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Context
The A.R.C Generator project was a technological project that involved applying timetested scientific theories and practices in such a way that they combined to create
something unique, in this case, a new type of hydro-electric generator.
The initial stages of this project began in 2013 during my research investigation into the
usage of electromagnetism within particle accelerators. The idea was to reverse the
functionality of a particle accelerator in such a way that it produced electricity. Over the
course of that year, my focus moved away from particle accelerators to a new theoretical
device that used linear induction coils to produce electricity. This led to an initial design
as well as several simple prototypes. Mid-way through 2015, I realised that several of the
conceptual designs were suitable for use alongside many renewable energy sources
particularly hydro, gas and wind energy. Through some additional research, I decided to
focus the development path for this particular project towards hydro-power due to the
vast amount of opportunities for this type of generator within the New Zealand hydropower industry.
This set me to a design goal, refining the conceptual designs towards a final functional
product. While following this design path, it was discovered that there was an actual need
for an electrical generator that was able to be customised for specific circumstances while
still operating at high efficiency. This need is focused primarily towards small-scale
operations such as homes, small businesses or where common types of hydro-electric
generators don’t fit the specifications.
Early 2018, I discovered that the Brunswick Water Treatment Facility had a need for a
hydro-generator that was able to be linked to the water mains and produce enough
electricity to provide a backup power source for the operating computer systems in case
of a mains power outage. I approached Allan Evans, Chairman of the Brunswick
Waterboard, and he expressed his interest in the idea of installing a trial version of the
A.R.C Generator as a potential backup power source.

Aim
This project arose from the aim to redesign the common electrical generator into
something more flexible in its operation. By having a focus on flexibility, one is able to
use a single product to fulfil a wide variety of needs and opportunities, which was one of
the main drivers behind the development of this project.
Over the course of this project’s development, the aim of the A.R.C Generator has
diversified as the design developed into new forms that opened new opportunities in
different fields. This variation of the generator follows the aim to repurpose the base
design and create a simpler, more efficient and practical type of electrical generator that
uses hydro-power. The final outcome of this was to create a hydro-electric generator that
would be able to be installed along any source of flowing water at a low construction and
installation cost, while still providing a large amount of electricity. To reach this goal, it
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was necessary to start by producing a prototype at a smaller scale. To develop this initial
prototype, I decided that the best approach was to design it specifically to suit an already
existing source of water flow, in this case the Brunswick Water System. For this system,
the requirement, or need, was to use the pre-existing water system to produce a stable
source of electricity which would be used to provide a backup supply for the computer
systems. The final goal was for the generator to be able to power the computer systems,
while the required outcome was to have a prototype hydro-generator that functioned as
a functional ‘proof of concept’ prototype.
The summarised key points in the brief for the ‘proof of concept’ prototype are as follows:
-

The generator must be able to function with the existing system with little to
no modifications other than pipework.

-

The generator must comply with all Health and Safety Laws set by the
government. Health (Drinking-water) Amendment Act, 2007.

-

The generator must be able to be maintained easily without affecting the water
system.

-

The generator must be able to provide a stable supply of electricity for the
computer systems (Or provide proof of future potential).

The original brief covers a more in-depth explanation of the various attributes and
specifications that were crucial to the operations of the final projected product that would
eventually be created based on this prototype. This brief can be seen later in this
document within the project development portfolio excerpts.

Stages of Development
The developmental process for this project was planned out into several phases which
start from the initialisation of the concept through to future plans for a product.
Phase 1 Theoretical Design: The theoretical design phase was where the proposed new
technique to produce an electrical generator was initialised and further developed into a
feasible theory that could be put into practise. A research investigation into the
operations of the CERN LHC resulted in the initiation of this long-term project. The
question was if electrical energy was used to propel the particle around the self-contained
unit, then by using the idea that an electrical motor can be reversed to become a
generator, would it be possible to do the same with a particle accelerator? This later was
proven to be near impossible with today’s technology, but it did give birth to the idea of
a creating a new type of electrical generator. Studies were made into the original
electrical generators produced by Michael Faraday, and to the various changes made over
time, such as the variations of armatures as can be seen in. Extensive studies were also
conducted into the Laws of Induction which is currently the most commonly used laws in
the field of electrical generation. I finally decided to focus on a process which is
uncommonly used in electrical generation - Linear Induction. This process involves a
magnetic core passing through a coil. As the magnetic fields from the core and the coil
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wire interact, a current flow through the wire which then induces a voltage. As Faraday’s
Laws dictate, the current is produced by a change in magnetic fields, meaning that current
can only be produced when either the coil or the magnetic core is in a motion that is
relative to each other. In the case of linear induction, it the core is usually moving in a
linear motion that enters and exits the coil. This motion makes it inconvenient as the core
usually needs to change directions so that it can pass through the coil multiple times and
this change causes a large energy loss. If this loss of energy can be eliminated, it would
potentially bring the usefulness of this type of induction up to the same level as Rotational
Induction which is commonly seen today. To eliminate this ‘flaw’ I once again took
inspiration from the LHC particularly that of the cyclic accelerators that get the particle
up to speed by moving it along a circular track. By having the core follow a similar path,
the required linear motion in respect to the coils would remain while eliminating the need
to change direction. Using this idea as the base I came up with a theoretical design that
allowed all the required parts and motions. This initial design was discovered to be flawed
due to an incomplete understanding of the coils structure which is further explained on.
This issue was fixed in a later design which, after refinement to reduce aspects such as
friction, became the primary design of which most prototyping, testing and design
development was based from.
Phase 2 Prototype Development: The prototyping stage was where all the newly
developed techniques and theories were to be made into functional models that could be
studied in the real world. Here the Primary design was developed, refined and put
through rudimentary tests before being developed again. Eventually this led to a
conclusion that the Primary design was impractical for the requirements of the new
prototype. This meant that I had to go back to the original concepts and make a major
design change. This design change re-directs the water flow to move through the
generator directly as opposed to using an external water turbine. This change also
allowed me to remove the central armature which was always considered a source of
energy wastage but was still necessary due to circumstances. With the new design at an
acceptable stage I was able to use some of the developing that was completed previously
to help complete a design that could be used for a functional prototype. These designs
were then tested individually through the use of scaled models. Once all the parts were
tested individually to confirm the design aspects were as functional as possible, they were
sent to Kilwell Fibertubes where the individual pieces were then 3d printed. With the
construction of the parts done all that was left was to assemble and test the complete
prototype.
Phase 3 Prototype Testing: Once the prototype was fully constructed to a standard that
was acceptable, various tests were conducted in order to determine the functionality of
the design. These tests were focused both towards the operationality of the generator,
as well as to study the interaction of each of the individual components. These results
would then be used to determine the potential of the project as well as to locate the
poorly designed aspects that can cause inefficiencies or safety hazards. The results of the
tests would be compared to the brief that was established to determine how well it meets

