conditions

3. SETUP OF 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:
_bh® b
== W, = (1)
12 6
The force applied in static conditions is the ginti
of the object which falls:
F=m>g (2).

The reactions produced by this static force are:

I Y ! Y
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L
V=V, =F s =P
I‘13-I-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 albeg
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,,=Vxa=(mxg)xa. @)
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 tygfes

supports, rigid and elastic.

Figure 3 — Setup of the experimental study

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

4. CALCULUS RELATIONS

Let us consider only thd}, and R, strain gages,

located in section 2. Both strain gages are maaguhie
mechanical strain given by the mechanical load thed
apparent strain given by the temperature variafianng
the experiment, which is considered a parasitieotff

The strain gages are located in adjacent sidéseof
Wheatstone bridge, so their effects are subtraotesl
from the other. The according output signal of the

Wheatstone bridge, denote®j ; is:

(+) eRl = eMY + qu
(_) eRz = eMY +qu
Bp= 6y tey = 2><<9MY

It results that for a half-bridge arrangement the

strain measured by the Wheatstone bridge is

B = 2><e'MY . (6)
For a full bridge arrangement we have
s = 4><e'MY . )
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The stress in this section for a full bridge
arrangement is
V,a
] L= O
bh? 4
6
The reaction is
bh?
V, =Ex . 9)
1 24%a *Eus

The shock load multiplying factor for rigid supto

Y iga =1+ 1 ,1"' Z—XH - (10)
uZ static& rigid

The displacement in section 3 under a static foad
rigid supports is

is

2 2
u o - 1 xF % L13 ><L35
Z static& rigid 3 3XE x| y |_13 + |_35

(11)
If L =L, =L, itresults the relation
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F 3

uZ static& rigid 3 = 6 XE X| ' (12)
Y

The shock load multiplying factor for elastic
supports is

~ 2xH
y elastic — 1+ 1+ (13)
uZ static& elastic3
Using the previous relation, we express
U, ciaticg elastics With respect td/ ... and it results
u = 2>H (14)
Z static& elastic3 ~ :
Y elastic ><y elastic ~ 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 My

‘92 elastic :y elastic ><".:"Zstatic’ (16)
and it results
M
_ SZeTastic _ E >GMY elastic __ QNBeIastic
Y elastic = My = E = . (A7)
S 2 static >@MY static QNB static
The strain in static conditions is
M
_ 52 v _ MYZStatic _ V1>a
Cuvsmie = TETTTEGN B,
Y Y
F xa _ EWBstatic
eMY static - : (18)
2XE AN, 4

In this case the output signal of the Wheatstone
bridge is

_2°Fra
QNBstatic - EWY : (19)
From relation (17) it results
M
_ sZeTastic _ IvIY elastic2 __ Vlelastic
yelastic - My - M - V. ’ (20)
S 2 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 ra@tween
the shock load multiplying factor for the rigid qquts
and the shock load multiplying factor for the elast

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

We use the geometrical information given in secti
3 and in figure 3, together Wit g ¢;4iic» PWBshockrigid

and By QNB static we

QNB shockelastic* mean

QNBstatic&rigid '
Using relation (19) and (2) it results the makthe
object,
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E:
m= VW
23axg
For the shock loading, the shock load multiplying
factor is given by relation (17).

(21)

B static *

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 static& rigid 3 = 6 2 >¢] >eNBstatic' (22)

Using (14) we calculatel; .. ice clasics» @and from
relation (15) it results

uZ elasticsupportl = uZ static& elastic3 ~ uZ static& rigid 3 * (23)
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Figure 6 — Results of the calculi performed in eeagdsheet software

According to relation (20), it results The measurement based on this device must take
ms>g into account the following hypotheses (sources of
Vlelastic =Y elastic letatic =V elastic 2 (24) 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);

where M is given by relation (21). ]

Using the above relations, there may be conceived
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 ' thg strain gages - are precisely aligned to the
device was created as a practical application withi principal directions. .

