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About Westwind

Westwind are a renowned and respected range of turbines worldwide, supplying our
turbines, controllers and ancillary equipment since 1984. Our turbines have established a
reputation for being reliable and for requiring little maintenance, even in the most severe regions
(The North Pole, Alaska & Antarctica)

Andrew Graham (J. A. Graham Renewable Energy Services) bought Westwind in October 2006
and moved the entire stock and equipment to N.L in the United Kingdom.Geoff Hill, former owner
and engineer, was nearing retirement with no one to take over from him, and wanting
his business to continue he turned to Andrew Graham. Geoff had two businesses running side by side
As of 2008 he still owns and runs the other, Venco. J. A. Graham Renewable Energy Services was a
long established and repubable company, since 1992, Andrew having a lifelong interest in wind
turbines had obtained a vast knowledge within the wind turbine industry; and
once he saw the potential of Westwind Wind Turbines, with their quality design, owning the
business was a once in a lifetime opportunity. Andrew and the long established staff of ].A. Graham
Services now apply their knowledge of competitor manufacturers into our turbines; where they saw
others flaw, they assured that the same engineering flaws must not be made with our
Westwind Wind Turbines

Westwind where first established by Geoff Hill, an enthusiastic engineer who designed his products
to perfection. Geoff was involved in various wind power developments, including
larger ‘A synchronous’ machines. He established Westwinds reputation for reliability as his
early grid-tied machines have now been operating for over 20 years

Geoff then made a 10kW machine under licence of a US manufacturer. That 10kW machine
was known as the “Rolls Royce” of small wind turbines
Later Geoff started to make his own turbine, named Westwind.
As Westwind grew, they expanded to manufacture a 3kW, 5.5kW, 10kW and 20kW turbine

Geoff designed a monocoque body/nacelle instead of the “traditional” steel chassis with plastic nacelle
This was the same advance in design as was leaving the separate chassis behind in the car industry
as well as stopping any resonating noise caused by the generator; a fibreglass nacelle would
amplify any sound caused by the generator

Westwinds generator was also a major advancement in the wind turbine industry, and is a well
documented part of our history. Using rare-earth magnets, winding coils and our unique slot and
lamination combination, Westwind are touching on perfection on this front; and after years of
research now produce a generator with 95% efficiency

“There are all kinds of claims for generator efficiencies and all kinds of fancy technical names for them
[ listen to people say a certain turbine is nearly always going. | have to explain that
just because it ill rotating this doesn’t mean it is generating
It is simply doing mile’s in a 6Gmph breeze it has no need to”
- Dermot Kyle - Production Manager -

Qur zenerator is fitted with Taper Roller Bearings of a size such that the competitions would fit
inside them; they are lubricated at assembly for an approximate 20 years of service. As our efficient
generator produces very little waste heat, it is sealed from ingress of dust / debris
due to not requiring ventilation for cooling

Testing for our turbines was done under restricted conditions, so there was no adjustments during
the testing period to improve or effect the outcome results. The blade pitch was also not adjusted to suit
the seasons, or, any other enhancements added to falsity the statistics
Therefore, whenever our customers interpret our graphs they can be confident of our figures
Westwind wish to offer our customers true statistics to maintain our
high standards within the market

http.//www.westwind com.au/images/exmouthreport pdf
The above link is a report relating to the testing of our turbines, if you wish for more
information around testing

We are also leading competitors with our FWM (Pulse Width Modulation) Controllers, which
upholds an almost constant maximum voltage unlike the system of switching on and off
a fixed load which results in great voltage fluctuations. Our PWM Controller is still used and is
of great benefit today as it suits combined grid | heat and numerous other applications
Since the development of our controller our competitors have also adopted similar systems

es also have added inductors | chokes, which gives our systems more protection to the
entire system, and enchanced our generator to capabilities previously unknown. Running
our generator on another manufacturers wind turbine, we found that

with our zenerator the output was increased by 35%

In reality, Westwind Wind Turbines are built to the hizhest standard, and no questions can
be asked over the reliability of them. They are tested and have proven a global success
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J.A. Graham & Westwind history..,

Westwind Wind Turbines was started by an enthusiastic engineer, Geoff Hill, in Western Australia

Geoff had experience in wind energy after being commissioned to build grid tie machines; in it
would appear in the sub 100kw class in the 1980s, Most of these turbines are still operating

