Whatisa MOUSG-TI‘EIP
CarandHowdoesit Work?

A mouse-trap car is a vehicle that is powered by the energy that can be stored in

wound up mouse-trap spring. The most basic design is as follows: a string i§
attached to a mouse-trap’s lever arm and then the string is wound around a drije

axle causing the mouse-trap’s spring to be under tension. Once the mouse-tray

arm is released, the tension of the mouse-trap’s arm pulls the string off the drive
axle causing the drive axle and the wheels to rotate, propelling the vehicle. Thig
most basic design can propel a vehicle several meters for any first-time buildeg.

But in order to build vehicles that can travel 000 meters or extreme
speed cars that can traBl meters in less than a second, you
must learn about some of the different variables that affect the performance of

a

D

S

D

D

mouse-trap car. For example, how does friction affect the overall distance t
vehicle can travel? How does the length of the mouse-trap’s lever arm affec
performance? By reading each section of this book you will learn about man
the different variables that will affect a vehicle’s performance. Also you will
Iear.n how '_[0 modify different '—ﬁleﬁf st

variable in order to

build a top
performing <
vehicle.

Getting Started




Why build a mouse-trap car? Building mouse-trap cars
allows you to experience the process of design and engineering first-}
When you build a vehicle, you have to start with an ideas and then turrn
idea into a real-life model that works. Building a mouse-trap car is
advanced form of problem solving with two main ingredients:

1. You don’t know what the problems are. Many
of the problems in building a mouse-trap car will be discovered &
solved as you go along; each person’s challenges will be different.

2. There is never one right answer!

One last thought before we get started. Throughout the constructig
your car, you will have to deal with tradeoffs. For example, building a
that accelerates quickly usually means sacrificing fuel efficiency. W
applying any of the ideas and hints in this book to the construction
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mouse-trap car, understand that any extreme exaggeration of just one Vjrible

may have a large negative effect on the performance of your vehidke.
best to find a harmonious balance between each varible through
repeated experimentation. Experimentation is essential in order t
achieve maximum performance. Experiment often and early, don’'t w
about making mistakes! Making a mistake is alearning experience. Ke
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mind you will not know many of the problems until you encounter them

you build your car. Engineering is a process by which ideas are testet and
[

re-tested in an effort to produce the best working product. A good eng
knows one way to get something to work and 99 ways it won’t wbDix.
not be afraid to try your different ideas; your tested ideas will lead
you to success! Also, by understanding the basic conceptual phys
concepts presented in this book, you will be able to make good decis
about building the perfect cabon’t delay, get started!
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Motion occurs all around us yet it is hard to describe and explain. More
than 2000 years ago the Greeks try to describe motion but failed because
they did not understand the conceprate of change. Today we
describe motion asutes of change or some quantity divided by time.
Speed is the measure of how fast something is traveling or the rate at which
distance is being covered, another way of describing speed is to say that it is
the distance that is being covered per time where the pem® means
divided by. In most cases, when you calculatsfmeed of a mousetrap

racer you get aaverage speed over some distance, you begin timing

at some predetermined starting point and then you stop timing at some
predetermined ending point. This method does not tell you the
instantaneous speed of your vehicle along any point of its motion

it only tells you theuverage speed over your timing distance. In
everyday conversations we tend to use the words speevelakity
interchangeably but it needs to be pointed out the speed and velocity are
slightly different. Unlike speed velocity tells you direction; example, to say
an objet is traveling at 55 mi/h is to give the objects speed only, to say an
object is traveling at 55 mi/h due north is to give the object velocity. By
adding the direction of an object motion we change it from speed to velocity.
Why is this small distinction of direction important in the study of motion?

If the velocity of an object is changing then there is another way to describe
the objects motion and it is callescceleration, the rate at which
velocity is changing. Velocity is changing when any of the following
conditions occurs, there ixhange in speed, or there is shange

in direction. Acartraveling in a circle at a constant speed has a changing
direction so even though its speed is constant its direction is not, so it is
acceleratingAcceleration is something you can feel, when

you step on the gas pedal or break pedal in a car you feel yourself accelerate.
Also, when you turn the steering wheel of a car you change your direction
and you feel acceleration so we say that accelerations are changes in speed
and direction.




Pur pose
To determine the amount of rolling friction acting against your mousetrap
car and the coefficient of friction.

