This document is an outline of
the process to create a cycle
powered
cinema
in
Christchurch, NZ for Gap
Filler, an urban regeneration
initiative bringing temporary,
creative projects to life on
vacant sites created as a
result of the 2010 and 2011
Canterbury earthquakes. The
project was accomplished by
a group of volunteers. The
cinema ran over two weeks in
February 2012 as a Gap Filler event on a vacant site that was once a cycle chop. The
films screened all featured cycling in some way.
The first thing to note about cycle power is that it is not the most efficient way of
producing electricity. The amount of power created will probably never ‘pay back’ the
amount of embodied energy in all the parts needed to make the whole system.
However, cycle power is a really good illustration of how much energy it takes to do
things that most of us take for granted every day. And of course it’s useful when there
isn’t another power source. And fun!
The first thing to do is determine what you have to work with:
• Who is the core team?
• What are their expertise?
• How much time can they contribute to the project?
• How much money is available?
• Do you have any sponsors and/or who could sponsor the project?
• Where is the cinema going to be? Permanent | Temporary?

Then the next step is to make some important design decisions:
• Are the bikes going to be ‘ride in’ where people ride their own bike to the event
and ‘plug’ into the system, or are the bikes going to be supplied at the cinema?
This decision makes a HUGE difference in the way to approach the design,
influencing things such as efficiency – power output per cyclist, transport
requirements for the equipment, stand design and security. We went with a
‘ride in’ approach as we were really keen on people using their own bikes to get
to the event and power the event. This was a decision not made lightly as we
knew it would be much easier, from a design point of view, to have permanent
bikes as each stand only has to hold one bike rather than being adaptable to
many.
• How much power is required?
The power requirement will depend on the equipment you need to run. The
basics are a projector, a PA system, and a laptop or DVD player. Obviously this is
for using DVDs as the movie medium; running a reel projector as in a proper
movie theatre would probably take too many cyclists, although a 16mm
projector would be an interesting project. It is a good idea to minimise your
power requirement as the more power, the more cyclists are needed, and
hence more units you have to build. Different equipment will have different
power consumption so it is worthwhile investigating different options. The
other thing to consider with the projector and PA is the site:
o Is there background lighting that could reduce the clarity of the
projected image? If so what can you do about that?
o How big does the image need to be?
o How much background noise is there?
Once you have decided on the equipment, you need to add up all the power
required and calculate the number of cyclists needed to produce the power.
This is what our electrical engineer worked out….
From various other websites
we had found out that a cyclist
can produce about 100W
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This gave us 14 cyclists
required and one for luck

Figure 1. Workings by electrical engineer to calculate the number of cyclists needed
given the draw of the devices to be used.
In the end we actually only made 10 units as our initial prototype showed that
our test cyclist could produce 1 amp continuously and 2 amps if pedalling really
hard. So we figured with people watching the movie (ie being distracted) and
people changing over bikes we would be able to supply the required 6 amps
with 10 cyclists. We didn’t want to make it too hard and therefore not fun for
people to participate.
Given that we decided to make a ‘ride in’ cinema, the method of getting the energy out
of the cyclist and into the electrical system needed to be versatile and (relatively) quick
and easy to change bikes. We investigated both friction drum and chain‐drive systems
and decided on the friction drum. This decision was based on the fact that we thought
quite a few hipsters on fixed gear bikes would probably come to the event and hence a
chain drive system wouldn’t be suitable! We were right.
The friction drum idea is basically like a wind trainer that mimics riding on the road by
engaging a drum onto the back wheel and providing resistance. In the cycle‐powered
cinema case, resistance is created by the fact that the drum is connected to a motor
that is working in reverse and producing electricity (you really notice the difference
between the effort required to just turn the motor and when the motor is connected to
something that is using the electricity – it’s like the difference between a tail and head
wind!).

powering a light bulb!