3

the requirements but due to the stage of the prototype, this was purely to judge the
potential of the product as well as to make predictions for a final product version that will
fully meet the brief. As this particular prototype is a proof of concept, the requirements
for meeting the brief were significantly lowered. For the overall functionality tests
conducted to study the prototype functioning as a complete unit were determined to be
successful as long as there was a measurable amount of produced electricity which was
eventually achieved. The results from the tests would then be used to further develop
and refine the design through later iterations, slowly increasing the functionality and
efficiency of the generator.
Phase 4 Final Product Design: At this point the project would have gone through many
variations of the original design, each furthering the development and refinement of the
last. Eventually this process would result in a prototype that was able to perform at a level
similar to that of electrical generators that are being sold on the general market. This
would then go through a final stage of refinement to create a final product design that
suitably meet the brief that was originally created. This product would then be supplied
to a few selected consumers such as the Brunswick Water Committee to test not only the
functionality of the product in a fully uncontrolled environment, but also to see the
consumers reaction to the design. This would then be used as a foundation for the
product when it goes into a mass production stage. Even after a final product design is
created, the development of the design will continue so that future designs that have a
higher efficiencies and adaptability will still be created.
Phase 5 Mass Production: After a series of test product are released to a test market, the
design will once again go through a stage of refinement that will take the results from the
consumer tests into account while also simplifying the design as much as possible to
reduce manufacturing costs. This design would then be used for mass producing the
product for introduction into the general market. At this point, development would also
be conducted into the construction processes involved as it would be necessary for a
specialised production line to be created due to some of the complex designs that will
likely be needed. At this point in the process it would also be necessary for a management
team to be hired to organise the various aspects involved with both mass production,
sales and distribution. This will be achieved through either the creation of a company or
the release of rights to an existing company.

