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CONTROL SYSTEM DEVELOPMENT



[image: image3.emf]Categories Recurrence Period Cost Estimates Multiplier for Yearly Costs First Year Cost EstimateSecond Year Cost EstimateThird Year Cost Estimate

Consulting Mechanical Engineering Per Engine Build Event $5,000.00 8 $40,000.00 $40,000.00 $40,000.00

Mechanical Engineering Yearly $60,000.00 1 $60,000.00 $180,000.00 $300,000.00

Electrical Engineering Yearly $60,000.00 1 $60,000.00 $180,000.00 $300,000.00

Systems Engineering Yearly $60,000.00 1 $60,000.00 $180,000.00 $300,000.00

Mechanical Technician Yearly $40,000.00 1 $40,000.00 $120,000.00 $200,000.00

Electrical Technician Yearly $40,000.00 1 $40,000.00 $120,000.00 $200,000.00

Marketing, Advertising & Sales Yearly $50,000.00 1 $50,000.00 $150,000.00 $250,000.00

Reception & Accounting Yearly $40,000.00 1 $40,000.00 $120,000.00 $200,000.00

Industrial Tools Onetime $100,000.00 1 $100,000.00 $100,000.00 $100,000.00

Computers Onetime $25,000.00 1 $25,000.00 $25,000.00 $25,000.00

Software Applications Once & Updates $25,000.00 1 $25,000.00 $30,000.00 $30,000.00

Hand Tools Once & Updates $20,000.00 1 $20,000.00 $30,000.00 $30,000.00

Tool Rentals Per Engine Build Event $7,500.00 8 $60,000.00 $60,000.00 $60,000.00

Vehicles Onetime $40,000.00 1 $40,000.00 $40,000.00 $40,000.00

Test Equipment Onetime $50,000.00 1 $50,000.00 $50,000.00 $50,000.00

Leasing Yearly $55,000.00 1 $55,000.00 $165,000.00 $275,000.00

Utilities Monthly $2,500.00 12 $30,000.00 $90,000.00 $150,000.00

Maintenance (cleaning, repairs, etc) Monthly $1,000.00 6 $6,000.00 $18,000.00 $30,000.00

Supplies Monthly $1,000.00 12 $12,000.00 $36,000.00 $60,000.00

Vehicles (lift trucks, etc.) Monthly $3,000.00 12 $36,000.00 $108,000.00 $180,000.00

Test Facilities (construction of test area) Onetime $25,000.00 1 $25,000.00 $25,000.00 $25,000.00

Communications (phones, radios, etc.) Monthly $1,000.00 12 $12,000.00 $36,000.00 $60,000.00

Fabrication (component build) Per Engine Build Event $50,000.00 1 $50,000.00 $150,000.00 $250,000.00

Stock As Needed $10,000.00 1 $10,000.00 $30,000.00 $50,000.00

Fasteners, Nuts, Bolts, etc. As Needed $2,000.00 2 $4,000.00 $12,000.00 $20,000.00

Adhesives, miscellaneous As Needed $5,000.00 2 $10,000.00 $30,000.00 $50,000.00

Insurance Yearly $10,000.00 1 $10,000.00 $30,000.00 $50,000.00

Safety Equipment (glasses, clothing, etc. Onetime $500.00 7 $3,500.00 $3,500.00 $3,500.00

Security System Installation Onetime $10,000.00 1 $10,000.00 $10,000.00 $10,000.00

Security System Monitoring Onetime $10,000.00 1 $10,000.00 $10,000.00 $10,000.00

Training (general, software, techniques, etc) Yearly $10,000.00 1 $10,000.00 $30,000.00 $50,000.00

Contracting (advertising, exhibits, sales) Yearly $15,000.00 1 $15,000.00 $45,000.00 $75,000.00

$1,018,500.00 $2,253,500.00 $3,473,500.00

Totals

Operational

Equipment

Personnel

Facility

Material
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Description
The photo shown above is a Tesla Turbine Engine purchased from the Phoenix International Corporation.  This model possesses some useful characteristics but neglects other important features.  The power source for this engine, which is not shown, is intended to be compressed air.  This model is a 4-disk cantilevered type “single stage” turbine which is characteristic of experimental turbines being produced today.
Purpose
This document is mainly devoted to “prototyping” the BLTE but also describes the “manufacturing” of a 50 Hp BLTE unit.   This document is also intended to describe the activities, materials and costs required to construct an advanced version of this engine, which will be sustainable and controllable as a high power output source.  This document is one of many documents that describe the product, activities and background of the principal participants.  Some of the other documents are:
· BLTE Introduction 

· BLTE Dynamic Operation and Advanced Design Concepts

· BLTE Construction and Operation 

· Resumes of Principal Participants
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3 Year Prototyping Budget
24
Boundary Layer Turbine Engine (BLTE)
1. Mission

