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Wikipedia

As an internet user, you most likely have come across the
Wikipedia website, which has become a major source of
information around the world these days.

So, what is Wikipedia? And how did it start?

Let’s talk about the word itself first. A wiki represents a website
or similar online resource which allows users to add and edit
content. So, it’s a website that includes the collaboration of
work from many different authors. The word “wiki” itself is a GOY ) . slae)
Hawaiian word that means “quick”. In addition, since the site represents an encyclopedia,
the word “wiki” was followed by “pedia” so we ended up with “Wikipedia”.

Wikipedia was formally launched on 15 January 2001. Initially, it was created as
a complement and ‘feeder’ to an encyclopedia project named ‘Nupedia’, in order to
provide an additional source of draft articles and ideas. From there it quickly overtook
Nupedia, growing to become a large global project.

The second step was to expand internationally to include non English languages, and
it started with the Deutsche website followed by the Catalan then the French, Chinese,
Dutch, Esperanto, Hebrew Italian, Japanese, Portuguese, Russian, Spanish, Swedish,
Arabic, Hungarian, African, Norwegian and finally

Serbian. The English version alone has more
than a million entries and it’s consistently
ranked among the most visited websites

in the world. aF

&

But you should be cautious when
getting information from Wikipedia
because instead of relying on §
experts to write articles according

to their areas of expertise, the d
website allows anyone to write . |
anything. In addition, it is a peer- ‘aﬁ"
reviewed website, so not all the -
entries can be reviewed by the time

someone finds them. \“__ i
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Nokia’s new device:
Don’t call it a phone!

Just days after launching an 8-
gigabyte version of its popular N95
mobile phone, Nokia (NOK) unveiled
yet another device in its multimedia
products lineup. The new N810,
though, is no phone — it’s an 8-ounce
Internet-optimized machine.

At a launch event in San Francisco,
Anssi Vanjoki, executive vice president
of Nokia’s multimedia group, called the
device a “full-fledged computer.” With
a Mozilla-based browser, media player,
video chat features and a built-in Skype
application and GPS, the portable N8 10
comes close. It’s not bad-looking either
— the large 4.13-inch display makes for
readable Internet pages (the iPhone’s
screen, by comparison, measures in
at 3.5 inches). There’s also a sleek-
looking, pullout QWERTY keyboard
and an attractive user interface. But,
while the device has built-in Wi-Fi and
can connect to your mobile phone via
Bluetooth technology, it doesn’t have
cellular capabilities itself. That means
that — at least for the time being — it has
to be used in conjunction with a cell
phone. At $479 a pop, that might be a
tough sell.

www.cnnMoney.com

eng.zainab@gmail.com
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Nonlinear Beam Equation

The nonlinear differential equations of motion of an isotropic inextensible Euler-Bernoulli cantilever beam under
transverse excitation can be written as

pAD + v+ Elv'™ = —EI (v'0")] — JJ;—’I!J' [ (d [1 da\ del

+pAay + q(x,t) + pAap[(s — I)':.'” + -'t'!}
where, v denotes the displacement component along the y-axis, the prime and overdot indicate the derivatives with
respect to the arc length, s, and time, ¢, respectively, [ is the beam density, A4 is the cross sectional area, ¢ is the
coefficient of linear viscous damping per unit length, £ is the Young’s modulus of elasticity, / is the moment of inertia

about the neutral axis of the beam, ap is the parametric acceleration, and ab is the transverse acceleration of the
supported end. The boundary conditions associated with these equations of motion are

v=20 and v =0 at s =0,

v =0 and "' =0 at s=1I

Discrete Model

To solve the partial differential equation of motion, the beam deflection v(s, ) is expanded in terms of the mode shapes
as,

Using these mode shapes leads to the followmg set of nonhnear ordinary differential equations

Uy + U —|—wnUn = E ijhu Uj Uy + E \mﬂuh(u Uy -+ 271 ”3 =+ u; u_;,)

2,7,k N

+fnap+ Y Puttiap + MpVa(t)  n=1.2.3 .