Prototype Design and Testing
Prototype: This prototype of the Hydro-electric generator is a trial version, the primary
purpose of which is to act as a ‘proof of concept’ which shows the functionality of the
theoretical idea in a real-world situation. Initially this was based on the primary design
generated by the theoretical aspects, but a major change was made which changed many
aspects of the design. The largest design change was to direct the water flow directly into
the coils. This way the water can directly turn the magnetic core and decreases potential
energy loss from any external water turbines. As the design change involved direct
interaction with the water flow, there were complications that appeared during the
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development involving water containment (seals), pressure and flow rate drop, and
directing the water flow to spin the newly designed core. These issues were eventually
solved mainly in the design phase with the aid of 3d printed test models. The final design
was then sent to Kilwell Fibertubes who offered to construct the parts using their
industrial grade 3D printers. After the parts were constructed, they were tested, and hand
refined as much as possible before being assembled into the necessary components.
Kilwell Fibertubes also took care of most of the assembly as they had access to specialised
adhesives. All coils were wound by hand, due to the unique shape, with 0.3 enamelled
wire.
A more in-depth explanation of the operational and design aspects is able to be found
included in this document contained within the excerpts taken from the development
portfolio. These excerpts include a detailed description of several designs as well as the
changes made to them, some component tests that were used to refine the final design
and a detailed explanation of the steps taken to create the parts for the prototype as well
as the assembly.
Testing: Once all the components were completed and fitted as accurately as possible,
the generator was assembled and sealed with silicone providing an additional waterproof
seal. The initial tests were simply to determine functionality of the generator as up until
this stage it was purely a theoretical concept with very little evidence supporting it. The
first functional test resulted in failure as there was no measurable output and it could also
be seen that the central core (turbine) was only partially moving. After some adjustments
were made the tests were performed again with a successful result. The functional tests
performed showed an average reading of around 0.038 amps per coil which calculated to
an average total output of 0.07 watts from the concept generator. This single test showed
that the prototype was a success to a certain degree and provided evidence that the
theoretical concept for the A.R.C Generator was both able to be recreated, as well as that
there was a large amount of potential in later designs. Other tests included changing the
direction of waterflow, increasing the input water flow and pressure, changing the
variables of the coils and calculating the volume of water at any one time. Unfortunately,
several of these tests were unable to be fully conducted due to the equipment required
as well as the structural inefficiencies of the prototype itself. From the tests that were
completed, many faults and inefficiencies were discovered in its operation, particularly in
relation to the central core turbine and the resulting pressure within the central chamber.
These and several other discoveries have been individually recorded for reference in later
versions where continued development will slowly refine the design. Currently the
majority of the discovered faults already have solutions found that will be included in the
next prototype.
The excerpts included contain the results and observations of the main functional tests
as well as some link to the testing videos. The final evaluation for the prototype that is
also located with the excerpts include some of the results found from the studies
conducted during the tests as well as some of the solutions that I had found for them
which will likely be included in later variations.
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Evaluation
Looking back at the design I can confidently say that the design process from theoretical
conception through to design and construction has been well executed, to the point in
terms of this ‘proof of concept’ prototype which only needed to function. The process
taken to develop what was an idea into a fully functional prototype, followed distinct
stages with individual goals. This allowed me to constantly refer back and change aspects
without affecting everything else, or to work on different aspects without following a
strict step by step guide. What I could have done better with this aspect was to create
deadlines, as I found myself spending more time on stages that I enjoyed while ignoring
other important stages. In the later stages this became less common as I began
incorporating skills learnt in my technology classes, but it still is something to improve on.
The theoretical part of this project was the most time-consuming part of the project and
took several years of development, but after consulting with a wide variety of people and
informative sources I am confident in the thoroughness of the theory’s development. This
has also given me a solid basis in the potential of any designs or products developed from
this theory. Because of how theasable and ‘solid’ this theory is, I am looking at continuing
the project well into the future to the point of creating a commercial product. While the
theory may be sound, the design of the prototype has been discovered to still need more
development. These include redesigning the water seals, core blades, injection system
and coils. The usage of the materials also needs to be changed as the tests showed many
inefficiencies caused by the plastic. Many of these changes have already been designed
and included into the next prototype which will be made at an industrial level of quality.
Overall this project has met the minimum requirement of success and has proven the
potential of the idea and has paved the way for future development and eventual
commercialization.
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A.R.C Generator Development Portfolio Excerpts
Primary Stakeholder
The Primary stakeholder for this project is Allan Evans. Allan who is the chairman
technical director of the Brunswick Waterboard is responsible for the technical design as
well as the plant operations. He also runs a process control consultancy under the name
of Evans Consultancy LTD which is involved with various large-scale power plants, some
of which could be able to potentially be installed with a similar product to this hydro
generator in the future. He has held a number of senior positions. More recently as
Engineering Manager for Origin Energy responsible for the operation of nine major
power stations on the eastern seaboard of Australia. This represented a third of all
power generated in the states.
He then became the Asset Integrity Manager. In this role he was the technical authority
for the generation group.
Capitalising on this knowledge could be an asset with the development of the final
product. By being in contact with the technical director of the treatment facility I am
able to visit the site, examine each aspect of the treatment process that will assist in
developing a suitable solution in order to meet the stakeholders. requirements.
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Construction Environment Considerations
Intended Construction:
The generator for the majority of this
process will be constructed and tested
within the JPC Metal Technology workshop
(D3).
During the initial stages of construction,
the resources available such as the various
welding devices’, drilling machines, lathes
and several other pieces of equipment will be used to create several situations that the
final product will be likely to experience during its operational life time. By testing
different materials and manufacturing techniques future problems that may affect the
operational function of the generator can
be avoided and a series of suitable
materials and construction methods can
be found for use during the final product.
The workshop itself has a wide variety of
equipment which means that most of the
necessary parts can be made on the spot
but there can be up to around twenty
other students working on separate
projects at any one time and therefore
there will always be the possibility that a
piece of equipment or machinery will be
unavailable for use.
Outside Construction:
Due to the nature of the project it is highly
likely that certain parts will be too difficult to create with the resources and abilities
available within the main workshop so outside help may be needed in order to obtain a
part that will fulfil the requirements of the project. This would include buying the
required part directly from a supplier that has already has the part in stock or for some
more unique parts a business that is able to create custom items such as an engineering
company may need to be approached. If an outside company is required to create a
necessary part it will mean that a larger amount of time will be needed in order to
prepare as detailed research and designing will be needed to make sure that the part
getting made will fit all the functional purposes perfectly as the price will be higher than
usual due to it being a custom piece. The stakeholders will also need to be notified of
this and a discussion on alternatives will likely be needed.
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Two likely companies are ORCA Engineering based in Rotorua and Bay Plastic
Fabrication based in Papamoa.

Intended Environment Considerations
The generator will be used at the Brunswick
water treatment facility and as of yet it is
undecided whether it will be used outside,
underground or within the main building with
all the other essential equipment.

Outside:
If the generator is to be used outside the different types of weather will need to be
taken into account during the development of the product as
if it is unable to perform within a certain type of weather,
then that will potentially cause problems for the operations
of the water facility at some point in time. The location is
also in the vicinity of a large geothermal zone and therefore
the air as well as the water will have a high hydrogen
sulphide content before purification so the corrosion
resistance of the generator both inside and out must be
taken into account during the development phase and properly tested before the final
product can be used onsite.
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Underground:
The earth in the area is primarily made up of
pumice which has natural water drainage
property meaning that there is almost no risk
involved of over flooding which may cause
damage to any important components over
time. Some sections of the site is partially
surrounded by vine type plants which have a
very complex root structure that expands
throughout the majority of the top soil within the site and as such it makes the
installation of anything underground difficult and over time without proper safeguards
in place the roots can cause stress damage to the device that will affect its ability to
function according to the guidelines required by law.
Main Building:
The main building is where all the computer systems
and other essential equipment such as the pumps are
kept sheltered from the environment and away from
the general public. While the buildings purpose is
primarily to protect the equipment inside from
potentially damaging factors there is still going to a
large amount of corrosion due to the location having a
very high sulphur content in the air and that there are no proper filtration systems
installed for the purpose of stopping sulphur corrosion inside the building. There is also
less room inside that allows for large modifications to the water flow pipes.
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Attributes and Specifications:

Patents:
As this is a prototype generator that is customized for a specific system, it will be unique
compared to other types of generators and therefore the use of patents may be needed
particularly if it is intended for a larger market in the future.
Shipping:
The generator will not be constructed on site but in a workshop, so it will need to be
transported to the facility. Therefore, the mode of transport will need to be
consideration during the construction process.
Safety: (in order of priority)
1. No hazardous materials can be used in the construction and operation of the
generator as the water that passes through the unit may become tainted causing
harm to anyone both near the unit and anyone that uses the water. This means
that all materials that may potentially be used will be cross referenced with the
existing lists of prohibited materials published by the government according to
the Health (Drinking-Water) Amendment Act 2007.
2. All moving parts need to be fully enclosed and away from where objects can
accidentally get caught. This will be done with an outer casing which will contain
all the main components of the generator which will keep these parts safe while
also increasing the safety of anyone nearby.
3. The generator will be operating under water pressure of less than 6 bar but
there is potential for it to increase in certain circumstances, so it will need to be
able to withstand any fluxing in pressure without causing harm to anyone
nearby. This will be done by putting the generator through various pressure tests
and allowing it to withstand up to a minimum of a 50% increase in pressure.
Taking 6 bar as the standard the walls of the generator will be designed to
withstand up to 9 bars of pressure.
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4. In case of failure the generator needs to not cause harm to the facility and
anyone nearby, so all parts need to remain within the unit and fail in a way that
causes the least amount of problems. This will be done with several cut off
points built into the electronics and several layers of casing around the crucial
parts of the generator which will contain any damaged parts safely. There will
also be an alternate water flow path that bypasses the generator.
Legal:
•

The generator before installation will need to pass all the regulations set out by
the government in the Health (Drinking-Water) Amendment Act and the
stakeholder.