Prototyping

The purpose of this project is to build, study, produce and market the operation of six to eight Internal Combustion Boundary Layer Turbine Engine (BLTE) variations each built to satisfy different applications.  The sequence of prototype development can proceed in any order as required by investor interest but outside of those requirements the first three builds would represent “proof of concept” and improvements, which would progress from an externally powered version to ultimately an internally powered pulsed version of the BLTE.  Engine number four, a continuous burn device, would be tailored for electrical power generation and engines number five and six would encompass advanced features lending to high power output heavy duty applications.  Engines number seven and eight would be capable of optimum power output and efficiency such that they might be applied to any of the applications listed below.  All prototype engine builds would be production ready when prototyping of each type is completed.
Emphasis is placed on the prototyping of the BLTE since each application of this engine will require different hardware and operational modes.  The prototyping phase of the BLTE may proceed in either or both of two avenues each involving different levels of investment; the first phase of prototyping may not be necessary depending on the state of development prior to the reading of this document.  

1: The “proof of concept” prototype which is a “bare bones” unit capable of demonstrating the fuel handling and operational capability of the BLTE without production ready enhancements would be of small size and designed for mobile operation and demonstration.  This “Demo” unit can be produced in 4 months at an estimated cost of $125,000 each.
2: The “manufacturing” prototype units represent various sizes, modes of operation and outputs used for various applications.  More detail concerning the development timing (FIGURE 3) and is generally detailed in the spreadsheet located at the end of this document (3-Year Prototyping Budget).  Production of a particular manufacturing prototype can be done in approximately 8 months and at an estimated cost of $550,000.  This cost is dependent on the existence of a previous production of a similar construction which greatly reduces the prototype timing and costs.
Manufacturing

This manufacturing scenario assumes the manufacture of a 50 Hp/37.3 kW output BLTE applicable to the automotive industry.  The first year of production is the 1200 unit Pilot build followed by the 20,000 unit Pre-Production build and then followed by the continuous 100,000 unit Production build.
Pilot; the building of @ 1200 pilot (manufacture ready) units over the course of a year for demonstration, advertising and as sell-able units at a target price of $1,500 per unit (i.e. @ 50 Hp/37.3 kW output).  Yielding:
· Market applications

· Identify production and accounting methods.

· Project yearly cost of mass production operation and modify sales price

Pre-Production; the building of 20,000 production units over the course of the second year of manufacturing, intended as salable units.  Presumably the target price would still be $1,500 per unit (i.e. @ 50 HP/37.3 kW output).
A work force of 300 employees (including consulting) employed at an average of $40,000 per year plus facilities, utilities, equipment, material, testing and marketing, should create an annual expense of approximately $18 million for the year.  The income of the pre-production manufacturing effort, producing 1670 engines per month, would be $2.51 million per month which is $30.1 million per year.  Yielding:
· Development of production technique

· Marketing penetration
Production; the building of 100,000 production units over the course of the third year of production as salable units.  Presumably the target price would still be $1,500 per unit (i.e. @ 50 HP/37.3 kW output).
A work force of 1000 employees (including consulting) employed at an average of $40,000 per year plus facilities, utilities, equipment, material, testing and marketing, should create an annual expense of approximately $50 million per year.  The income of this manufacturing effort, producing 8400 engines per month, would be $12.6 million per month which is $151 million per year. 
These are very conservative estimates considering the potential fuel saving, market impact, industry creation and motive enhancement that such a machine as this would have at this time when the piston-driven engine has been recognized for its detrimental effects on the environment, expense of construction, expense of operation and maintenance (of up to 300 moving parts).  As an aside, the power required to drive a passenger vehicle to 100 miles per hour (MPH) is only 20 to 30 horsepower (Hp) but at this power level acceleration is very limited.  To enhance a vehicles acceleration, energy stored and released from a battery pack where in an electrical form can release its energy in far less time or deliver far more power a than any mechanical drive-train.  
Were the intent to prototype a 50 Hp (37.3 kW) unit.  A 50 Hp BLTE would be ideal for an automotive power plant using a battery bank, 4-wheel mounted motors and computer control to provide 300 Hp (223.8 kW) for 5 minutes (from battery stored energy) and which automatically provides 4-wheel drive (or single/double drive wheel selection), traction control (for skid prevention and turn enhancement), regenerative braking, ABS and "not least", 5 to 6 times the efficiency of a hydro-mechanically driven vehicle (which includes a 2.5 times increase of engine efficiency).  
The "BLTE Minimal Configuration" is now on page 5 of the Control System Development LLC website (www.controlsystemdev.com) and there is an interesting history of the "internal combustion reciprocating engine" on the website BLOG page.  
2. BLTE Characteristics