university graduation project about 25 years ago ian Based on _these Sources of inaccuracy, there were
was conceived to measure only the effects of tleelsh drawn conqlusmns regarding the redesign of Soms pa
loadings, not the effects of the elastic supports. of the device, the stages to be followed during the

By adding a layer of rubber under its supports, w experimental measurements and regarding the methods

redesign the device to be able to measure thetedfec to process the results. . .
the elastic constants of the supports. 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 é&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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ANALYSIS OF INTERVENTION METHODS IN CASE OF ACCIDEN TAL 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 aaintbe pollution with hydrocarbons. Using eithertése
methods involve a number of factors such as: wedtimit conditions, technical features of interviemt equipment,
boundary conditions on the state of the pollutantt 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 belkgal 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#ied:

- 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 astio
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 negetsar
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 puodd by
marine ships decreased by 60% in the last 25 yéhrs
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2. METHODS USED 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 e
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 rapidkéng
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, laveds
or other sensitive ecosystems. In the same area® s
biological agents that enable a more quick eliniamest
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 pollitan
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, washihg
pressurized liquids and the removal of the affecteil
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 5 Evolution of a 5000 hoil spill after 3 hours Figure 8 Evolution of 5000 froil spill after 12 hours
Figure 6 Evolution of 5000 il pill after 6 hours Figure 9 Evolution of 5000 froil spill after 15 hours
Figure 7 Evolution of 5000 froil spill after 9 hours Figure 10 Evolution of 5000m3 oail spill after 18ure
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Figure 11 Evolution of 5000 fwil spill after 21 hours
4. CONCLUSIONS

Accidental oil spills in marine environment have a
significant economic impact for the activities dadrout
on shore but also for the activities that exploé marine
resources.

The experience earned from different intervention
situations, shows that every pollution event isqusi
and because of this it doesn’t exist a single ieffic
system that can cover all the situations that maguio
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 wiediewable resources available. The hybrid systenghaihcludes
PV panels, wind turbines, inverter and batteries heen designed to provide a building with eneaysumption 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 WAth
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 toe
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 majoba]l energy supply and excess energy is stored in bter
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.

Figure 1 The geographical and meteorological data

Figure 2 Building Presentation analyzed
4. CHARACTERISTICS OF WIND SYSTEM

The building is located in a favorable area in the
directions N, NE of the building is not located @th

buildings with a height greater than it is showrFigure
3.

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 highiean
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

The variation of the wind speed v, depending on the

height h:

vV_oh
Vo Ry

h a

0 - wind speed at anemometer high, [m/s]

- Characteristic coefficient of the location,=

0.25

Table 2 Wind speed in the analyzed location

V[m/slat 10 m | V[m/s] at 25 n
January 5.7 7.1
February 5.7 7.1
March 5.7 7.1
April 6.2 7.7
May 4.6 5.7
June 4.6 5.7
July 4.1 5.1
August 4.6 5.7
September 4.6 5.7
October 4.6 5.7
November 5.1 6.4
December 5.7 7.1
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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 AVX100@et
second side is oriented east with a length of 20mthis
will by placed five wind turbines. In total 15 wind
turbines will be installed with a nominal power b5
kW.

The main features of this type of wind turbine are
shown in Table 3.

Table 3 The main features of a wind turbine AVX1000

Characteristic value
Rated 1 kw
Generator starting speed 2.2 m/s
Rated speed 6.5 m/s
Maximum wind speed 60 m/s
Protection for wind speed Automatic
Rotor diameter 1.83m
Blade number 5
Suport height 1.6m
Turbine weight 60 kg

5. WIND SYSTEM DESIGN

Choosing an appropriate model wind turbine is very
important. For a typical wind turbine charactedsti
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output power can be assumed so as to start gergeati
startup speed.\generator output and the power increases
linearly with the increase of wind speed wntil rated
wind speed v Rated power PR is produced when the
wind speed varies from, ¥o wind speed at which wind
turbines are closed for safety reasons.

