Seafaring Theory and Practice

CHAPTER 1 Piloting and Dead Reckoning 13

17 Circumference and its subdivision

18 Nautical Mile (NM)

19 Speed at sea

20  Calculations: distance, time, speed

21 Some examples for clarification

23 Geographical coordinates

24  Latitude and longitude

25  Latitude - lat. - ¢

25  Longitude - long. - A

25  Difference of latitude and longitude

26 Time zone

27  Plotting a course

28  Wind rose

28 True Course (TC) — True Heading (TH)

29  Remember: the wind comes, the current goes
30  Great Circle - Rhumb Lines

30  Nautical Charts

35  Instruments for basic navigation

40  Preparation for piloting

42 Magnetism and Estimated Navigation (Dead reckoning)
53 Coastal navigation, Line of position (LOP)
64  Navigation in the presence of wind and current
68  Problems involving currents

72 Intercept route

74 Tides

CHAPTER 2 Cartography and Nautical Publications 79

79  Navy Hydrographic Institute
79  Updating of nautical documents
80  Collection and dissemination of information




CHAPTER 3 Rules for Preventing Collisions at Sea

83

99
100
101
103
103
105
109
109
118
120
121

83

International regulation

Maritime signalling system

Daymarks and night lights

Fog signals

Radio signals

Characteristics of lighthouses and beacons
List of Lights and Fog Signals

Main types of light

IALA Maritime Buoyage System

Sound signals (Rules 33 and 34)

Sound signals in restricted visibility (Rule 35)
Giving way

Safety at Sea 125

125
137
139
141
143
144
145
146
147
149
152

153
157
163
170
177
178
185

Minimum safety equipment

MOB (Man overboard) - Rescue at sea
Abandoning the boat

Assistance and rescue

Medical assistance: illnesses and accidents on board
Hypothermia

Classification of hypothermia
Aground and leaks

Fire on board

Our friend the tender

Tow or be towed

Steering and Manoeuvring 153

Pleasure craft

To manoeuvre with the engine
To manoeuvre in port

Knots

To get in and out of ports
Motor manoeuvres at the dock
Anchorage




Seafaring Theory and Practice

196
201
204
206
208
212
215
218
221
223
225
226
228
229
231
232
237
238
243
244

245
257
259
268
270

Meteorology

Pressure

Temperature

Humidity

Baric systems

Wind

General circulation of the atmosphere

Air stability and instability

Clouds

Classification and brief description of clouds
Front theory

Phenomena related to the passage of a perturbation
Fronts seen in sections

Occluded fronts

Meteorological most important symbols on charts
Mediterranean sea meteorology

Main mediterranean sea winds

Weather forecast

Example of a Meteo forecast

Douglas Sea Scale

Beaufort Wind Scale

Celestial Navigation

Instruments and calculations

Latitude at sun’s meridian transit

Longitude at sun’s meridian transit

Line of Position method

Practical examples of calculating a Line of Position using the Sun

CHAPTER 8 Marine Communications

283
283
284
285
286
288
292
293
295
296

GMDSS

DSC

MMSI

Definitions of emergency calls, urgency, safety and ordinary calls
GMDSS operating areas and related equipment

How to send a DSC Distress Call

INMARSAT (INternational MARitime SATellite organization) system
NAVTEX

Useful phrases

VHF Channels

195

245

283




299

CHAPTER 9 Electronic Navigation

299 Radio beacons

299  Loran C system

300 Decca

300  GPS (Global Positioning System)

303  RADAR (Radio Detection and Ranging)
305  Maneuvering Board

306  CPA (Closest Point of Approach)

306 ARPA (Automatic Radar Plotting Aid)
306 MARPA (Mini Automatic Radar Plotting)
307 AIS (Automatic Identification System)

CHAPTER 10| The Diesel Engine 309

310  Four-stroke engine cycle
313 Main rules to make the diesel engine a reliable friend
314 Main maintenance jobs

APPENDIX 317

317 Conversion of units of measurement
318  Acronyms
319 Ropes, sheets and halyards

BIBLIOGRAPHY 320




Sergio has written this book with the same care, attention and enthusiasm
he gives to his navigation on Mediterranean routes or in the ocean.

