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SAIL AWAY:
MOTION AND FORCES

Engineering Sailboats!

Institute Of Electrical And Electronics Engineers, Phoenix Section
Teacher In Service Program / Engineers In The Classroom (TISP/EIC)
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What Do We Know About Boats?

What is a Boat?
2 KIFUQa UKS RAFTFSNBYOS

otor driven boat?
Are Sall Boats Important Today® In the Past?

2 KIFaG I NB {2YS { At |.21I

e That Floats on the Water
AND
We Control Its Speed and Direction

A Boat is a Vehic
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Parts of a Boat

Archimedes Principle

Forces and Moments

Parts of a BoatReview

Design a Boat

Build & Test a Boat

AZ Science Lab



Major Parts of a Sall Boat
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WHY DO THINGS FLOAT"



What Keeps the Boat UP
And the Anchor DOWN?

i)
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w Which of these pairs imore dense
1. A smalfockor a largewad of crumpled pape?
2. AStyrofoam cupor aceramic cup
3. A boat that floatsor aboat that sinks
wTheR Sy & A ( & 3 of &4 matedaN&ithas$ m, divided byits volume:

mass per unit of volume (g/cc):

DEFINITION:

p = mass / Volume
=m/V
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Which of these materials float in water?

Substance Density kg/m3 g/cc
1. Gold 19,320. 19.32
2. Lead il Syilo) 11.34
3. Silver 10,500. 10.50
4, Aluminum 2,700. 2.70
5. Ironwood 1,200. 1.20
6. Sea Water 1,030. 1708
7. Water 1,000. 1.00
8. Ice, Icebergs 920. 0.92
9. Woods
w Cherry 630. 0.63
w Oak 560. 0.56
w Pine 500. 0.50
w Balsa 160. 0.16
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Archimedes

Archimedes of Syracuse
(290BCc c. 211BC)

Greek mathematician,
physicist, engineer, inventor,
and astronomer
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Buoyancy and Archimedes Principle

A body
Immersed in a fluid
IS buoyedup

by aforce
equal to theweight

of the displaced fluid

Or
In Simpler Terms . . .

AZ Science Lab
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An object in a fluid with density
greaterthan the fluidsinks
and
an object in a fluid with density
lessthan the fluidfloats.
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Archimedes Principle Buoyancy

Archimedes' Principle

the buoyant force 12 equal to
the weight of the displaced water

Volume =
3000 cc

11/28/17 V7.0

.

3000 g of
water

@ kg
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Archimedes & the King of Syracus
Dett =

Archimedes' Principle n
Irrec the buoyant force 1s equal to
i the weight of the displaced water
tuted some s
Volume =
3000 cc IEW Crown wa
.
AT 2m when takil
he got in the
A EbTG
Mo LINE2 0 f €
the weight o
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kg
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Why Some Objects Float

Welight
(Gravity)

\ Original water level

Buoyancy

obecause they are less dense than water
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How Does This 97,000 Ton Warshipat?

The shape of the hull ensures 97,000 tons of water is displaced while the water level on
the outside of the hull is well below any dangerous line

ByArchimedes Principlethe aircraft carrier floats
because it isess densd¢han water!
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FORCES
&
MOMENTS

AZ Science Lab

20



What are Some Common Forces?

APush or a pull
AForce of running water (river)
AForce of the wind
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What Is A Force?

In physics, #orceis anyexternal agenthat
causes &hange in the motioof afree body or
that causes stress in a fixed bodly.

or
In Simpler Terms . . .
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What Is a Force?

A Force Is a push or a pull that
changes the motion of an object.
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WIND
EXERTS
(..................... FORWARD
FORCE ON
SAIL -

lllllllllllllllllllllllllllllll) SAIL PUSHES
| BACK ON WIND

SAIL PULLS ON
m— == == MAST AND PULLS
BOAT FORWARD

. DRAG FROM WATER
- '.>RESISTS FORWARD
MOTION OF BOAT

Buoyancy
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Some Forces That Act on Boats

w Moving water (water currents, waves)
w Gravity

w Buoyancy (Archimedes Principle)

w Wind

w Friction or Drag (water, air)

w Righting Force

All these forces are acting on a boat at the same tine!

¢ KSasS T2 NDS aModmndgl fif k&l 10 NBO
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Force

Forcg

distance A distance
Moment, = Force x distancg Moment, = Force x distance

¢CKS dzy Al 2F YSIadaNBYSyilu-aSga8NBE2YSYi
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Balance happens when tmeoments
are EQUAL

100 kg

\
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EQUAL FORCES

1 meter A 1 meter

What are the moments?

AZ Science Lab
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EQUAL MOMENTS

1 meter A 2 meters

What are the moments?

AZ Science Lab
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UNEQUAL MOMENTS

AZ Science Lab
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FLEXIBLE BODY

Force = 600 Nt Force = 300 Nt

© 1 meter 2 meters

e b
What are the moments?
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w Some Places Where Moments are at work:

V Boats

0 Seec Saw

0 Swing Set

O Lever

o Airplanes

o0 You and Me

o This Building

Almost anywhere a force Is at work!
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Moments on a Boat
(Stabllity)

AZ Science Lab
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What Does It Mean To Be Stable?

Stabillity Is the tendency

of an object to return to

Its original stateafter it Is
slightly moved.
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Right Side View
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Boats in 3D!

Pitch Axis Roll Axis

Z‘} Front View

&/

Yaw Axis

.ANRQAa 9&8S +ASg¢
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What Forces might
be at work In each
of these axes?
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@
The Keel Balances Roll Forces on a Boa

Weight of keel

righting the
boat
(G)
Buoyancy force  \vind force
Wave force righting the tipping boat
tipping boat boat (W)
(S) (A)
l< >
| | | 1
Depth of keel Heightof mast
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Ballast Stoneg Roll

11/28/17 V7.0

AZ Science Lab

wBallastis dead weight
added In the bottom
of the boat hull.

wBallastcan be used In
sallboats In place of a
heavy keel to provide
a moment of force to
resist the overturning
ROLL forces from the
sall.
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Body As An
Additional
Counterweight for
ROLL stability!
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Ballastc Works for Pitch, Too!

wWind and waves can
cause thebow of a
boat to dive into the
water

w Ballast can also be
used to tune the
motion of the boat In
the PITCHaxis.
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Effects of Ballast Placemen®itch

With NO Wind
Wind Wind
Ballast l

v / .............. Loy \

Wind—D With Wind Blowing
S
Ballast

Wind—D
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Ballast
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Rudderc Directional ControlYaw)

w In basic form, audderis a
flat sheet of material
attached withhingesto the
craft'sstern, tail oraft end

w A rudder operates by
redirecting the water past
the hull, thus imparting a
turning moment to the
craft

Modern ship rudde
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Rudderc Directional Control

(Cont)

N

Rudder Keel

The rudder steers the boat

Without a rudder a sail boat will not move
In a straight line!
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Rudderc Direction (Yaw)

Wind g S A
\ . ANRQa (9eS *ASgo

Water Flow
<— Around Boat <

Ocean Waves

Turning Forces
From Wind & Wave:

Rudder Force

to Stop Turn l
1 A
L 413 ¥
b il =
Distance Distance
to Rudder to Sall
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Capturing the Wind Force

An Old Square A Modern A Modern Sailing
Rigger Catamaran Yacht
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