Materials
Ruler (A caliper works better for smaller measurements.)
Smooth Ramp
Tape Measure

Variables needed from other labs
Total Potential Energy from Lab #5

Discussion

Friction is a force that acts against the motion of all moving objects. Energy
Is required to overcome friction and keep an object moving. Mousetrap
cars start with a limited supply of energy. This energy is used to overcome
friction and propel the vehicle. The less friction acting against a moving
mousetrap car, the less energy that is consumed to friction and the further
that the vehicle will travel. A moving mousetrap car is affected by two type
of friction: airfriction and bearing friction. Airfriction is a large factor only
with cars that are moving fast and is nearly negligible for slow-moving
distance cars; therefore, in this lab you will only take bearing friction into
consideration. Bearing friction is actually caused by two surfaces rubbing
against one another. The amount of friction depends on the materials that
are doing the rubbing and the force pressing them together (Formula #3). In
this lab you will find the combined force of friction from all bearings on
your vehicle. This combined frictional force will be called the rolling friction.
The smaller the coefficient of friction, the more efficient your mousetrap
car and the greater the travel distance will be.

Lab+2- The ForceisAgainst You | ——



The Set-up

Finding the theoretical rolling friction requires placing your mousetrap car
on a smooth and flat board or ramp. The ramp will be elevated from on
end slowly until your mousetrap car “JUST” begins to roll at constant
velocity. This point or angle is where the force pulling the car down the
ramp is equal to the force of rolling friction acting against the car (Formul
#2). The force pulling the car down the ramp is a combination of two forces
the force of gravity pulling straight down and the normal force of the ramp
pushing back (Formula #4). As the angle of the ramp is increased, the nor
force decreases (Formula #5). The force of gravity remains unchanged f
all angles. The difference between the two forces causes the force down the
ramp to increase. The greater the angle required to move the car, the mqgre
friction there will be acting against the car’s motion. The angle is directly
proportional to the force of friction or the coefficient of rolling friction.

LOWER ANGLES are more desirable (Formula #7). m

How it Works:

The force pulling the
vehicle down the ramg
is equal to the force of
friction acting against
the car AS LONG as th¢
mousetrap car moves
down the ramp at a
constant velocity. In
some cases, once the
vehicle starts to move
the ramp has to bs
lowered in order to
maintain  constant
velocity.
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Formulas

Formula#l: Y F=0

The sum of all forces must equal “zero” if there is no acceleration.

Formula#2:  Force Pulling = Force of Friction

Formula#3: f =uN
Force of friction is equal to the coefficient of friction times the normal force

sint9=D
L

Because your measurements are from a slope, you will have to use some trigonometry

Formula#: f =sin@-w

The force down an angled ramp is equal to the force of friction as long as
the vehicle rolls down the ramp with a constant velocity.

Formula#5: N =co¥9-w
The normal force is the force that is perpendicularto the angled ramp.

sing -w
Formula#s: M =———=tand
CosO -w

Resolving for theoefficientof friction from Formulas #3, #4 and #5

Formula #7: u = tand
The coefficient of friction




Trigonometry

Trigonometry is a fancy type of mathematics that is based on simpl
relationships of all right triangles. Ancient mathematicians found that all
right triangles are proportional by ratios of their sides and angles. Thes
ratios times the angle are known as sine, cosine, and tangent. Knowing o
of the angles other than the right angle-and any one of the sides to the triang|
will allow you can calculate everything else you would ever need to know
about that triangle’s sides or angles.

How it Works
The angle of the ramp in this experiment forms a right triangle. The force due to gravit
and the normal force of the ramp’s surface cause a force directed down the ramp dalle
“Force Down.” These three forces form a right triangle which has the same angl¢ as
the base of the ramp. Knowing the angle of the base of the ramp and the weight|of t
car on the ramp, we can solve for any other force including the force acting down th
ramp and which is equal to the force of friction.




Let The Good TimesRoll

Step 1: Start by selecting a long and smooth board or ramp that will not
bend or flex when lifted at one end. Your vehicle must fit on the ramp.

Step 2: Measure the length of the board and record this measurement as
the board length (L).

Step 3. Place your vehicle on the ramp and begin lifting by one end.
Slowly lift until the vehicle “JUST” begins to roll. Measure carefully and
accurately the elevation of the board when the vehicle begins to roll and
record this in the data table as the height (h). Repeat this process 5 to 10
times for more accurate results. (Note: You must subtract the thickness of
the board from the height. Measure both ends of the ramp to correctly
calculate the height.)

