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To pic 7 (ver 1.0) Emb odiment DesignEmb odiment DesignEmb odiment DesignEmb odiment Design

Content of this module
❚ Bell  work 7.1
❚ Discuss objectives, rules and steps of embodiment design
❚ Discuss embodiment design principles
❚ Bell  work 7.2
❚ Discuss center of gravity
❚ Discuss torque output of an electric motor
❚ Bell  work 7.3
❚ Discuss practical levers
❚ Discuss practical springs
❚ Bell  work 7.4
❚ Discuss internal stress
❚ Bell  work 7.5
❚ Discuss Gear Ratios
❚ Look for applications on the project machine

7.1 Embodiment Design: General
Guidelines (Mechanical Design)

Intentionally left  b lank
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Bell Work  7.1

❚ In the concept ual  design phase, the  design team worked hard to
choose a general idea pursue.

❚ In your journal ...
❚ Before  production can start, what needs to  be done in regards to

developing the design?
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Today’s AgendaToday’s AgendaToday’s AgendaToday’s Agenda

❚ Discuss obje ctives, ru les, and basic steps o f
embodiment design

❚ Discuss general principles that should be
considered during embodim ent design
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Embodiment Design:
Objectives

❚ The solution concept has been elaborately described already, but now it is
time to flesh out some of the detail.

❚ Objectives:
❙ Define the overall layout (arrangement of sys tems and s pati al compatibility)
❙ Define the form of all components (component shapes  and materi als)

❙ Define the required production procedure
❚ Deliverables:

❙ Scaled ass embly drawing
❙ Dim ensioned com ponent drawings
❙ Detailed production schedule
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Basic Rules of Embodiment
Design
❚ There are three basic rules that all embodiment designs should adhere to.

❙ Clarity.  The speci fic  function of all c omponents must be c learly defined and
the relationships between various s ub-functions  should be unambiguous.  For
exampl e, if the job of part A is to carry a horiz ontal load, and the job of part B is
to carry a vertical load, then both should be designed so that they do not help
the other at all.   Otherwise you’ll never be sure who is doing what job.  There
should be a mathem atically predict ab le r elationship between t he input to
each system and its response s o we know the prac tic al limits of the des ign.

❙ Simplicity. Fewer parts means l ower producti on costs .  Additional ly, each
component should have a simple layout and s hape.

❙ Safety. “Direct” safety methods refer to choosing s olutions  that prec lude
danger, “indirect” safety methods refer to construc ting s pecial protective
systems, “warning” safety methods  refer to simply pointing out the danger.
Direct methods are always  preferred and Warning methods s hould be avoided.
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Principles of Embodiment
Design - force transmission
❚ There are some characteristics that are generally desirable in a mechanical

design (t hou gh  no t a ll ar e equ ally im po rt ant  t o an y sp ecific desig n):

❙ Plan smooth flow lines for force transmis sion.  Meaning, no sudden changes in
deflection or cros s section of parts. (example below: should use fillets or tapered sh af t)

❙ Use shortest possi ble path to transmit force.  If deformation is an issue, then
transmit forces and mom ents using the shortest pos sible path.  Also, use pure
tension or pure compression loadi ng. (example below: r ed member might tear  away fr om wall)

❙ Matched Deformations.  Where two parts are adhered together, both parts
should have similar tendenc ies to deform. (e.g., I f one is being compressed  wh ile t he other
is being pulled, then t he joint is more likely to fail.)

❙ Bal ance unneeded forces.  Unbalanced forces add unnecessary s tress and
accelerate failure. (example below: bend ing tendency is eliminated with a second leg)
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Principles of Embodiment
Design - division of tasks
❚ Two questions must  be asked:

❙ What sub-functions can be fulfil led with one single function carrier (i.e.,
component)?

❙ What sub-functions must be carried by differ ent components?
❚ For example i f we need a drive shaft to  transm it torque and a beam

to tr ansmit a force, should we  combine the functions and let the
dr ive sha ft also tr ansmit the fo rce?

❚ Simpl ici ty (which is always good) suggests tha t we combine as many
sub-funct ions a s possible into as few components as possib le…But,

❚ Divid ing tasks increases t he maximum load capacity and crea tes a
clearer p icture of the relationship between the individual  fo rces and
their e ffe cts.  (e.g., if we ask a drive s haft to als o transmit forces, then the
maximum torque that the shaft can carry will be reduced)
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Principles of Embodiment
Design - self help
❚ We create components to have a particular

effect.  For example, a cover is added to a
container to keep the pressurized gas inside.
Let’s say we simply start with some threads
on the cover to hold it to the container.

