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‘Design a Roller Coaster’

A Mantle of the Expert project for KS2 and KS3 

File Three

Phase 4: Undertake tasks to fulfil the commission (continued) 

The tasks in this file are designed to extend the work that students have done in designing a roller coaster.
4.5 Type of coaster and train

· Type of coaster

Students should agree what kind of ride they are designing – is it a sit-down coaster, a standing coaster, an inverted coaster, etc. They can be given a ‘menu’ of options. You can refer to the ‘Bolliger and Mabillard’ website (http://www.bolliger-mabillard.com/products/products_en.aspx) which shows different types of ride. 

· Type of train
Students also need to agree a ‘seating plan.’ Most coaster trains carry 24 – 32 passengers. Any fewer will affect ride capacity. Will passengers be seated in rows of two, or four? 
On Nemesis, each car (or row) contains four passengers; there are eight cars/rows altogether. You couldn’t have more than four passengers in a row on this coaster – because the ride is designed to go through some narrow tunnels. Thirteen only has two passengers in a row (with 20 passengers per train altogether). Rows of 2 or 4 are the norm; but on dive coasters such as Oblivion at Alton Towers, they are seated in rows of 8-10.
4.6: Choosing a name / theme

Students need to agree a name and theme for their ride. 

It is good to look first at an example of theming on an existing ride. At West Heath Primary, we looked at images and a video of the Ben 10 ride.

http://www.youtube.com/watch?v=RZpuiuldDqM
Nemesis also has a strong theme. You could ask students to study photos of the Nemesis ride and note ‘theme’ elements that are used. Invite them to speculate: what is the theme of this ride, what is it about? Can you tell from the different theme elements?

Then watch the following promo video that fills in some of the theme and ‘back story’ for the ride: http://old.towerstimes.co.uk/media/towersmedia.htm#nem)

We now develop a theme for our ride designs. John Wardley once worked on movies, and one way to think of the theme for a ride, is to think of a roller coaster as a movie set. So the design for Oblivion at Alton Towers is a kind of ‘super villain’s lair’ that you might find at the climax of a James Bond movie.

(I suggest, however, it is best to steer students away from simply planning a ride based on an actual movie or character such as ‘Spiderman’, on the basis that (a) it would not make the ride unique – it could be copied by other parks; (c) it would be expensive to get the rights.)

Students can design the entrance; the queue area – perhaps dividing it into three separate, distinct sections (as happens on Ben 10) – the station, etc. Stress the need for a unity of design: the look of the buildings, the queue, the design of the coaster train, the colour of the track – all contribute to the ‘theme’

Students also need to come up with a memorable (and unique) name for their ride. 
There is a lot more work that could be done around the idea of the theme of the ride. When developing ‘Nemesis’, Wardley prepared what in movie terms would be called a ‘back story’ for the ride – see ‘memo’ at the end of this file (below). Students could write a ‘back story’ for their rides; script and design a comic book version of the back story (as Alton Towers did for ‘Nemesis’ – see http://gallery.towersalmanac.com/thumbnails.php?album=146). 

4.7 Marketing
Students can plan a marketing campaign for their ride.

This is how I introduced this task at West Heath Primary.
First I shared with the class the following website, and invited them to speculate what it is all about:

http://www.lc12.net
It look like a website for a campaign warning us that the ‘end is nigh’ and the last apocalypse is coming.

I explained to the class that it is a website designed to generate advanced interest in a new ride planned for Thorpe Park in 2012. We looked at this site, which explains the ride:

http://www.themeparktourist.com/news/20110211/3126/depth-thorpe-park-reveals-plans-lc12-bm-winger-rider-rollercoaster-2012
We then looked at a couple of videos which have been posted online as part of a ‘viral’ campaign for the ride by the park:

http://www.themeparktourist.com/news/20110505/3750/video-thorpe-park-begins-viral-campaign-lc12-rollercoaster
In teams, we planned a ‘viral’ campaign for our ride: a poster, a website, videos (which were scripted and filmed). 

What I liked about this idea was that ‘viral videos’ didn’t have to be expensive/highly professional like TV ads. The students enjoyed making them and came up with some that were quite effective. The idea also involved them in some lateral thinking – to create something that was quite cryptic but would whet people’s interest in some way – without actually telling them about the ride. (At West Heath, posters were put up around school, teasing people with their cryptic messages – eg ‘Have you seen these animals?’) 

