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ENGINEERING TASK ON 30 kW WIND POWER UNIT

1. Definition of the Engineering Task.

Design, model, test, prototype, standardize, define manufacturing processes and design tooling for mass production of 30 kW vertical axis Wind Power Unit (WPU). 

1. Overview:   A common weakness of many current wind mill designs is that turbine efficiency, in optimized wind conditions, has been given higher priority than the ability to operate in a wider range of real world conditions.

We have identified a market, which we believe are worthy of development.    

The WPUs are intended for remote work sites, small villages; pump operations, and a wide variety of applications where small amounts of intermittent power are economically justified.   These units would be for a global market, mass production to bring the per unit cost down is key to success.  These units also need to be durable and reliable, efficiency of the device is not as important as the ability to have some power under stressful conditions.   For example when watering animals,  the ability to pump some water when it is needed,  is more important than great efficiency under certain conditions.

1.1. The design goal is to produce 30 kW vertical axis wind power unit. (Power output ratings must be according to Lloyd Technical Requirements at wind speed of 11.5 meters per second). 

1.2. 30 KW unit is intended for autonomous operation to supply by electric energy the individuals and small collective consumers located far from grid.

Durability, reliability and minimum attended operation in wide wind speed range for the proposed WPU is more preferable than technical efficiency.  The WPUs can be economically profitable when serially produced.

1.3. The conditional name of the assembly is “WPU-30”.

1.4. The present Engineering Task is based on the Agreement #… and Contract #…, Approval #LBNL-T2-0203.

2. TARGET OF DEVELOPMENT 

2.1. The target of development is a WPU with vertical axis of 30 kW power according to Lloyd scale at wind speed of 11.5 meters per second).  
2.2. 30 kW unit is intended to produce alternative current electric energy at wide range of wind speed from wind flow. The output voltage and frequency must meet the standards of the countries taking part in the Present Project.

3. TECHNICAL REQUIREMENTS 

3.1. WPU structure 

3.1.1 WPU must include: 

· Vertical axis Wind Rotor. It converts kinetic energy of the wind into mechanic energy of rotation.
· Sub-system of Wind Rotor self-starting.
· Sub-system of Aerodynamic control of Rotor rotation speed.
· Brushless multi-pole AC Generator mounted directly on Wind Rotor axis. It converts appr. 97% of mechanical energy into electrical energy. Generator allows to get non-linear or partly-linear dependence of output power versus angle rotation velocity as well as step change of output power. 
· Electronic equipment. It converts alternating frequency on generator output into the grid frequency. These electronics and their support equipment  must be designed to meet electric utility requirements. 

· Electronic Control System. It provides optimal operation of WPU and distribution of electric energy on the base of measurements of wind speed (or absolute value of a vector), rotor rotation speed and output power of generator.

· Storage batteries and charging equipment.

· Bearing system of rotor and generator suspension.
· Operating and emergency braking system.
· Tower, support structure ,  foundation. 
NOTES: 

1. State Rocket Center “Design Bereau named after Academician V.P. Makeyev” (MSRC) designs, produces, tests and delivers prototype of rotor and other mechanical support elements. Design of rotor is to be determined by MSRC on the base of calculations, experiemtal development and testing of prototypes. 

2. Empire Magnetics, Inc. designs, produces and delivers generator which converts the mechanical movement of rotor rotation into electrical energy with the help of electronic equipment and control systems. 

Design of mounting bearing system to determined by MSRC on the stage of sketch development on the base of Empire Magnetics concept.

3. MSRC makes a separate Technical Tasks on generator and control system.  

4. Initial experimental WPU must be equipped by measuring apparatus to measure electrical, mechanical, strengthening, environmental and other parameters.   As progress is made and confidence in the mathematical models is achieved the instrumentation requirements for prototypes will be reduced. 
5. Serial WPU will be equipped by control-diagnostic measuring instrumentation only.