The Boundary Layer Turbine Engine is a high speed turbine that combines the power and smooth operation of conventional bladed turbine engines with a more miserly fuel consumption than that of the reciprocating engine.  Unlike either however, the Boundary Layer Engine presents a coupling of characteristics that neither of the two types mentioned above achieves individually.  That is, high fuel efficiency due to the nature of its relatively frictionless operation and the capability of high power output.  Add these features to the fact that the BLTE requires no radiator, has no pistons, valves or integral timing requirements and may be run on any fuel in a forward or reverse direction and you have a light weight rugged scalable power plant.
Related Documentation located on the Control System Development LLC website www.controlsystemdev.com:
1. BLTE Introduction website page 2
2. BLTE Dynamic Operation website page 4
3. BLTE Construction and Operation website page 5
4. BLTE Minimal Configuration website page 5
Links for websites of historical information:
1. http://www.rexresearch.com/teslatur/teslatur.htm
2. http://www.ncoic.com/turbine.htm
3. Applications

As a prime automotive (automobiles & trains) mover the BLTE is an ideal power plant.  The BLTE is lightweight, reliable, has a high power to weight ratio, a smooth continuous operation and is conducive to producing an electrical output, which is more controllable than a reduction-geared mechanical output.  In an automotive application the electrical output stage lends itself to hybrid operation and is compatible with regenerative braking.  The inherent response lag of turbine engine power output can be augmented by the complimentary output of the electrical storage cells.  The U.S. automotive market has, however been historically reluctant to accept change introduced from outside their industry design centers but they tend to respond quickly when faced with foreign competition.  An introduction, therefore of this power plant with a foreign manufacturer first, may be easier and more practical.

As a prime mover for propeller driven aircraft, the BLTE is a lightweight, powerful and reliable power plant and is a natural for this mode of transportation.   A major aspect of this application is the inexpensive construction and reduced maintenance as compared to the conventional reciprocating engines and to the expensive turbo-prop fan bladed turbine engines.  Initial introduction could be as an “experimental application” under the Experimental Aircraft Association (EAA) since Federal Aircraft Association (FAA) certification can be a lengthy and expensive endeavor.

As a prime marine mover the advantages are similar to those of the aircraft industry that can take advantage of a lightweight, powerful and reliable power plant.  For marine application there is the process of federal marine certification amongst many other certification associations.

As a source for power generation; power, efficiency, reliability and accommodation of varied fuel sources are key aspects of this application.  

The downward scalability of the BLTE is an excellent compliment for power hand tools, which can also benefit from its light weight and its smooth continuous operation.  A more detailed description of the hand-tool battery replacement application is available in the BLTE Dynamic Operation document.  

4. Advantages Relative to Conventional Power Sources

The advantages of the BLTE relative to conventional reciprocating engines and radial flow turbine engines are many and considerable.  As is the character of any turbine engine, the BLTE has no radiator, pistons, cylinders, valves or associated gear train.  The BLTE is a continuous burn energy conversion source that does not require the massive metal containment of piston driven engines producing the same power output.  This makes the BLTE light weight and enables it to have a high power to weight ratio.  Without the pistons and cylinders, the BLTE can be considerably more efficient than the reciprocating internal combustion engine.  The BLTE can be made to produce a large power output for its size since the fuel introduced is not limited by a cylinder size but instead by how fast the BLTE is rotating.  The BLTE can operate at low compression ratios or produce a higher compression ratio than the reciprocating internal combustion engine or a radial flow turbine engine with the addition of auxiliary compression pre-stages.  Emissions are reduced by the capability of the BLTE to burn a wide range of fuels such as alcohol, petroleum, vegetable based fuels or blends thereof.  The BLTE without the internal mechanized complications lends itself to upward or downward scalability, simplicity of production and reduced operational maintenance.  This is provided by the fact that it has only one moving component, the disk assembly.  The items listed below represent the main areas of competition for the BLTE and also imply some of the areas of BLTE application.

Reciprocating Internal Combustion Engines

The piston driven reciprocating engine is the standard automotive power plant and has been since the inception of the industrial revolution.  This internal combustion engine has accompanied the automobile through its 120 year history.  The reciprocating internal combustion engine is heavy and has to be heavy in order to contain the combustion explosion that powers it through the remaining 75% of its operational 4-stroke cycle.  The friction of pistons in cylinders along with the resistance of the valve and gear train means that a naturally aspirated engine producing a 200 horsepower output requires 700 horsepower internally to run the engine.  This represents 22% efficiency; add to this the transmission losses, other drive train losses and emissions.  If an alternative prime mover such as the BLTE is available, it should be explored and seriously considered.  
The BLTE coupled with an electric generator output stage should be able to nearly triple the efficiency of power output for vehicle propulsion.  The BLTE is one of a continuous combustion class of engines, which are inherently low emission devices.  This can be demonstrated by an analog to lighting a match; if the three stages of match combustion are considered, the igniting, the combusting and then the extinguishing of the match, it is then plain to see that the two greatest smoke producing events are the “igniting” and the “extinguishing” events.  This is the “emission plague” of the reciprocating engine relative to the potential of a continuous burn engine.  The BLTE operates within the continuous combustion mode greatly reducing hydrocarbon and carbon dioxide content in its exhaust stream.  