4.8: Ride Stats

You could now introduce a statistics form, which you say has been sent to us by the theme park, and which we need to complete for our rides – see example, below. (Obviously, you can adapt this form, depending on the kind of maths work you want pupils to do.)

TO ALL COASTER DESIGN TEAMS

Please complete the form, below, for your ride proposal
	MAXIMUM HEIGHT OF RIDE


	

	ANGLE OF LIFT HILL


	

	ANGLE OF FIRST DROP


	

	LENGTH OF RIDE (in metres)


	

	LENGTH OF RIDE (time in minutes/seconds)


	

	MAX. SPEED


	

	No. OF TRAINS


	

	No. OF PASSENGERS PER TRAIN


	

	TIME TAKEN TO LOAD AND UNLOAD PASSENGERS


	

	No. OF PASSENGERS PER HOUR


	

	MIN. HEIGHT FOR PASSENGERS & RECOMMENDED MIN. AGE

	


Teams need to agree:
1. How high is the ride? (It can’t go higher than the agreed height – eg 120 foot)

2. What is the angle of the lift hill?

3. What is the angle of descent for the first drop? (90°, 60°, etc.)

4. They can also make some estimate of total length of the ride in metres. If they have planned a ride to replace an existing ride, they can do this quite simply, by looking at statistics for the existing ride, and comparing it with their own ride plan. (Is ours longer/shorter etc.?) The same with the time – if they know the times for the existing ride, they can estimate the times for their ride. (This gets around the problem that some teams will decide their ride should last as much as 5 minutes, or longer...) 
Of course, secondary students could be asked to produce something more accurate. They may have already produced an accurate graph of the ride and marked on precisely the heights of different elements, and the lengths between them – arriving at an overall length. If their design is going to replace an existing ride, such as Shockwave. they can use the existing ride as a guide to the timings of different sections – eg:

· The lift hill for Shockwave is X metres. It takes X seconds for the train to ascend. On the basis that speed = distance/time, students can work out the train’s speed on the lift hill.

So if OUR lift hill is Y metres, and we assume the train travels at the same speed as the train on Shockwave, we can get an idea of the time it would take for the train on OUR design to complete this section.

Students could complete this chart for Shockwave – and the create a similar chart for their own ride; and arrive at an overall length/time/max speed/average speed for their ride.   

	SHOCKWAVE
	
	
	
	

	
	LENGTH OF TRACK
	DURATION
	SPEED

metres per second
	SPEED

miles per hour

	Lift hill (from base)
	50m
	34 seconds
	
	

	First drop
	70m
	7 seconds
	
	

	First two elements: loop and inline twist
	180m
	9 secs
	
	

	Third element: corkscrew
	150m
	11 secs
	
	

	Brake run into the station 
	50m
	8 secs
	
	

	TOTALS  
	
	
	[AVERAGE]
	[AVERAGE]


[These figures are approximations. You may wish to change them to make the maths task harder. You will need to provide students with a formula or a conversion table to go from metres per sec to mph.]

One interesting, related point about speed is to discuss with students the speed of a coaster on a drop, asking them to say where they think it will be fastest: at the top, the middle, the bottom, or as it is pulling out of the drop and starting to going up again. When Ross Currie and I worked on this project at Turves Green, he took home a K’nex kit and made a model roller coaster overnight. It was a useful tool, allowing them to observe the speed of the model; and led us to discuss with them the question of kinetic energy, and g-force.

· Number of passengers per hour

One nice maths task – for both KS2 & KS3 – is to calculate the ride capacity.

Students could start by looking at stats for rides in Alton Towers (below), as examples of the way rides operate in general. Students can use the stats to calculate the no. of passengers per hour on each ride, based on:

- the no. of trains operating on the track; 
- the time it takes to go round the track

- the time it takes to load and unload passengers

- the number of passengers on each train, etc. 

You might explain: ‘We will have to work this out for our own rides – so I thought it would help if we looked at how many passengers they get on rides in other theme parks...’ 
Students can work out how many times one train goes round the track in any hour, and multiply this by the number of passengers. Then they should be able to work out how many passengers can be carried if there are TWO trains running.

At KS2, I would be inclined to use just one example – say, the stats for ‘Nemesis,’ a typical two-train coaster. 