Disposal:
•

As the generator will eventually need to be replaced a disposal plan needs to be
made. This will be done by using only materials that can be either
recycled/reused or can be broken down naturally. Any other materials will have
a different disposal plan made up depending on current action made by other
companies.

Service Life:
•

•

•

An estimated service life will need to be made where the generator will still
function but will need to be replaced in order to reduce malfunctions. This will
be based on the materials used and how their properties change over time as
well as the wear on each of the components. This particular prototype will only
be in operation for 2 years before being removed due to it being a prototype
used for study purposes on how the generator would function in society.
The environment the generator will be functioning in is high in sulphur content
so there is a high level of corrosion which can cause problems for the generator’s
functionality and safety. This will be avoided by using materials that either have
high corrosion resistance or are protected with external assistance such as paint.
There will also be regular maintenance which will reduce corrosion damage.
The generator will be operating constantly so there will be regular maintenance
and therefore there needs to be an easy way to maintain the generators inner
workings. This will be achieved by having the generator made up from several
components and the main casing will be made from two halves that only need to
be unbolted to access the inner part of the generator.

Weight:
•

The generator needs to be lifted through human means and not put stress on
the piping in the facility, so the total weight of the generator needs to remain
below an absolute maximum of 10Kg.
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Size:
•

There is limited space for the generator to be placed within the facility and
therefore the generator will not exceed a size of 500mm x 500mm x 500mm
without further discussion and approval from the stakeholder.

Processes:
This prototype will be made in a school workshop by a student so the design and
materials will not exceed the abilities of what's available in terms of material and
technique so some of the materials decided on for an actual product will be
replaced with more available materials and any parts unable to be made in the
workshop will be sourced from outside companies with permission from the
stakeholder.
• The generator while in operation will be mostly left unsupervised and therefore
the operational process will be made to be robust and fully autonomous without
the need for constant supervision.
Performance:
•

•

The need of the stakeholder is to reduce the operational costs of the facility and
the purpose of the generator is to power the computer systems controlling the
pumps. This means that the generator will need to produce a constant output of
12V and an absolute minimum of 8V due to this being a prototype and the
efficiency cannot be expected to meet the goal straight away.

Timescale:
This is currently a project that is at a prototype stage and therefore the
stakeholder has no definite date where this needs to be completed but
installation of the prototype is expected to be done by November of this year.
• This is also a NCEA based project and therefore there is an absolute deadline for
the construction and portfolio to be finished and handed in on the
• The prototype itself is planned to be entered into the Bay of Plenty Science Fair
of this year so an operational prototype needs to be completed by the 31st of
July 2018.
Testing:
•

•

•

As the design is custom made for the facility there are very few design
references that can be used so in order for the generator to function as needed
there needs to be a large amount of refinement made to the designs. This
refinement will be partially done by prototyping the design at a small scale and
performing function tests on them and then changing the designs based on
those results.
Various parts of the generator will also be tested individually and then tested
again as they are compiled into a final unit in order to keep the whole generator
functional.
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The final prototype will be installed into the pump facility as a long-term test for
any potential products that will be made in the future.
Installation:
•

•

There is an existing pipe system installed into the pump facility which is in
operation and therefore the generator needs to be designed to fit into the
original system without major modification. This will be achieved by making a
section of pipe that allows for a bypass into the generator. This pipe will then be
installed into the facility and the generator will then be able to be installed into
the bypass section without stopping the water flow every time the generator
unit is changed or maintained.

Final Brief
I have decided to design and produce a prototype electrical generator that will be
installed somewhere within the facility. The purpose that this product is to fulfil is to
reduce the financial load by generating a portion of the electricity needed for the
computer systems ‘in house’ and therefore less electricity will need to be bought from
the main power grid. The reason that the stakeholder has a need for a system such as
this is because there are currently plans to renovate the facility and improve the
efficiency and quality of the process and if the costs of electricity can be reduced then
there will be a larger budget for the modernization of the facility. A ‘in house’ generator
would also serve as a potential backup power supply in the event of emergencies.
For this project the most important attributes and specifications are as follows:
•
•
•
•
•
•

It must not be able to cause any harm to anyone near its operation or the
consumers of the water supply.
It must not be able to cause damage to the surrounding environment in the case
of malfunctions.
It must fit with all the requirements specified by the government in terms of
water health and safety.
It must be able to produce the required amount of electricity or have valid
potential to produce the electricity.
It must be able to operate for extended amounts of time at constant and varying
water pressures without failure.
It must be able to operate in a highly corrosive environment safely.