The principles, concepts and insights come together with advice and
recommendations.

Navigation techniques, the boat, the crew and the captain’s responsibilities
are just some of the topics covered methodically and simply in these
pages.

Anybody starting out at sea would love to have alongside them a
navigator like Sergio; expert and generous, able to imbue confidence and
explain the organization of life on board, the manoeuvres, how to test the
equipment, the safety fittings, etc.

Sergio is a teacher who allows you to gain experience, for miles and
miles, without taking unnecessary or excessive risks, but at the same
time explaining how to deal safely and determinedly with any difficult
spots in the navigation. Reading the different chapters of this book will
help to build up knowledge and be better prepared to face unexpected
events and reduce the possibility of mistakes, including simple errors,
which in navigation can generate very difficult situations.

The book explains that the art of seafaring primarily consists of predicting,
organizing and enhancing the quality of the boat and the crew. Respect
for the sea is a principle that must always apply for anyone who sails a
yacht, steers a motorboat or navigates on any craft.

I know that writing this book was a great challenge for Sergio, much
more demanding than sailing in the North Sea, round Cap Finisterre or
through the Strait of Gibraltar ...

A long route propelled by the wind of his experience and enthusiasm. I
am convinced that Seafaring Theory and Practice deserves its own place
in the library of each yacht, near the pilot’s book, as a necessary and
useful piece of on-board equipment.

Happy sailing!

GIANFRANCO MEGGIORIN
Head of Navimeteo




PILOTING AND DEAD

_ RECKONING

Since the very beginning, navigation has always required skill and
experience, and the problem of steering a craft along a fixed route is
one of the most difficult that any sailor has ever faced. But it has also
been a great challenge that over the centuries has stimulated man’s
intelligence, spirit of observation and creativity. This problem remained
unsolved for centuries, with its uncertainties and difficulties, despite the
enormous development of human knowledge and science in general.

Early navigation was mainly coastal and sailors could only rely on
the observation of visible points to estimate their position and the
distances covered. The most skilled and intelligent sailors marked down
these observations in the “rough log”, generating the embryo of what
would later become the navigation charts and the ship’s journal, the
“smooth” or official log.

Over time, navigators learned how to fix their position by observing
the stars and the Sun and, most importantly, established a reference
point (at night the North Star) from which they could draw routes with
different angles according to the destination to be reached.

By day, this point was given by the Sun completing its trajectory
from east to west.

Then the early systems for measuring time started to be invented; in
the beginning, it was the water hourglass and then the powder one, and
it was possible to calculate, even if only approximately, the speed of the
ship.

The use of the compass began around the beginning of the 14th
century and enabled the most daring sailors to engage in longer and
more demanding voyages; however, pinpointing the ships position in
the open sea remained very difficult.

The ability to determine the values of the Earth’s magnetism (already

known but not understood in ancient times) and therefore to correct
the route as indicated by the compass, brought an additional element of
safety and precision in support of our poor captains.
But it was only with the invention of the modern nautical chart, created
in 1500 by the Flemish cartographer Gerhard Kremer (Italianized as
Mercator), and of the chronometer (in the late 1700s) that navigation
could finally be conducted with confidence and precision.
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What navigation means
Navigation means directing a means of transport along unplotted
routes (in the sky and at sea) i.e. through places where there are no
natural or artificial paths to follow.

Maritime navigation is the science that gives sailors the technical
knowledge and the practical ability to conduct a craft along a safe path,
from one end of the “Great Sea” surrounding the Earth to the other.

This goal can be achieved by solving three main problems:

1. Choosing and finding a route

This must be done before setting sail by preparing for navigation using
charts and other tools that we will look at in the following chapters.
The problem will be solved geometrically with the use of lines passing
through two or more points on the earth’s surface.

2. Steering the boat on the chosen route

This problem will be solved by instruments measuring three basic
elements: the direction (compass), the duration of the navigation
(clock) and the speed (log).