❚ As the pressure increases, then the cover
threads have to do more and more to keep
the gas inside.

❚ A “self-help” design would be one that used
the pressure to actually create a better
seal ... Can you think of one?

❚ A second component can be added to the
cover which is inserted into the container.
The two “covers” are loosely bolted together
to create the ini tial seal.  As the pressure
increased, the seal force actually increases.
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Principles of Embodiment
Design - self help

❚ Example:  A wheeled vehicle must have friction
between the driven wheel and the road surface in
order to move about (imagine a car on an ice
rink…no friction means “no can go”)

❚ Typically, we represent this type of friction  
f = N·µ   where, N is the force of the wheel
pushing down on the ground and µ (Gree k let te r “m u”)

is a number between 0 and 1
❚ This simply means that the more the wheel pushes

down on the road, the more it can push i tself
forward (or backwards)  on the road.

❚ If we are free to drive either the small  wheel , or
the large wheel (but not both), which wheel does
“self-help” say we connect the motor to?

F

Answer:  connect th e motor  to t he
fr ont w heel because the fo rce, F,
tends  to  lift  the back wh eel  off  the
gr ound… i.e. “no can go ”

F

How’s this for an improvement?

❚ Is there another modification that we should
consider to the design of this vehicle?
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Principles of Embodiment
Design - self help

❚ Another type of “sel f help” strategy is to bui ld in
protection for components that are sometimes
overloaded…we don’ t want them to break.

❚ For example, let’s say we are pul ling on a valuable
beam with a chain.   If too much force is applied to
the chain, the beam will  break.

❚ One engineer might propose a self-help solution
where the chain is replaced by a weaker rope.  Then,
if too much force is applied, the inexpensive rope will
break instead of the beam.  (t hou gh  th is is a  self- he lp
solu tion , t his eng inee r m igh t nee d so me tr ainin g in wo rke r safe ty)

S na p

7.2 Embodiment Math
Overview Part I

Intentionally left  b lank
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Bell Work  7.2
❚ In your journal…
❚ Calcu late  the area of each of the shapes.
❚ Is the re a point on the re ctang le that you could att ach a string and

the rectangle would hang ev enly (just as shown on this page
without ti lting t o one side  o r the  othe r?  (is i t the “cente r” o f the
rectangle?)

❚ Does t he triangle  a lso have such a  point? If so, where is it?

b

h h= 2 inches

b= 4 inches

Ar ea =  b· h

b

h
h= 4 inches

b= 3 inches

Ar ea =  1/2 b·h
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Today’s AgendaToday’s AgendaToday’s AgendaToday’s Agenda

❚ Discuss some  simple formula s and practical
gu ides to analyze a r obot embodiment
❙ Center of Gravity
❙ Torque output of an electric motor

❚ Teacher: This  informati on should be quickl y covered in
class and then all ow s tudents to s tudy it later at their
own pace.  The algebra might chall enge some students.
It is recomm ended that you perform experiments/
demonstrations in c las s as you cover this material.
(Because resources vary, I’ve left it to you to develop
such demons trations…but they should be si mpl e.)

❚ In ALL cas es direct student focus on the pictures…NOT
the words .

total
total W

WxWxWx
x

...332211 +++
=

?
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Embodiment Math:
Center of Gravity - definition
❚ Gravi ty acts on every molecule in a solid object.

When we want to lift the object we have to
counteract the force of gravi ty on each and every
molecule.

❚ In a solid object, all these little forces add up to
give us one big force (resultant force) that we call
the weight of the object. (Which you can easily
measure using a scale.)

❚ But if we want to really know how this resultant
force affects the object we also need to know at
what point it acts.  Why?

❚ Consider the three apples.  If the resu ltant force
acts off-center, what happens to the apple?  In
addition to moving downward, i t also spins.

❚ The theoretical  point that we can say this force
acts is cal led the “Center of Gravi ty.”

F g rav ity

Here?

F g rav ity

Here?

F g rav ity

Or  Here?
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Embodiment Math:
Center of Gravity - in practice
❚ For objects that have uniform density, the

Center of Gravity (or C.G.) is at the
geometric center of the object.