There are many manufacturers of large grid tie commercial turbines today
who would be very proud of the reliability Geoff achieved with these early machines

However, despite Geoff’s interests and wonderful design, Australia with its large coal reserves had no
need for his wind power and the attention towards his product faded. Geoff didn’t fade away
however after interest was minimal, he began to sell and manufacture Bergey wind turbines in the
Australian market and did this for some time. Bergey turbines were respected and regarded by him as
a well designed machine - remembering Geoff’s perfectionist characteristics

At this time, the Australian government had a slight upturn in its interest for renewable
energy, and Geoff seized upon this upturn, designing the first Westwind wind turbines (prior
to the later generator version).

Geoff approached designs with a monoque chassis and tail boom, the advantage of this was that
there was no fibreglass nacelle to resonate with the generator; so a quieter wind turbine
could be created. The combined body | chassis was also stronger and lighter than separate

items; similar to the era when the auto-industry left the separate chassis behind. The chassis parts

were to be hot dip galvanised, just like today, to improve the quality of
manufacture and prolong lifespan

The slip ring and brush assembly could now be housed internally, which was beneficial for damp
humid areas, as there is an insignificant chance of dust collecting in the brushes
to accelerate component wear

The design of the generator incorporated large robust taper roller bearings; this superior design
issue (relating to the choice of bearings) in comparison to competitors is only now being brought
to your attention (these bearings be seen on another section of this section).

In the background work was continuing, funded by the Australian government, to design
revolutionary range of PM (permanent magnet) generators; the generator that many other turbine
manufacturers would later adapt into their design. After continuous testing of slots & windings, an
optimum PM generator with rare earth magnets and 95% efficiency was produced
It was so much more efficient that the same blade and swept area had been given a 35% increase
in power right across the operating range The generator would be sealed due to there
being so little waste heat; any excess air circulating around the inner void could transmit
more than enough heat to the outer wall, even in extreme climates. Sealing the generator stopped
any chance of dust collection, especially metal particles carried in the air, a problem that troubled
those before who used these very powerful magnets (as particles would have previously
been liable to collect and damage the generator

Again, like the huge bearings, there was little mention of this generator design being so much
of a move forward - It is still a leader in design today

The next design issue for Geoff was the “Westwind controller®,

Most of Westwinds production back then was 24V 48V and 120V stand alone battery systems. There
was various types of charge controllers on the market that operated a large resistor when
the battery bulk charge was reached; poor in design as it was difficult to get the batteries up without
over charging them. When the element switched on, the voltage would plummet as the element had
to be at least the turbines maximum output. Bulk charge volts have to be held for some time before
a large deep cycle battery is fully charged. The smaller machines could rely on zennor diodes which
could be made to limit voltage level, however zennor diodes were not practical for machines in this
size range. Another method was to let the turbine run free when the required voltage was
reached, this was very noisy and definitely not pleasant to live with

Geoff saw these flaws and designed a PWM ( pulse width modulation ) charge controller that sends
excess energy to a large resistor, but in a controlled fashion. It allowed for the voltage level to rise
to a preset level, and to “chop” current to the resister. In whatever situation, the volts remained at
the correct level. Many wind turbine manufacturers have since have adopted this principle, but
never has another able to hold such a constant level. The new controller could be run without a
battery connected; this was unknown at the time, and a great safety feature. The reliability of this
controller has been second to none, in the two years since UK ownership we have never had
a customer requiring a spare part or replacement
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J.A. Graham & Westwind history,,

Geoff continued the design of his range, seeking design perfection once more, by designing a 20kW
wind turbine that was to contain the 95% generator and all the robust Westwind internal
components. This larger turbine however would require blade pitch control, an engineering
issue that many have tried to achieve, but failed to perfect. The 20kW’s superiority was to be
apparent in every way; it was extensively tested by Murdock University, Australia, as were
the rest of the range previously. The 20kW did not require a gearbox, and surely was the first
of its kind, and once more the very conservative man, Geoff, did not *sing its praises’ highly enough
He was content to make his turbines in his own way and sell them, we at Westwind UK however feel
he enjoyed the challenze and did not worry about marketing the product; it sold itself to those
who discovered it

Westwind feel that you may wish to know how the
company moved to the UK, and about any improvements since the move

Our Production Manger here, Dermot Kyle, is another enthusiastic of part of our team

From an early age he would have been involved in Lister DC AC sets etc, and had access to a Lucas

Freelight at his home; so he had from an early stage a keen interest in power production. He began

to become engrossed in the ‘green energy’ move during 1984, learning to understand the peak oil
concept prior to anyone hearing about it

He himself has_..