The power produced by wind turbines can be
simulated as follows:

P, Ve (Vc £V £VR) Figure 5 Layout rows of photovoltaic modules
VR - Vc
P,= P, (Vs £ VE W)
0 (v<v, sau v> y)

For small wind turbines, wind speed startup is

relatively smaller, and wind turbines can operatsilg

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 connectirigrs

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(d+g) -

of a wide reliable for heavy duty applications. Desd Sln(d)
to support up to 1,200 cycles for a 100% dischabg,

can reach 4500 cycles for a discharge rate of 30%g. Where:

a . Declination of the sun
Lc - module height

a . inclination angle of the modules
Declination depends on the day and month of the
year and is calculated with Cooper’s formula:

23.45_. 284+ n
d=——36in 2 %x——
180 365

n - The number of days elapsed since the beginning
of the year

The inclination angle of PV panels is considered
30 ° for maximum seasonal operation thereof between

Figure 4 Group batteri :
Igure 4 Lroup batteries the months of April to September.

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 modulgb SIX.

not be shaded all day. _The number of PV modules mounted on a single
row is:
N b = L_—sz =30
b
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Total number of PV panels to be installed:
N, = Np><NS -220 =4C

Selected PV module is USP 150, with maximum
power of 150 W.

Figure 7 Overview of the hybrid wind / photovoltaic
system

The maximum power output of PV system will be:

Py = N, xN, B, /%
P,, =18,952kW

Total power produced by the hybrid system
considering that wind turbines and PV modules dgera
at nominal power would be:

PFZPW+PPV

P. =33,952 kW

For the period April to September is considered tha
the PV modules operate at rated power for 6 h [ dag
wind turbines operate at a capacity of 0.65 for/&dhy.
Daily total power supplied by the hybrid system in
April-September period will be:

R—V - BVV + PP\/V

PTV:HV\IWWIKN Np I\ﬁks Pr%b P?/<7 é]xl; >§[\/kVVh d%l‘
Where:
. Wind system capacity
e PV system capacity

- [W- FUNCTIONING duration of wind turbines

e FUNCTIONING life of the PV system

R =218,943kWh /da)
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For the period from October to March is considered
as PV modules operate at a capacity of 0.1 for/ 8ldy
and wind turbines operating at rated power for/adhy.
Daily total power supplied by the hybrid systemidgr
October-March will be:

=R A, B, NN P ot x4, [ KA 2
R'=R, +PR, =215685kWh/z

Total power from the hybrid system during a yedr wi
be:

R.*" =78833,04kWh /ar
7. RENEWABLE ENERGY DEFICIT

Renewable energy deficit Ed, is the difference
between the energy needed ER and energy collected
from wind and solar sources and delivered EP:

Es =E:- E
For the summer energy deficit will be:

E, =319, 7kWh/ day

E,' =100,757&Wh /day
For the winter energy deficit will be:
E, =229,7kWh/ day
E,’ =14,015kWh/day

The contribution of renewable energy provided by
the hybrid wind / PV system is shown in Figure 8:
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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 systam
be expressed in terms of four main componentscoisé
of PV modules, wind turbines, batteries and coringct
auxiliary equipment):
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replacement cost of annual

C,=(Co®V +C, W €, Ac €,
C
LA {G PV § W € A G B

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 /KWt

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 produrcti
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 hawed
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 INSULATI

ON

PARASCHIV SPIRU

“Dunarea de Jos” University of Galati, Romania

ABSTRACT

This paper analyzes the impact of thermal insutato heat demand of a house in the SE of Romarsia. @
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 obtlieling and the

materials of walls are made.

Keywords: energy efficiency solutions, thermal insulationilding insulation

1. INTRODUCTION

Energy efficiency reduces energy consumption and

eliminates energy waste. Energy saving is the most

effective and simplest way to reduce the consumptio

primary resources and reduce emissions of greeehous

by
increasing air

gases. Consequences of emissions reduction
decreasing energy consumption are:

quality, health and life.