These key attributes take priority over the others and without a change in circumstances
or on request from the stakeholder they all must be fulfilled in the final prototype and
product.
In order for this issue to be fulfilled a generator based loosely around concept 3 will be
used but will use several other features from the remaining concepts and the research
that is constantly being conducted. The design will feature the low profile with the
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horizontal rotating magnetic core similar to concept 3 but the coils will be arranged in a
way similar to concept 1 with the magnetic core passing through the coils centre. As the
magnets pass through the coils an alternating current is produced which will then be
stored and used as the electrical source for the computer systems. The generator itself
will be separated into four main components which will serve certain purposes.
The first component is the frame which will hold everything together in a way that it is
secure and will prevent any breaches in safety. The second component is the core made
up of the magnets which will be rotating around an axis at high speed. The third
component is the coils which will be the output source for the alternating current
necessary to power the computer systems. The fourth and last component is the
circuitry necessary to store the AC power and convert it into DC before transferring it
into the computer systems.
As a product the main material that the generator would be made from would be
aluminium and stainless steel due to the high corrosion resistance properties as well as
its availability but as this is only an operational prototype at this point and there are
limited facilities in order to process these materials properly, the generator will
primarily be made from various plastics which are easy to access and form. As for the
other components such as the core and coils, there are very few materials that can be
used as a substitute, so the coils will be made from enamelled copper wire as was
planned initially and the core will be made using neodymium magnets or any other
substitute that may appear in the future.
The product generators would all be made using materials that were recyclable such as
most metals due to the limited operational life and the eventual need for disposal but
for this prototype it is not a necessary problem as the prototype will only be installed for
2 years before it will be removed for study purposes. This means that there is no
disposal plan needed and hence there is no materials restrictions for this particular
project.

Induction Coil Testing:
Coil Type 1 Output:
The output of the Generator is directly related to the output of the coils individually
and, therefore it is necessary for each coil to produce the most amount of current
possible while in standard operating circumstances.
This will be tested by performing functional tests on various coils with different values
such as the amount of turns on the coils and the magnet linear velocity. The results will
all be judged on the current output of each coil and will be measured by a standard
analog galvanometer.
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The results from these tests will then be put
through various calculations to find out all other
factors of the coils that may have an influence on
the generators output such as the induction and
resistance.
RESULTS:
After completing construction on several coils
based on the initial generator designs, they were tested using the method above. It was
found that none of the coils were producing any sort of current that could be seen using
the galvanometer.
To resolve this all the coils were dismantled and rebuilt in case of a manufacturing error.
This yielded the same results
The second attempt was to increase the strength of the magnet used as well as the
amount of turns used by the coil in case the output was simply too low for any
instruments to register. Again, this failed to work
At this point outside consulting was sought and it was found that the coil needed to be
redesigned from scratch due to the design itself being highly flawed and inefficient.
Potential Issue: Wider stakeholder consultation
The coils are the key component on any generator and particularly for this type of
generator where the coils have objects passing through the centre. Because of this there
has been extensive ongoing research taken into the subject and from that a possible
design flaw was found in the existing coil used in the previous generator designs that
would lower the overall efficiency of each coil and therefore reducing the potential
output of the generator while in operation.
This flaw was later confirmed by Physics Teacher Tim Bell who explained that a current
is only produced when a magnet is entering and exiting the coil and so when the magnet
is completely inside the coil no current is being produced. This means that if the magnet
is smaller in length then the coil then there will be a period of time where there will be
no output from the coil even though the coil should in an active state according to the
original operation theories.
This can be solved by having the coil and magnet the same length or have the magnet
longer than the coil but if the size of the magnet is increased then there will need to be
extensive changes made to the overall design in order to accommodate it. A larger
magnet will also mean that there is more mass to move and surface area which will
increase friction and therefore the efficiency will decrease.
Because of this and my limited ability to test this for an optimal coil and magnet size as
well as the distance between coils I have decided with my stakeholder’s approval to go
ahead with a proposed solution which is based on existing scientific theories.
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The proposed solution is to split the original coils into smaller segments which will
remove the issue of the gap in output from the active coils. The potential issue with this
solution though is that if the coils are too close together then there is a possibility that
the magnetic fields will ‘merge’ and if that happens then two separate coils may end up
operating technically as a single coil in terms of output and the original problem will
appear again.
The generator currently is being designed to be an initial prototype and so we expect
the appropriate tests and studies to be completed for a final commercial product.
Coil/Magnet Length:
The potential issue involved with the length of the coil vs the length of the magnet
cannot be recorded using the generator coils due to the lack of necessary equipment
but can be proven by using a different coil that will leave enough time between field
interactions to record the results manually if there is an issue between the coil and
magnet length variables.
The test will be conducted by using a meter-long coil supplied by the John Paul College
science department. The coil will be connected to a galvanometer and a magnet will be
dropped through one end in a way that it will slide out the other end at a velocity less
than if it was in free fall.
The test will be purely observational to prove whether there is an issue with the coil
length. If there is a reaction from the galvanometer as the magnet enters and exits but
no reaction between these points when the magnet is passing through the coil, then it is
confirmed that there is no output when the magnet is within the coil. If there is a
constant reaction from the galvanometer then there is a constant output and there is no
need to compare the coil and magnet length to the output of the generator according to
the before mentioned concern.
The potential issue is backed up by a large amount of evidence, so I believe that the
results will show that there will be a period without output which will signify the
existence of the flaw in the original coils design.
Results:
It was observed that as the magnet entered the coil there was a spike on the
galvanometer that indicated the equivalent of a coil output but then there were no
more changes observed until the magnet exited from the other end of the coil. This
indicates that when the magnet was fully enclosed by the coil, there is no output
generated. This means that the magnets on the final design need to be staggered so
that at least one coil is activated at all times for a constant output to be generated. This
can be done by either having one more, or less magnets on the core then there are coils.
Coil Type 2 Output:
Due to the issues found with the original coil design showed that the coils needed to be
redesigned and therefore the original tests done on finding the optimal values for the
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coils in order to have the maximum output need to be redone. The test itself will be
done identically to the previous output test.
This will be tested by performing functional tests on various coils with different values
such as the amount of turns on the coils and the magnet linear velocity. The results will
all be judged on the current output of each coil and will be measured by a standard
analog galvanometer.
These tests are primarily to find the relationship between the amounts of turns on a coil
where the variable is the amount of turns. It is expected that the more turns there are,
the higher each resulting value will be.
Results:
Turns