where

I
"o W

‘.ru_jk = O,IO O Oy +(D O )(IH

1 T,
Anijre = —7/ (f qanqa;\._ds) (/ (I.bt-qud.a.-) ds
2Jo 0 0
l
f‘n :/ @ndﬂ
0

I
P = f bnl(s — )6 + i]ds
[a]
[

pA
g ET 4
Wn —On O, ds = —1,
pA

del Ea (Ta —+ ?Lb)
pA
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Nonlinear Free Vibrations Control of Beams
Using Acceleration Delayed-Feedback Control

Dr. Khaled A. Alhazza

Kuwait University

Abstract

A single-mode delayed-feedback control strategy is developed to reduce the free vibrations of a flexible beam using
piezoelectric actuator. A nonlinear variational model of the beam based on the von Karman nonlinear type deformations
is considered. Using Galerkin’s method, the resulting governing partial differential equations of motion are reduced

to a system of nonlinear-ordinary-differential equations. A linear model using the first mode is derived and is used to
characterize the damping produced by the controller as a function of the controller’s gain and delay. Three dimensional
figures showing the damping magnitude as a function of the controller gain and delay are presented. The characteristic
damping of the controller as predicted by the linear model is compared to that calculated using direct long-time
integration of a three-mode nonlinear model. Optimal values of the controller gain and delay using both methods are
obtained, simulated, and compared. To validate the single mode approximation, numerical simulations are performed
using three-mode full nonlinear model. Results of the simulations demonstrate an excellent controller performance in
mitigating the first-mode vibration.

Mathematical Model

Piezoelectric Actuator
Piezoelectric actuators are commonly used for vibration control of flexible structures. In this analysis, we assume a
thin cantilever beam with a piezoelectric actuator is attached to the surface near the beam base, Figure 1. As a common
practice, the piezoelectric thickness is assumed to be negligible with respect to the beam thickness. The distributed load
q(s, ?) of the piezoelectric actuator, is given by

M
q(s,t) a2

where M is a uniformly distributed bending moment that can be written as

PAYP Oy T aNY L \ \ Ey

MO S kel <y ==

|
1
where b and ¢ pare the width and thickness of the piezoelectric actuator respectively, d 4 is a piezoelectric constant,

E » is the actuator Young’s modulus, #, is the thickness of the beam, V, (¥) is the control voltage, H(s) is the Heaviside

step function, and S, is the starting coordinate and s, is the ending coordinate of the piezoelectric strip.

| p Piczoelectric Patch

Base

‘ 53 | Accelerometer

-I, ‘-\/ | —
. AT
Amplifier J /\

Figure 1: Schematic drawing of a piezoelectrically-actuated beam under parametric excitations.
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Figure 2: Computer simulations: The beam response and feedback signal for a controller delay=0.3 and gain=0.5.

Conclusion

A delayed-acceleration feedback controller was developed to reduce the nonlinear vibrations of a flexible beam using a
piezoelectric actuator. Linear analysis of the close-loop system produced two nonlinear algebraic equations that can be
solved to determine the system behavior. Three dimensional figure showing the damping magnitude and system stability
as a function of the controller gain and delay are generated. The results obtained using linear analysis are compared

to a contour plot obtained using long-time integration of the nonlinear model. This comparison illustrated that both
approaches succeeded in defining the stability boundaries but failed in predicting the same optimal damping location.
The effectiveness of the controller is tested by several numerical simulations. Results obtained proved the feasibility of
such a control approach in mitigating the free vibrations of a cantilever beam without significantly exciting the higher
modes. The effect of beam nonlinearities for the case of low amplitude free vibrations is negligible. It is worth noting
that, the methodology presented in this paper, can be extended to other flexible structures, such as plates, shells, and

cables.
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Delayed-Acceleration Feedback

Real world systems have inherent actuator delays that can not be ignored in many applications. Feedback control
designers usually tend to use predictors to overcome this problem. This usually compromises the controller
performance. Delayed-feedback controllers, however, can accommodate these delays in their parametric delays. This
feature makes delayed-feedback controllers ideal for systems that have significant delays.