European Commission recommends new targets to

climate and energy policies: 40% reduction in
greenhouse gas emissions by 2030 compared to 1990.
EU could save by 2020, 20% of -current
consumption, which means 20 billion per year.
In accordance with Directive 31/2010 / EU on the
energy performance of buildings, they are respdas
40% of total energy consumption in the Europearobni

Therefore, reducing energy consumption and use of

renewable energy in the buildings sector constitute
important measures needed to reduce the Uniontgyene
dependency and greenhouse gas emissions.

2. THE CLIMATE IN GALATI COUNTY

The energy consumption of a building depends on
external and internal factors. External factors are
climatic features of the site parameters: air tenajpee,
wind speed, sunshine, humidity. Designing buildiagd
afferent installations is based on statistical ager
values of climatic parameters for a specific peiddhe
year (day, month, heating season) values obtairted f

bathroom, a living room, a kitchen and a loungee Th
house was built for the needs of a family of fowith
the area of 64.42m

Effective areas of the building on each camera are
presented in Table 1.

Table 1Surface house

Area [nf] Height [m]
Hall 12,5
Bathroom 4,2
Kitchen 7,92 26
Bedroom 1 9,91
Bedroom 2 11,9
Living room 17,99
Total area 64,42 [fh

Galati is located in the eastern part of Romania,
southern extremity of the Moldova plateau at 45 27
'north latitude, respectively 28 02' east longitude
Located on the left bank of the Danube, coversraa af
241.5 km2, at the confluence of Siret (west) andt Pr
(east).

observation durations for decades. These values are
standardized conventional air temperature and wind, |NCREASING THE ENERGY EEEICIENCY

speed to sunlight, humidity and air temperature) et

In this sense for a home located in Galéhe
climate is temperate-continental, with an averagesual
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

3. THE STRUCTURE AND LOCATION OF
THE BUILDING

The building is located in the city of Galati, is

located at ground level and has two bedrooms, aie heating power
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OF HOUSING BY THERMAL INSULATION

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.
Increasing the thickness reduce heat loss andréuiuge
required and therefore fuel
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consumption. At the same time, increasing the taérm hot air temperature t., =20°C
insulation leads to increased cost. Embodied en&rgy
the energy consumed as fuel or electricity to pecedu
materials used in that construction, from raw mateo cold air temperature

convection coefficient a,=9W/ nt K

its finished form, and for transportation. t,,=-15C
Also enhancing thermal protection construction is gnvection coefficient —28W /1 K
necessary for reducing harmful emissions, in paldic a,=

carbon dioxide, which emphasizes the global greesbo  Layer "1" - internal plaster: d, =20 mm
effect and increase comforts.

According to the norm [20], the thermal insulation /1 =0,988W /mK
of buildings aims: Layer "2" - concrete plate: o =250 mm

« ensure proper thermal environments in enclosed 2
spaces; /2 =1,51W /mK

* eliminating the risk of condensation on the inner | ayer "3" - plaster support: d =10mm
surface of building elements; 3
« avoid the accumulation of water in the structofe /,=0,988W /mK
the building elements as a result of condensatibn 0| jver "4 .  thermal _
water vapor in their structure; y dt =50mm
/,=0,04W /mK

* reducing energy consumption in operation.
There are a number of building blocks which must

be provided with a certain amount of insulatione3é  Layer "5" - plaster exterior: d, =20mm

are:

insulation:

» elements that separates the external environment /5 =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.
Gu:a1>(tf1 'tpl) @
5. THERMAL INSULATION OF PLANE WALL
Heterogeneous plane wall flanked by two known q, = tpl' tpZ @)
temperature fluids: 2 a
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, anéiz)( f1 fz) . _ -t
Gy =+ 3)
o
/2
ts-1.,
q, = % (4)
Y
/3
t,-1:
05 = % (5)
Ha
/4
s -t
Qs = % (6)
5
Figure 1 Insulated wall T
5
Initial data for calculation are: & =4, >(tp6 - 2) @)

Considering the condition of unidirectional heat
flow:

88



Constanta Maritime University Annals Year XV, Vol.22

=0, =¢=..=G -
20 ——¢——*717 17975087 * ¢ ¢
. . 15
It is obtained: o 17,58902697 1333764833
c 15,907 IJ.JD\ —— t_fl
E —a—t f2
t,,-t -t =0 .
q = f1 df 2 - f1 f2 - -5 tpt tp2 tp3 tpd tp5 tp6 ——tp
/ -10
i + A +i R51 + Ri + Rz 45 1= . - . -14,00542133
a / a (8) » -13,78579828
1 i 2
X [m]
=k{t,, -t,,) W/ nf

Figure 2 Variation of temperatures on lateral and

Unde: contact surfaces of the wall when insulation icethon
k - - total heat transfer coefficient exterior
_ 1 _ 1 . Determination of temperature on lateral and contact
k= TE C( 1~ 5 W/imK surfaces of the wall in the case of un-insulatel wa
—+ *t+— R+ R+R
a4 1 /i a, 1 9)
Temperatures on the lateral and contact surfaces of
the wall:
1 n-1 /
t; =t - O a_ + - [OC]
1 1 4 (10)
1.4 5 _ 0 5 _4
Rsl__ Rl - Rz - Rs -
a, / 1 / 2 / 3
_0 5 _G _1
Rt4 _/_ Rt5 _/_ &2 -
4 5 az
Figure 3 Un-insulated wall
q= tfl ) tf 2
R, + R+ R, Initial data for calculation are:
(11) - The hot air temperature tf1 = 20°C and convection
coefficient ; = 9 W/nfK;
Temperature on the lateral and contact surfaces of - Cold air temperature,t= -15°C and convection
the wall when insulation is mounted is calculated a coefficient , = 28 W/mK:
- Layer "1" - plaster interior:; = 20 mm and ; =
t =t, - xR [°Q 0.988 W / mK;
P ' &l (12) - Layer "2" - concrete plate, = 250 mm and , =
151 W/ mK;
t =t.-gx(R, +R)[°C - Layer "3" - plaster support; = 10 mm and 5 =
p f 3 3
2o R R (13)  0.988 W/ mK.
t, =t - (R +R +R) [°C (14) Temperature on the lateral and contact surfaces of
the un-insulated are:
tp4 :tfl B qX(R51 + Rl + ng + Rs) [ q:(]_5) tpl =tf1 - qx&l [oq (18)

,=t,- (R R +R +R+ R [°F
t, =t, *aR [ )

t, =t - (R, +R) [°Q (19)

t, =t -ax(R +R +R)[°¢ (20
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t, =t, +q>R [ Q (21)
25
20 + * + 4
15
10 —— 6506856534 et fl
oo 8653950561 et
=0 -
51—tpt tp2 53 tp4 ——tp
-10 4 —— 11,35305554
15 . = -10,31950852 =
-20
x [m]
Figure 4 Variation of temperatures on lateral and
contact surfaces of the wall un-insulated
120
102,1144449
(&}
e 100 -
i< 80 -
X —
S
> E 60
=S
S 4
IS 21,69875729
220
(]
e 0
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
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ABSTRACT

This paper presents the analysis of WindFloat'svbgaate using the finite elements method. It Wl draw a
cylinder with a hexagonal heave plate at one emtgusizing technology of the WindFloat. Heave piatee realised
according to the technical prospects of the desighile stress and deformation analysis will usefithiée element
analysis software Solidworks for different heavatglconfiguration.

With Solidworks, the analysis program, will shove thehaviour of the heave plate submerge in therwdateng
heave motion. A comparative study between diffecentfigurations is presented.

Keywords: finite element method, Solidworks, heave plate dfloat.

