
NAME 

Train Design 

Le
arn

ing
 Le

ga
cy

 D
oc

um
en

t

Presenter
Presentation Notes
Replace our name with yours in the text box“Hello and welcome, my name is xxx and today I’m here to present a fun activity and talk about engineering and Crossrail.”“Today we’re going to be talking about train design and some things that transportation engineers have to think about when you consider how many people use trains to move all around the world every day.”



Who am I? 

Chemical Engineer 
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Presentation Notes
*Customize this slide to fit your personal details*Your introduction and professionWhat is your job title?What do you do for work/who do you work with? What is your educational and professional background?You are a real person, just like them! Share a challenge you’ve overcome to get where you are now or ask them if they share any of your favorite hobbies“Right now I’m a student back in the States where I’m studying chemical engineering. In particular, chemical engineers can do a lot of things but I’m interested in materials. So what you’ll see here is some of my work from last summer where I studied corrosion, or rust, of brass. In these pictures the outside rusted layer is different from the inside of the material, as shown by different colours pink and green.”“When I was your age, I wanted to be a science teacher. So while I knew I liked things like science, I had no idea where I would end up. Some of my favourite classes were chemistry and biology, do any of you like those classes too? I knew I didn’t want to work in a lab so I wanted something a little different than just studying science that would help me work more with people When I was around 16 I figured out I wanted to be an engineer and I went to university where I am now.”“In my free time when I’m not in class, I like to garden and I work at my school’s greenhouse. Do any of you have gardens at home? What do you grow?”This slide has many objectives. Some of them may stand out to you as more important than others. Remember that you have a strict time constraint, so try to include as much information as you can, but mind the time limit.



An engineer is… 
Engineers work with machines 
Play ‘Who is an Engineer?’  

Who is an engineer? 

A B C D 
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Presenter
Presentation Notes
*You can edit this activity as you wish to better fit your interests, as long as the people you talk about have engineering degrees or backgrounds, regardless of their better-known professions (Ex: Actor Ashton Kutcher has a degree in Biomedical Engineering). Remember to include engineers of both genders*Engage your audience early in the presentation.Engineers come in all shapes and sizes, both men and women.“Now that you guys have seen that I am an engineer, what types of people are engineers anyhow? In the pictures here, which of these people do you think are engineers?”“In reality, though, they’re all engineers. Leena Gade on the left is a race engineer; Rowan Atkinson, the actor who played Mr. Bean, has degrees in electrical engineering; Leonardo da Vinci was the engineer of his time, filling entire notebooks with inventions; and last, Emily Warren Roebling became an engineer to replace her husband in the building of the Brooklyn Bridge in New York City.”Example of ‘Who is an Engineer?’:A: “In 2012, Leena Gade, a British-born engineer for Audi,  became the first female race engineer to win the Le Mans 24 Hours sports car race. Race engineering is a combination of a lot of other types of engineering that helps to monitor race cars and decide what changes to make to the cars, helping the drivers go faster and win races.”B: “You may know him as Mr. Bean, but comedian Rowan Atkinson actually has degrees in Electrical Engineering.”C: “Leonardo Da Vinci was not only a great artist (though he did forget to give the Mona Lisa eyebrows), but was also a great engineer. In his notebooks, he designed hundreds of inventions. One of his inventions is a flying machine that works like a helicopter.”D: “Emily Warren Roebling was essentially the Chief Site Engineer during the construction of the Brooklyn Bridge in New York City. She taught herself Civil Engineering to help build the bridge after her husband, the Chief Engineer on the project, became paralyzed.”

http://en.wikipedia.org/wiki/File:Brooklyn_Museum_-_Portrait_of_Emily_Warren_Roebling_-_Charles-%C3%89mile-Auguste_Carolus-Duran.jpg


What do engineers do? 
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Presenter
Presentation Notes
*There are animations on this slide correlating to the progression of the script**This slide is also customizable to your own preferences on pictures, information, etc.*What do engineers do?Engineers solve problemsThere are a variety of engineering disciplinesThese disciplines all work togetherEngineers do these things to help people“Engineers have a variety of professions, from mechanical to environmental to biomedical. What you’ll see here are examples of engineering works, like railroads that mechanical engineers work on or chocolate that a chemical engineer would help develop. What you’ll also see is that engineers work together to do these things, so in this last picture you have a prosthetic leg. Both biomedical and robotics engineers would work together on these things.”“But why do engineers do the things they do? Because they solve problems to help people.”Engage your audience: “In the picture on the above right with the prosthetic leg, how are they helping people?” (improved/restored mobility)