Length

Diameter

Gap distance

Turn per layer

Layers

Wire length

Resistance

Induction

Current limit

Voltage limit

200

40mm

15mm

2mm

78

2

10.24m

0.861 ohm

224.66

6 amp

5.189 V

400

40mm

15mm

2mm

78

5

22.131m

1.861 ohm

1035.47

6 amp

11.165 V

500

40mm

15mm

2mm

78

6

28.68m

2.412 ohm

1729.48

6 amp

14.474 V

1000

40mm

15mm

2mm

78

12

67.63m

5.687ohm

9327.39

6 amp

34.12 V

5000

40mm

15mm

2mm

78

63

748.33m

62.9ohm

932524.3

6 amp

377.5 V

5800

40mm

15mm

2mm

78

74

963.2m

80.99ohm

1473710.4

6 amp

485.95 V

Picture of a testing rig
(due to the amount of motion pictures and
videos are unable to show accurate results)

Prototype Design IV Water Flow Functional Modelling:
The fourth design for the generator needs
water to flow directly into the inner section of
the generator in order to provide kinetic
energy to the core. To do this there needs to
be a way for the water to flow in and out
without interrupting the operation of the
generator itself. The solution was to make
small slits in the wall of the generator and
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have the water enter and exit through those openings.
The model shown above is a smaller version of the final design detailing how the inlet
slits would perform in the model such that a linear flow would be established in order to
provide the maximum inlet force possible. Additionally, it was important that the water
exiting the model did not create a back pressure that would minimise the inlet pressure
affect.
The smaller model was built in order to ascertain that the opening size, quantity as well
as the approach angle would be at the optimum design for the final version.
The first function test will be injecting pressurized water into the entrance channel in
order to study how the water interacts with the slits. Apart from the angle at which the
water enters the inner compartment it is important that the exit channel is of sufficient
size not to create any back pressure but large enough to allow the water to exit
freely. Adjustments will be made during this trial to ensure that the above is achieved
Once the flow testing has been completed a mock-up generator core will be added to
the model in order to study the interaction of the water inlet and outlet against the
internal obstructions. It may be necessary to make further modifications to the inlet slits
in order to obtain the maximum possible rotating speed of the inner core.
This is a real-world test of a design that has already been simulated digitally so it is
expected to work as intended with some minor imperfections due to real world
variables.
WATER FLOW PROCESS

Here the model mock-up has been
3d printed. A water supply with
added Iodine, for clarity, has been
connected to the inlet.
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The iodised water can be seen here
entering the first of the slits flowing
into the central chamber. The design
angle as well as opening size is
looking good.

Here the iodine has moved
significantly into the central
chamber traveling in the direction
intended. It is important to note the
design of the inlet channel. The
narrowing of the inlet channel was
necessary in order to ensure that all
the slits contributed to the required
energy input.
Here the iodine shows that the
injection from the slits has created a
rotational flow in the inner chamber
with a considerable amount of
motion which can be seen by the
rate of movement made by the
water/ iodine mixture. The model
also demonstrates that the design of
the out flow is not creating any back
pressure.
WATER FLOW RESULTS:
Summarising the test results conducted on the smaller model.
•
•
•

Rotational movement was achieved
The inlet slits together with the narrowing of the inlet channel achieved a good
even flow through the unit, with all slits contributing to the rotational force.
The design of the outflow chamber resulted in no back pressure increase within
the unit.

These results have established a degree of confidence that the design of the full-size
model
Will require very little modification.
To watch this functional test: https://youtu.be/XEdQz83BL5c
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Generator Construction
Printing:
The first stage for the A.R.C Generators
construction was to convert the CAD models into
a format that could be used to create the physical
parts. The 3d printers used at Kilwell had a print
bed of 200mmx200mm therefore the generators
main structure needed to be cut up into around
40 individual sections, a process that involved a
large amount of trial and error to complete. The
revised CAD files were processed through the STL
splicing program to check for errors before each part was printed. Several of these
revised files due to complications in the design itself, were some sections which would
appear in the CAD program but would be missing once the file was put into the splicing
program. These files were sent back and once again revised in an attempt to rectify
these errors.
During the printing itself there were still some complications which primarily were due
to the complexity of each part. This meant that the printers
themselves struggled to print specific sections such as the
bolt holders which were suspended in mid-air. Other
problems involved warping due to the rapid cooling and in
some cases the inability to remain adhered to the base plate
resulting in a failed print. Sometimes the design files were
able to be changed to help the printing process but, in most
cases, it was necessary to reattempt the failed sections.
The entire printing process for the generator took an
estimate of 80 hours of printing and resulted in 12 parts that could not be used in the
final prototype.
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Gluing:
After the printing stage it was necessary to assemble
the main structure into a single solid piece once again.
This required each piece to be refined by hand in
order for each piece to fit as accurately as possible.
The process started with the removal of all the
construction material that was added during printing
due to many parts either being free floating or at an
angle that the printer simply was not able to operate with.
The removal itself was primarily done with a steel spatula
that was able to remove the larger sections while pliers
were used for the smaller sections. Following that, sand
paper was used to smoothen the parts. The next step was
fitting the individual parts together. 3D printing,
(particularly with the machines used) is not entirely
accurate as the cooling of the plastic allows warping and
shrinkage to appear as could be seen on the parts that
made up the main body of the generator. This meant that
the connector sections of the individual parts required
constant refinement with sandpaper and files while testing in order for the parts to
eventually fit together as designed. Even after refinement it could be seen that the parts
didn't fit cleanly together leaving large gaps. This meant that the original intention of
using a silicone to join the pieces was replaced with a strong resin adhesive.
Unfortunately, this change meant that in the event of a problem occurring with a part, it
would become necessary to replace all the pieces of that section. A frame was created
to hold all the parts together while the adhesive cured over 42 hours.