DataTable #1
Trial | Board | Raised Angle|Coefficient| Friction| Starting| Predicted
# |Length| Height of Rolling (N) | Energy| Travel
(m) (m) Friction (J) | Distance
1 = h1= 61= W= f1= PE: d1=
2 = |'I2= 62= W= f2= PE= d2=
3 = h;: 6;: Uz= f;: PE: d3=
4 = h4= 64= Ug= f4= PE: d4=




Step 4: calculate the angle for each trial using the following equation:

= Dsin‘l L
L ©

Step 5. From the derived formula, calculate the coefficient of friction
for each trial. The coefficient of friction is directly proportional to the angle
of the ramp. Smaller angles translate into greater travel distance.

u = tang

Step 6. If this lab is performed correctly, the force of rolling friction
acting against your car is equal to the force pulling the vehicle down the
ramp in the elevated state. Calculate the force of friction by assuming
the force down the ramp is equal to the force of friction acting against
motion of your vehicle. Solve for the force down the ramp. MAKE SU
to use the weight of your vehicle in Newtons. If you have the mass in
killograms, you can calculate the weight by multiplying the mass of your
vehicle by 9.8 mAor find the weight by weighing your vehicle on a spring
scale.

f =sing-w

Step 7. Using the starting energy that you calculated in Lab #4 you can
calculate the predicted travel distance by using the following:

_Total Potential Energy

PredictedTravel Distance , —
Rolling Friction




Perhaps the concept mostand because in this position it is capable
central to building mouse-trap cars isof doing work. Kinetic energy (KE) is
energy. Energy is defined as energy of motion or the energy a
having the ability to do work. Work is moving object has. A baseball thrown
motion that result in something beingthrough the air has kinetic energy
done. Without energy, the universebecause of its motion just as a moving
would be motionless and without life. car has energy because of its speed or
We usually observe energy only whenmotion.
it is happening or when it is being
transformed. Energy can be classified Energy, potential or kinetic,
in a number of ways. Most commonly follows one basic rule called the Law
energy is classified gpotential of Conservation of Energy, stated:
and kinetic. The energy that is Energy cannot be created or

stored and held in readiness is calledlestroyed; it may be transformed
potential energy (PE) because in thefrom one form into another, but the

stored state it has the potential to dtotal amount of energy never
work. For example, a changes. By winding the spring on
stretched or compressedyour mouse-trap car, you store energy
spring has the potential in the spring as potential energy. This
for doing work. stored potential energy will turn into
When a bow is kinetic energy
drawn, energy is as the mouse-
stored in the trapcar beging [ ‘3
bow. Astretched to move. Ina - 8 g
rubber band has perfect
potential energy universe, your mouse- y,genc
PotenmAL because of its position trap car should roll ¥ (xe)

Energy




Potential Energy
Stored Energy

STORED
poteTIAL

EenerRGY
forever as

the potential energy is
changed into kinetic energy. ’rslzé?
But in our universe there is
friction and in order to

overcome friction you have to

do work. Friction converts energy
into heat andseund which removes energy from your motion, causing th
vehicle to roll to a stop as its energy is removed. Your goal in building a g«

distance car is to produce a vehicle that loses energy at the lowest possible ratq.

- Key ldea

When building mousef
trap cars, the objective i$
to transform the storeq
energy of the spring intq
forward motion. By
reducing and eliminating

friction, your vehicle will

Kinetic Energy be more efficent a
. converting energy intg
Energy of Motion otion.

Energy




Lab#5- AllWoundUp

Pur pose
To calculate the starting potential energy and to find the spring coefficient.

Equipment Needed

Spring Scale or a Computer Force Probe
Tension Wheel (recommended but not needed)
String

Discussion

Energy has the ability to do work. Your mousetrap car’s performance will
depend directly on the strength of your mousetrap’s spring. The stored energy
of your spring in the fully wound-up position is called potential energy. The
amount of stored potential energy is the same as the work that was required
to wind the spring. The force required to wind the spring times the distance
the force was applied is equal to the work that was done on the spring
(Formula #1). Because the force required to wind the spring changes and
depends on how much the spring is wound, you will have to find the average
force between a series of points and then calculate the work done between
those marks. The total work (or the stored potential energy) is equal to all
the changes of energy between all the points added together (Formula #2).
In order to measure the winding force you have to use a spring scale attached
to alever. The lever is lifted and the force is measured every 5 or 10 degrees.
The scale has to be held such that the string attached to the lever arm is
perpendicular. A problem with this method is that as the spring scale is held
in different positions it becomes inaccurate. The spring scale cannot change
from the position at which it was zeroed. For this reason | recommend
using a tension wheel. Atension wheel allows the spring scale to remain in
one position, producing more accurate results and it is easier to use.

