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 The push or pull of an object is called force

Examples:

>

Pushing a Car Pulling a truck
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https://media3.giphy.com/media/DpNOlWx7F77IG9stWa/giphy.gif?cid=ecf05e475sym7hqrvajv68x3cstfqdd6ppehrd719uiq1bmi&rid=giphy.gif&ct=g
https://media.tenor.com/images/6a356c37cae6871924b4ae40da6ba0f8/tenor.gif

GRAVITY

* Gravity is a natural force by which all objects are attracted to one another
* On Earth: It is the force that pulls all the objects towards its center

Source Source Source
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https://forceswebquest.weebly.com/uploads/7/8/1/3/7813921/newton-apple-tree-hg-wht-24412-1_orig.gif
https://www.pinterest.com/pin/657947826787477437/
https://www.pinterest.com/pin/657947826787477437/
https://www.amnh.org/var/ezflow_site/storage/images/media/amnh/images/explore/ology-images/astronomy/meet-the-universe-s-main-attraction-gravity/animation-earth-orbiting-sun/3122961-3-eng-US/animation-earth-orbiting-sun.gif

Envu LAWS OF MOTION

First law of motion
Every object in a state of rest or uniform motion tends to remain in that state
unless an external force is applied to it

When air is blown, the ball changes from The ball continues to be in motion
rest to motion and continues in its motion until stopped

Source
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https://www.youtube.com/watch?v=Q0Wz5P0JdeU

LAWS OF MOTION

Second law of motion

The sum of the forces on an object is equal to the mass of that object multiplied by
the acceleration of the object, i.e., 2F = ma

Source

« The lighter objects tend to move faster than the heavier objects in response
to the same amount of force
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https://www.youtube.com/watch?v=Q0Wz5P0JdeU

LAWS OF MOTION

Third law of motion
For every action, there is an equal and opposite reaction

Source Recoiling of a Cannon
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https://bestanimations.com/Military/Weapons/artillery-cannon-animated-gif-11.gif
https://youtu.be/-gAMZbeL2ts

Envu FORCES ACTING ON ROBOTS

Important forces for robotics:

* Weight

. . NORMAL
* Frictional force FORCE

NORMAL
FORCE

=

Source

* Momentum

e (Centripetal force .
P Robot carrying payload

* Normal reaction

Promoting Robotic Design and Entrepreneurship Experiences Among Students and Teachers

Innovative Technology Experiences for Students and Teachers (ITEST), Professional Development Program, NYU Tandon School of Engineering, July 2017-19


https://www.thegreenhead.com/imgs/wowwee-mip-self-balancing-robot-4.gif
https://i.pinimg.com/originals/a5/74/db/a574db2f9907556a51381a83e671a9ea.jpg

WEIGHT

The weight of an object is related to the amount of force acting on the object due to
gravity, i.e., W=mg

WEIGHT % % SPEED %
WEIGHT % > POWER CONSUMPTION%

As the weight of the robot increases, the slower it will move (under same input
condition)

or
The power consumption will be more (it will draw more current)
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ENvu FRICTION

« Friction is a force that happens when two things rub together, like wheels and
the floor
« It opposes the motion and makes things slow down

APPLIED
FORCE

—)

Reaction Force Resisting Motion

FRICTION

Source Source Source
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https://33.media.tumblr.com/90259e97acd38569d1c4b6f0b554497a/tumblr_npwqn9PS391tmq1g7o2_500.gif
https://i.gifer.com/7gmm.gif
https://i.gifer.com/7gmm.gif
https://hi-static.z-dn.net/files/d86/e1b8763c2baf66e796762603581d7a2e.jpg

ACTIVITY -1

- Is it an advantage to have friction or not?
« Why is it advantageous?
« Why is it not advantageous?
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ACTIVITY -1

 List down where friction could be an advantage
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ACTIVITY —1 SOLUTION

-« Is it an advantage to have friction or not?
« List down where friction could be an advantage?

Brake System Ball Bearing Tires and roads
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https://grabcad.com/library/625z-1
https://64.media.tumblr.com/4e15c0f6b37417eb97af86be8fe62bf0/tumblr_oehzvnRGLR1rxoyrfo1_400.gifv
https://www.merlincycles.com/blog/wp-content/uploads/2015/08/P1050396.jpg

MOMENTUM

Momentum is a measure of inertia in motion, alternatively, it is also the rate of
change of force that an object experiences while in motion, i.e., P = mv

Newton’s cradle Collision

If something has a lot of mass — like an elephant — it is hard to get it moving, but once
it moves, it is even harder to slow it down, or steer
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https://i.pinimg.com/originals/5f/53/cc/5f53ccb5579770d7aa421b00e825ae18.gif
https://forum-files-playcanvas-com.s3.dualstack.eu-west-1.amazonaws.com/original/2X/b/b61786ce4c8e3d58d5b072ebebd3cd968a720f1f.gif