Obviously you might decide to simplify the maths task, depending on the ability of the pupils. So you might say that the time a train takes to go round the track is 2 minutes, rather than 1 minute 20 seconds, to make it easier to work out.

The other examples, below, for ‘Air’ and ‘Rita,’ are designed to be more complex, and are really for secondary students. 
ROLLER COASTER DESIGN PROJECT

ALTON TOWER RIDE STATISTICS

	NAME OF RIDE
	Nemesis


	Duration of ride
	1 minute 20 secs

	Passengers per train
	32

	No. of trains
	2

	Time it takes to load and unload passengers in the station
	1 minute 

(Nemesis has two trains on the track at any one time. Train ‘A’ is loading while the other train (‘B’) is going round the track. ‘A’ sets off up the lift hill as ‘B’ is just arriving at the station, having completed its journey round the track.)


	NAME OF RIDE
	Air


	Duration of ride
	1:30

	Passengers per train
	28

	No. of trains
	3

	Time it takes to load and unload passengers in the station
	Air has three trains. As one train (‘A’) is preparing to set off up the lift hill, another train (‘B’) is just pulling into the station, having completed its journey. Meanwhile, a third train (‘C’) is at that moment about half-way through its journey round the track.

It takes about 50-55 seconds from the moment a train arrives in a station, unloads its passengers and loads a new set of passengers – before it is ready to set off.


	NAME OF RIDE
	Rita



	Duration of ride
	0:25

	Passengers per train
	20

	No. of trains
	2

	Time it takes to load and unload passengers in the station
	Rita has two trains. As one train (‘A’) sets off, the next train (‘B’) pulls into position in the station for passengers to get on.
It takes about 50-55 seconds for passengers to get on, before ‘B’ is ready to set off. In this time, ‘A’ has completed its journey round the track, and pulled in to the station behind ‘B’, so its passengers can get off.


CALCULATING PASSENGERS PER HOUR ON OUR RIDES

We can review the figures for passengers per hour we have arrived at. A target of 1400 – 1500 passengers per hour seems normal on rides; some are higher and some lower. 
We have to assess: 
(a) How many trains can we run on the track? (For safety reasons, most designs will have to follow the Nemesis pattern – i.e. two trains max.) 

(b) How many passengers per train? This should have been agreed earlier. It depends on type of coaster, number of cars or rows, and how many passengers in each car/row. 

(c) How long does it take a train to go round the track? We will have to decide how long it will take to load and unload passengers. It usually takes about 60-90 seconds to unload and load passengers. But on some rides – eg Shockwave where riders are standing – it can take longer. Then we can work out the total time it takes for a train to go round the track – adding together the time on the ride itself, and the time it takes to load and unload passengers. 

(d) So how many times can a train go round the track in an hour? IE if it takes 3 minutes for a train to go round once (including loading & unloading), how many times can it go round in an hour?
(e) So what is the maximum capacity for the number of passengers per hour? IE: if a train can go round the track 20 times in an hour, we can muliply this by the number of passengers on a train.

Of course, students then have to calculate the total number of passengers if they have two trains running at a time, or three...

Then we can arrive at a total number of passengers per hour. (If the figure is low – say, below 1000 - we will have to go back to the drawing board!) 
This task could be made simpler, depending on the ability level of the class. IE you could just say that there will be only one train running on the coaster, not two. 

A note on teacher-talk and colleague-talk

In ‘Mantle’ work, you try to switch from talking like a teacher, to talking more like a ‘colleague.’  You try to avoid being ‘the one who knows the answers’, and instead talk as if you are working with them (as a ‘colleague’) to try to understand and solve the problem. So, for example, in introducing the ‘statistics’ task, I would avoid saying, ‘What I want you to do now is...’ (teacher talk), and instead say something like this: ‘Drayton Manor have left us this form to complete... It looks quite tricky to me...’ (colleague talk). (In other words: the problem has been set by the client, not the teacher!) ‘Have you got any ideas for how we could work out the length of the ride? I was thinking that if we looked at Shockwave, we could get an idea how long that ride is – and then maybe we can decide if our ride is longer, or shorter. It would give us an idea, at least, of how long our ride is. Does that sound a good idea? Shall we give it a go?’ 