friction drum

electric motor

Figure 2. First attempt at creating power
The amount of friction between the drum and the back wheel of the bike is really
critical. Too much friction and it’s too hard to pedal, too little and the contact slips
resulting in your legs freewheeling wildly, if this happens unexpectedly it’s quite
disconcerting. We allowed different amounts of friction by moving the bike in the stand
and the people setting up the bikes got a feel for the right amount pretty quickly and
were able to set up the bikes well. Also having a pump on hand to change the tyre
pressure, generally increasing it, helped too.
The way the friction drum is supported and connected to the motor needs to be
robust. We supported the drum on bearings at each end, which were connected to a
plate that was then connected to the stand. The theory behind having a bearing at each
end of the drum was to transmit all of the vertical and horizontal loads directly into the
plate and hence into the stand rather than relying on the motor spindle to take some of
this loading. While good in theory what happened in reality was that due to using
cheap(er) motors which did not have the highest tolerances on concentricity, the drum
was pretty perfectly aligned but the motor was not and issue with vibration developed.
We looked into a flexible connection between the drum and motor and probably would
have been smart to continue down that route rather than the fixed connection we
used.
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note: the two different
diameters on the drum
were for experimentation
as it allowed us to find a
comfortable speed for
‘most’ people
Figure 3. Rear wheel of bike, in stand, contacting on friction
drum and motor assembly.

The bearings are 17mm internal diameter sealed roller bearings and fit in a pressed
steel housing that made mounting easy. When sourcing bearings it is a good idea to
find out whether the size you are using is available in a Chinese‐made bearing as these
tend to be significantly cheaper than the Japanese made ones and for this purpose are
just as good.
The diameter of the drum is calculated on the average speed the cyclists will be going
at (obviously the cyclists are not moving, but the speed is what they would be doing if
they were connected to the ground), and the speed at which you need to spin the
electric motor. We used an average speed for the cyclists of 16km/h (comfortable
cruising into a head wind) and we need to spin the motor at 2000rpm so using a typical
wheel size resulted in us needing a drum diameter of 90mm. The calculation goes like
this…

D2 =

D1r1
r

where
D1 = diameter of bike wheel
r1 = rotational speed of bike wheel in rpm
D2 = diameter of drum
r2 = rotational speed of drum (hence motor) in rpm
Connection point between back
wheel and drum has the same
tangential speed (arrow should be in
other direction but the idea is still the
same)

Figure 4. Rear wheel and friction drum arrangement with contact point to explain how
to calculate friction drum size.

The width of the drum is not all that critical, enough so that a wobbly wheel won’t fall
off and not too much because then it’s too heavy when moving and adjusting the
stands (ours were made from solid steel which was actually quite good as the more
mass they have the more inertia so will keep spinning for a bit when you stop peddling,
not really noticeable but enough to even out, slightly, the differences in speed during
different parts of the pedal stroke).

A good fabricator will be able whip the drum up relatively quickly, this is the sketch I
provided to the fabricator after I realised that the time required to get the correct
tolerances on the shaft for where the bearings sit was not worth it given my machining
skills.
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Figure 5. Sketch of friction drum, bearing and motor coupling assembly.
The surface of the drum should actually be slightly convex, as in bulging slightly
outwards as the wheel of the bike will tend to ride up to the highest point, thus helping
to keep the wheel centred on the drum. This shape seems slightly counter intuitive to
start with as you might think its best to have a concave shape, or a hollow in the centre
of the drum, which might work at low speeds but at 2000rmp it won’t.
The stands to hold the bikes are a really important part of the whole system. Having
stands that are strong, stable and easily adjustable can be quite a challenge. The sketch
below shows the initial idea for the stands, this was given to our stand builder who
built a couple of prototypes, each of which were critiqued and fine‐tuned to get the
final design.
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Figure 6. Original concept for stand.

The final stand used strops/webbing to hold the bike securely to the stand. The upright
supports were threaded so as to be able to extent to allow for different sized wheels.
The uprights are on an angle so that when the length is extended the width between
the supports decreases, and when shortened the width is greater. This adjustability
accounts for the difference in width of the frame at the rear dropouts. The frame was
also able to slide forwards and backwards in the stand by a small amount allowing
small adjustments to be made to get a stable connection and to adjust the amount of
pressure and hence friction between the rear wheel and the friction drum.