Radial Flow Turbine Engines
The BLTE uses flat disk runners and without the bladed fans used by conventional radial turbine engines, it avoids the energy sapping eddy currents produced by working fluid impingement on blades.  Turbine engines run hot and the fan blades that operate in the exhaust stream run red hot, in addition to high temperatures the high speed of the fan disks require costly metal alloy or ceramic blades grown as single crystals to prevent stretching under these operational conditions.  This is one of the reasons why conventional turbines are so prohibitively expensive. The BLTE employs flat disk runners that are inherently resistant to deformation at high temperature and high speed due to its single disk geometry; this is one of the features that make the BLTE reliable and cost effective.

Electric Hybrids

The Gas-Electric Hybrids in production today for the commercial automotive market are primarily based on a reciprocating internal combustion engine usually configured as a series or parallel gas-electric hybrid with a storage battery pack and a motor-generator that is clutched into the drive train.  In the electric motor mode the motor is used to propel and/or accelerate the vehicle converting stored electrical energy into kinetic energy (vehicle momentum).  In the electric generator mode the generator is used to convert the vehicle momentum into electrical energy thus retarding or stopping the vehicle and in turn storing the electrical energy in a chemical form for the next start cycle.  

A smaller number of production vehicles employ a series diesel-electric hybrid configuration.  This means that a reciprocating engine directly powers a motor-generator operating in the generator mode that produces electrical power to the drive train based motor-generator(s) which in turn accelerates the vehicle.  This arrangement is usually typical of the diesel-electric drive units used in trains and marine applications.  In addition, a battery storage pack can easily be connected between the engine motor-generator and the drive train based motor-generator(s) to store energy produced by the engine or produced by vehicle braking.  The battery storage pack can be used to supply energy to propel or accelerate the vehicle or to start the engine.

The BLTE would be initially configured as a series BLTE-electric hybrid drive system.  In addition to the advantages the BLTE has over the reciprocating internal combustion engine and the radial turbine engines, the power output in an electrical form allows that power to be converted with higher efficiency than a mechanical linkage can provide.

Automotive Application Fuel Cells
Automotive Fuel Cells are another type of series hybrid technology.  The fuel cell is the most efficient fuel conversion device in use today; the hardware however is still very expensive.  The power output of the devices available is presently lacking the ability to move automobiles with the acceleration to which the driving public has become accustom.  In addition, the fuel cells presently being used require a clean burning fuel source such as hydrogen.  Today there is not an adequate hydrogen distribution infrastructure to accommodate the driving public.  It is obvious that the BLTE with its multi-fuel capability, smooth operation and higher fuel efficiency compared to conventional engines makes it a desirable replacement as a prime mover, for power generation and for small tool applications.
5. Research, Modeling and Analysis

Research and modeling will reveal the highest power output to fuel input (efficiency) configuration of BLTE construction.  It will also predict the preferable speeds of operation, heat dissipation, expected fuel consumption and areas of undesirable stress and strain. 

Modeling includes simulations, component and assembly drawings.

Computer simulations using MatLab and Simulink will determine the proper proportions for engine dimensions, tolerances and their effects on various engine output parameters.  

Simulation inputs are operating speeds, fuel types, points of fuel delivery, fuel delivery rates, friction and drag coefficients.

Simulation outputs will predict the heat flow, minimum and maximum operational temperatures, minimum and maximum operational speeds and will suggest the proper construction materials.

 Consulting through a University technical department is a cost effective method of gathering valuable research and design information.  
 A possible consideration would be a corporate sponsor with working agreements in place as to the ownership and licensing of the final product.
6. Engine Builds

The first “Prototype build” would be a compressed air operated or external combustion proof of concept unit, which demonstrates fundamental design concepts.  This unit will accommodate instrumentation for logging speed, acceleration, vibration, temperature, pressure and flow relationships.  This unit which is presently under construction will also establish some expectations of working fluid pressures and efficiencies over the desired speed range.

· The “Test Platform build” will be a fuel-operated unit that will test seals, bearings, fasteners, tubing and various other materials used for BLTE construction.

· The “Pulsed Mode build” will explore the ignition modes, power output and other operational characteristics of a pulse fueled BLTE.  It may be of interest to point out that even operating in a pulsed mode the BLTE would be less emissive than its reciprocating counterpart.

· This “Continuous Mode build” will be used to explore the upward and downward scaling characteristics of the BLTE.

· The “Multistage build” which is the most sophisticated assembly will demonstrate high power output and sustained operation.

· Electrical generation is the end stage of the BLTE and is intended to convert the engine output totally to electrical power, which can efficiently be made available to any application. 

7. Equipment
Computers will be used extensively for administrative, engineering and technical support.  This will include a mixture of desktops, laptops, peripherals (printers, faxes, etc.) and    intelligent test equipment all of which will be networked by either hardwire or wireless media.  Extensive Internet access is essential.

Computer analysis, communications and computer based test equipment with the necessary networking software is essential for all aspects of this business operation.  This requires the support of a person with at least part-time dedication to the information exchange aspects of this operation (an IT person).  The choice of a communication protocol should be such that it allows all computers and intelligent machines to be networked both inside and outside of the office.  Networking is the key to maximizing resources for personnel and productivity.

