
George Gillespie
10454 Fairway Ridge Road, Charlotte, North Carolina, 28277]704 451 98071 ggillesp333@gmail.com

January 5, 2015

The Honorable Nikki R. Haley
Officeof the Governor
1205 Pendleton Street,
Columbia, South Carolina 29201

Dear Governor Haley,

This is a proposal to produce JOBSand expand Aviation and Aerospace in South Carolina. I
am an unpaid Aviation Consultant to Duke Engine Company of New Zealand and have been
given the task of finding a Majority Partner to fund a new USCorporation with Duke Engine
Company of New Zealand as Minority Partner and bring the Duke Aircraft Engine from
Concept form to production and stamped with MADEINTHEUSAwith World Wide
Distribution rights. Any fee that I earn will be negotiated with the Majority Partner.

Duke Engine Company New Zealand is a Design Company and not a manufacturing
company. Over the last 12 years they have designed, patented and tested a very unique
four stroke engine that is small, light weight, one third less parts with a high power density,
vibration free and with a spark plug ignition, can use auto fuel (91 to 98 octane), Aviation
Gasoline 100LL,Kerosene, Jet fuel, Diesel fuel, Biofuel, Liquefied petroleum, CNGand
Hydrogen.

Mahle Powertrain LLC,formerly of Cosworth Engines of Racing fame in the UKare
considered experts by most engine manufacturers have been involved with testing the
Engine as the concept evolved. Mr. Hugh Blaxill,General Manager of Mahle in the USAhas
written several supporting letters, (enclosed).

South Carolina has a strong Aerospace Community and with numerous Government and
Aviation facilities will have many qualified Veterans returning seeking jobs. These jobs will
create engineering and precision assembly that can employ even the disabled.

When you consider that major changes are taking place in the General Aviation Market,
OEMproducers like Cessna, Piper, Beech, Cirrus and others have priced their single engine
aircraft out of reach of the majority of General aviation Pilots. This has opened the door to
the EAAExperimental Home Built market, add to that the LSALight Sport Aircraft coming
to the USfrom other countries and the US,they account for more new single engine
aircraft than the OEMmarket combined and with less restrictions from the FAA.



The rapid advance in the Government procurement of UAVDrones for Military use will
require more new and advanced engines. Currently this market is just hardly scratching
the surface.

The Aircraft Industry has been painfully slow to make changes in the flat air cooled light
aircraft engines from Continental, Lycoming and Franklin and others, designed in the 30's,
40's and 50's. They all burn only gasoline, costly enough in the USA,but in
Europe, very costly if you can find it. In Africa it is very difficult to find, but jet fuel is
available World Wide at reasonable prices.

Conservationist in the UShave convinced the Government to eliminate the use of Aviation
Gas 100LLbecause of the lead content. There is a major search for a replacement fuel. The
Chinese have purchased the Continental Engine Company because they have developed an
Aero Diesel Engine, currently being used in the popular Cessna 172 and Skylane Models,
able to burn jet fuel. Unfortunately the Aero Diesel weighs and costs almost twice as much
as the engine it replaces. Amajor factor in aircraft design is weight and cost.

The Duke Engine has all of the features needed at this stage and timing. It is the Worlds
only Patented viable Economical, Small, light Weight, Axial, Four Stroke, vibration free,
Liquid Cooled, Spark Ignited, Multi Fuel Engine with High Power Density that can be
adapted to the current EAA,LSA,UAVlight Helicopter and when certified OEMmarkets.

The timing is right. This N.Z.Company would like to have this product MADEINTHEUSA.
South Carolina would be the right destination. I humbly ask your help to find the suitable
Partner to invest their time and money or if as a manufacturer help us put together several
Companies that will develop the Duke Engine USAfrom Designs from Duke N.Z.to a
Commercially Successful Aviation Engine.

I am available to meet with anyone willing to discuss this project. Much more information
and a business plan is available

This is the opportunity to be the first with a Market changing new engine with technical
and commercial advantages.
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November06, 2012 MAHLEPowertrainuc
41000 Vlncenli coun
Nevi, MI48375-1921
Phcne 248-471-5000
Fax 248-471-3680
www.mahl.-.powertr.aln.comDuke Engines Ltd

PO Box 879
ShortlandStreet. Unit 5
Auckland
NewZealand 1015

Duke Engine V3i

DearRalf

Following the completion of our test program on the Duke engine, I
would like to summariseour current view of the prospects for commer­
cialisation and future Duke/Mahlecooperation.

1. Spark ignitionoperationon JP8 demonstratedperformance levels
above our expectations and greater than other oomparable eon­
ventional 4 stroke port injected engines we have knowledge of.
This is a significantachievementfor the Duke and MAHLE teams
and demonstratesof the engine for operationon heavy fuels.