Refinement and Assembly:
After all the sections were printed and glued, they were fitted together as they would
be in a final product. From there the parts were specifically
adjusted in order to fit correctly without impacting the
operations of the overall prototype. This included sanding
each coil to size, smoothening the inner chamber out and
sealing up any areas that may allow leaks. The time spent on
this was one of the longest as all changes were done by hand,
with constant re assembling and disassembling of the parts in
an attempt to make everything fit accurately. All the changes
made were noted down for future reference in the later
designs that will require a far higher precision.
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During this process an accident occurred which involved the prototype being exposed to
significant heat. This caused the plastic that has a
reasonably low melting point to warp drastically,
making the prototype unusable. Three weeks were
used to re-heat the parts and set them straight,
through the use of a jury rig frame. This event was
also noted for future reference for later designs
and materials.
Once all the refinement was completed it was
necessary to complete the coils which involved
hand winding 16 grams of 0.3 enamelled wire
around the coil frames. Due to the complex design
of the coils which were both elliptical and curved, it
was near impossible to machine wind. After the
completion of the 16 coils, the central core was
assembled into the full ring within each coil. These
parts were then installed into the main frame of the
generator prototype. Waterproofing was done at
the very end of the assembly process after some
basic tests to confirm that all the parts were
working correctly.

Functional Testing Results
After the generator prototype was fully assembled, each part was subject to a simple
manual operations test to check for any potential hazards that could prevent a
successful test. The unit was then fully sealed and bolted together to provide a strong
seal against leakage. For the first round of testing, the prototype was linked up to a
standard household water supply via a hose. The reason for this was that this would
provide a water pressure of around 7 psi or 0.5 bar. This is far below the requirement of
116 psi but as this is a first prototype, it is unknown exactly how the structure will react
to the pressure. By starting at a low pressure, it is possible to get a basic understanding
of how it will function under higher pressures. Slowly the pressure can be increased to
the required 116 psi. This will also provide a deeper understanding into the prototype’s
limits and capabilities.
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Test 1:
Pressure- 7 psi (0.5 bar)
Seals Status- Holding
Coil Output- 0 amps (per coil)
Test Result- Fail
Observations- Once the water supply was turned
on, the first thing that was observed was that the
core could be heard to move what is estimated to be two thirds of a full rotation before
stopping. The sound indicated that when in motion the core was rotating at a very low
speed, approximately 30 rpm. This immediately indicates that there would be no
measurable output even if the core continued rotating. The second observation was
that other than the area directly surrounding the hose which had very few sealing
sealant measures, the rest of the water seals on the generator were fully intact. The
only leaks that could be detected were where the water had seeped through the plastic.
This problem would be eliminated once the waterproof membrane was added and
therefore was within acceptable parameters. The reason that the core stopped was not
entirely understood as there was no way to watch the core during the tests. My first
hypothesis was that either there was something that was causing the core to become
stuck, that the space between the water blades were too far apart, or that the water
pressure simply was not strong enough. The chance that the first and third hypothesis
were the reason were later reduced as it was found that if the prototype was shifted
slightly, the core would rotate briefly once more.
The current planned actions to solve this is to continue to raise the pressure to attempt
to generate a greater force acting on the core. If this fails, then the next option is to
increase the number of blades on the core thereby shortening the distance the water
can travel.
Watch test at: https://youtu.be/YIhqUiKtDuI
Test 2:
Pressure- 30 psi (2 bar)
Seals Status- Holding
Coil Output- 0.002 amp (per coil)
Test Result- Success (within lower margins)
Observations- At first this test went in a similar direction as the first with the core
spinning briefly before coming to a standstill. During the test though I decided to
attempt to flip the generator over so that the water was going in from the lower inlet,
therefore making the water need to move upwards. This change in testing resulted in
the core moving continuously without stopping like before. The core was still moving
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slower than desired at an estimate of 20-30 rpm so the output from the coils was well
below the desirable margins but as a proof of concept it was a successful test.
It is assumed at this point that the water was being pushed from the upper inlet and
was then dropping straight into the lower outlet without fully traveling the length of the
inner chamber. This would mean that there was little to no force driving the core. When
the generator was flipped, the water needed to then rise to reach the outlet section and
therefore was forced to follow the path of the inner chamber. This will be further
explored in preparation for the next design as if this assumption is true, it will cause
some limitations and inefficiencies in the design that are not wanted.
Watch test at: https://youtu.be/6BiJ0dzvbio

Test 3:
Pressure- 30 psi (2 bar)
Seals Status- Holding
Coil Output- 0.038 amp (per coil)
Test Result- Success (within lower margins)
Observations- Discussion with several people who were
experienced in the area of water transmission led to an
understanding that the current design created a massive buildup of pressure within the chamber which in turn limits the
movement of the core. Therefore, as a secondary experiment,
the test was conducted with the main casing dismantled,
relieving all pressure build up.
The first thing that was seen was that the inlet jets were
generating a considerable amount of force, meaning that the
design for the inlet was working as intended. It was also able to
be seen that the central core was catching the water flow and
was rotating at an acceptable speed. The output generated by
the coils appeared to significantly increase for this test as the
output fluctuated around 0.03 amps. The core itself was
rotating at an estimate of 30 rpm so going by the higher output
it is believed that the previous rpm estimates were believed to
be higher than it actually was.
This result of a higher output will have a significant impact on
the future designs as it shows that there needs to be a system
to relieve the pressure build up in order to maximise the efficiency.
Watch test at: https://youtu.be/HyECXnTB7Ek
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Proof of Concept Evaluation
From an overall standard the proof of concept prototype is considered as a successful
project as can be seen by the results where some output is seen. While the results are
nowhere near the desired outcome or the goals set in the brief, it is enough to prove the
potential of the design and that in the future those goals will be able to be met.
In relation to the brief that was set in regards to installation in the Brunswick treatment
facility, it is obvious by the results from construction and testing that this particular
prototype will not be installed physically for safety reasons. But going by the results
gathered it is possible to compare the final prototype to the specifications set.
Key specifications outlined by the brief:
•

It must not be able to cause any harm to anyone near its operation or the
consumers of the water supply. This specification was only partially met as it
was indeed safe for the consumers of the water supply as there were no
registered harmful materials used in the design such as lead. The generator was
also going to be installed on a separate route from the main water supply.
Unfortunately, the plastic used due to its weaker properties and structure from
the 3D printing, it was unknown how it would react to the high pressure.
According to some computer simulations at the required pressure, it was
predicted to become significantly damaged which was further reinforced by the
leaking at low pressure in the tests. This will be different in later designs though
as a refined design will no longer use 3d printing or sectional construction.