❚ Of course, we can’t forget that most of our
concerns are with 3-D objects. (And, the
volume of each object is the Area times the
depth.)

b

h

x

y

y =  h/2

x =  b/2

Ar ea =  b· h

b

h

x

y

y =  h/3

x =  2/3 · b

Ar ea =  1/2 b·h

❚ Rectangles, triangles, and circles are easy.
❚ But how about more complex shapes?
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Embodiment Math:
Center of Gravity - in practice

b

h

x

y

b

h

x

y

y =  h/2

x =  b/2

Ar ea =  b· h

y =  h/3

x =  2/3 · b

Ar ea =  1/2 b·h

❚ Note that the trapezoid is really a composite
of more basic shapes.  To find the overall
composite Center of Gravi ty use the
formula:

total
total W

WxWxWxx ...332211 +++=

❚ So for a robot, just add the products of the
weight and geometric center for each
component and divide the total by the total
weight of the machine.  You can calculate
the other two dimensions as well ...

Note: All the x values are measured from the same place!

x1 x2 x3

Copyright Michael Wienen, 2005
Do not distribute withou t permission

Embodiment Math:
Center of Gravity - Why!
❚ Why is it important to know the center of gravity?
❚ Because, at all  times you must keep your center

of gravi ty (accounting for loads you are carrying
and forces that are pul ling on you) between your
wheels.  Else you fall and bonk your head.
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Embodiment Math:
Torque output of an electric motor 

❙ Torque is the amount of “spinning force.”
❙ It can be measured in units of ounce-inches (or oz.in.)
❙ A motor torque of 16 oz.in means that at a distance of one inch the

motor can lift 1 lb  (1 pound = 16 oz)…at a distance of 12 inches, it
could only lift 1 .3 oz.

❙ Torque output of an electric motor is calculated by the equation:

❙ Where KT is the “torque constant” from the motor’s data sheet (refer to
the “analyzing motors” lesson to learn how to verify th is value) and Ia
is the current going through the motor.

aTshaft IKT ⋅=
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Embodiment Math:
Torque output of an electric motor 

❙ If all you have is a battery connected to your motor, and the motor is
completely stal led, then you can calculate the current as:

❙ Where current is measured in ampere, voltage in volts and resistance
in ohms.

❙ Using this value of current, you can calculate the stall torque of the
motor.  Stall Torque is the theoretical  maximum that the motor can
produce.  If this elevated torque loading is  maintained for
any length of  time you will probably burn up the motor.

❙ Please refer to “analyzing motors” lesson to learn more.

aTshaft IKT ⋅=

motor

battery

R

V
I =

7.3 Embodiment Math
Overview Part II

Intentionally left  b lank
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Bell Work  7.3

❚ If the load weighs 10 pounds about how much force do you think
you would have to apply to the  see-saw to li ft it?  Why?

load

1ft 5ft

Forc e
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Today’s AgendaToday’s AgendaToday’s AgendaToday’s Agenda

❚ Discuss some  simple formula s and practical
gu ides to analyze a r obot embodiment
❙ Lever arms based on available torque
❙ Forces in Springs

❚ Teacher: This  informati on should be quickl y covered in
class and then all ow s tudents to s tudy it later at their
own pace.  The algebra might chall enge some students.
It is recomm ended that you perform experiments/
demonstrations in c las s as you cover this material.
(Because resources vary, I’ve left it to you to develop
such demons trations…but they should be si mpl e)

❚ In ALL cas es direct student focus on the pictures…NOT
the words .

load
1ft 5ft

r
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❚ A leve r is a rigid  object using a
fulcrum or pivot point to ga in a
mechanical advantage. Three types
have been de fined ba sed on the
relationship o f the input and output
to the fulcrum
❙ First Class Lever
❙ Second Class Lever
❙ Third Class Lever

Embodiment Math:
Lever arms based on available torque

load
1ft 5ft

load

F i nput

d2

d1

F i nput
load

d2 d1

load

F i nput

d2

d1

❚ Each case wil l be stationary only if
d1· F input  = d2· (Weight of the load)

❚ If you want the load to actual ly move,
you will  need more F

❚ If you have a l imited amount of F, then
you need to choose d1 and d2 to lift
the required load.
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Embodiment Math:
Lever arms based on available torque

❚ How much force can our motor app ly fo r
le vers like those on on the previous sl ide?
There  are two options.
❙ If you attach a reel to the motor and use it

to pull a rope then the amount of force is
F = T m otor  / radius  of reel
(units: F is in ounces, T is i n ounce-inches and r
is in inches)

❙ Second, you can mount the motor directly
to the lever to act as the pivot point
The motor must work its  hardest when the load
is perpendicular to the lever.  So, the most load
that the motor can move is
F = T m otor  / d

r

F

motor

motor

F

d
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Embodiment Math:
Forces in Springs

❚ A mechanical “spring” is any object whose purpose is to be deformed, store
potential energy, and use that energy to restore its original shape.