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 thesecisse

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 patentedRrinciple Power
These structures are developed to float in the fapa
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 thddei
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 restraiohp geometry are very important;Tao and Thiagarajan

rol agig:'reea\lleprrneosﬂe%rgs\’\iminma;:iﬁegltsralgnli?i(t; Ef]éomplete(zoos) investigated the hydrodynamics of a vertical
floating wind turbine, whit the wind float equippedth heaving cylinder with a single disk attached to kied.

h lat d th ; ¢ d the turbi The effects of the geometry of the dick, such gmeeis
eave piates an € mooring System an € WrbiNgatio (thickness / Diameter heave plate) and diamet
positioned on one of the three columns [1].

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 isiati®
analysis of stress and strain of a heave plate with
different configuration of stiffener. In each casedded

Fig. 1 Floating wind turbine [2]

The research on the optimization of hydrodynamic
performance for heave plates is scarce. The shapeds

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 importais. 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 presenbvie

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 nm 0.1

3. PROBLEM SOLUTION. ANALYSIS OF THE
DISPLACEMENT AND STRAIN OF THE
WINDFLOAT'S HEAVE PLATE

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 pressurepwoft  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 analitsis
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.

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
Displacement [m] Corners 5 25023620 is shown in Figure 8.
Von Mises stress . .6956E+
IN/m~2] Edge of union 7

Fig. 5 Von Mises stress distribution & 1
configuration

3.2. Analysis of the hexagonal heave platésgiffener Fig. 8 Maximum deformation —"2configuration
configuration

] ] ) S ] ] Following the analysis of the second configuration
~ This configuration consists in a grating of sti#en e gpserved that the Von Mises Stress distribuitiain
as is shown in Figure 6. the union of the column with the stiffeners. Théueaof
the maximum stress 8.5409e7 [N/, so close to the
first configuration value. The results are plothedigure

8.
Table 2 - 2nd Configuration - Maximum vague
Location Value
D'Sp'ﬁﬁ]eme”t Corners 0.00137
Von Mises stress| Edge of
IN/m~2] union 3.54090E+07

Fig. 6 Heave plate- 2" Configuration
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It can appreciate that the corners stays
approximately in the same position, while the beamsl
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 1 5885E407
Fig. 8 Von Mises stress distribution 22 [N/m"2] bars

configuration . . ) .
g 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 valughef
maximum stress i4.58854e7 [N/f|, also there is a
high stress on the bottom of the bars, at the umiith
the heave plate as it shown at Figure 12.

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.

Fig. 9 Heave plate- 3 Configuration _ ) ) ; _ _
Fig. 11 Maximum deformation ““xonfiguration

Applying the same hydrodynamics loads as in the
other cases, the deformation with this configuratias
many changes as is shown in Figure 10.

Fig. 12 Von Mises stress distribution ™ 3

Fig.10 Heave plate- 3¢ Configuration Configuration
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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 dynamEspure
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 waterstiep
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 fl@at f Ansys software to solve static structural diffeesiand
away from mainland where the wind is stronger and vibration modes. The present analyses is basealoew
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 oftioze. 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 wigigh -

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 o : 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 Zg 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-

Figure 1 Floating wind turbine submersible structure.
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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 ineoria entire structure stronger or wealRer
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 abta breakwaters. The relative wave height Hsi/d hasnbee
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.

Figure 3 “K” construction configuration

Figure 4 “V” construction configuration

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 Blaeh
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 ppint 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 ard850 kg/m3. All results will be extracted from Solution >Total
All structures are made identically, the only diéeces  deformation and Solution>Equivalent stress.
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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)

Figure 8 Ansys static structural settings

Results from Ansys static structural analyses are
summarized in table 3.

