Gears, Velocity Ratios and
Mechanical Advantage

What are gears and why are they so
useful?
• Gears are toothed
wheels which interlock
to form simple
machines.
– The tighter the joint,
the less chance of
slipping
– Gears range in size but
the important number
is how many teeth a
gear has.

What are gears used for?
•
•
•
•

To reverse the direction of rotation
To increase or decrease the speed of rotation
To move rotational motion to a different axis
To keep the rotation of two axes
synchronized

What is a gear ratio?
• A gear ratio is the ratio between the driver gear
(the one being powered) and the driven gear (the
one connected to the driver)
– Gear Ratios are expressed as fractions and can be written
a number of ways.
• 1 to 3
• 1/3
• 1:3 most commonly used

– Always remember that the driven gear will turn in the
opposite direction of the driver gear

How do I calculate my gear ratio?
•

A simple equation is used to find the ratio of your gearing system

Number of Teeth on the Driven Gear /
Number of Teeth on the Driver Gear

What is Velocity Ratio (VR)?
• When calculating for velocity or speed, it is best
to have a ratio in which the driver gear is larger
than the driven gear.
– For maximum speed you should always have a larger
driver gear/pulley paired with a smaller driven
gear/pulley.

What is Mechanical Advantage (MA)?
– Mechanical advantage
describes how much work
can be done based on the
input.
– If my system required me
to apply 50 pounds of
force into the system to lift
100 pounds of weight, I
have used MA.

Fundamental Properties
• The gears are transferring motion from
one axle to the other.
• If their teeth match well, there is only a
small amount of friction. LEGO parts
are designed to match properly at
standard distances.
• The two axles turn in opposite
directions: one clockwise and the other
counterclockwise.
• The two axles revolve at different
speeds. When you turn the 8t, the 24t
turns more slowly, while turning the
24t makes the 8t turn faster.

Gear Ratio
• You can think of gear ratio as a
multiplier on speed and a divider on
torque.
• You can calculate the gear ratio by using driven gear
the number of teeth of the “driving
gear" (a.k.a. the input gear) divided by
the number of teeth of the “driven
gear” (a.k.a. the output gear).
• We gear up when we increase velocity
and decrease torque.
Ratio: 3:1
• We gear down when we increase torque
and reduce velocity.
Ratio: 1:3

driving gea

Gear Ratio = # teeth input gear / # teeth output gear
= torque in / torque out = speed out / speed in

Gearing Up and Down
• Gearing is able to convert torque to
velocity. The more velocity gained,
the more torque sacrifice. The ratio is
exactly the same: if you get three
times your original angular velocity,
you reduce the resulting torque to
one third.
• This conversion is symmetric: we can
also convert velocity to torque at the
same ratio.
• The price of the conversion is power
loss due to friction.

So which do I want?
• Higher velocity ratios are better when working on
straight and level surfaces which are smooth.
– Always remember that with a high VR your system will
have very low power.

• Higher mechanical advantage systems are better
with inclines surfaces that are bumpy.
– With a high MA your system will produce more power, but
will move slower.

TYPES OF GEARS…
•
•
•
•
•
•
•
•
•

SPUR
HELICAL
HERRINGBONE
RACK AND PINION
STRAIGHT & SPIRAL
WORM
IDLER
CLUTCH
PULLEY & BELTS

SPUR GEAR
• Teeth are parallel to
axis of rotation
• Transmit power from
one shaft to another
parallel shaft

Helical Gear
• The teeth on helical gears are cut at an angle
to the face of the gear
• This gradual engagement makes helical gears
operate much more smoothly and quietly than
spur gears
• One interesting thing about helical gears is
that if the angles of the gear teeth are correct,
they can be mounted on perpendicular shafts,
adjusting the rotation angle by 90 degrees

Helical Gear…

Herringbone gears
• To avoid axial thrust, two
helical gears of opposite
hand can be mounted side
by side, to cancel resulting
thrust forces
• Herringbone gears are
mostly used on heavy
machinery.

Rack and pinion
• Rack and pinion gears
are used to convert
rotation (From the
pinion) into linear
motion (of the rack)
• A perfect example of this
is the steering system on
many cars

Special Gears: Bevel and Crown Gears
•

There's a class of gears designed to transfer motion
from one axle to another axle perpendicular to it,
called bevel gears.