2. We believe there is more potential, given further development of
the current combustion system. It is likely that the engine per­
formance and efficiencywould further benefit from the application
of direct fuel injection.

3. In our previous letter dated April 16 2012 we stated that it is our
view that the Duke engine is viable for development to production
with currently no insurmountable roadblocks identified. Develop­
ment issues notedduring this testing have not changed that view.

4. Fundamentally the oombined characteristics of high power den­
sity and operation on heavy fuel make the Duke engine an excel­
lent fit for the specialist high-value aerospace and military appli­
cations.

During the test work I was pleased to see the good team working of the Duke
and MAHLE teams. The combined teams worked hard and well to deliver a
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good conclusion. The contribution of both organizations shows the high potential for future cooper­
ation in both engine development to production and component supply. MAHLE Powertrain LLC is
willing to continue its efforts in supporting Duke and future partners.

Bestre~~s

HU9hl~!IIV-

General Manager
MAHLE Powertrain LLC
41000 Vincenti Court
Novi, MI 48375
USA
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April 16. 2012

OukeE~Ud.
PO 80x 879
Shortland Street. UnI 5
Auckland, New Zealand 1015

Dear RaIl'

Just to foIow ._.,on our various COmnll.ll1lCatlons , would Ike to conIiIm the kay messages
conoeming the Duke and MAHLE P-.nin efl'OI1smoving fot'Wll"d:

1. MAHLE PoweNain is supporting Duke currently in Itswork to develop the ~uke engine and
demonstrate ita capability. This includes testing and development activity, access toMAHLE
Groups component experts as wei as marketing and US regional suppOlt.As , have said In
the past MAHLE Powertrain is very Interested in alq)Orting potential applications of the Duke
engine. Initially Inmlttary applications. We are especIa"y r.erested in s._.,portingthe engi­
neering of the product to taka it to market and can also support with the supply of production
compcnents.

2. InMAHLE Powertrains experience we expect the! the price of a Duke engine in production
will be comparable to lIlCistingproduction engine. This Is based on the fact that funclamentaly
the components In the Duke engine are simHar in design or prooess to elCistingengines. We
expect • would be cheaper than some ct the more exotic engine designs available today In
certain applications.

3. We envisage at thill stage a production engineering prognm to require and investment it
the range of US$25M and take approximllle!y 36months to deliver. These estimates d
course depend on application and production volumes which WiUdrive the complexly of any
validlllion program b~ are based on our elCPeriance In the field.

4. We donl see, at this stage, any funclamenlal road blocks in the design of the engine. Of
course there are differences. whict11aad to somed the adVancagesof the engine, which
require fur1her dewIopment. We expect that with the experience of tile ~uke engineering
team. MAHLE P~s capabilly and MAHLE's in depth component design knowledge.
the davebpment is readily achievable.Once a suitable e~ program has beencom­
pleted we 'MlUId eJq)8Ct the engine to have equiValent durability and rellabilly to current an­
glne81n the designed-for application.

5. MAHLEwill be interested In supply components for the engine and is wiling to support
Duke in establishing a US manufacturing base. The alternatives being considered at tNs
stage coUd be via MAHLE's manufacturing partners. in house at MAHLE or ul~lzing MAHLE's
production know-hoWto s'_"port the manufacturilg at a thi'd partners facDy.

I hope thai SlITImarizes our discussions to date and look tor-d to (Q'future WOrk together.

Ki1d~.~

Hug~~ v-
MAHLE Powertrain, LLC
G_raI Manager and Head of Engineering Services NAFTA
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MAHlE Powenraln LLC
41000 Vincenli Court
HeM.UI 4837~ 1921
""- 248-47'-5000
F.x 2<18-471·3880
_,~'.in.cam
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for many uses including marine, military, automobile, light aircraft and range
extender applications.

"~ ,~..~~
" " -~ ,j

" -
The Duke Engine is
already in advanced
stages of development.
Multicylinder engines are
operational and have been tested in
Australasia, Europe and in the USA..
The Duke engine's 5 cylinder, 3 litre,
4-stroke internal combustion engine
platform with its unique axial
arrangement is already in its 3rd
generation. During development the
Duke has been tested at Mahle
Powertrain in the UK & in the USA,
and test results are available.
The Duke Engine
features many
technology
breakthroughs. The Duke's unique
counter rotation, 3 dimensional, almost
vibration free motion and the innovative
methodology employed to achieve this,
addresses previous limitations that have
prevented the commercialisation of
axial piston engines to date, especially
at higher power and speed.
The Duke offers
designers greater
freedom. Duke's axial