Another example: ‘(Thoughtfully) I wonder how we can work out how many passengers per hour...?’ Perhaps one of the students will come up with something, and you can say, ‘Oh yes – shall we try that...?’ Or if they fail to come up with an idea, you might say, ‘Do you think we need to work out how many times that a train would go round the track in an hour? Would that help, do you think? I suppose we’ll have to include the time it spends in a station, when people get on and off...’

The reason for switching from teacher-talk to colleague-talk is to develop students as independent thinkers – so they are not so teacher dependent (i.e. doing what teacher tells them to do) but they are trying to solve problems for themselves. But in my experience, teachers find it very difficult to drop ‘teacher-talk.’  

CALCULATING COST OF STEEL TRACK

Having arrived at a length of the ride in metres, we could now estimate the cost of materials and construction. 
I think this task is more suited to KS3. At Turves Green, Ross and I struggled to find detailed information on the real costs for building a roller coaster. Games such as Roller Coaster Tycoon include budgets – but they are about as realistic as the house prices on a Monopoly board. Presumably theme parks / roller coaster manufacturers deliberately keep the details of ride budgets a secret, for trade reasons. So Ross made up some figures that he thought would engage pupils in useful and challenging maths work – based on a price of:

· £x per metre of track in the station

· £x per metre of track on the ride – but with an increasing scale of costs depending on the height that the ride goes to. (The higher the ride at any one point, the higher the cost)

You could equally prepare budget costs/price-scale based on:

· £x per metre of track in the station

· £x per metre of track on the ride

· £x per metre for vertical track supports – on the basis that a ride will need a support every x metres. (Pupils then need to base the budget for supports on an accurate knowledge of the height of their ride at any point, length of track, etc.)

You can add extra details: eg for every three metres of ride there must be a cross section that holds the track in place, which holds three legs, three chords, 3 diagonals, 4 ribbons (thin bars). So you could ask the class to calculate: how many cross sections do you need to order? At £x per cross section unit? And/or: how many legs do you need, how many diagonals, etc… 

The final total, of course, will only be part of the budget of the ride – it doesn’t include the cost of the station building, the trains, construction costs, marketing, etc. I am sure that the figure we get will not be true-to-life, but this is still a useful exercise for our purposes. 

	
	


Phase 5: Publish the results in some way – in this case, submit our ‘ride’ proposals 

We now have to collate all the information and plans we have prepared; and present it neatly in a ‘dossier’ for submission to ‘park executives’.

If we have been working in teams, we could rehearse and make a presentation to the ‘executives.’ This could simply be another teacher in the school, ‘in role’; negotiate with the class that he/she will ‘stand in’ as a theme park executive for us. Or it could be someone from outside the school, perhaps with a specialist science knowledge. 

The ‘executive’ could hear the presentations, and be primed to ask some questions that test eg students’ knowledge of the mathematical principles at work in the design process. At the end, they may choose one outstanding ride design to go forward to the next ‘development stage’; although there may be certain things they want us to work on, to improve our designs. 

At West Heath, we brought in four students from Turves Green Boys School to act as ‘judges.’ The primary school pupils agreed to talk to them as if they were from Drayton Manor. On one day, the boys heard a presentation by each team, ‘Dragon’s Den’ style. Then, they returned a few days later, when plans were presented as if at a ‘trade fair’: parents were invited (as well as some other children from the school). Along with the judges, everyone circulated freely, to view working models, videos, designs, ask questions, etc. (We asked all visitors to play along and think of themselves, not as parents or schoolchildren, but as VIPs attending a Trade Fair, and meeting ‘expert’ design teams.)
The advantage of this kind of presentation is that it provides a strong climax to the project, and also demands that students articulate what they know – and explain their ideas to other people.

Of course, the work could simply be marked at this stage by the teacher – adding comments (either from the teacher, or as if from ‘theme park executives’). There could then be an ‘award ceremony’ with certificates for the Best Design, Best Theming, Best Marketing, Best Team Work, etc. 
Bibliography

There is a book for schools, Using Maths: Design a Roller Coaster by Hilary Koll; as with other books in the same series, it might give you some ideas for tasks, but overall it is a bit weak.
There are a number of children’s books which make the science of roller coasters clear, eg Twists and Turns by Nathan Lepora.
The best adult book on roller coasters by far is Roller Coaster: The Roller Coaster Designer Werner Stengel. It contains information about the science and mathematics of ride design. Unfortunately it is (a) in German, and (b) very rare (at the time of writing, it is on sale on amazon for £388). 

