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Wheel and Axle

o A larger circular wheel affixed to a
smaller rigid rod at its center
= The object with the larger
diameter is the wheel
» The object with the smaller
diameter is the axle

o Used to translate force across
horizontal distances (wheels on a
wagon) or to make rotations easier
(a doorknob)

o Trade off: the wheel must be
rotated through a greater distance
than the axle

Mechanical Advantage: Wheel and Axle

o The mechanical
advantage of a wheel and
axle system is the radius
of the wheel divided by
the radius of the axle

Radius of Wheel 10"
Radius of Axle

MA =

o So for our wheel and axle
IMA = 107/2” =5



o A device that is thick at one end and tapers to
a thin edge at the other end

® An inclined plane on its side

o Used to cut or force material apart

o Often used to split lumber, hold cars in place,
or hold materials together (nails)

Mechanical Advantage: Wedge

o Much like the inclined plane, the
mechanical advantage of a wedge is
the length of the slope divided by the
width of the widest end

_ Length of Slope
Thickness of Widest End

MA

o So for our wedge,
MA = 6”/2” =

o They are one of the least efficient
simple machines
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o An inclined plane wrapped
around a rod or cylinder

o A spiral inclined plane forms
the threads on a screw

o The tighter the threads are
together on a screw the greater
the MA

o Used to lift materials or bind
things together

m Lid on a jar
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Mechanical Advantage: Screw

o The Mechanical g Bl
advantage of a screw is \
the circumference of the
screwdriver divided by the
pitch of the screw

o The pitch of the screw is
the number of threads per

inch
10 thread -

R = Circumference of Screwdriver per inch
Pitch of Screw

Circumference = [[ x 17 = 3.14”

o So for our screwdriver Pitch = 1/10” = 0.1”
MA =3.147/0.1"=31.4
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Pulleys

o Pulley are wheels and axles with a groove around the
outside

o A pulley needs a rope, chain or belt around the groove to
make it do work

= Pulleys can provide: Enmplanuching
o Mechanical advantage
o Directional advantage output
input /I\ force
o Three es of pulleys force
= Fixed pulley /

= Movable pulley
= Block and tackle - Pulley system

= A combination of fixed and movable pulleys used to
raise an object

Fixed Pulley

o A pulley attached in position above a
load to be lifted.

O Pulley’s can change the direction
and/or magnitude of an input force

O This pulley provides the user

Directional Advantage, allowing o
someone to pull down to lift the Ioadwow ‘
up.

O Is Mechanical Advantage
provided with this system?

® No, the effort needed to lift this load is equal to the
weight of the load. This is because the load is
supported by only 1 rope arm. You must also pull an
amount of rope equal to the height you wish to lift the
load
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Movable Pulley

o Movable pulley A pulley attached to a load
that is being lifted

o This pulley system provides Mechanical
Advantage,

= requiring only %2 the effort needed to lift
the weight of the load.

o You gain a Mechanical Advantage of 2
because you are using only 2 as much
effort to lift the load.

Movable Pulley

o The load is supported by 2 rope arms
under the pulley.
= Each load arm supports half the
weight of the load, so the arm pulling
up uses only 10 Ibs of effort to lift this
load

o You must pull twice as much rope as
desired to lift the load a certain
height.

o Example: Pull 2 ft of rope for each 1
foot of height that you want to lift the
load
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Block & Tackle

o Block & Tackle - Two or more
pulleys working together
= Combining Single-Fixed and Single-
Moveable

= Allows the user to gain both
Mechanical and Directional
Advantage

» Also called
= Compound Pulley zv

o Pulley system

o Each additional pulley halves force
required to move an object

o Why not umpteen pulleys?
= Friction!

Mechanical Advantage: Pulley

o The Mechanical Advantage of
a pulley is equal to the
number of ropes supporting
the pulley

o So for the pulley system
shown there are 3 ropes
supporting the bottom pulley

MA=3

o This means that if you pull
with a force of 20 pounds
you will lift an object
weighing 60 pounds