3. Knowledge of our position

During navigation the craft is subject not only to the action of the
propulsion and steering system (sail, engine, rudder) but also to winds,
currents and wave action that make it difficult to steer accurately along
the chosen route. This gives rise to the need to determine, at any time,
the ship’s position.

There are different systems for telling the position of the ship:

Dead reckoning
The ship’s position is calculated from the direction followed (compass)
and the distance covered from the last known position (speed x time).

Coastal navigation (Piloting)
The ships position is determined by referring to known points
(landmarks), visible on the coast and reported on charts.

Electronic navigation and radio navigation

The ships position is determined by direction finder, Loran or GPS
(Global Positioning System), the most recent and accurate satellite
system.




Celestial navigation
The ships position is determined using the sextant in relation to the
position of the stars.

The combination of dead reckoning and coastal navigation is also
known as Plain Navigation, which is the basis for understanding the
problems of navigation and being able to manage a boat safely.

In Plain Navigation, the Earth is considered as a flat surface, and any
problem is solved by applying the rules of elementary geometry (plane,
not spherical). Hence the need to represent large areas of the Earth as a
flat surface on specific nautical charts.

Recreational boating navigation
Navigation in maritime and inland waters for sporting and recreational
purposes, not for profit.

Earth shape and size
To give the Earth a shape similar to the true one, it was agreed to
consider the Earth as enclosed by a hypothetical surface at the average
level of the sea extended across the continents. This sphere is called the
Geoid and corresponds to an ellipsoid of rotation, slightly flattened at
the poles, with a major axis and a minor axis that differ by approximately
3 km on a diameter of about 13,000 km.

For practical purposes, the Earth is regarded as a sphere and
navigation theory is based on this assumption.

Earth or Polar Axis

This is the virtual axis around which the Earth
rotates,in24hours, makinga completerotation.
For an observer in the northern hemisphere,
the Earth rotates counterclockwise. An
observer in the southern hemisphere will
instead see a clockwise rotation (Figure 1.1).
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Due to the Earth’s rotation, the North Star, which is on an extension of
the Earth’s axis, is a fixed point in the sky, while we will see all the other
stars and constellations (Ursa Major included) rotating around it. Just a
curiosity: due to the combined attraction of the Moon and Sun on the
Earth, the Earth’s axis changes its angle with respect to the ecliptic plane
and rotates, returning to its original inclination in about 26,000 years.
Due to this movement, known as precession, the celestial poles change.
The star to which the Earth’s axis is currently oriented is the one that
we call the North Star, which deviates from the north celestial pole by
about 001°.

In a few thousand years, the North Star will not be the same one that
we see now, but by that time, we will be no doubt be very different too!
(Figure 1.1). If we are navigating in the Southern Hemisphere, the
North Star cannot be seen. We have to look at the Southern Cross to get
an idea of where the South is.

Equator

This is the great circle obtained by the intersection of the Earth’s surface
with a plane perpendicular to the polar axis passing through the centre
of the Earth and defines the directions east (E) and west (W) (Figure 1.1).

Meridians
These are the circumferences converging at the poles. They are all great
circles like the equator. We consider the semicircles and, for reference
purposes, while the number of these is infinite, we count 360 (one for
each degree), 180 to the east and 180 to the west. A reference meridian,
called the Prime Meridian, located by international convention at the
town of Greenwich in England, is given the value zero. The letter “Z”
(phonetically “Zulu”) is used to refer to the time at the prime meridian.
The Greenwich meridian divides the Earth into two hemispheres:
eastern and western. The eastern hemisphere is located on the right of
an observer from Greenwich looking towards the North Pole, the other
side is the western hemisphere.

The meridian is divided into two parts at the poles: the meridian (the
part where the observer is located) and the ante-meridian.
The Greenwich meridian determines the reference time, while its ante-
meridian determines the date change line (Figure 1.1).