❚ For simple springs, the amount of force required to cause a given
deformation can be easily calculated.

❚ F spr ing = k ·dx   where dx is the amount of deformation in the spring
(inches) , F is the force in the spring (pounds), and k is the “spring
constant” (pounds/inch).

❚ As long as you don’t stretch the spring (or flexible cord)  too far, you can
predict just how much force is associated with any deflection:

❙ If you use the spring as  a counter wei ght for an arm…how much force wil l it
provide to assi st the motor in m oving a lever?

❙ If you use i t to close a jaw, how m uch force will the jaw apply to the object?
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Embodiment Math:
Forces in Springs - Example

❚ Remember that for the lever to be stationary,
❚ d1· F input  = d2· (Weight of the load)
❚ Let’s say that d1 = 6 inches and d2 is 12 inches
❚ If the motor is configured to provide 1 pound of

force (so, F in put = 1 lb), then, the maximum load
is:

❚ d1/d2· F inpu t = Weight max= 0.5 lbs
❚ But, we can stretch a spring and attach it to the

lever so that the force in the spring also helps to
li ft the load...

F i nput
load

d2 d1

F i nput
load

d2 d1

d3

F spring❚ It turns out that all you do is add “d3· F spring” to
the lever equation…but you add it to whichever
side that the spring is helping.  In this example, it
is helping the F input.

❚ So,  d3· F spr ing  + d1·F input = d2·Weight max Copyright Michael Wienen, 2005
Do not distribute withou t permission

Embodiment Math:
Forces in Springs - finding k

❚ But, how do you find k?
❚ Remember, F spr ing = k ·dx   where dx is the amount of deformation in the

spring (inches), F is the force in the spring (pounds), and k is the “spring
constant” (pounds/inch)…L et’s ca ll t his “th e sp rin g e qua tion .”

❚ So, al l you do is run a li ttle test.  Apply a known weight and measure the
deformation of the spring.  Apply a d ifferent weight and measure the
deformation again…repeat this a couple times for different weights (because
that is a smart thing to do when performing experiments).

❚ Then plug all  your force and deflection measurements into the spring
equation and calculate what k must be…you should be able to take an
average from each of your experiments to find a good value (Caution…don’t
stretch the spring too far, or the spring equation won’t be valid anymore)

❚ For more information look up “spring (device)” at www.wikipedia.com .

7.4 Embodiment Math
Overview Part III

Intentionally left  b lank
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Bell Work  7.4

❚ Real izing that solid obje cts a re made up of a bunch o f molecules
that are a ttracted to ea ch other, answer these two questions:
❙ What does it take to break an object (l ike a ruler)?
❙ When you push on one end of a stick, how does the force get to the

other end of the stick?
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Today’s AgendaToday’s AgendaToday’s AgendaToday’s Agenda

❚ Discuss some  simple formula s and practical
gu ides to analyze a r obot embodiment
❙ Bending stress and part geometry

❚ Teacher: This  informati on should be quickl y covered in
class and then all ow s tudents to s tudy it later at their
own pace.  The algebra might chall enge some students.
It is recomm ended that you perform experiments/
demonstrations in c las s as you cover this material.
(Because resources vary, I’ve left it to you to develop
such demons trations…but they should be si mpl e)

❚ In ALL cas es direct student focus on the pictures…NOT
the words .
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Embodiment Math:
Bending stress and part geometry

❚ A funny thing happens in real li fe with
remarkable consistency.  Take a rigid “beam”
and anchor it to a wal l and push on it real ly
hard as shown in the picture…where does i t
typical ly break? If you can’t break i t, where does
it typ ical ly bend? (sa me  con cept  as hold ing  som eth ing  of f
th e e dge  of  a tab le to break or ben d it)

❚ Assuming there are not cracks in the beam (tha t

is a not her  e mb odim en t e ngin eer ing  issue) , it wil l
generally “give” somewhere close to the wall .

❚ Is the force any greater there?  Is there some
magical  force that we can’t see which likes to
break things at walls?