Potential Energy, Spring Constant




The Set-up

oOR
THE MOUSETRAF, FUw-
THE LEVER ARM VUSING
THE ATTACHED SPRINIG
SNE. CECORD THE .
Tes\on OF THE 412\%
AT encH AvaLe

The distance that the average
force was applied is equal to the angle of the
measurement in radians times the length of the measuring lever arm. If yo
are using a tension wheel, then the radius of the wheel is the meas
lever arm (Formula #3). Formula #4 allows you to convert from degree
radians.

For a spring that is stretched or compressed longitudinally, Hooke’s Law
applies and says that the force is equal to the spring constant times th
stretching or compressing displacement. But a mousetrap spring does n
stretch longitudinally. A mousetrap spring is a torsion spring and winds up
For this type of spring a different formula is needed (Formula #5). Itis a
torque that must be applied to the spring to wind it and the displacement i
measured in radians (Formula #6). The units associated with the sprin
constant become Newtons * Meters/ Radians. For a spring that compress
or stretches in a linear direction, the total potential energy is one half thd
spring constant times the displacement squared (Formula #7). For a torsig

spring the displacement is substituted by the angle in radians (Formula #8).

Potential Energy, Spring Constant
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Formulas

Formula#l: \W=F-d
Work formula used with a constant (non-changing) fo

Formula#2: W = [ F(x) d(x)
Work formula used with a changing force as
with a mousetrap spring

d=0r

Formula #3:

A formula to calculate the linear distance of travel for a wheel

JU
Formula#: degreex 1— =0

80°

A formula used to change degrees into radians

What it All Means

W =Work

F =Force

d = Displacement

k =Linear Spring
Constant

Kk =Torsion Spring
Constant

X = Spring
Displacement

T =Torque

0 =Angle

PE = Potential

Energy

Formula #5:

Hooke’s Law. Force of a stretched or compressed spring

F =-kx

Formula #6: T=K60
From Hooke’s Law. Used to calculate the torque from a torsional spring
1 ..
Formula #7: PE= EKX

Potential energy of a stretched or compressed spring

PE= Lior
2

Potential energy of a stretched or compressed torsion spring

Formula #8:

Potential Energy, Spring Constant




Pulling Your Weight

HOLDWGR THE O~
TEACTOR FPREALLEL--TO
THE MOUSETRAP, FUW-
THE LENER ARM USInG
THE ATTACHED SPRIWG
SALE. CECORD THE .
TEIS\OR OF THE STRING

AT EACH AGLE.

Step 1: In this lab you can use either a spring scale or a force probe in
order to measure the spring’s tension at different points along its travel.
Start by attaching a string to the end of your mousetrap’s extended lever
arm. The point where you attach the string on the mousetrap’s lever arm
must extend pass the edge of the mousetrap’s base so that all measurements
can be taken from 0 to 180 degrees without the mousetrap’s base blocking
the measuring process. The string should be about 20 centimeters in length
or less. Attach the spring scale to the other end of the string. Hold or attach
a protractor to the mousetrap so that the center point of the protractor is in
the middle of the spring and the zero degree point on the protractor is lined
up with the starting point of the relaxed lever arm.

Step 2: start at “0” degrees and pull up on the lever arm with the spring
scale until the lever arm “just” lifts up from the base of the mousetrap and
record this measurement as the starting force. Continue to pull up on the
spring scale, stopping at every 5 or 10 degrees. Record the tension at each
point in the data table. You must keep the scale perpendicular to the lever
arm at each point you measure. Record the tension and angle in the data
table.