Parallels

These are all small circles parallel to the equator; there are 90 to the
north and 90 to the south (the same as the number of degrees in a right
angle). In fact, like the meridians, they can be divided into 60 minutes
of arc and each minute into 60 seconds of arc or one tenth of a minute
of arc (Figure 1.1).
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Circumference and
its subdivision

The circumference is a flat geometric figure and can be divided in
various ways; we are interested in the division into arc and hour.

The Earth takes 24 hours to complete a full rotation around its axis,
making a round angle of 360° corresponding to the great circle we call
the equator. (The projection of the equator onto the celestial sphere is
the celestial equator).

The clock dial is divided into 24 hours (2x12), and represents the
celestial equator. The clock hand rotates at a constant speed equal to the
angular velocity of rotation of the Earth, and tracks a reference star. The
angle formed is called the hour angle.

The star to which we refer for the measurement of time is the Sun and
therefore, if we are located on a specific meridian, after 24 hours (on
average) we shall return to the same position, after a 360° rotation.
During these 24 hours, the angle of the meridian we are on compared
to the Sun, will change every second and will be recorded by our clock.

The Sun, in its apparent motion around the Earth, from east to west,
makes a 360° longitude revolution every 24 hours on average: its speed
is therefore 015° for each hour of average time (360°/24 = 015°). We will
in fact have two measurements (hour angle in degrees and time in
hours) expressing the same concept but in different units. In fact, as we
shall see, and most importantly, the hour angle can be converted into a
unit of length (the nautical mile).

Division into arcs

The circumference is divided into 360 parts, each called a degree (°);
each degree is divided into 60 minutes of arc (‘ or arc minutes) and each
minute of arc into 60 seconds of arc (“ or arc seconds).

Division into hours

In this case, the circumference is divided into 24 parts, each with an
amplitude of 015° (see Time Zone); each part, called an hour (h), is one
twenty-fourth of the circumference. The hour is divided into 60 parts,
each called a minute (m). The minute is divided into 60 seconds (s).

Time indication
To indicate a certain time interval, the number of hours, minutes and
seconds is given, indicating the corresponding symbols on the right
(e.g. 8" 17 24%).

To indicate the current time or the time at which a certain action
happens, we enter a series of four numbers - two for the hour and two
for the minutes (e.g. 07:25 or simply 0725). Except in special cases, the
seconds are neglected.
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Recalling the description of the hour angle and the time in hours we

will have:
Hour angle Time in hours
(degrees, arc minutes, arc seconds) (hours, minutes, seconds)

360° 24h

015° 1h

001° 4m

15 1

1 4*

15” 1°

The Nautical Mile To understand how to get to the nautical mile, we introduce the concept
(NM) | of the radian.

We draw a circumference and on it we measure an arc AB equal to the
radius R; the angle at the centre a, subtended by this arc, is called the
radian.

B In a circumference, there are 6.28 radians and therefore
6.28 arcs AB, i.e. 6.28 times radius R.

Once the radius is known, the circumference is
obtained by multiplying the radius by 6.28. The radius
of the Earth is 6,371,000 metres:

6,371,000 x 6.28 = 40,009,880 m

This is simply the measure of the circumference of the
Earth. Each circumference is composed of 360° and each
degree of 60; therefore the number of arc minutes in a
circumference is: 360° x 60’ = 21,600’

Fig. 1.2 - Nautical Mile Dividing the length of the circumference by the
number of arc minutes contained in it, we obtain the
measurement of a minute of arc expressed in metres:
40,009,880 m: 21,600’ = 1852.30 m

The nautical mile is the length of 1 arc minute of a great circle and is
equal by convention to 1852 metres

18
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The importance of this simple geometric theorem is that it transforms
an angular measurement (degrees, minutes and seconds of arc) into a
linear measurement (miles and metres) (Figure 1.2).

The unit of measurement of speed at sea is the knot. | Speed at sea
1 knot corresponds to 1 mile/hour

Since the unit of time, the hour, is already contained in the term knot, to
indicate any speed it is sufficient to show the number of miles covered
in one hour, followed by the word knot.