¥ A 3kW stand alone system of wind power
¥ A ZkW system of FV (on the same stand alone as above
¥ A 4kW system of solar water heating
¥ A 5kW system of FV on a grid [ heat system
# And finally a pole, which would be suited to our 3 -10kW turbine, on this same grid [ heat
system. This pole will be one of our test poles and part of the testing regime for
Westwind’s up and coming new multi-channel heating / dump controls

If our interest and experience isn’t evident enough by now, as we wish for our customers to
have complete belief in our knowledge, this next section outlines
the J.A. Graham Renewable Energy Services history

¥ We installed the first 20kW Jacobs here in Ireland

Andrew Graham, Dermot Kyle and Rodney Douglas (whe still work within our
company) installed the first Atlantic Orient in Ireland

¥ The first 10kW Bergey was also installed here

¥ In addition to these, and since this time, ].A. Graham Services continued to install countless
Jacobs, Provens etc machines

¥ We installed the first, of what now has become our own, Westwind
& turbine here. The arrival of this new machine was investigated thoroughly by Andrew
Dermot; and Andrew, who was once Provens largest installer here in the UK. and had
colossal experience in this business, was overwhelmed by the quality of the turbine

¢ Andrew, although wouldn’t regard himself as ‘green’ with his 20kW of PV and 30kW of wind
power, has had an interest in wind power from childhood, carving his first set at blades at
14years of age
At around 16, Andrew was flying his Lucas Freelight, and had rewound Lucas alternators to
suit a low rpm. This Lucas Freelight is still in our possession today, and there is a good chance that
it will be on display in the hall of our new factory

¥ Andrew bought his first 2Z.5kW Froven in Scotland and brought the lot home in an Astra van

¥ J.A. Graham Services later became the Proven installer in the province, and then
Provens largest installer

¥ As did they become the regional installer for Jacobs then, installing just over 140 of these

¥ We also installed various other turbines such as Bergeys, Atlantic Orients etc
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Our Design

Westwind turbines enjoy the reputation as one of the most heavy duty and robust turbines
available. This makes them the ideal choice for remote area applications where maintenance
Jis expected to be infrequent and or costly
The turbines are designed for strength, simplicity, and low maintenance as the major desizn
criteria
All Westwind wind turbines consist of three blades up wind of the tower on a horizontal axis
.and attached directly to a sealed permanent magnet generator
Rotor over speed protection is achieved via furling. The turbine can also be manually
furled at the base of the tower. Furling describes the action of the tailboom pivoting around to
be at right angles to the axis of rotation. This action turns the blades out of the wind and thereby
reduces power output

Blade Design

Westwind blades are made form pultruded fibreglass sections and are designed to last the rigorous
20year long service life required of a Westwind turbine. No Westwind turbine has experienced
a catastrophic blade failure
At present all our turbines except the 20kW., use blades of which the raw material is purchased
from Fibreline', one of europes leading pultrusion companies. The raw material is placed in moulds
in our factory to fit blade mountings and blade tips. Using in house manufacture
we can ensure the quality of our product

The Blade Profile

The raw pultruded material is made in Denmark using a process very similar to extrusion that can
ensure a super high quality finished product. This is highly important for wind turbine blades that
must live for a long time in through many very demanding weather conditions. The strength of
this material is demonstrated by the fact that no Westwind turbine has ever experienced a blade T—

failure N i o
7 S  CENERLTOA

Leading Edge Tape

All our blades have Helicopter Blade leading edge tape attached to the outer
high speed portion of the blade. This protects the blade from erosion by airborne particles
The leading edze tape generally needs re-applying yearly in severe weather sites but may last
many years in normal sites

ATV Blades
Our largest turbine , the 20kW Westwind, uses different blades from our other turbines
The blades are manufactured in France by ATV and are hizh quality field proven. The foam
cored blades are overlayed with an expoxy, carbon and a fibreglass composite
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Our Bearings

Qur bearings are chosen for there superior strength, so that they will not only enable the machine to
function, but function efficiently without maintenance for 20 years or more