Potential Energy, Spring Constant




Recommendations:
Try to set-up apread sheet 0N
a computer in order to handl
Data Tab Ies your data morefficiently.
DataTable #1
Angle | Tension | Change Total Change in Total
in Radians Radians | Displacement Displacement
5 Fo= A60=0 60= 0 Ado= 0 do= 0
10 F1= A61= 61= Ad1= d|=
15 F2= A62= 62= Adz= dz=
20 F;= ABz;= 03= Adz= dz=
25 Fs= ABy= 04= Ady= dg=
180 F3= ABz= 036= Adzg= dze= m
DataTable #2
Spring Constant Torque Cha.nge " Total Pofontl
Potential Energy Energy
ko= 0 To= APE():O PEO= 0
k1= T1= APE1= PEO-1=
k2= T2= APE2= PEO-2=
k3= T3= APE3= PEO-3=
k4= T4= APE4= PEO-4=
kse = T36= APE3s= PEo.36=
Ave Total

Potential Energy, Spring Constant




Step 3. calculate the change in radians for each angle and record them
in the data table. If each measurement was made at the same increment
(e.g., 5,10, 15, 20 ...) you can use the same change in radians for all angles.
Use the following method to calculate the change in radians:

JU
AB = (deqgrees- degree

JT
AB. = (degrees- degree

Step 4. Measure the length of the lever arm from the spring to the point
where the scale was attached to the arm and record this as the radius.
Calculate the change in displacement, also known as the arc length, for each
angle using the following formula. If each measurement was made at the
same increment, (e.g. 5, 10, 15, 20 ...) you can use the same arc length
(displacement) for all angles.

Ad. = ABF Ad, =A6r  Ad, = Al

Step 5: calculate the total displacement for each angle by adding each
of the previous changes in displacement to the next.

Step 6. Calculate the change in potential energy for each point using the
following method. Multiply the average force between the starting and
ending points with the change in distance. Add each of the change in PE
values together in order to find the total potential energy from the column.
This added value should be the energy your vehicle starts with before it is
released.

Potential Energy, Spring Constant




Step (. Calculate the spring constant for each change in angle. Th
spring on a mousetrap is an example of a torsion spring, a spring that coils
as opposed to one that stretches; use the following equation to calculate the
spring constanty = k@ . Torque is equal to the spring constant times the
angle measured in radians. Torque is calculated from the force that is applidd
to a lever arm times the length of the lever arm= Fr
need to subtract the starting torque in order to find the actual chang
torque for each change in angle. Total each spring constant and fin
average.

APE, = ﬁ-Ad

2 1
APELZ=¥-Ad2
F,+F,

AP -Ad,
E.= T

_T
0
K.l (F - ) armlength
HO 1
K.2 ( F F ) arm length
81,2
K.3 (F F ) arm length
0

2,3

Potential Energy, Spring Constant
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Graphing theresults

In each of the following graphs attempt to draw the best fit lines. If data is
widely scattered do not attempt to connect each dot but instead draw the
best shape of the dots. If you have access to a computer, you can use a
spread sheet like Microsoft Exel to plot your data.

1. GraphPulling Force on the vertical axis and tH2splacement on the
horizontal axis.

2. Graphlorqueon the vertical axis andinglein Radianson the horizontal.

SARNG
CONSTANY

{

GRAPHING THE TERKSIOD AT BACH ANGLE , ouU CAN GET

tHE SPRING CONSTANT AND THE STARTING ENERGHY -
YOUR RESULTS SHOULD ROVGHLY FORM A STRAIGHT LINE.

Potential Energy, Spring Constant




Analysis

1. The slope from your graph of “torque vs. angle” represents the spring
constant. Does the slope change or remain constant? Do you have i
ideal spring that follows Hooke’s Law?

2. What does the slope of the line from each of your graphs tell you abo
the strength of your spring compared to other students’ graphs?

LNIWId3dX3

3. Calculate the area under all parts of the best-fit line from the graph o
“torque vs. angle.” This number represents the potential energy you arg
starting with. The larger the number, the more energy you have to dq
work. This number should be close to the total potential energy calculateg
from your data table. How does the slope compare to the number i
data table?

4. How does your potential energy compare to other students’ potentia
energy in your class? Discuss.

Potential Energy, Spring Constant




Energy & Friction

When designing a mouse-trap powered car, there are two variables that
truly determine the overall performandxiction andenergy. Friction
is what slows and stops your vehicle; energy is what moves your
vehicle. If your vehicle encounters too much
friction, your energy supply will
be consumed too quickly
and your vehicle will
not travel very far
or accelerate very
fast. Evaluate every
moving component
on your vehicle and decrease the
amount of friction at each point.
As a general rule of thumb, the
more moving components that a
machine has, the greater the ;
force of friction will be .
and the greater the en- BEARING 2z o
ergy consumption will fercnion W
be. Your ultimate —

goal when building a //—\ >

distance mouse-trap —\

powered vehicle is to reduce friction to
the lowest possible force. The smaller the frictional force, the farther your
supply of energy will propel your vehicle. With this idea in mind, slow-moving

Fricniond

vehicles will have a smaller force of air resistance acting against them and will
travel farther than faster-moving vehicles.