http://en.wikipedia.org/wiki/File:Chocolate.jpg


Crossrail: A railway route east to west 
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Presentation Notes
CrossrailIt’s a big transportation projectIt will benefit everyoneFaster travelMore peopleIt has many opportunities for engineering students“Here are some facts about Crossrail:Started in 2009, will finish in 2019 Will increase London rail capacity by 10% Will reach 40 stations, including 10 new Budget: £14.8b”“In general, Crossrail was started because the tube is really busy and it could be better. So the project will help you and millions of others get to more places faster.”“In addition, Crossrail also has a lot of educational and employment opportunities for students interested in engineering and areas of transportation. We have Apprenticeship programmes, a Work Experience Programme, and the Tunnelling and Underground Construction Academy (TUCA). These programmes allow you to get experience in a professional setting with more hands-on experience than the University route.”



Crossrail Railway Engineering 
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Presenter
Presentation Notes
This section explains some things engineers think about when they work with trains and try to prevent derailing.“Today we’re going to be working on an activity that asks you to build your own train carriage. You’ll have to make sure that it stays on the rail so any passengers or cargo it may be carrying will be safe.”“Some of the things you’ll need to think about are building a stable carriage that runs straight and evenly, fitting your carriage to your classmates’ and fitting your carriage to the rail.”See slide 19 for information on how this STEM background relates to the student activity.



 

Crossrail Engineers: Railways 

Safe! 
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Presenter
Presentation Notes
Crossrail Engineers: RailwaysTrains do a lot for the communityEngineers must keep trains safe“Now we’re going to talk about one specific part of Crossrail, trains. To think about how trains impact your daily life, think about what you would do if they were gone. No underground, over-ground or national rail. But as it is, trains are really energy efficient as they transport a lot of people really quickly every day all around the globe”“There are a lot of safety concerns that come in to play in order to keep trains operating as efficiently as possible. Engineers help to optimize this transportation process.”“What’re we’re going to be doing today is acting like an engineer and exploring one of these concerns, the derailment of trains. When a train derails as you see here, its wheels leap off the track for some reason. It can simply cause delays in train operation, or it can be very bad like the one pictured here.”Engage your audience: “Trains can be derailed for a variety of reasons. What do you think are some of these reason?” (bad weather, track malfunction, wheel malfunction, inappropriate speed, hitting objects on track –including other trains) See for more information:http://en.wikipedia.org/wiki/Derailmenthttp://en.wikipedia.org/wiki/Lists_of_rail_accidentsCrossrail statistics – 65 trains, 200 million passengers annually, cut travel times by around 40%, run on electricity



Train Wheels & Track 

Wheel wraps around track 

Small 
contact 

area 
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Presenter
Presentation Notes
Explain how real trains are prevented from derailing.“Let’s look at what a real train wheel and track are shaped like. It’s this shape that keeps the wheels on the track at all, because if you’ve ever tried to walk on a rail yourself you know it’s not easy to keep balanced.”“What you’ll see here is that the wheel is designed specifically to hug the track on the insides. This keeps it from moving side to side when the train goes around bends and ensures that, under normal conditions, the wheels won’t slip off the track. The track itself isn’t flat, so the actual area where the wheels and track are in contact is small.”



Challenge: Stability on Wheels 

Unicycle: 1 wheel 

Bicycle: 2 wheels 

Car: 4 wheels 
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Presenter
Presentation Notes
STEM Background: StabilityStability will effect modes of transportThese principles apply to train carriages“To start off, here you have a unicycle, a bicycle and a car.”Engage your audience: “Which of these is the most stable when it’s sitting still? Why?” (the students will be providing the information here, you’re just coaxing it out of them: the car is the most stable because it has the most contact with the ground) “That’s right, the car is the most stable because it has 4 wheels, which are four contact points with the ground that support all of the mass of the car and prevent it from tipping over like the unicycle.”See slide 18 for more centre of mass background.



Challenge: Frame to Axle 

Car Chassis 
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Presenter
Presentation Notes
STEM Background: Carriage StructureCar structure introductionOne problem they will encounter is that the axles must rotate“So let’s look into the most stable structure a little more, as it applies to a car. If you look at the colours you’ll see what’s important.”“Shown here, cars have two sets of wheels that are joined by axles in orange. The body of the car is then built upward from these axles in blue.”Engage your audience: “Now let me ask you a question, how do cars move?” (their wheels spin –if students answer “motor,” ask them what the motor does)“So if their wheels are spinning, how do they make it so that the whole car isn’t spinning along with the wheels? In cars like the one here, the wheels are attached to the axles so both the axles and the wheels spin. When the axles are attached to the frame, you have to make sure there’s space for the axles to spin or they’ll get caught. If they get caught, the wheels can’t spin and the car can’t move.”