•

The 24t gear also exists in the form of a crown gear, a
special gear with front teeth that can be used like an
ordinary 24t, but can also combine with another
straight gear to transmit motion in an orthogonal
direction.

•

Bevel gears are useful when the direction of a shaft's
rotation needs to be changed

•

They are usually mounted on shafts that are 90
degrees apart, but can be designed to work at other
angles as well

•

The teeth on bevel gears can be straight or spiral

Straight and Spiral Bevel Gears

WORM AND WORM GEAR
If you want to create a high gear ratio, nothing beats the worm gear. In a
worm gear, a threaded shaft engages the teeth on a gear. Each time the shaft
spins one revolution, the gear moves one tooth forward. If the gear has 40
teeth, you have a 40:1 gear ratio in a very small package

• Worm gears are used when large gear reductions are

needed.
• It is common for worm gears to have reductions of 20:1,
and even up to 300:1 or greater
• Many worm gears have an interesting property that no
other gear set has: the worm can easily turn the gear, but
the gear cannot turn the worm
• Worm gears are used widely in material handling and
transportation machinery, machine tools, automobiles etc

WORM GEAR

Idler Gear
• What's the ratio of the geartrain in the
adjoining figure? Starting from the 8t,
the first stage performs an 8:24
reduction, while the second is a 24:40.
Multiplying the two fractions, you get
8:40, or 1:5, the same result you'd get
meshing the 8t directly to the 40t. The
intermediate 24t is an idler gear, which
doesn't affect the gear ratio.
• Idler gears are quite common in
machines, usually to help connect
distant axles. Idler gears have one very
important effect: They change the
direction of rotation.

Special Gears: Clutch Gear
• A thick 24t white gear, which has strange
markings on its face
• The clutch gear limits the strength you can get
from a geartrain; this helps to preserve your
motors, and other parts.
• The mysterious "2.5‐5 Ncm" indicates that this
gear can transmit a maximum torque of about
2.5 to 5 Ncm.
• When exceeding this limit its internal clutch
mechanism starts to slip.
• The maximum torque produced by a system
with a clutch gear results from the maximum
torque of the clutch gear multiplied by the
ratio of the gear stages that follow it.

Pulleys and Belts
• An advantage of pulleys over gear wheels is that their
distance is not as critical. They can be used to transfer
motion to a distant axle.
• Pulleys are not very suitable to transmitting high torque,
because the belts tend to slip. The amount of slippage is
not easy to estimate; it depends on many factors,
including the torque and speed, the tension of the belt,
the friction between the belt and the pulley, and the
elasticity of the belt.
• The rule with pulleys is that the reduction ratio is
determined by the ratio between their diameters.

Special Gears: Differential Gear
• The differential gear is used to help cars turn
corners. The differential gear (placed midway
between the two wheels) allows the wheels to
turn at different speeds while providing the same
torque to both wheels.

GEAR TRAINS
• A gear train is two or more gears working
together by meshing their teeth and turning
each other in a system to generate power and
speed
• It can increase/ decrease speed or torque, but
never both at the same time

Types of Gear Trains

• Simple gear train
• Compound gear train

Simple Gear Train
•

The most common of the gear
train is the gear pair
connecting parallel shafts. The
teeth of this type can be spur,
helical or herringbone.

•

Simple gear train is one in
which each shaft carries only
one gear

Compound Gear Train
• For large velocities,
compound
arrangement is
preferred
• Two or more gears
may rotate about a
single axis

Building Geartrains
• The largest LEGO gear is the 40t,
while the smallest is the 8t,
thus, the highest ratio we can
obtain is 8:40, or 1:5.
• If you need an even higher ratio
you can use a multistage
reduction system, called a
geartrain.

Cams and Pistons
• The transformation of one of the simple
motions, such as rotation, into any other
motions is often conveniently accomplished
by means of a cam mechanism
• A cam mechanism usually consists of two
moving elements, the cam and the follower,
mounted on a fixed frame.

Cams and Pistons
• A cam may be defined as a machine element
having a curved outline or a curved groove,
which, by its oscillation or rotation motion,
gives a predetermined specified motion to
another element called the follower .

Cams come in various
shapes, changing the
predetermined motion of
the follower