Table 3. Results from Ansys static structural peed

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

99

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 \agy
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

Figure 9 Ansys modal settings

In Ansys modal settings, the first step is to give
analysis settings of simulation and then chooséditieel
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 shal
this steps and the solutions that we are interéstedtal

~ deformation®..
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Tabel 4. Total deformation of the structure

Design Y’ Z \% D K

Total deformation 1| 7.63e-004 m 5.56e-003/m 2.086&+0 | 6.32e-003nm 2.21e-003 M
Total deformation 2| 8.45e-004 m 4.98e-003lm 1.53&+# | 5.56e-003nm 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&+ | 4.88e-003nm 2.93e-003 m
Total deformation 5| 1.13e-003m 3.99e-003lm 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,VandYas5 REFERENCES
we can see in table #! Every structure had a different [1] DOMINIQUE RODDIER, CHRISTIAN
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PRACTICAL ASPECTS REGARDING THE ROBOT ARM
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ABSTRACT

The inventions using computing systems are 3D @mntThese devices can replicate many things cfrsiév
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, lcave 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 ingenuigrex

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, introduciwy

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-fiealin -~ 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, hydrophobmr[y, 5e|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 comptsémat

missing body part, which may be lost through trauma Would not cause connection and configuration proisle

disease, or congenital conditions. Prosthesis devize ~ 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 - 5 mg955 actuators to command the robot hand

hand controlled by an intelligent glove. An intg#int . 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 capableinfjdo
more complex motions than other robots. Its skimtg,
gears and other parts of InMoov are 3D printed,{3,3
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I flex sensor

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).

(inputs)

voltage divider

microcontroller

actuators

E—
l | I | I |

Figure 1 Block diagram of the robot hand system

2.2 Hand plans Figure 3 The robot hand part
We would download the plans for different

The robot arm is controlled by an operator usin
components from http://www.thingiverse.com/thing: y P J

the intelligent glove, with flex sensors on eachgér

17773. ) ) i which convert the movements into electrical signals
For making the hand, we would print the following |\ hich enter the arm’s control board (Fig.4).
parts:

Fingers: Auriculaire3.stl, Index3.stl,
Majeure3.stl, ringfinger3.stl, thumb5.stl

Palm: WristsmallV3.stl, WristlargeV3.stl

Wrist: robpartl.stl

Lower forearm: robpart2V2.stl, robpart5Vv2.stl

Actuator support: RobServoBedV4.stl,
RobCableFrontV1.stl, RobCableBackV2.stl

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.

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 Figure 4 Sensor glove with the flax sensors
stand (already included in plan). . .
For fingers, standard printing resolution was used In order to work with Arduino, the flex sensors are
and low-res for the wrist and arm parts (Fig.2). connected in a circuit. _Flex sensors are varlaémsto_rs_
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 @ang
wich is an analog voltage is read by the Arduinsing
its analog inputs.

Figure 2 WristlargeV3 palm printing
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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 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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Figure 7 Glove-Arduino connections

The AVR microcontroller is programmed in
Arduino’'s IDE. There’'s a bootloader in every
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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A PARABOLIC-HYPERBOLIC MODEL USABLE IN ELECTROMAGNE TICS
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ABSTRACT

The paper presents a phenomenological analysis &@tatistical-mathematical point of view, of therrelation 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 progwvees used for non-linear media in stationary céonét For the case under
study, we propose a parabolic-hyperbolic dependefiis analysis is precedeed by the validationhef accuracy of test data,
operation confirmed by the Shapiro — Wilk concoanest, specific to this kind of statistical distition. Also, the correlation
coefficient associated to data included in thesttadl 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 = A0~ 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)
db
2. CASE STUDY where | is the electrical current intensit@is the air
gap, andk,& and b 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 exadmiln
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 1) way of the foIIowmg. double inequality:
Wmf <W < WPUP ©)
divB =0 (2) where,WInf ,WPYP  are the inferior/superior quntiles

v of the test and/\{y is the calculation quantile:

B=mH+M), 3 )
_ i(A- A
where B = rot Am. —
. _ Wy =- > @)
Due to the simetry of electromagnets, the field
problem can be solved for plane realms by calaudati f'A
[

the magnetig potentiaRm from within the equation: i

- div/—lngradTAm: J krotM, (4)
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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 13 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 , Dj ) from table 1, according to some accepted |6 |12 | 0,025 0,153
7 13 0,025 0,140

dl, dD 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
- 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 0,324 1,63 | 2,97 from (5), proposed for modelling the relation betwe

the the three quantities: variabile (current andgaip)