The software that is required to support the equipment described above would be applications for Accounts Payable and Receivables, Budgeting, Scheduling, Personnel and Project(s) Status Reporting.

Engineering software packages that are required are those that support System Simulation and Analysis.  The initial analysis is accomplished by MatLab, MathCAD, Excel and Access software applications.

Two and three dimensional modeling of engine components is accomplished with drawing packages such as Autodesk Inventor, ProE or Unigraphics.

Machining is handled primarily by engineering and technical staff.

· In-House (General Machining)

· NC machine control, data acquisition, and remote access software

· Out of House (Contracted)

· Available power sources are:

· Single Phase 110 VAC

· Three Phase 208 VAC

· An industrial pneumatic source should be available at:

· 100 Pounds per Inch2
· Hand and power tools will be made available on both a personal and shared basis.

· Commonly required stock material will be made available for speedy implementation of design or redesign trials.

8. Test Equipment and Test Capabilities

The in-house testing capabilities required are those necessary to characterize and quantify the operation of the assembled versions of BLTE’s.  This includes the persons and equipment that will allow assembly, specification, analysis, redesign, modification and testing of the various BLTE units. 

All operational phases which cannot be conducted internally will be contracted to facilities out-of-house.  Some of these activities that are apparent now are:

 Composition analysis and fatigue analysis for engine metals.

 Electrical construction of the generator-motor (dynamo) components.

 Dynamometer testing of the various BLTE builds.

Most of the externally contracted activities would occur in the initial or start up phases of the engine build operations and would consist of the less sensitive engine components or engine subassemblies such that when viewed individually will not necessarily divulge the intended overall design.

Timing & Scheduling

The schedules shown at the end of this document are an overall business development schedule and an engine build schedule.  Both schedules, at this point, are event driven documents that show the necessary order of important events.  These event driven documents do not establish a start time or a maximum time limit but do however reveal relative timing of the identified tasks.  The main objective is to complete the construction and testing of six to eight engines designed to address various applications described in “Applications”.  The Prototype Business Plan at this point is conceived to be a minimal three-year plan; this would allow a minimum of six consecutive BLTE builds to as many as eight builds as described in the Engine Builds section of this document.  Each engine build will conceivably take six to eight months with some of these engine builds occurring simultaneously or in an overlapped fashion.
Each episode of engine building will be preceded, engaged and concluded with approximately the same methods of preparation and execution as outlined in the engine build schedule. 
Prior to each build, application goals will be established that will be addressed during BLTE design and construction.  Modeling and analysis methods will be employed to predict the results relative to the application and reveal design concerns before hardware implementation.
Consultant expertise will be submitted in the form of meetings and reports regarding application requirements, methods of operation, lubrication, metallurgy, and temperature of operation, thermal expansion and heat transfer. 
A plan for advertising and marketing of each engine application from the second build onward will be coincident with that particular BLTE development cycle.  The Advertising and Marketing person should be on hand to mutually share the expertise that he or she might bring to this effort with the particulars of the design effort.  The marketing object is to manage the most efficient method of BLTE introduction into the target application industry.  
Methods of advertisement would be:
· Web based video of development stages highlighting goals, accomplishments, involved personnel, discoveries and breakthroughs, animated applications and demonstrations.
· Invitations to TV or Cable science programs and press releases.

· Trade show displays.

The major project events are:
· Design

· Assembly

· Testing

· Demonstration

Supporting events are:
· Documentation

· Video Chronicling
9. Personnel Requirements

The personnel count described below is that required at the time of business start-up for completion of the first four BLTE Prototype builds.  After start-up, additional personnel will be added.  

In addition to their areas of expertise, most employees will preferably have some knowledge of other related areas:

 A consulting Mechanical Engineer who is a specialist with high-speed turbo engine applications.
 A Mechanical Engineer responsible for the design of the physical aspects of the BLTE.  This would include the chassis, the runners, the shaft and bearings, the sealing components, drawings, analysis and mounting.  All of which must be survivable within noise, vibration, harshness (NVH), temperature, torque and centrifugal (speed) force ranges.
 An Electrical Engineer responsible for sensor selection and placement, data collection requirements, power generation equipment, controller selection, software algorithm design and implementation.
 A Systems Engineer responsible for mechanical and electrical systems coordination, software applications selection, communication protocols, documentation in the form of system specifications (capabilities), scheduling, and ultimately customer requirements (desirability).
 An Office Manager, Accountant and Receptionist, who will coordinate meetings, arrange appointments receive guests or callers, track orders and supplies.
 A Mechanical Design Technician responsible for CAD design, photo recording, tooling, machining and fabricating.
 An Electro-Mechanical Technician(s) responsible for controller hardware, coding, testing, data collection, electrical-mechanical construction, schematic representation and photo recording.
 Advertising, Marketing and Sales person(s) who will identify advertising vehicles, arrange marketing campaigns that may take the form of shows or customer demonstrations and initiate and/or conclude customer sales.
 A Financial Analyst who will track of accounts payable & receivable, projected expenditures, income and expense reports.
All employees will keep a weekly or monthly account of individual efforts and events.