Since delayed feedback can introduce a significant amount of damping in a closed-loop system, we will derive an
algorithm for a feedback control signal that is based on a delayed acceleration of a point on the beam. An expression

for the driving voltage of the piezoelectric actuator is then derived. As a control algorithm, we elected to use a linear

algorithm. The acceleration of point S5, see Figure 1, can be expressed as

a(s3) = Z O (83)iin (1)

n=1

The driving voltage for the piezoelectric actuator using the delayed-acceleration feedback algorithm takes the form
=]
Va(t) = Z —kn (83)i, (t — T)
n=1
Linear Analysis

Delayed-feedback controllers are, in general, very robust. Therefore, the controller can be designed using a linear model
and the parameters can then be optimized using the nonlinear model. To simplify the equation using the first mode, we

set
ily -yt + w%ul = —Kiiy(t —7)
Assuming an exponentially-damped response, the solution of the previous equation is given by
up = Ae”" cos(wt +6)
Substituting this equation into the single mode simplified equation and setting the coefficients of sin([ 17 + []) and
cos([1#+ [1) equal to zero independently leads to

w(2o +p)e”” + K [(WQ — 07) sin(wr) + 20w cos(wt)] =0

(W — 0% — 10— wi)e”” + K [(W? — 0®) cos(wr) — 20wsin(wr)] =0

For a given controller gain, K, and time delay, [, these equations can be solved for [ and []. Since these equations are

transcendental, infinite solutions are exist.

Numerical Simulations

To validate the present work, a piezoelectric material, PZT PKI 502, and a beam with the following parameters are
used: 1=0.3 m; E=70 GPa; [1=2700 kg/m?; s1=0.01 m; s2=.08 m; b=0.02 m; ta=0.2 mm; and tb=1 mm. We choose a set
consists of a time delay of 0.3 and a controller gain of 0.5. Results are shown in Figure 2. It is clear that the controller

effectively eliminates the vibrations of the first mode of the beam in about 3 periods. The amplitude of oscillations is

decreased by 60% in one period after applying the control effort.

— — el it 2o
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Solution
Sailing Time = Distance Sailed in Mile
Speed x 24
Sailing Time from Port (X)—»(Y) = 4588 = 13.5 days
14.2 x 24

Sailing Time from Port (Y)—»(Z) = 5282 = 15.5 days

14.2 x 24
1) VOYAGE DURATION:
PORT Distance Dsu"‘:,:it'i‘gn Time in Port
From Port (X) Port (Y) 4588 13.5 days
Port (Y) - -- 4 days
From Port (Y) Port (Z) 5282 15.5 days
Suez Canal Transition duration -- 1 day
Port (2) -- - 7 days
Total Voyage Duration - 30 days 11 days

2) Calculation of Required Heavy Fuel Quantity
Heavy Fuel for Main Engine =34 x 30 = 1020 Ton
Reserve Fuel / Bunker oll =70 Ton
TOTAL Fuel required for Main Engine = 1090 Ton

during the Voyage
Remaining Fuel on board the ship - 700
Actual Quantity of Heavy fuel to be lifted 390 Ton

Required Quantity of Diesel Oil = [30 days x 2] + [ 11
x 11 =70 Ton

3) Actual Cargo Quantity to be shipped (Net
Deadweight) :

Max. Deadweight at Summer draught = 26500 Ton
Total Heavy fuel quantity for Main Engine = 1090 Ton
Fuel Quantity for Auxiliary Engines =71 Ton
Fresh Water and Bond Store =300 Ton

TOTAL Actual Cargo (Net Deadweight) 25039 Ton

4) Calculation of Net Freight
Freight Price = 25039 x 14 = 350546 USD
Brokerage Commission = 350546 x 2.5 % = 8763 USD

Net Freight Gained = 350546 - 8763 = 341783 USD

5) Voyage Related Costs
Ship Daily Operational or running cost = 41 x 3000 = 123000 USD
Cost of Main Engine Fuel = 390 x 97 = 37830 USD