Figure 7. Final prototype stand with bike, drum and motor assembly in place.
The bike is elevated in the stand to allow the back wheel to spin without contacting the
ground. To maintain a comfortable riding position the front wheel also has to be
elevated, fortunately in Christchurch post‐quake there are lots of red bricks lying
around so these were used to prop up the front wheel! The consequence of the bike
being elevated is that it is slightly harder to get on and off. During the cinema nights
the volunteers looking after the equipment and riders were aware of this difficulty and
were on hand to assist people mounting and dismounting.
During our discussion on the design of the cycle cinema the idea that it would be cool if
the cyclist knew how much power they were producing. Our electrical engineer took up
this idea and created some electronics for each unit and for the overall system. The
result was a little box that fitted to the handle bars of each bike that had four LEDs, the

first LED lights up when the person is spinning the motor, the second when they are
producing a useful amount of power, the third and fourth show increased power. The
idea was for people to keep a speed that was between two and three LEDs.
The overall system indicator was a series of seven lights that were on a panel just
below the projector screen, so that everyone watching the movie could see it, the
cyclists as well as the general audience. The panel had an orange light in the middle
indicating that the system was even, the amount of power going in equalled the
amount of power being drawn. Above the orange light were three green lights, the
more green lights were on the greater the amount of power being produced compared
to the amount being drawn. Below the orange light were three red lights, these
indicating a greater draw on the system compared to the power being produced by the
cyclists. As the general audience could see the overall system indicator they could see
when the cyclists were tiring (more red lights) and would then go and take a turn on
the bikes. During most of the cinema evenings there was a constant queue of people
wanting to have a go on the bikes and consequently we were never in the red for very
long.
On opening night the movie being shown was an old cycle race silent film. We had two
local musicians who played a live score for the movie. During a particularly intense
racing scene the cyclist were going so fast that they managed to produce so much
power that the system overloaded and the inverter tripped cutting the power to the
projector and the musicians amplifiers. This led us to tell the cyclists at the start of each
evening to try and maintain an even speed even when the movie got really exciting!!
The power produced by a cyclist turning the motor is not an even signal and as
projectors are quite susceptible to power surges we set up the system to charge a
battery and then run the equipment (projector, laptop etc) from the battery via an
inverter. Thus the battery is effectively a buffer between the uneven power produced
by the cyclists, and the sensitive equipment. As the battery was 12V it would be more
efficient to run 12V equipment. This is difficult for the projector, but is possible for the
PA system and possibly the laptop. In the end we ran everything off 230V from the
inverter as we had interference issues in the form of a hum (probably 50Hz) coming
through the PA system. We tried various arrangements of connecting the equipment
and ground each individual piece of equipment but the best way for us was to run
everything from the inverter.
controller that takes the power from the motors
and puts it into the battery and then back out to
the inverter

battery (two are shown here, we
only used one)

Figure 8. Schematic of power source, batteries and inverter.
The electronics in the controller were designed and made by our electrical engineer. He
prototyped the design while the rest of us were prototyping the motor assembly and
stand. The individual bike indicators and overall system LED configuration was also run
out of the electronic controller.

Figure 9. Prototyping the electronics, here the orange light is on showing that the
system is equal.

The final arrangements were determining the best arrangement of the site where the
cinema took place. We measured the site and assessed which orientation of the site
was best for projection. We had two bare walls bordering the site and the other two
sides were roads.
About a week before opening night we had a trial of the whole system to iron out any
final issues and to train the volunteers who put the bikes in the stands and generally
assisted. A successful trial was great for our peace of mind coming up to opening night.
Finally we thought it would be great if we could use the event not only for
entertainment but also as education. Given that most people take electricity for
granted we wanted to make people conscious of the amount of power required for

everyday things. So we converted everyday activities into bike power equivalent in the
form of instantaneous power requirement, how many cyclists it takes to achieve the
power required when the activity is taking place, and also the individual effort, the
distance you would have to travel to generate the equivalent amount of power
consumed. This was made into a pictogram and displayed on a board at the event.
After cycling to create the power for a movie, most people would have a better idea of
the amount of effort, human or infrastructure, to get the power that we take for
granted everyday.
This was a great project to be a part of. Good luck!
Dr Kerry Mulligan, Mechanical Engineer and cycle‐nut! July, 2012.

Figure 10. Site measurements and locations of cyclists, and other equipment.