10. Organizational Chart
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[image: image7.emf]Categories Recurrence Period Cost Estimates Multiplier for Yearly Costs First Year Cost EstimateSecond Year Cost EstimateThird Year Cost Estimate

Consulting Mechanical Engineering Per Engine Build Event $5,000.00 8 $40,000.00 $40,000.00 $40,000.00

Mechanical Engineering Yearly $60,000.00 1 $60,000.00 $180,000.00 $300,000.00

Electrical Engineering Yearly $60,000.00 1 $60,000.00 $180,000.00 $300,000.00

Systems Engineering Yearly $60,000.00 1 $60,000.00 $180,000.00 $300,000.00

Mechanical Technician Yearly $40,000.00 1 $40,000.00 $120,000.00 $200,000.00

Electrical Technician Yearly $40,000.00 1 $40,000.00 $120,000.00 $200,000.00

Marketing, Advertising & Sales Yearly $50,000.00 1 $50,000.00 $150,000.00 $250,000.00

Reception & Accounting Yearly $40,000.00 1 $40,000.00 $120,000.00 $200,000.00

Industrial Tools Onetime $100,000.00 1 $100,000.00 $100,000.00 $100,000.00

Computers Onetime $25,000.00 1 $25,000.00 $25,000.00 $25,000.00

Software Applications Once & Updates $25,000.00 1 $25,000.00 $30,000.00 $30,000.00

Hand Tools Once & Updates $20,000.00 1 $20,000.00 $30,000.00 $30,000.00

Tool Rentals Per Engine Build Event $7,500.00 8 $60,000.00 $60,000.00 $60,000.00

Vehicles Onetime $40,000.00 1 $40,000.00 $40,000.00 $40,000.00

Test Equipment Onetime $50,000.00 1 $50,000.00 $50,000.00 $50,000.00

Leasing Yearly $55,000.00 1 $55,000.00 $165,000.00 $275,000.00

Utilities Monthly $2,500.00 12 $30,000.00 $90,000.00 $150,000.00

Maintenance (cleaning, repairs, etc) Monthly $1,000.00 6 $6,000.00 $18,000.00 $30,000.00

Supplies Monthly $1,000.00 12 $12,000.00 $36,000.00 $60,000.00

Vehicles (lift trucks, etc.) Monthly $3,000.00 12 $36,000.00 $108,000.00 $180,000.00

Test Facilities (construction of test area) Onetime $25,000.00 1 $25,000.00 $25,000.00 $25,000.00

Communications (phones, radios, etc.) Monthly $1,000.00 12 $12,000.00 $36,000.00 $60,000.00

Fabrication (component build) Per Engine Build Event $50,000.00 1 $50,000.00 $150,000.00 $250,000.00

Stock As Needed $10,000.00 1 $10,000.00 $30,000.00 $50,000.00

Fasteners, Nuts, Bolts, etc. As Needed $2,000.00 2 $4,000.00 $12,000.00 $20,000.00

Adhesives, miscellaneous As Needed $5,000.00 2 $10,000.00 $30,000.00 $50,000.00

Insurance Yearly $10,000.00 1 $10,000.00 $30,000.00 $50,000.00

Safety Equipment (glasses, clothing, etc. Onetime $500.00 7 $3,500.00 $3,500.00 $3,500.00

Security System Installation Onetime $10,000.00 1 $10,000.00 $10,000.00 $10,000.00

Security System Monitoring Onetime $10,000.00 1 $10,000.00 $10,000.00 $10,000.00

Training (general, software, techniques, etc) Yearly $10,000.00 1 $10,000.00 $30,000.00 $50,000.00

Contracting (advertising, exhibits, sales) Yearly $15,000.00 1 $15,000.00 $45,000.00 $75,000.00

$1,018,500.00 $2,253,500.00 $3,473,500.00

Totals

Operational

Equipment

Personnel

Facility

Material
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11. Facilities

The facility ideal for this type of endeavor could be a combination office and workshop with part of the workshop constructed to accommodate an engine test stand and test equipment.  The ideal location of this facility would be in an urban industrial area near technical colleges or universities for the purpose of establishing a working project rapport and for employing students for some of the non-essential tasks.  The office area will accommodate personnel performing Information Technology (IT), Sales and Marketing, Engineering and Technical functions.  

 The operations area will house the Test Lab & Fabrication Shop.  
 The operations area will also provide space to build equipment and to acquire test results. 
 Closets or adequate storage will be available to contain tools and supplies.

 Other requirements are an industrial air compressor, milling, drilling and lathe equipment. 
12. Vehicles & Transport

Business activity will require the use of a van or pickup truck to transfer materials and tools from the shop to customers or from suppliers to the shop.  A passenger vehicle may be required to accommodate the BLTE power plant for vehicle propulsion demonstration and testing purposes.  The U.S. automotive market represents the largest and most difficult industry to penetrate with externally conceived innovations but marketing plans exist to entice the American auto industries to seriously consider and adopt this engine design.