❚ No, it breaks because of something engineer s
cal l “internal stresses” due to the “bending
moment.”
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Embodiment Math:
Bending stress and part geometry

❚ First we need to define what “stress” means.
❚ “Stress” is what happens internally to an object when

we apply external loads (forces and moments) to the
object.  How these internal stresses are distributed is
the key to where the object will fail.

❚ Generally, i t is not the “amount of force applied” that
breaks something.  I t is the “amount of force appl ied
per unit of area”.  For example, if you push on a
stick of cold butter with a spoon, it wil l take a lot of
force to penetrate the butter.  However, i f you use a
sharp knife it takes very little force to penetrate the
butter.

❚ For the same force, the stress is much higher using
the kni fe because the spoon has a large area.

❚ In general  stress = force / area
❚ Simply put, High stress tends to break things! Copyright Michael Wienen, 2005

Do not distribute withou t permission

Embodiment Math:
Bending stress and part geometry

❚ Research has shown that the maximum stress in the
beam (as shown) is predictable.  The equation is
really quite simple,   stress = c·M / I

❚ Where, c is a constant, M is called the “Bending
Moment,” and I is the “moment of inertia.”

❚ So if high stress tends to break things, then all we
have to do is keep M as small as possible, and
make I as large as possible.

❚ Let’s tackle M, the bending moment, first.
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Embodiment Math:
Bending stress and part geometry

❚ Before we can study this beam, we need to isolate it.
Ima gine  if we co uld  draw a cir cle a ro und  an y “ob ject ” th at we
wan te d t o st ud y an d m ag ically se parat e it  fr om  t he univ erse  bu t st ill
ha ve a ll th e e ff ects of the  un iver se a cting  on  it .

❚ The specific “object” that we want to study is the left
end of the beam (th e p ar t t hat  is cir cled ).

❚ Now, we need to see i f we can represent everyth ing
that the universe is doing to the object (becau se w e wa nt
to  stu dy it just th e wa y it  was) .

❚ The only thing the universe really does (as far as this
problem is concerned)  is apply forces and moments.
The dude jumping on the end is part of the universe,
right?…that’s just a force.

❚ The drawing of this object is pretty boring.  But notice
that on the right hand side of the circle, we actual ly
had to cut through the object.

F
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Embodiment Math:
Bending stress and part geometry

❚ We’ve zoomed up a bit.  If “F” was the only force acting on this object (as drawn
above), what would happen?

❚ It would quickly fall  to the floor (according to Newton).  So, what in the universe
is holding it in place?

❚ Answer: The rest of the object, of course (which is in turn nailed to the wall ).
❚ The rest of the object must be applying forces on our circled object in order to

hold it in place.  Such effects are called “internal forces.” (We’ll call this one “v.”)

F
v
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Embodiment Math:
Bending stress and part geometry

❚ Now, i f these were the only forces acting on this object (as drawn above), what
would happen?

❚ According to Newton, i t would start spinning uncontrollably
counterclockwise…right?

❚ So, the rest of the beam must be doing something to counteract the spinning
that “F” is trying to cause.  This internal  reaction is called the “bending
moment”…and we use “M” to represent it.

F
v M

❚ In another lecture we can do the actual math, but for now you’ll just have to
believe that we can calculate the value of this bending moment to be:

❚ M = a·F      Note: As we move further to the right on the beam, the bending
moment gets bigger!

a
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Embodiment Math:
Bending stress and part geometry

❚ So, now we know that the bending moment is our culpri t  (stress = c·M / I)
❚ Remember, High stress tends to break things!
❚ To reduce the stress, we need to make “I” bigger.
❚ “I” (the “moment of inertia”) is only a function of the cross section of the beam.
❚ Mathematics can be applied to calculate “I” for any shape (you  can  fin d t he  fo rm ulas

on line) .

❚ We will  only look at one of the formulas…a simple one.
❚ Imagine looking down the length of a standard wood 2”x4”…you would see a

rectangle l ike this one.
❚ For such a shape, math shows us that   I = (b· d3)/12
❚ So, which is more important, b or d?
❚ Can you see why the shape shown below is so popular?

b

d

A beam with this shape is called an I-beam.  It is
very common in industry because it has the “tall”
feature to prevent bending, but it doesn’t weigh as
much as if it was  a solid rectangle.
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Embodiment Math:
Bending stress and part geometry

❚ In short, the cross-section of the beam should get
thicker in the places where there wil l be a lot of
bending moment.

❚ In this case the largest bending moment is at the
wall , so that is where the beam should be thickest.