Pictured on the left is a main shaft used within a Proven 2.5kW Wind Turbine; there are two of
these per machine. It is a single roll ball bearing located in a self aligning housing. On the right of the
above image we have our Westwind 3kW main shaft bearing, which is a tapered roller bearing

The table below shows a performance comparison of the bearings; information taken from
1O Phaar o
NSK Bearings

Proven 2.5kW Westwind 3kW
Radial Loads Poor Good
Axial Loads Poor Good
Combined Loads Fair Good
High Speeds Excellent Fair

Radial Load — The force perpendicular to the axis of rotation, which
in this case is the force being applied on the bearing from the end of the shaft
Axial Load — Also known as the thrust load, is the load applied to the bearing parallel
with the bearing axis of rotation. In this case it is the load on the side of the bearing
Combined Loads — It is the combination of axial, radial and various forces acting upon the
shaft & bearing
High Speeds — This evaluates the bearing when it is under high speed rotation

Taking into consideration there is a lot of thrust on the end of the shaft due to the power being taken
from the wind and that there should never be more axial load than the weight of the generator
rotating parts it is clear that Westwind have designed a very robust product, having our bearing

strength far superior than competitors. The high speed performance of the bearings is
important; however it is not as crucial due to the machines being designed to be ‘low-speed
machines’ i.e. The bearings should not be under very high speeds

It would also seem the choice of the shaft [ axle bearing on a Proven was made more on the suitability
of the bearing being self aligning to suit the manufacture stage rather than the suitability of the
intended purpose. The Westwind bearing however is more than suitable for the task expected
of it; as we want to maintain a reputation as the most reliable product available. Finally the issue

rezarding loading capabilities of the single row ball bearing versus te taper roller is another issue
we consulted, and as you should also find; any bearing manufacturer will recommend the
tapered bearing for having the superior size to strength ratio

rings that

To conclude, our bearings used are more suitable not for their use alone, but as we use bea
are overly strong for the task, their lifespan will be increased — as will the machine lifespan. They
are the more expensive option, but nonetheless Westwind Wind Turbines will continue
to provide our customers with the highest quality & most robust small wind turbine available

In this image, on the left we have the main shaft
bearing from a 6kW Proven machine, and on the
right the main shaft | hub bearing from a 5.5kW

Westwind machine. The NSK information on the

bearings has no change (same performance
indications as the previous bearings) and the same
benefits of our bearings are still apparent

This image displays the Bergey Excel 10kW single row
2rs bearing on the left and our Westwind 10kW tapered
roller bearing on the right. The performance information

is the same, were the tapered roller is the more suitable
We do not wish to offend Berzeys design as their bearings

are suitable for the job, however we just wish to show
robust

customers that our bearing used is used so that ou
machine will have a very long lifespan with minimal
maintenance. If there was to be a fault in the bearing it is
unlikely that it will collapse due to the oversized nature
of the design — remember on each turbine there is
two of these oversized bearing per machine
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Our Bearings continued

Here is displayed the bearing on the left is the main input shaft | hub
bearing from a 20kw Jacobs machine. The bearing on the right is a hub bearing
from a 20kw Westwind machine. In this case Jacobs Wind Turbines have chosen a
suitable bearing, however Westwind wanted to offer a much superior strength
machine; and this can be seen due to the colossal size difference

While we do not wish to imply any of the other manufacturer’s bearings are
not fit for the intended use; we are simply using this as an indication of the
care Westwind Wind Turbines has taken in their choice of bearings for a long
lifespan. We figure out what is needed and then exceed these requirements. It is
our intention that we should never have a bearing failure as our bearings are
under such a low level of stress. There is a monetary cost element to this but
we feel that our customers will appreciate our efforts to make a superior product
Every element of our turbines has had this attention to detail right from design
to manufacture. The machines are heavyweight where it is needed but with no extra where
it is not needed. The Westwind range does not “carry” any extra weight to absorb
inherent vibrations. There are no untoward vibrations that need to be dampened
Westwind in our 20+ year history have had minimal trouble due to fitting such
oversized bearings and product components, however, if we use these oversized components
then why are competitor turbines (of similar size) so heavy? In some cases the extra
weight used to stop the machine vibrating and causing movement
on the top of the pole, this concept does work; however Westwind prefer to take
the engineering option and solve the vibration | movement problems rather than this option