The Duke Engine
delivers huge weight and
size savings. In
comparisons made to
conventional Ie engines
with similar displacement, the Duke
engine was found to be up to 190/0
lighter and up to 36% smaller.
The Duke Engine has &1
negligible 1st-order or ~ '. ~
2nd-order Vibration. The it. .'..,
Duke's nutating reciprocator leads to
very low angles of con rod articulation
resulting in a near sinusoidal
reciprocating motion. This combined
with the counter-rotating cylinder group
and crankshaft in the Duke engine
delivers near perfect mechanical
balance resulting in a very low vibration
engine.
The Duke Engine delivers r.
high thermodynamic
efficiency. The absence of
hot valves in the favourably shaped
combustion chamber allows high
compression ratios for efficient
operation on low octane fuels. With
only 3 exhaust headers for 5 cylinders

httn:llwww.dukeenaines.comltechnology/overviewl
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geometry creates a very compact
cylindrical package, allowing for a
wide range of design applications,
limited space fit, aerodynamic
optimization and ease of installation.

Overview continued -
The Duke Engine offers
wide fuel flexibility. The /
current engine can be run
on any suitable spark ignition fuel.
Kerosene/Jet Al operation has been
successfully tested. It is expected with
further development to be able to
operate on all appropriate fuels,
including EthanollMethanol and blends,
Bio ethanol, LPG, CNG, Hydrogen,
Kerosene and Diesel.
The Duke Engine is far
less complex than
traditional Ie engines.
The Duke engine's lower component
count (only 3 sets of injectors and ports
for 5 cylinders with no valve train),
coupled with potentially lower
production costs, make for savings in
manufacturing and operation. And the
Duke uses existing materials and
manufacturing processes in its
construction.
Duke Engines is committed to
Research & Development, with
further advances already underway.
The Duke is currently in its 3rd
generation running prototype. The
engine has been successfully tested at
University of Auckland and Mahle UK
& USA dynamometers and test
facilities, (data available), with systems
http://www.dukeengines.comltechnology/overview/

there is a low surface area for heat loss
prior to any catalytic converter, offering
a potential catalyst light-offbenifit.

The Duke Engine has IP protection.
Throughout the development process,
Duke Engines has filed patent
applications to protect its technology.
Duke Engine Financial Supporters. In
addition to the initial founders inputs,
Duke Engines has enjoyed support
financial and otherwise from New
Zealand Trade & Enterprise, TechNZ,
Ministry of Science and Innovation and
private investors including the
Gallagher Group.
Duke Engines - the Future. Duke
Engines is now at a third generation of
the engine and currently developing the
next generation of the technology,
including running with kerosene and
biofuels and exploring the unique
design characteristics of the Duke
engine to allow Variable Compression
Ratios.
Duke Engines is actively seeking
partners right now to join in
developing this visionary technology
around application specific
parameters.
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Frequently Asked Questions
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WlL4.T TYPE OF ENGINE IS THE DUKE ENGINE?
The Duke engine is a four stroke "axial" reciprocating engine. "Axial"....
because the axis of each cylinder is aligned with the axis of the
output/crank shaft. Axial engines are sometimes called 'barrel' and 'Z­
crank' engines. The former refers to the cylindrical shape of the
Cylinder Group whilst the latter alludes to the shape of the Crankshaft.
The Barrel shape is a result of the pistons being spaced evenly around
the central Crankshaft and aligned parallel to the Crankshaft axis. The

I_--='Z=-,'_ in th~~rapk proyides_1h~journal surfaces upon whicbtll.e .
combustion loads (via conrods and then a swashplate, or the case of
the Duke engine a 'Reciprocator') act to provide the driving torque of
the engine. The uniqueness of the Duke Engine is the combining of
these two motions in a counter-rotating configuration which results in
a myriad of mechanical and performance advantages .

. WHAT FIJEL DOES THE DUKE ENGINE RUN ON?
So far the prototype and developmental engines have run on petrol of
various octane levels (91 through 98 octane) and kerosene based
Jetfuel without modification and can be readily modified to run on

'"
diesel, or indeed any of the alternatives currently proposed as
replacements for petroleum-based fuels, such as Bio-Fuels, Hydrogen,
LPG, CNG, etc. In fact there are certain features such as the relative
coolness of the Combustion Chamber walls during the combustion
phase that give the spark ignition Duke Engine advantages for working
on low octane fuels, such as kerosene. This feature has some
manufacturers very excited as it offers the opportunity for a
lightweight, high output engine operating on jetfuel - a fuel typically
requiring a heavier, bulkier Diesel engine to be specified.



·WHAT ARE THE MAJOR-ADvANtAGES-OF-THlt-buKE
ENGINE?
The most immediately obvious advantages of the Duke Engine are its
size and weight when compared to late model conventional internal
combustion engines. Duke purchased two current production 3-litre
automobile engines (one European and the other Japanese) for
measurement to provide true 'apples with apples' comparisons. The
current prototype Duke 3-litre engine is up to 190/0 lighter than those
two engines, despite being far from optimised for minimum weight.
For example, the significant weight contributed by the many fasteners
in the developmental engines would not be present in a production
version. The Duke's size advantage is even more impressive, being as
little as one third of the shipping box volume - the crate size that
would accommodate the engine - of the 3-litre comparison engines.
Similarly, _atshrink.wraJt_measute:m~nt of the volume of the ..-------_ ..
comparison engines showed the Duke has up to a 36% smaller
volume.