Energy




BeEARING
fFRiCTionN

SPRN G
fFewerion

It can not be said enough! Your ultimate
goal when building a distance mouse-trap powered vie-
hicle is to reduce friction to the lowest possible force.

The smaller the frictional force, the further your su
? ply of energy will propel your vehicle or the faster your
vehicle will travel. If you are building a distace car, youf
vehicle should move as slow as possible without stopping as the sgring
releases its energy. Look your car over with a scrutinizing eye in ordef to
reduce the total amount of friction acting on your vehicle.

Energy




Lab #6- The force Againstyou, Partll

Pur pose
To determine the force of friction against your vehicle.

Equipment Needed

Meter Tape

Variables Needed From Other L abs
Total Potential Energy from Lab #5

Discussion

Mousetrap cars convert their starting energy into work. Work is done to
overcome the frictional forces acting against the vehicle. In most cases the
largest amount of friction is the rolling friction caused by the bearings on
the axles. The total work that your car will do is equal to the starting energy
of your vehicle that you calculated in Lab #4. The predicted travel distance
is equal to the starting energy divided by the force of rolling friction. You
should observe (by comparing your results to other students’ results) that
the less rolling friction that there is, the greater the distance a vehicle should
travel.

Formula#s: PE=f d
Work is equal to the starting energy.

g PE
Formula #9: = f—

rf

The maximum distance depends on the starting energy and the force of
rolling friction

Rolling Friction, Work




Calculate the Frictionfromthe Actual Travel Distance

Step 1. wind-up and release your vehicle. Measure the total travel

distance. Test your result several times, then calculate the average tra
distance for your vehicle.

DataTable #2
Trial Actual Starting Friction Coefficient
# Travel Energy of Rolling
Distance Friction
1 d1= PE= f1= W=
2 d,= PE= f,= U=
3 d3= PE= fg= Uz =
4 d4= PE= f4= Wgq=
AVE = f= u=

Step 2: Calculate the rolling friction from the actual travel distance usi

the following formula: 89

Work = Force Distance

PE
f=-2
d
Step 3: You are going to calculate the coefficient of friction from the
following formula. Note: For mass, remove the wheels and use ONLY the
mass of the frame. It is the frame that rests on the bearings and presses

bearings’ surfaces together. Therefore, you must remove the wheels ar
“mass” only the frame.

f

"= mg

Rolling Friction, Work




There is no difference in the waste more energy to heat and soufd
amount of energy expended when than lower power

you walk up a flight
of stairs and when
you run up a flight of -
stairs, but there is a
difference in the
amount opower
output in the two
situations. More
power is expended
running up the stairs. s produce less wasted
Power is the rate at which energy and greater efficiency.
you do work or use energy. BecauseNhen you build a vehicle for speed
running up the stairs allows you to you want to use your energy quickly
get to the top more quickly, you useor at a high power ratio. You car
energy at a higher rate change the power ratio
Higher power 4 of your vehicle by
ratings mean tha changing one or all
more work is being * of the following:
done per second when where the string
compared to smaller attaches to the
power ratings. A mouse-trap’s lever
watt is the unit of arm, the drive wheel
measurement for diameter, or the
power. A 120 watt : drive axle diameter.
light bulb uses twice the The amount of energy

outputs.

When you build a
mouse-trap car for
distance, you want a
small energy
consumption per
second or a small
power usagesmaller

power outputs will

energy each second compared to aised by a short lever arm and a lo
60 watt light bulb. Usually higher lever arm are the same, but th
rates of energy consumption will distance that the energy is us

Power




determines that rate of energy consumpti | ] ! ] ]] Il ’ Iﬂ !
or the power. Long lever arms decrease the ‘
pulling force but increase the pulling distan &
thereby decreasing the power. Short lever
arms increase the pulling force and decreds
the pulling distance, thereby increasing t _J

power. If you are building a« mouse-trap car

for speed, you will want the maximum power output
just before the point where the wheels begin to spin-oqk
on the floor. Maximum power output means a higher
rate of stored energy is being transferred into_____J|
energy of motion or greater acceleration of the @ e j\

vehicle. Greater acceleration can be achlevmbuze Less

by having a short length lever arm or by having i‘»‘owﬂz

a small axle to a large wheelf you are huilding a distance

vehicle, you want to minimize the power output Or transfer stored

energy into energy of motion at a slow rate. This usually mean having aflon
lever arm and a large axle-to-wheel ratio. If you make the lever arm|too
long, you may not have enough torque through the entire pulling distange to
keep the vehicle moving, in which case you will have to attach the stri

a lower point or change the axle-to-wheel ratio.\ b

total available energy.