We have the experience. We have been the installers. We know
all about *parts only warranty’. We know all
about endless repairs to machines while under warranty
and the customer simply doesn’t understand
nor want to pay for the labor. ] A Graham have been
installing wind turbines since 1991. We were and will
be for some time the largest small turbine installer
in Ireland having installed several Megawatts

As our history story explains, “We have tried the rest, now we have the best "
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Our Stator Design

Pictured above are the Westwind Stator on the left and an encapsulated axial flux stator on the right

Although much has been claimed about the supposed benefits of generator windings being
encapsulated and the generator being of an “axial flux design”, Westwind choose not to use this
design for we believe different J.A. Graham Renewable Energy Services have more experience, more
enthusiam and more conern about the quality of our product than most competitors

Encapsulated is when it is sealed after winding, usually by surrounding the entire stator
in an epoxy resin

If you approach any winding services they will inform you that the traditional method is still
best, they are supplying rewound motor | generator parts everyday and do not want any poorly
insulated parts coming back at them. When original windings are made they are submerged in a
bath of shellac (a natural polymer), and this works into the windings due to its density. Through the
application on heat, the product is cured. Once cured it is not soluble, and is a good transmitter of heat

Epoxy Resins are not a good conductor of heat, something a stator of any type needs no matter how
efficient. There is also no possibility of the air circulating in these to cool the windings. This poor
heat conduction causes more problems as if the windings change temperature, the epoxy does not
expand as rapidly as the windings; leading to the epoxy cracking — and this looses the insulation

Axial Flux is a good idea and it does produce
electricity, but for the best part is not more efficient
than many others; even though it lets the turbine start
to rotate very easily. This does not however result in
much, if any, useful power being produced. It does mean
the turbine appears that it is producing; however
effectively it is only doing “miles” it has no need to

There is also the problem that most of this type of stator has to be hand wound leaving margin for
ervor, for example, during the hundreds of turns of wire there is almost certainty there will be a
miscount. Axial Flux is established for a long period. but the vast majority of manufacturers use

the “normal” PM (permanent magnet) generators, Westwind stators are machine wound and machine
punched therefore repetition is achievable: therefore it is almost an impossibility for them to have
any difference in outer diameter. Westwind generator drums / cans are machined to a predetermined
sized also that are fitted with magnets of a predetermined size. We have no shimming or adjusting to
be done, and as a result of these factors is that Westwind can operate with a consistent air gap of lmm

Due to the high quality of manufacture Westwind generators give consistent performance levels
mmed, adjusted, hand

whether on the dyno or operational in the air; unlike those that are
wound and can have serious differences in performance from one machine to the next. Even our
test machines cannot be adjusted in any way to enhance their performance, they no different or carry
any variation in comparison to the production models

Westwind opted to stay with a traditional stator albeit, a very efficient one. We use thin laminates
with an intricately designed slot. This is not as simple as it sounds, there was a very substantial
investment made by the Australian Government to design these generators and these slots were
a crucial part of the design. Westwind’s generator is 95% efficient due to its design, leading to less
heat build up meaning an excellent power to blade swept area ratio

Westwind could have used both Axial Flux and encapsulation, it would actually be cheaper for
us in addition to this, but we and our existing customers / distributors agree that a cheap product is
not the answer
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Our Stator Desig
The stator is part of what is known as an alternator. An alternator is a mechanical device that
produces alternating current (A.C.) when driven by a prime mover. It has two major parts

The first part is a rotating section commonly known as the rotor, which has pairs of magnetic poles

The second part, the stator, is simply fixed coils of wire; also known as the A.C. stator. (See
our ‘history” section for more on the development of our leading FM Generator

Using our PM generator, as apposed to off-the-shelf alternators combined with gear boxes, is far
more superior and efficient. One problem with gear boxes is that they are often under considerable
unremitting mechanical strain

Secondly, a number of small wind turbines will have no nacelle so water collect in the
bearings, resulting in bearing failure (and this can be made worse by a vertically mounted
alternator). A majority of these vertically mounted alternators will comprise of single row
bearings, which have a poor load rating for axial load (see bearings section

In our Westwind range we use more than adequate bearings and our sealed alternator that is further
protected by a nacelle, as we aim for more than 20 years problem free wind
turbines (assuming the maintenance and correct care is taken). To conclude, our generator
is specifically designed for the fask, putting our turbine at the forefront in the market