The best book in English is The Incredible Scream Machine by Robert Cartmell. I particularly like what the coaster designer John Allen says in this book about the psychology of coaster design (p.203).

There are numerous coffee table books about coasters and they have nice pictures but not much else. You can find more useful material in Rollercoaster! magazine (published by American Coaster Enthusiasts – see website below). First Drop (European Coaster Club) is also useful.

Disney remains the best at creating ‘theming’ for rides. See, especially, two books by the ‘Imagineers’: Walt Disney Imagineering: A Behind the Dreams Look at Making the Magic Real and Walt Disney Imagineering: A Behind the Dreams Look at Making More Magic Real.    

You can find a good selection of books and dvds on coasters and theme parks at http://www.joylandbooks.com/
and at http://www.coastershop.de/
Recommended dvds: 
The Story of Alton Towers 

Engineering at the Cutting Edge (Channel 4 series)

Disneyland Resort: Imagineering the Magic

Magic Kingdom: Imagineering the Magic
Recommended websites:

http://www.aceonline.org/
http://www.coasterclub.org/
http://www.themeparkreview.com/
	The Back Story on Nemesis by John Wardley

We all know that the roller coaster hardware that we are about to acquire will give us one of the most sensational roller coaster rides in the world. However, this hardware is available to anyone with sufficient cash, and we are therefore determined to conceive its theme so as to make it the most sensational in the world, and one which cannot be copied. For some time now we’ve been agreed that the ride would be themed as some huge alien creature, but in order for me to pull this together into a cogent form, Nick Varney and I arranged a brain-storming session with our various PR, advertising and promotional agents and consultants. This proved to be a most useful exercise, and from this, I have pieced together the scenario which follows. It must be appreciated that it is not necessary for the visitors to grasp the storyline. In fact, what they see must be an enigma to them, and therefore we don’t want them to fully understand it. However, in order for us to design the station, the colour of the track and structure, the name of the ride, the music, and the special effects, it’s vital for us to understand exactly what’s going on. Please therefore don’t get hung up about whether the following is too deep for the visitors to grasp. In this instance, that’s a good thing. We want the visitors scratching their heads in disbelief.

This is the legend. Beneath the ground at Alton Towers, something horrible exists. This legend has perpetuated over the centuries, when massive rumbling noises have been heard, and movement has been felt, as if some huge creature is writhing around underground. Because of this, the area has become a place of pilgrimage and worship, as the lines of Neolithic standing stones indicate. Archaeologists have explored the site for many years in the hope of uncovering its mysteries. Occasionally patches of grass have died, where a strange yellow slime has oozed to the surface, rapidly hardening to a solid bone-like material. Some time ago a sample of this slime was sent to the Royal Geological Society for examination, and two weeks later a team of investigators from the Ministry of Defence cordoned off the site and declared it a prohibited place. Massive excavations have taken place under a cloak of total secrecy, but from what we can gather, this is the explanation: a massive alien organism has been living in the rock under Alton Towers for eons. It apparently consists of a central host, which sends out skeletal tentacles through cracks in the rock, rather like a spreading fungus. Unlike normal creatures whose internal organs are nourished by bringing vital nutrients into their bodies, this creature’s organs move out along these solidified tentacles, to gather their nutrients and procreate. As the MOD started to excavate, they began to uncover sections of these exo-skeletal tentacles. The more rock they excavated, the more these sections connected together, and seemed to all lead back towards some huge, living, breathing alien creature. This creature is, purely coincidentally, approximately the same size and shape as a Bolliger and Mabillard inverted roller coaster. Perhaps we could take advantage of this coincidence. As the exo-skeletal tentacles were uncovered, the creature sensed what was happening and began to cause them to flex and writhe. The MOD has had to erect massive steel support structures around them, to contain them, and pin them back down to the excavated bedrock. Every minute or so the host creature, which still has to be given a name, ejects one of its exploratory organs along its exo-skeleton, to gather its nutrients in the bedrock which once surrounded it. It has been rumoured that the MOD scientists have actually dared to joy-ride on these exploratory organs as they move around the skeleton, desperately seeking contact with the ground. Only the most fearless of people would be fool-hardy enough to do that. Of course, these are just rumours; we will keep everyone informed as we get to know more.


Transcript of memo from John Wardley, re. Nemesis ride