13. Training, Clothing & Safety Equipment

Due to the nature of this endeavor, training of personnel for all aspects of operations will be rigorously practiced.  Employees would require proper training regarding engineering software and the in-house manufacture or modification of parts.  This includes the theory of BLTE operation, project goals training and data collection.  Training relative to in-house manufacturing will be operation and maintenance of machinery and adherence to pertinent OSHA requirements.  In addition there will be general training such as First Aid and fire control emergency procedures.
Proper clothing will be required and suggested by postings at work areas.  
Safety equipment will be placed in accessible locations a map of which will be displayed on the employee information board and in high traffic areas.  Training for the maintenance and use of all equipment will be part of the above-mentioned training regiment.
14. Marketing and Advertising
Advertising is initially accomplished with the aid of the state Small Business Development agency for the purpose of producing press releases that direct public attention to the activities emerging around the BLTE development.  Articles can be written for publishing in trade journals for the United States, Europe, Asia and other industrialized markets.   Participation will be scheduled in trade shows where demonstration of operating models and distribution of performance reports will be presented to interested parties.  Eventually documents will be produced illustrating applications that are operational in the field along with customer reviews and marketing-directed digital video clips.
Marketing can be accomplished with either of two approaches.  The first approach involves a written description of the application in which the BLTE will serve to replace a conventional power source concluding with the operational advantages and the cost savings of BLTE usage.  The second approach involves a written description of the application as with the first approach, coupled with a demonstration model (full scale or smaller) of the operational application along with marketing videos.  
15. Funding & Operational Cost Estimates
Operational Cost Estimates 

The following are totals of estimated costs for one, two and three years of prototype business operation; these operational costs are detailed on the cost estimation spreadsheet which located on the last page of this document.  

	Years of Operation 
	Estimated Cost

	One Year
	$1,018,500.00

	Two Years
	$2,253,500.00

	Three Years
	$3,473,500.00


Funding Sources

The Sources of possible funding are the following:

· Government Grants
· Government Loans

· Private Investment 

· Stock Sales
Considering the nature of the BLTE and the scope of its applications, government research and development grants or grants available for any of the above-mentioned applications should be obtainable.  A grant is most desirable due to the nature of it non-repayment.  A government or financial agency loans are also desirable since these debts can be recouped with the income from sales to the first customer and through the continual pursuit of grants.  This discussion is not intended to detract emphasis from the ultimate goal of acquiring a substantial customer base and public recognition of the product but instead is intended to devise methods of funding that will provide income during the research and development phases.  The long time development efforts that have gone into the devices that are considered to be competition for the BLTE mean that the initial introduction of the BLTE has to be a solid and reliable demonstrator.  It is expected that the competition will be stiff and ongoing.  
The first decade of the twenty first century appears to be developing into an ideal market for this product since public attention seems to be turning to efficient engine and power-plant operation.  If the BLTE only accomplishes a fraction of the claims set-forth herein then this engine would be competitive to today’s conventional devices on an even basis in terms of efficiency but still, it would have the advantage in terms of smooth operation and reduced maintenance over its lifetime.  
Private investment will be received base on contracted arrangements.  

Sale of stock will initially be prorated to the projected company value in the third year as shown above. 

16. Parallel Hybrid Vehicle Configuration

This diagram represents a simplified model of the Gasoline Electric Hybrid described in the “Advantages Relative to Conventional Power Sources” section.


17. Series Hybrid Vehicle Configurations 

This diagram represents a simplified model of the BLTE series hybrid described in the “Advantages Relative to Conventional Power Sources” section.


This diagram represents a simplified model of a Diesel-Electric series hybrid described in the “Advantages Relative to Conventional Power Sources” section.


This diagram represents a simplified model of the Fuel Cell series hybrid described in the “Advantages Relative to Conventional Power Sources” section.


18. Web Site and Personnel Brief
The Control System Development website address is:
http://www.controlsystemdev.com
Principals Brief:
Daniel Woody received a Bachelors Degree from DeVry University of Chicago Illinois and I am an Electrical Engineer by training.  I have over 25 years of automotive experience with the “Automotive and Industrial Division of Motorola”, the “Power-Train Division of Delco Electronics” (then part of GM), the “Product Engineering Center of John Deere” and the “Vehicle Hybrid Division of Dana Corporation”.  I have been awarded three patents which are, “Angular Position, Speed and Direction Encoding of a Rotating Member”, AAMPS “Generator Set Cooling Control System” algorithm and the “Internal Combustion Boundary Layer Turbine Engine”.  I have principally been involved with “Electronic Engine Controller Logic Hardware and Software Design.  I have been a student of Dr. Nikola Tesla and have studied his discoveries and the Tesla Turbine for nearly ten years.  
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FIGURE 1 – Prototype Facilities Office Layout Example