CENTRIPETAL FORCE

Centripetal force is the force that acts on a body moving in a circular path and is

directed toward the center around which the body is moving

o g

F \ Static Friction

@

Gravity

Tension 4

Source
Source
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https://i.pinimg.com/originals/53/0f/00/530f00b72ffbafc0cbe32edc35997794.gif
https://image3.slideserve.com/5581653/slide1-l.jpg

CENTRIFUGAL FORCE

The apparent force that is felt by an object moving in a curved path that acts outwardly
away from the center of rotation
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https://www.howitworksdaily.com/wp-content/uploads/2012/02/Inside-a-washing-machine.jpg
https://miro.medium.com/max/1400/1*OiDFsuFewmZ6PnxVQWrxww.png

Envu CENTER OF GRAVITY

* The center of gravity is the average location of the weight of an object

/e
A

f
i
=" Y
{
A\ -
|

\

7

« The larger the contact surface area, the more stable the object
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Source
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https://www.mathsisfun.com/geometry/images/hammer-balance.gif

NYU ACTIVITY - 2

« Balance robot by placing mass at different positions

i v”‘.vul 7

F —~\\%§

Tt AL

Robot Chassis Stable Stable Unstable

As the center of gravity shifts outside the frame of balance, the robot becomes
unstable
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STABILITY

The state of being firm and secure

19:14:00 050642095 UTC

Source
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https://www.pinterest.com/pin/94857135879003511/

STABILITY

The state of being firm and secure

Source
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https://giphy.com/gifs/ted-drone-gw3z859VI0a9cKm4

STABILITY

The state of being firm and secure

Source
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https://www.cultofmac.com/wp-content/uploads/2015/02/robot-dog-kick.gif

EnNvu STABILITY AND CENTER OF GRAVITY

The lower the center of
gravity (CG) the more
stable it will be

Lower CG - High Stability Higher CG - Low Stability
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https://maxf1.net/wp-content/uploads/2020/02/Ferrari-F1-SF1000-2020-car-studio-photo-side-Photo-Ferrari.jpg
https://media.istockphoto.com/photos/transportation-truck-with-blank-copy-space-picture-id1038923190?k=20&m=1038923190&s=612x612&w=0&h=6iAOHQzCPTQtluS54GCxGO2jTYVk8go5RWccIeYxt_c=

EnNvu STABILITY AND CENTER OF GRAVITY

High centre of gravity

The lower the center of © |
gravity (CG) the more © L ow centre of gravity
stable it will be

Centre of gravity (G)

P T e e Pl T N

cartopples + car does not topple aver

Car A CarB

Source
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https://res.cloudinary.com/dsfzcj5qk/image/upload/q_auto:eco/f_auto/w_500/v1629743412/blog/center-of-gravity/car-center-of-gravity.png

Envu STABILITY AND CENTER OF GRAVITY

The LARGER the area of the
base of support, the MORE
STABLE it will be

A wide base of support, makes this
Robot stable.
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https://thumbs.gfycat.com/SmartQualifiedEskimodog-max-1mb.gif

STABILITY IN CAR

Rigid bodies with a wide base and low center of gravity is more stable and less likely
to tip over.

Example: a high-speed racing car

ORRO

Roll test of a car Source
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https://thumbs.gfycat.com/SnappyClassicBluegill-size_restricted.gif
https://external-content.duckduckgo.com/iu/?u=https%3A%2F%2Fmedia.giphy.com%2Fmedia%2FXEUGygRVJZVxm%2Fgiphy.gif&f=1&nofb=1
https://external-content.duckduckgo.com/iu/?u=https%3A%2F%2Fmedia.giphy.com%2Fmedia%2FXEUGygRVJZVxm%2Fgiphy.gif&f=1&nofb=1

ACTIVITY -3

In which case the bus topples over? And why?

Centre of gravity (G)

Source
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https://res.cloudinary.com/dsfzcj5qk/image/upload/q_auto:eco/f_auto/w_500/v1629743412/blog/center-of-gravity/car-center-of-gravity.png

ACTIVITY - 3 SOLUTION

In which case the bus topples over? And why?