When the string is woung
around the axle, the spring
of the trap is under maximunj
tension and has the mosgt
potential energy. As the
mousetrap’s arm is released,
the mousetrap converts
potential energy into kinetic
energy. Thpower stroke
Power represents the range of th
lever arms movement and thie

D




ResultANT -
weceE First-classlever

AP CeEP APPLIED LOAD
voRCE {} roece -

LOAD

FULCRUM

RESULTANT
€ TRAP
o Second-classlever
AMousetrapisa

LOAD

Third-class lever

Mechanical advantag.aompurls.on CULTRUM {} {}
between the force put into a machine RESULTANT  APPLIED

. Foece foece
and the force out of a machine.

Mechanical advantage calculated from the___ .

resultant force divided by the applied forcg. T hird-class lever
An example of a “simple” machine is a lever. “222

With a lever you have four important elementsg,
that you must identify: the applied force, the
resultant force, the fulcrum, and the load. The ﬁ {}
applied force is put into the machine and theesoranr Aeenep
resultant force is what comes out of tHe ™= =

FULCRUM

machine. The load is what the machine is

doing the work on and the fulcrum is where a lever pivots or rotates. A machine
can be used to reduce the input force that is needed to lift an object. By changing
the position of the applied force, load, and fulcrum of a lever the mechanical

advantage of the system is changed.

There are three classes of levers that are determined based on the position and
direction of the applied force, resultant force, and the fulcrum. Pliers would be
considered two connecting first-class levers. Awheelbarrow would be considered
a second-class lever. A mousetrap would be considered a third-class lever.

Mechanical Advantage




Like everything, you can not mechanical advantage is greater than 1,
get something for anything and energythe input force (applied force) is smaller
is no different when it comes to athan the output force (resultant force) and

machine. You

can only get
the same
amount of
energy out of
a machine as
you put into
the machine.
Any energy you
put into a system

Mechanical Advantage
lessthanl

APPLAED LOAD
{} force

RESULTANT
orce

is equal to the

energy you get out of that system. Withand the load travels a greater distance
friction, some of the input energy is than the effort force’s distance of travel.

converted into heat and sound.

Because of friction,

some of the input

the applied force is
applied over a
greater distance

than the load’s
travel distance.
When the

mechanical
advantage is less
than 1, the input
force is greater than
the output force

Changing the diameter of either
energy is lost and the amount of energyhe wheel(s) or the axle controls th

that is actual used
to do work

determines the
efficiency of the

machine.

Energy is
the product of an
applied force
through a distance.

With a lever, when one force is smalleradvantage is small and the car travels
than another force, the smaller forceslow and far. When the ratios of the
must travel a greater distance than théength of string used per turn divided by
larger force so that the energy inputhe distance traveled is greater than 1 the
on the system is equal to the outputar accelerates very quickly and uses only
energy of the system. When thea small amount of string.

Mechanical Advantage
greaterthanl

APPLAED LoAD

@202 -

FULCRUM
RESULTANT
Force

Mechanical Advantage

mechanical

advantage of a
wheel-axle

system. When the
ratios of the length
of string used per
turn divided by the
distance traveled
Is less than 1, the
mechanical




Transmission

The diameters of your drive wheel and drive axl

GQREATER
MECHAN AL
ADNVANTAGE

represent yougjearing or transmission. A
transmission is any device that transmits mechanical ene
from one place to another. With a mouse-trap car, po
is transferred to the wheels via the transmission. In addi
to getting energy from one place to another, the transmis
can be used to trade speed for torque or torque for sp
Some of the common ways to transfer power to the drive
wheels are direct drive, gear drive, belt drive, and fricti
drive. Not all are best used on a mouse-trap car. Gea
pulley ratios are used to describe the mechanical advan
One gear or pulley is called the “drive” and the other
“driven.” The diameter oratie of the drive and driven
components of a transmission determines the force
speed that will result. Obviously, there are tradeoffs th&
you need to understand. When a large gear or pulley is driven by a srjaller
gear or pulley, there is an increase in torque and a decrease in top §peed.
When a smaller gear or pulley is driven by a larger gear or pulley, therd is a
decrease in torque and an increase in top speed. Think of pedallng a
multispeed bike. When the rear gear on a bike is as small as possibl{ (i.e.,
it's in high gear), the bike can go the fastest on a level road, but as thejroad
begins to slant upwards the bike begins to slow. More torque is requir¢d to
propel the bike up the hill. By putting the bike into a lower gear, Jou
increase the mechanical advantage of your gearing pnd
consequently get more torque, but at the cost of Igss
speed. Itis important to match your transmission wjth
the activity you need to perform. A Formula 1 raje

