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Session Overview

Introduction: 5 mins
Building Your Own Walker(!): 10-15 mins
Testing Walkers: 10-15 mins

Wrap-up: 2 mins



What is locomotion?

Crawling

Flight




What is locomotion?

Humans: Bipedal Walking

“..any of a variety of movements among
animals that results in progression from
one place to another” [5]

(Credit: Owen Pearl and Human Biomechanics
Lab)



Why should we study locomotion?

Sports and Rehabilitation Exoskeletons Better Robots




You must (passively dynamically) walk before you can run




What we will build today:




Building your walker!



Kit Review




Slide the outer legs over the inner ones until there are two holes left




Slide the outer legs over the inner ones until there are two holes left




We will now do the inner leg




Position the inner leg as shown Then press down on the table to
push the pins in place




You should have something that looks like this now




Slide the double leg unto the inner leg until you see two holes




Slide the double leg unto the inner leg until you see two holes




Now we’ll assemble the ramp. Watch carefully




Your ramp should look like this:




Place the pads as shown in the picture below.
Notice there are two empty rows between each pad!




Now let’s place the ramp on the lowest level of the incline
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Now you are ready to see if your walker can walk!




A few questions



What force is driving the walker down the ramp?

Hint: Is it easier to go down
a hill, or up a hill?



What force is driving the walker down the ramp?

ANS: Gravity!

Isaac Newton and his
famous apple
(Al generated)



What force is driving the walker down the ramp?




Exercise 1



Is your walker sliding? Let’s take a closer look at the contact




Have you ever slipped on ice?




Q: What is the name of the force that allows us to roll over our foot without
slipping?




ANS: Friction!

<

Microstructure of two surfaces in
contact.

Shoe sole of a hiking boot



ANS: Friction!

<

Microstructure of two surfaces in
contact.

Car wheel tire



How can we increase friction on our walkers?

HINT: You need something rough to the touch



Exercise 2



Attach the sandpaper strips to the feet of the walker




Your walker should now look like this




Now try your walker again!

Is it still slipping, or can you get it to walk?



Exercise 3



Why do we need
these pads?




Why do we need
these pads?
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Exercise 4



The robot is quite finicky to get it to walk right?




What does our walker look like?




A double-pendulum!
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https://images.app.goo.gl/EpMktg4aGmTjRj5r9



A single pendulum is very repeatable ...



A double pendulum exhibits CHAQOS

https://youtube.com/shorts/VIOdvQvG_-s?si=1ptoGI7115U_eGo9



Chaos: A small change in the start, leads to big
changes in how the system evolves with time

Weather is hard to predict

https://images.app.goo.gl/uzg3zEXSXYi5SRown9



Final Thoughts



Q: Why do you think the dog never tripped over, unlike the humans?
Hint: Think about a chair. How many legs does it have?



4 legs vs 2?




Impact of passive dynamic walking?




Wrap-up

Q: Which force helps to push the walker down the ramp? Ans: Gravity!

Q: Which force prevents the walker from sliding? Ans: Friction!



National Biomechanics Day 2024 @ CMU!

When: April 6th, 2024
Who: Age 14-18

Cost: FREE!!

—— SEE WHAT WE
https://lc;it.ly/3PpinM HAD LAST YEAR!
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Backup Slides



Robotic walkers

Robots have become better at locomotion ...

9:08:51 05/06/2015 UTC



What forces are acting on the walker?

1G ravity!

Fass = mass X gravity




What forces are acting on the walker?

1G ravity!




What forces are acting on the walker?
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