Cost of Diesel Qil for Auxiliary Engine = 71 x 132 = 9372 USD

(X) Port Cost = 1000 USD
(Y) Port Cost = 4 x 2500 = 10000 USD
Suez Canal Transition Cost = 50000 USD
(2) Port Cost = 7x 1570 = 10990 USD
TOTAL Actual Cost 242192 USD

6) Ship Daily Income (Profit)

Daily Income = Net Freight - Total Actual Cost

Total Voyage Time

= 341783 - 242192

41

= 2429 USD per day

2
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2) REPAIR AND MAINTENANCE COST

A - Routine Maintenance

Such as Main Engine and auxiliary machineries, Deck Fabric maintenance Paint, Drydock expenses, Hull
cleaning and Paint coating. Routine maintenance prolong the ship lifetime.

B - Ship Class Requirement Expenses

Ship Condition is to be inspected periodically, assessed and approved by Classification Society such as
Lloyd’s Register, DNV, NKK,...etc. This is to issue Sea-Worthiness Certificate. Such survey necessitate the
dry-docking of the ship for machinery survey and ship hull steel plates thickness measurement or scanning.

C - Ship Age

The older the ship, the more are the repair and maintenance expenses as well as the associated spare
parts i.e., the ship operation is becoming uneconomical if not costly whereby the ship is to be sold as second-
hand or demolished (scrapped) subject to World Fleet Market sensitivity and analytical study.

D - Spare Parts Expenses

This includes ship deck / machinery lubricating oil which represents sometime quarter of the total operating
cost supply of the genuine spare parts enhance preventive maintenance and extend ship life time.

E - Insurance

Hull and Machinery Insurance (H&M). This covers Hull and Machinery Damage repair as well as ship total
actual loss and actual constructive loss.

Insurance Cost is determined or decided according to ship type, age, previous claims record.

Protection and Indemnity Insurance (P & I) covers shipowner against third party liabilities such as oil spills,
death or casualty of ship crew member, collision, perish of cargo, loss of earning.

3 - VOYAGE COST
A - Fuel Cost (Bunkers)
i) High Viscosity Oil (HFO)
i) Marine Diesel Oil (MDO)
High Viscosity Oil is used for Main Engine.
Marine Diesel QOil is used for Auxiliary Engines.

Bunker cost is the most expensive item of the total ship running costs i.e., operation and voyage cost.
Bunker represents about 40 — 60% of the ship running cost depending on the type of voyage and bunker prices
prevailing in the market.

Bunker consumption relies fully on the :

- Ship hull condition (design and cleanliness)
- Chartered or required ship speed

- Main Engine efficiency

- Age of the ship

B -Port Cost
I
I I
Service Charges such as Port dues such as
. Pilotage . Wharfage Charges
. Tugs . Logistic Services
. Wastage disposal . Bouys Charges

Port Costs is directly proportional to the Cargo Volume, Cargo Weight, Gross Registered Tonnage and Nett

Registered Tonnage.
e (5] e PR



OPERATING COSTS

1) LABOUR COSTS

Administration Crew Costs
Costs | Eng. Nayef Al-Thafere
Contracted Shipowner directly
Manning appointed Crew
Agency

Two Factors affecting Crew Cost :
a) MANNING SIZE

Direct Expense Indirect Expenses 1) Flag State Rules

Salaries Relieve Staff or Standby staff related Expenses

Overtime Expenses Requires additional salaries + 2) Level of Machinery

Vacations Tickets. Sometimes complete automation i.e.,

Tickets Crew change necessitate manned or unmanned
: additional .

Social Allowance 3) Catering Staff

Training Expenses. This is to ensure the 4) Seamen required for
Smooth operation of the ship

Casualty Insurance .
during

cargo handling
5) Skill of the Crew

and level of required

Coverage the whole year.

Maintenance standard

International Labour Organization (ILO) and International Transport Workers Federation (ITF)
recommended the minimum crew wages level and level of crew remunerations.

On-shore Management Expenses
I

Technical/Operational Administration such as
Such as Superintendents Finance, Accounts,
Controllers, ...etc. Personnel, Services...etc.
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