Engineering Challenge:  
Build Railway Wheel and Track 

How far will yours go? 
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Presenter
Presentation Notes
Make students aware of activity expectations.“Today we’re going to make a train by breaking into groups and each building a carriage to hook together at the end and run on the track.”“Where we talked about a car and a car frame you’re now going to design a train carriage. It will include planning, building, testing, and discussing your findings.”



Header here max 30 characters 

Build a train car 
It must fit the size of the rail 
Wheels have to spin, not slide 
 
It must be able to hook onto 
your classmates’ cars in front of 
and behind it 

 

Task 
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Presenter
Presentation Notes
Requirements and restrictions“Today you’re going to team up in small groups and build train cars. At the end of the activity we’ll hook all of your train cars together, like a real train, and see how they work on this track”“You will be given the materials shown here and listed on your student sheet, but you won’t be given any more. This set of materials and time are the two main limitations you have.”“Notice that the track is on a slope, which should move your carriage forward.”“You are allowed to pursue any design you like, but you should keep in mind that the train car has to fit the rail and that you have to have your hooks at a specific position so they will line up with your neighbour’s. You can use a ruler to make sure your measurements are right or measure right on the track.”



Header here max 30 characters Design Process  
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Presenter
Presentation Notes
*Leave this slide up for reference while students are doing their activity*Tell students what they need to consider as they design.Show them the engineering design cycle.“These are the three phases of your project design.”“The first ten minutes, as shown on your hand out, will be spent planning with paper and pencil. Take care to pay attention to the things we mentioned before, like how stable your carriage will be.”“Next you will be building your design. Be sure to test it as you build because a lot of the time things don’t work out how you want them to and you’ll need to adjus.t”“Last, in the testing phase you’ll have to make final adjustments and ensure that your carriage and rail can perform their specified task. Here you should be focusing on optimizing your structure, not building.”



Show us how you roll 
Explain your design 

EVALUATION & PRESENTATION 
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Presenter
Presentation Notes
*Move on to this slide when you need to end the testing phase*Have students attach their train cars together on the rail and give it a go. “Alright students, now that we’ve tested our train cars individually, let’s hook them together and see how well they work.”



Discussion 

Explain your carriage design. 
 
Does your carriage work? What could make it 
better? 
 
Did your design turn out how you thought it would? 
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Presenter
Presentation Notes
*Once the trains have been tested on the rail a couple times, move on to this slide and have students resume their seats*These questions make the students reflect on what they’ve built and why. They will have to consider the STEM principles they were taught and how they were applied to this design. The last question will help them see the importance of test runs.“So now that we’ve tested the train cars, let’s think about all of the engineering we’ve done today. As you can see, everyone’s train cars turned out differently. I’ll give you a couple minutes to think about these things then we can share as a group.”Wait two or three minutes then begin to prompt the students into discussion about the activity. If they are reluctant to answer, this could be a point where the candy is necessary as mentioned on the ambassador manual. Each group should share at least once.Engage your audience:Does anyone want to explain their design to us, why you chose the design you did?Did anyone’s design work very well? Can you explain why you think it worked well?Did anyone’s design not work well? Can you explain why you think it didn’t work well?Did you have to change your design after you tested it?What did you learn about engineering today?For more discussion tips see the ambassador guide FAQs.



Do you need more help? 
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Presenter
Presentation Notes
If your students seem to be struggling a LOT, you can present them with these examples of a carriage.The right image is the overall carriage which uses two paper clips as the frame. It is bent into round loops at the bottom around the axle, shown in the left hand picture. This is an optimal shape to reduce contact around the axle.To prevent the frame from collapsing on itself, lollipop sticks have been broken into three pieces and taped between the paper clips. This keeps the wheels equal distances apart as the carriage travels on the track.



Photo Credit (all others taken by Rachel Handel on behalf of Young Crossrail) 
Slide 3  
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Slide 4  
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B:http://en.wikipedia.org/wiki/File:Atkinson_Rowan.jpg 
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D:http://en.wikipedia.org/wiki/Emily_Warren_Roebling 
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http://en.wikipedia.org/wiki/Chocolate 
http://commons.wikimedia.org/wiki/File:US_Navy_101005-N-2055M-
357_Navy_volunteers_are_framed_between_the_prosthetic_legs_of_a_Paralympic_Military_Sports_Camp_participant_at_Balbo
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Slide 6 
http://www.crossrail.co.uk 
 
Slide 8 
http://en.wikipedia.org/wiki/Derailment 
 
Slide 10 
Openclipart.org 
 
Slide 11 
http://upload.wikimedia.org/wikipedia/commons/e/e6/GWK_chassis_%28Autocar_Handbook%2C_Ninth_edition%29.jpg 
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