WHAT OTHER ADVANTAGES DOES THE DLl](E ENGINE
POSSESS?
• Valveless porting, reduces the parts count and size of the engine and
gives much greater freedom with the design of the combustion
chamber shape .
• Internal geometry generating increased power strokes per crank
rotation (compared to a conventional 4-stroke engine). Dynamically
the current 3-1itre version displaces 3.6L for 2 revolutions of the
output shaft, making it equivalent to a conventional 3.6 litre engine. A
Duke engine can have any odd number of cylinders, with the optimum
being 5 for space utilisation, the number of cylinders in turn
determining how many power strokes are delivered per crank rotation.



---_-_- -_------- --- - - -----------
--~----

..•A greater range of design freedom due to its small cylindrical
package size
• Reduced number of combustion 'banks' - the current 5 cylinder
engine has only 3 sets of inlet ports, sparkplugs, exhaust ports and
associated manifolds, with each cylinder generating a 4 stroke cycle as
it passes each of the 3 'banks' -leading to overall weight, volume and
parts cost savings .
• An almost perfectly sinusoidal piston motion leads to a near absence
of secondary and higher-order unbalanced piston/conrod forces .
• Counter-rotating cylinder groups and crankshart provide cancellation
of torque reactions and gyroscopic forces during engine speed
flutuations and vehicle maneuvers .
• Power output versatility with the option of utilising high torque/low
speed when using the cylinder group as the power take-off point as
wellas, or instea4 of the usual cranks_l!~f!_-outI2ut.---.-------- ------------.-.
WHAT IS THE PERFORMANCE OF THE DUKE ENGINE?
Even at the current non-optimised stage in the engine's development,

-- the Duke Engine is delivering superior torque to the comparison
engines mentioned above. Specific fuel consumption (a power

, independent comparison measure of the fuel economy of an engine)
has shown a strong downward trend as the design has developed,
being already competitive with with modem high end automotive
engines operating a similar combustion cycle (gasoline, port injected,
spark ignition). vlorc detail

WHAT ENGINEERING CHALLENGES FACE THE DUKE
ENGINE?
The design has come a long way since the Duke engine concept was
first turned into hardware, yet optimisation of its features has barely
begun. Despite this, the Duke engine is favourably comparable to
modem conventional designs.
Mechanical and other main characteristics (Seal lubrication,
combustion, perfonnance, port timing, port shape, manifold geometry,
reciprocating to rotary conversion mechanism etc) are performing
satisfactorily at prototype stage, but all will no doubt benefit from
concerted R&D effort.



._-
WHY ARE THERE NO COMERCIALLY AVAlLABLE AXIAL
ENGINES?
Axial engines are challenging to make practicable at typical engine
operating speeds. The technical innovations of Duke Engines have
been aimed at overcoming these challenges.
WHAT ABOUT SEALS?
:;,(, Duke si;;';:ng sea] ar"a:igem('n\ i" ~::·.a;r;:::oli";", tuncvion h' c\ro;'.~d 2-,:rok" c·; WanK~: engine ;,(,~ ~t',,';~;~.J:!pwlng ~:m::'lr
,-:.;;hnC'!c'gies to be :lpplie(.!. The Duke ll~.;'''' ;l~q; me:,,:li,' ,;",1i, op;;,r~\:in!; orun ~,; l!:n~,\blend:' l..i:-;t:darc :10S;" f'()unc~ in
;:->fodudionro.id vehicles The \'3i .:n;;n~' hi' ~(.;;!;~which arc ,'f'u ~1:;1pk ,;i.',ign C:;:Coperate ~1: "C""Ji..":, (.;C1r::.\C: <:'~'~-:ar.d S\iliin;

All V3i gasoline and Jet Al testing to date (March 2012) has been
completed with a single set of prototype seals which remain in good
condition. These seals will be reassembled into an engine for further
testing without modification or repair.
Duke challenges in seal development are much less than in a 2-stroke
or in the Wankel engine due to lower sliding velocity and a flat ----
monoplane sealing surface (Wankel has 3 seal faces, I curved, that
meet at a comer, seals). So far, our sliding seal challenges are proving
to be modest in reality.
For more Information contact: RalfMuller [al:\! dllki:~:·~;nes.,-..)m

Or John Garvey john« d'.:k.:e:lgir6.COP; .-

Duke Engines Limited PO Box 879
Shortland Street - Auckland 1015
T.+64 021 2504494
www.dukeengines.com ©Copyright Duke Engines 04.2011