Centre of gravity (G)

== The closer your center of gravity is to the center of
your base of support, the more stable you are
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https://res.cloudinary.com/dsfzcj5qk/image/upload/q_auto:eco/f_auto/w_500/v1629743412/blog/center-of-gravity/car-center-of-gravity.png

MOBILE ROBOTS

Main feature
The mobile base allows the robot to move freely in the environment

Types

 Wheeled mobile robots

 Legged mobile robots

Octopod
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https://robot.cfp.co.ir/files/0053.gif
https://robot.cfp.co.ir/files/0221.gif
https://docsity-data-develop.s3.eu-west-1.amazonaws.com/wordpress/20/2021/09/Robot-Sider.gif
https://www.gadgetify.com/wp-content/uploads/2018/08/27/XL-MICO-Robot.gif

Envu WHEELED MOBILE ROBOTS

* Locomotion: The process of causing a robot to move

* Dynamics: Study of motion in which the forces are modeled

* Kinematics: Study of mathematics of motion without considering the forces
that affect the motion
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WHEELED MOBILE ROBOTS

Major constraints

The most common
robots can instantly
move forward and
backward but
cannot move to the
right or left without
the wheels slipping

Parallel parking requires
a series of maneuvers

Source

Promoting Robotic Design and Entrepreneurship Experiences Among Students and Teachers 30

Innovative Technology Experiences for Students and Teachers (ITEST), Professional Development Program, NYU Tandon School of Engineering, July 2017-19


https://www.researchgate.net/profile/Mohamed-Mourad-Lafifi/post/How-the-nonholonomy-of-mobile-robots-allow-control-of-the-system-with-less-control-inputs/attachment/5cee88fbcfe4a7968da4fc3b/AS%3A763888031264768%401559136507216/download/Control+of+Nonholonomic+Systems.pdf

BASE OF ROBOT

» Chassis
e Structure
« Geometry
* Material
_ _ Gear
* Drivetrain Wheel
* Motors
* Gears Motor

* Wheels

Source
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https://store.robotmesh.com/media/catalog/product/cache/3b77bee5b8216d366fb1ee1544581c0c/c/l/clawbot_kit_2.jpg
https://store.robotmesh.com/media/catalog/product/cache/3b77bee5b8216d366fb1ee1544581c0c/c/l/clawbot_kit_2.jpg

BUILDING A CHASSIS

Design tradeoffs

Stable vs. maneuverable

Accessible vs. compact

Strong and rigid vs. light

Affordable vs. expensive
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BUILDING A CHASSIS

The most common robot chassis are 3-wheeled and 4-wheeled as shown

Source Source
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https://ae01.alicdn.com/kf/HTB1E5vJKVXXXXaYXpXXq6xXFXXXD/Smart-Robot-Car-Chassis-Tracing-Kit-Speed-Encoder-Wheel-for-Gear-Motor-for-Arduino-TE160.jpg_Q90.jpg_.webp
https://m.media-amazon.com/images/I/715YP0wUPNL._AC_UL320_.jpg

BUILDING A CHASSIS

« Short and wide robots turn easily and have lots of control but will
tend to not drive straight

« Long and narrow robots will not turn easily and will have poor
turning control but will tend to drive very straight

» Depending on the task, one should balance the two

Source Source Source
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https://sites.google.com/a/ajhs.school.nz/vex-robotics/_/rsrc/1472090240431/home/robot-design/UL9-1.png
https://sites.google.com/a/ajhs.school.nz/vex-robotics/_/rsrc/1472090240431/home/robot-design/UL9-1.png
https://www.robot-italy.com/wp/wp-content/uploads/2012/08/tumbler.jpg
https://www.robotshop.com/community/uploads/robots/d/e/dedoslav/imported/2ecbfd8eff004bfa8a5ff61394477598/full.jpg?v=20190709102650
https://www.robotshop.com/community/uploads/robots/d/e/dedoslav/imported/2ecbfd8eff004bfa8a5ff61394477598/full.jpg?v=20190709102650

CHASSIS FUNCTION

* Provide a platform for everything
e Strong
« Stable
« Well laid out and accessible
« Light

* Resist and defend against shock

Chassis of Tesla-S
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https://s3.envato.com/files/234472417/tesla_chassis_0060.jpg

EnNvu SUMMARY

» Thus, we must design the chassis keeping in mind the purpose of the robot

* The greater the weight of the robot, the slower it will move, or the power
consumption will be more

* The greater the weight, the more current it will draw
* The greater the weight, the more difficult it will be to maneuver
« Again, if the chassis is made light, it may break easily

* If the chassis is light, the manipulator and other components will also need to be
light
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TANDON SCHOOL
OF ENGINEERING

NYU

Task / Activity:

Assembly and construction of VEX
EDR Robot chassis

DDDDDDDD
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https://drive.google.com/open?id=1arxOK8rNQgZfPb9C-6Ujmq1FErn9lcCs&authuser=krr9721%40nyu.edu&usp=drive_fs

] TANDON SCHOOL
NYU OF ENGINEERING

Thank You!

Questions and Feedback?
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