•

It must not be able to cause damage to the surrounding environment in the case
of malfunctions. In terms of the design and the predictions from computer
simulations, the design will indeed fully contain any breakages or malfunctions in
a safe way but once again due to the limitations of the material and 3d printing
techniques, the surrounding environment may be in danger of becoming
damaged. In reality the outer casing in terms of design and materials would
easily be able to contain everything within without becoming breached.

•

It must fit with all the requirements specified by the government in terms of
water health and safety. Other than the before mentioned potential hazard
from the materials used in this prototype, all the other laws and regulations that
applied to the prototype were fulfilled. This included the use of pre-recorded
‘safe’ materials as registered by the government as well as the use of al alternate
route that the generator would operate on.

•

It must be able to produce the required amount of electricity or have valid
potential to produce the electricity.
The final results of the tests so far have
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proven that there is some electrical output produced. While it is not at the stage
of powering any computer systems it has shown the potential which was also
included as an aspect of this specification. Future designs will now be focused
towards increasing the overall efficiency with a much higher output in mind.
•

It must be able to operate for extended amounts of time at constant and varying
water pressures without failure. Due to the problems in gathering the
equipment needed for this testing as well as the time constraints, this
specification cannot yet be commented on at this time.

•

It must be able to operate in a highly corrosive environment safely. All the
materials were either plastic or were nickel/chrome plated which meant that the
anti-corrosion properties of the prototype were significantly adequate. Due to
the nature of the high sulphur corrosion though it is still recommended to have
regular maintenance and replacement of parts as a precaution.

The materials used in the construction of the prototype were very limited by price,
accessibility, and machinability. The research conducted named plastics as the best
material for this particular project due to the wide variety of properties that can be
found. Also, the price for the most part is significantly cheaper than materials such as
aluminium in the quantities that were required. Plastic was also far easier to machine
into the desired shapes than metals as the complexity of the parts were beyond what
can be done by hand.
Even though plastics were decided to be the best option, it was still difficult to construct
the parts required with the most suitable types of plastic. As this was a proof of concept
prototype it was decided that some aspects could be compromised in return for a
prototype that could be finished quickly and cheaply for testing purposes only. With this
in mind, 3d printing was decided on as it is a quick machining process that is able to
operate at a high level of detail. This unfortunately meant that the overall structure of
the prototype was significantly weakened thereby making it impossible to be tested in
an actual scenario. This also meant that the parts were highly susceptible to heat as was
seen in the incident when the prototype became warped.
One of the biggest advantages that was seen through the use of 3d printing was that
almost all the parts could be made using a single printer. This meant that it was possible
for future products to be created quickly in an industry or in a home, which opened
more doors for product distribution. Also, as all the parts were made from the same
materials and in the same way, the parts all complimented each other. Many of the
parts were able to be simply snapped together due to some of the inconsistencies from
3d printing. This made the construction process simpler. Also due to the way that 3d
printers operate, the grooves made by each layer in the main frame moved in the same
circular path as the central core. This meant that the total resistance that the core
experiences from contact was reduced slightly thereby helping increase efficiency
slightly.
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FUTURE DESIGN
Even though this prototype was deemed as a success, there were many parts that were
found to be flawed. The biggest of these was the fluid injection system. It was found
that during the tests, the core would only spin when the generator was orientated in a
specific way. This was judged to be to do with the design of the injection system and so
a future design would be made in a way to remedy this. At this moment it is unknown
exactly how the problem is occurring, so some significant testing is needed to be
conducted before a new design is created. The central core is also going to be
completely redesigned as the gaps between the walls allow large amounts of water to
flow past. This has always been a problem even during the design process but was
temporarily ignored due to the need to achieve a proof of concept prototype. Now that
the prototype was successful, the core is able to be made more complex and thereby
achieve a higher efficiency. Several designs are already being considered. The water
seals are also a section that will be changed in the future designs as it was found that
the techniques currently being used were not achieving the desired outcome as was
evident with the large amount of leaking at low water pressure. The seal layer will be
removed entirely, and the groves will have rubber tubing installed which will achieve a
stronger seal. The number of grooves will also increase so that there are several ‘walls’
that can contain any accidental leaks. The final major design change is that the coils will
be redesigned so that they can be easily wound while holding more turns. This is so that
they can be constructed quickly and cleanly while also increasing the efficiency of the
generator.
In terms of the construction techniques and materials, future prototypes will no longer
be 3d printed but CNC milled from entire blocks so as to increase the overall strength of
the parts. The majority of the parts will still be made from plastic materials with some
looking at being nylon, for the time being while in the future parts will eventually be
made from materials such as aluminium and even titanium.
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Stakeholders Afterword:
The Directors of the Brunswick Water Company and myself as plant manager have been
following with great interest the concept of this prototype “A.R.C generator”. The initial
development was especially interesting considering the lack of available materials as
well as resources that Cian had available to him.
The early drawings of the development provided much food for discussions between the
plant engineering team. The early problems that appeared as the design was developed
provided Cian with many challenges. It is a credit to his ability to move through these,
finding answers as the first “arc generator” became a reality.
We consider that this “first of the block” unit will easily provide the springboard for
future units especially with the selection of more suitable materials, friction reduction,
coil design and other enhancements.
We are impressed with the way that Cian approached this project. His obvious talent for
creating this work, the complexity of the drawings required for the 3d printing, finding
the required resources was good
work.
We look forward to following the
development of this prototype. The
Brunswick Water Company look
forward to providing any required
resources in the future.
Allan Evans. FIMC; SMISA; MAPPITA.
Plant Manager
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【評語】200018
This alternating rotational conversion (ARC) generator
project is a technological project that involved applying
time-tested scientific theories and practices in such a way that
they combined to create something unique, in this case, a new
type of hydro-electic generator. Thus,this project has very high
movelty.