❚ If we modified the beam as this picture shows, it
would be very hard indeed to break or bend the
beam.
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Embodiment Math:
Bending stress and part geometry

❚ In practice:
❙ Thicken components in places with high bending

moments
❙ Ad d “webbing” to s tiffen  comp onents (like th e

vert ical webbing on  the I-beam)

❙ Design so that loads follow the com ponent’s p rimary
axis  as m uch as  poss ib le.  (Doing so can eliminate
th e bending mom en t all together. )

Recall,  A beam with this shape is called an I-beam.
It is very common in indus try because it has the
“tall” feature to prevent bending, but it doesn’t
weigh as  much as if it was  a solid rectangle.

7.5 Embodiment Math
Overview Part IV

Intentionally left  b lank

Copyright Michael Wienen, 2005
Do not distribute withou t permission

Bell Work  7.5

❚ List three idea s you have (o r components alr eady in the machine
design) to which we  should conside r app lying this week’ s principles
and mathema tics.
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Today’s AgendaToday’s AgendaToday’s AgendaToday’s Agenda

❚ Discuss some  simple formula s and practical
gu ides to analyze a r obot embodiment
❙ Gear Ratios

❚ Look for p laces to apply this week ’s
Em bodiment Math on our machine

❚ Teacher: This  informati on should be quickl y covered in
class and then all ow s tudents to s tudy it later at their
own pace.  The algebra might chall enge some students.
It is recomm ended that you perform experiments/
demonstrations in c las s as you cover this material.
(Because resources vary, I’ve left it to you to develop
such demons trations…but they should be si mpl e)

❚ In ALL cas es direct student focus to the pictures…NOT
the words .
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Embodiment Math:
Gear Ratios 
❚ It is highly unlikely that an electric motor by itself has the correct shaft

speed that we want.
❚ The output speed of a motor is a function of many physical parameters

which the motor designers have implemented in an effort to get an
efficient motor.

❚ If you had to buy a different motor every time you needed a different
speed, it would be a very sad world indeed (for the engineering at least).

❚ Fortunately, gears are avai lable to modify the torque and speed of an
output shaft with respect to the input shaft.

❚ Unfortunately, you cannot p ick any combination of torque and speed that
you want.  The total  power that is available is dictated by the motor (and
battery) .

❚ Power = Torque x Speed  Therefore, if you increase the speed you will
have a decrease in torque.  If you want more torque, you wil l have to
sacrifice speed.
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Embodiment Math:
Gear Ratios 
❚ Consider two gears labeled A and B
❚ The radius of the large gear is “R” (probably measured

in inches but you can use any units that you want) and
the radius of the smal l gear is “r.”

❚ The speed of the large gear is represented by “SA”
(probably measured in rpm) and the speed of the smal l
gear is represented by “SB”.

❚ Using basic “Kinematics” we derive an equation that
relates the two speeds.

❚ The power that is avai lable for gear B is assumed to be
transferred to gear A (or vice versa depending on
which gear has the motor).  (in other words,  PA = PB )

❚ Plugg ing in Power = Torque x Speed  on each side and
doing some algebra we find the relationship for torque.

R
r

BA SS =

A

BR
r

r
RTT BA ⋅=
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Embodiment Math:
Gear Ratio - definition

❚ “Gear Ratio” is defined as the ratio of the powered gear’s
rotation (input) to the rotation of the driven gear
(output). If gear B is the powered gear, then the gear
ratio = R/r.  (NOT the ratio of sizes, but the ratio SB/SA .)

❚ So, if the large gear is twice the size of the small  gear,
then the gear ratio, GR = 2.

❚ Because the teeth must mesh together and are therefore
the same size, the gear ratio is also the relationship
between the number of teeth on one gear and the
number of teeth on the other gear.

❚ It is wri tten  “powered gear teeth”:”driven gear teeth”.  If
the motor is attached to gear B (which makes it the
powered gear), the gear ratio is R:r.

❚ Read  m ore  at  h ttp :/ /www. howst uf fworks.co m/

A

BR
r
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Looking for Applications

❚ As a  class th ink about the curr ent machine design.  Where might
we use th is week’s princip le s and ma th to analyze  (or  incorporate) :

❙ Prin ciples  of Embodiment Design
❙ Center of g ravity

❙ Motor torque capabilit ies

❙ Levers
❙ Forces in spring s

❙ Internal Bending Stresses
❙ Gears