Total Area 5000 ft2 @ $11.00/ft2
Office 30%
Prototyping 70%


FIGURE 2 – General Business Schedule 


1. Business Plan
2. Conceptual Design
3. Budgeting & Funding (per BLTE build)
4. Personnel Projections & Hiring
5. Facilities
6. BLTE Design
7. BLTE Construction
8. Testing & Reporting
9. Demonstrations, Marketing & Applications
10. Sales & Manufacturing
*Repeated BLTE build processes are steps required for the construction of each BLTE design.
FIGURE 3 – Engine Schedule & Timing
Initial/Single Engine Scheduling

1. Personnel Resources

2. Complete engine design 

· Determine materials

· Determine target speed & torque

· Determine testing requirements & data collection methods 
· Engine operation modeling
3. Identify and Order Parts, Tools and Materials
4. Fabrication methods, Assembly and Construction
5. Testing and Data Collection
6. Review and Design Strategy
7. Documentation, Conclusions & Reporting
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		Categories		Recurrence Period		Cost Estimates		Multiplier for Yearly Costs		First Year Cost Estimate		Second Year Cost Estimate		Third Year Cost Estimate

		Personnel

		Consulting Mechanical Engineering		Per Engine Build Event		$5,000.00		8		$40,000.00		$40,000.00		$40,000.00

		Mechanical Engineering		Yearly		$60,000.00		1		$60,000.00		$180,000.00		$300,000.00

		Electrical Engineering		Yearly		$60,000.00		1		$60,000.00		$180,000.00		$300,000.00

		Systems Engineering		Yearly		$60,000.00		1		$60,000.00		$180,000.00		$300,000.00

		Mechanical Technician		Yearly		$40,000.00		1		$40,000.00		$120,000.00		$200,000.00

		Electrical Technician		Yearly		$40,000.00		1		$40,000.00		$120,000.00		$200,000.00

		Marketing, Advertising & Sales		Yearly		$50,000.00		1		$50,000.00		$150,000.00		$250,000.00

		Reception & Accounting		Yearly		$40,000.00		1		$40,000.00		$120,000.00		$200,000.00

		Equipment

		Industrial Tools		Onetime		$100,000.00		1		$100,000.00		$100,000.00		$100,000.00

		Computers		Onetime		$25,000.00		1		$25,000.00		$25,000.00		$25,000.00

		Software Applications		Once & Updates		$25,000.00		1		$25,000.00		$30,000.00		$30,000.00

		Hand Tools		Once & Updates		$20,000.00		1		$20,000.00		$30,000.00		$30,000.00

		Tool Rentals		Per Engine Build Event		$7,500.00		8		$60,000.00		$60,000.00		$60,000.00

		Vehicles		Onetime		$40,000.00		1		$40,000.00		$40,000.00		$40,000.00

		Test Equipment		Onetime		$50,000.00		1		$50,000.00		$50,000.00		$50,000.00

		Facility

		Leasing		Yearly		$55,000.00		1		$55,000.00		$165,000.00		$275,000.00

		Utilities		Monthly		$2,500.00		12		$30,000.00		$90,000.00		$150,000.00

		Maintenance (cleaning, repairs, etc)		Monthly		$1,000.00		6		$6,000.00		$18,000.00		$30,000.00

		Supplies		Monthly		$1,000.00		12		$12,000.00		$36,000.00		$60,000.00

		Vehicles (lift trucks, etc.)		Monthly		$3,000.00		12		$36,000.00		$108,000.00		$180,000.00

		Test Facilities (construction of test area)		Onetime		$25,000.00		1		$25,000.00		$25,000.00		$25,000.00

		Communications (phones, radios, etc.)		Monthly		$1,000.00		12		$12,000.00		$36,000.00		$60,000.00

		Material

		Fabrication (component build)		Per Engine Build Event		$50,000.00		1		$50,000.00		$150,000.00		$250,000.00

		Stock		As Needed		$10,000.00		1		$10,000.00		$30,000.00		$50,000.00

		Fasteners, Nuts, Bolts, etc.		As Needed		$2,000.00		2		$4,000.00		$12,000.00		$20,000.00

		Adhesives, miscellaneous		As Needed		$5,000.00		2		$10,000.00		$30,000.00		$50,000.00

		Operational

		Insurance		Yearly		$10,000.00		1		$10,000.00		$30,000.00		$50,000.00

		Safety Equipment (glasses, clothing, etc.		Onetime		$500.00		7		$3,500.00		$3,500.00		$3,500.00

		Security System Installation		Onetime		$10,000.00		1		$10,000.00		$10,000.00		$10,000.00

		Security System Monitoring		Onetime		$10,000.00		1		$10,000.00		$10,000.00		$10,000.00

		Training (general, software, techniques, etc)		Yearly		$10,000.00		1		$10,000.00		$30,000.00		$50,000.00

		Contracting (advertising, exhibits, sales)		Yearly		$15,000.00		1		$15,000.00		$45,000.00		$75,000.00

		Totals

										$1,018,500.00		$2,253,500.00		$3,473,500.00
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