12 knots = 12 miles/hour (12 knots per hour is incorrect)

Knots - km/h - m/s
To convert a measurement expressed in kilometres to miles and vice
versa, or to convert a speed expressed in knots to metres per second, or
vice versa, we can use specific tables already calculated and published in
the Nautical Tables, showing exactly the values searched for.

Without the tables, it is still possible to determine the values with
sufficient accuracy by means of some very simple calculations.

To convert:
- from miles to kilometres we multiply by 2 and deduct 10%.
- from kilometres to miles we divide by 2 and add 10%.

Sometimes the wind speed is measured in metres per second instead of
knots (windsurfers or dinghy sailors are used to this); here’s how to get
the conversion factor:

1 knot = 1 mile/hour

1852m/3600s = 0.51 m/s

To approximately convert knots into metres per second, we can simply
multiply by 0.51 or for a rough approximation divide by 2.

Chip log
The problem of boat speed, in the absence of appropriate instruments
(chronometer, log), was solved by calculating the distance covered
from a fixed point on the sea surface in a short elapsed time and then
re-calculating this value for a one-hour span.

With the chip log method, the fixed point was obtained by launching
into the sea, from the stern, a small wooden board, with a lead insert as
ballast.

19
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Calculations:
distance, time, speed
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This wooden board was roped to a long furling lanyard, with regularly
spaced knots, generally every 15.4m (120th of the nautical mile which,
as explained above, measures 1852 metres).

The wooden board was left to reach calm waters and the hourglass,
set at 30” (120th of 1h), was turned over, simultaneously spinning the
lanyard and counting the knots sliding between the fingers until the fall
of the last grain. The number of knots that slid through the fingers
indicated the miles covered in an hour. This is the origin of the word
“knot” to indicate the speed in miles per hour.

In practice, a “correction factor”, determined on the basis of
experience, was also taken into account to allow for the drag that the
board was subjected to by the boat (approx. 1/19 of 15.4m).

This system, despite its limitations, was used throughout most of the
nineteenth century.

In the planning phase of a trip and throughout the voyage, it is
necessary to perform arithmetic operations between distance, time and
speed. These operations are essential, and are the bread and butter for
any sailor.

The formulae relating these three variables are as follows:

Time = Distance/Speed T=D/S
Distance = Speed x Time D = SxT
Speed = Distance/Time S=D/T

At sea, the measurement units used to express such quantities are:

The hour for the time
The nautical mile for the distance
The knot for the speed

These units do not follow the same system, in fact:

The hour follows the Sexagesimal system

The nautical mile and the knot follow the Decimal system
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Examples:

A time of 4" and 23™

(means 4 hours and 23 sixtieths of an hour)
A distance of 9.7 miles

(means 9 miles and 7 tenths of a mile)

A speed of 7.5 knots

(means 7 knots and 5 tenths of a knot)

Therefore, whenever we have to make calculations
involving time, since it does not follow the decimal
system but the sexagesimal one, we must be very
careful not to confuse minutes with tenths and
hundredths of hours and, vice versa, tenths and
hundredths of hours with minutes. 360° = 1 hour
It must be remembered that the hours and degrees
are divided into 60 parts (sexagesimal scale), while
the miles and the knots are divided into tenths
(decimal scale).

Since it is not possible to carry out calculations
mixing different systems, to avoid mistakes, the
sexagesimal scale must be converted into decimals Fig. 1.3 - Decimal - Sexagesimal
or vice versa.

In the illustration (Figure 1.3) the relationship between the two scales
is very clear, i.e.:

1 tenth of an hour 6 minutes
1 tenth of a degree 6 arc minutes
1 tenth of a minute 6 seconds
1 tenth of an arc minute 6 arc seconds
Example 1 Some examples

A time of 4" 24™ does not correspond to 424" but to 4" and 4 tenths | for clarification
of an hour, i.e. 4.4h.

Example 2
A time of 424" does not correspond to AP 24™ but to 4" 14™ 245, in fact:
4.24" equates to 4" and 24 hundredths of an hour
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