Less
MECHANICAL
ADVANTAGE

car and a tractor both have transmissiops

,S designed for the tasks they perform. A
IF LARGE GIEAR S \F THE SMALL GEAR-
THE DRIVER... S THE DRIVER ... tractor needs more torque than a race gar
© LESS MECHANICAL. ° QREASER. MECHANNCAL-
ADVANTAGE AONAPTTRGE
° MORE <SPeED ° LESS SPeED
° LESS TORAVE ¢ MORE TORRVE

Mechanical Advantage




but with the tradeoff of speed. Test your mouse-trgp
car by running the car in your hand. If you place yd'
vehicle on the ground and the mouse-trap lever does
not pull off the start or stops part of the way througF,
its motion, you do not have enough torque. Ifyoudd CoRCE,
not have enough torque you should increase e
mechanical advantage by doing one of the following!*™~ =
making the length of the lever arm smaller, using smaller diameter
drive wheels, or using a larger diameter drive axle. The
larger the diameter of the driven gear or pulley, the greats:
the mechanical advantage or torque.

LESS FORCE,

BUT MORE
RILLIN G
DISTaNICE

DrivE
RICTIoN
WHEEL DRIVE

FRACTION
DWK RUBS
DIRECTLY
Or DRWE
WHEEL

s

e

AXLE SHAFT WHEEL

ATIACHED D(RECTLY
TO DRAVE WHEEL ~._}
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By increasing or decreasing the has a small wheel-to-axle ratio, but this
wheel-to-axle ratio, you will change the is okay because distance cars should not

mechanical
advantage of
your mouse-trap car.
Keep in mind,
changing the
mechanical
advantage does not
increase the work
you get from your
mouse trap; it only
changes the size of
the force and the
distance the force is

Use a large wheel-
to-axle ratio with
distance vehicales

be fast in order to cut
down on air resistance. It
is essential that a vehicle
with a large wheel-to-axle
ratio has a small rotational
inertia wheel, since low
rotational inertia wheels
will be much easier to
rotate than large rotational
inertia wheels.

For quicker accelerations,
a large axle size means a

applied. With distance vehicles, you larger force is transferred to the ground,
want a small force over a long distance;causing greater acceleration. By
therefore, use a large wheel with a smalldecreasing the wheel-to-axle ratio, you

axle (i.e., a large
wheel-to-axle ratio).
A large wheel with a
small axle will cover
more distance per
each turn of the axle
when compared to al
smaller wheel with
the same axle. Therg
is a trade-off for
having a large

wheel-to-axle ratio.

Use a small wheel-
to-axle ratio with
speed vehicles

will increase the torque
but at the cost of
decreasing the distance
that the force is being
applied. To achieve
quicker accelerations with
a speed car, use a wheel or
wheels with a large axle or
a smaller wheel-to-axle
ratio than with your
distance car. Again, a
tapered axle can be

The trade-off is that it takes more forcedesigned to distribute larger forces at
to accelerate the vehicle to the sameahe start and then decrease the force
speed in the same time as a vehicle thatnce the car is in motion.

Mechanical Advantage




Construction Tip

Changingthe Torque
withAxle Size

<

\ MORE TORGUE,
MORE ACCELERATION
LESS TORQUE, '
LESS ACCELERAT(OM

If your vehicle does not have enoug
torque in order to move off the start,
will not travel the full length of the
pulling distance without stopping. Tr
wrappingtape around the drive axle in
order to increase theliameter and
increase thaorque.

dirunsmission and change the

Brain Tip

A tapered axle will act like a

torque or thegearing of the drive
axle. If you need more torque off th

start and less torque towards the end

of travel, start winding the string at the
thinner part of the gearing so that i
starts to unwind from the thickel
diameter at the beginning of its travel.

If you need more torque towards the

end of the vehicle’s motion, star
winding the string around the thicke
part so that it starts to unwind from the
smaller diameter.
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