_ . _ 4 and the resulting quantity (the magnetic potential)
There for d1 =0,4A si dD=640" 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:

INnD=Ink+alnl -6InD (8)

b) minimizing the sum of the square deviancesvben

Wi[]f =0,025< W = the A4 computed values and the calculatdd values
n =9;P=0,95 obtained using the regression equation:
=0,93<wS"P?  =0,205. )
n;P=0,95 S= [(Ink+alnl- bInD;) - InA;] 9)

Table 3. The quantiles a§haphiro- Wilk test b _
The minimization process involves the consequent

P=095 setup of restraints:
[ n i
Wlnf \WSup s N 1S _ N 1s_ .
1 |7 ]0,025 0,260 K Cga w (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

nnk+a Ink-6 D= InQ Another proposed method for correlating the the
[ [ [ (A.A) set of values is the Hamming distance, a
Ink Inl; +a |n2|i -6 InliD = InB Ini; concept related to Fuzzy logic:
i i i i AF - AF‘
-Ink IDj-a InlD;+ 5. D, = InAIM dyy = _ (14)
[ i i i 2
(11)

: F AF :
The obtained equations system is: In the relation (14)A , A are the A, respectively

A quantities expressed using fuzzy logic:
9Ink- 9,30324+ 64,88142= 6,11866

F _
-9,30327Inc+ 17,38036 67,06879 1,64 A —Ami £l
64,88142Ikk- 67,0682 471,7#4 47,1 Aax . (15)
Af=—" g1
The regression coefficients are: ax
k=0,0275a =1,0274 = 0,74 This operation is mandatory because the fuzzy logic
Therefore , there regression equation associated tmperates withM £1 quantities. Table 4 shows the
A= 1(l,D) is: calculation of this index.
A= 0,02754 1027 (12) Therefore the Hamming distance is:
0,74 F s
D AT M AT M
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 A’ elements:
The Spearman correlation ratio

The similarity of the @) computed values and the M ar ={A iF} a7
(A) values obtained using the regression equation is MAF ={A iF}
confirmed by the Spermann correlation ratio [7]: In order to confirm the likelihood level, we projgothe
subsequent restraint:

13) dy < max‘ A - ;,\F‘. (18)
Indeed, by replacing with values, the result is:
0,02145 ma%': i A,F‘= 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
M oF 0,032 | 0048 01| 0163 0242 0297 0446 0566 |1
A A"™=10,8 | 032 | 046 | 1.04| 1,66 242 308 444 546 10,08
M AF 0,0317| 0,0456| 0,1032| 0,1647| 0,2401| 0,3006| 0,4405| 0,5417| 1
‘ A - AF‘ 0,0003| 0,0024| 0,0032 0,0017| 0,0019| 0,0036| 0,0055| 0,0243| 0
: ‘AF ) AF‘ 0,0429
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3. CONCLUSIONS

[2] COSTEA M. A., VASILESCU M., .,“Timpul de
actionare al unui electromagnet cu arturi

The proposed relation for evaluating the magnetic feromagnetice neliniafe (The Actuating Time of an

potential in regard to the feeding current andategap
models the interdepency state of these three digsnét
a very high likelihood level.

Electromagnet with nonlinear ferrromagnetic armaglr
Revista ElectrotehnicElectronic Automatic, 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),

V R TICEANU 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 thedaral
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 smuatof
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 Grasslberge
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 potentiaiapg
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 dwe 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 conclusons
future work derived.

2. GUMOWSKI — MIRA MAP
In our work, we take up as basic units a 2 —

dimensional nonlinear discrete dynamic system éefin
by the following recurrent equations

Xn+1= Ynt a(l' byr21)yn+ f(Xn)

)
Ynefo - Xpt f(xn+1)
where
i} 2
f(x) = /77X+M,a, b, m constants )
1+x
This map is known asGumowski — Mira

transform(hereafter referred as GM map) and has been
introduced for modeling and study accelerated glagti
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, m= - 0.75
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