All wind rotor designs must be economically feasible  or they can not be successful in the market place.  It is assumed that  a wind rotor must be as  efficient as possible consistent with reliability and low maintenance requirements.  Reliability and maintenance free operation are first priority,  but efficiency will be significant in the economic analysis.   It is expected that the optimized balance of efficiency and reliability  will be determined through both mathematical modeling and experiments conducted in wind tunnels with both small scale and full scale models. 

3.1.2 Module principle has to be applied to each aggregate of WPU, where possible.

3.1.3 Design of WPU must exclude an access of unauthorized personnel.

3.1.4 Suitable lightning and fire protection must be provided. Part of the design task is to specify clear space requirements for installation and maintenance.  

3.1.5 It is expected that the WPU will be installed near a suitable road and be not subject to flooding.

3.1.6 WPU must be equipped by tooling which allow to make repairs and parts replacement without construction lifting cranes.
3.1.7 Maintenance must not require a crane.  It is desirable that installation not require expensive support equipment.. 

3.2. Destination requirements 
3.2.1 WPUof 30 kW must produce electric energy at wind speeds from 4 meters per second. up to not less than 30 meters per second. Nominal power of 30 kW must be achieved at 11.5 meters per second wind speed.
         3.2.2 Generator of WPU works as storage batteries charging equipment only, at 4 - 5.35 meters per second with power output up to 3 kW. Rotor rotation speed is 19-25 RPM.

NOTE: Upper limitation to be specified according to the results of calculations and experimental development.

70 KW unit must produce electric energy at wind speed from 5 meters per second to 25 meters per second.

3.2.3 Rotor of WPU must be self starting with the help of sub-system of self-start. NOTE: Alternative possibility of using one of the stages of generator as a motor for starting the WPU, must be considered during the design.  It is provided by aerodynamic surfaces controlled or not controlled by control system. For 70 KW WPU the way of starting from grid must be developed.

            3.2.4 Generators of WPUs must provide non-linear or partly linear function of output power versus rotors rotation speed as well as step changing of power. 

Generators must provide output power in range of 8% – 200% of nominal power of each unit.

            3.2.5 Generator must provide 3…60 kW of output power at 25…77 RPM of rotor. Nominal power of 30 kW must be provided at 55 RPM. NOTE: Rotation speeds are defined more precisely according to the results of experimental development of WPU.

             3.2.6 Output characteristics of converting electronic equipment must meet the requirements of energy grid at 25…77 RPM rotor rotation speed and provide 3-phase 380 V voltage on 50 or 60 Hz frequency.

            3.2.7 WPU-30 rotor rotation speed is limited on high wind speed due to the combined action of sub-system of aerodynamic control, generator (and, possibly, operation braking system), controlled by electronic control system.
3.2.8 Superfluous energy of transient process must be dissipated on the appropriate ballast loading connected by control system. It is possible that one of the development versions will exclude ballast use because of joint action of aerodynamic control modules, generator and work brake system to be controlled by electronic control system. 
3.2.2 Rotor rotation speed of WPU is limited on big wind speed because of joint action of aerodynamic control modules, generator and work brake system to be controlled by electronic control system.

3.2.9. WPU must withstand wind speeds up to 60 m/s (140mph).

3.2.10 WPU must be designed as low-maintanance unit during operating.

3.3. Life and Environmental Specifications

3.3.1. The WPU must be suitable for installations in  all climate conditions. WPU must provide the said parameters in continental climate, mountains, on the sea shore. NOTE: During the design stage the possibility of operating in seismic regions, must be considered.  

3.3.1.1.  Seismic specifications must be provided.  It is desirable that the WPU withstand Richter 8.0 earthquakes.  

3.3.2. Environmental:  WPU must operate normally in:

- Low temperature up to – 50 deg.C 

- High temperature up to + 60 deg.C 

- Relative humidity 98% (in 25deg.C) 

- Condensation - hoarfrost, dew 

- Sea salt mist 

- Acid rain

- Atmosphere pressure (101,3.....89,9) KPa 

- Static and dynamic dust 

- Atmosphere precipitations (rain, snow, hail) 

- Integral solar radiation 

- Ultra violet radiation 

- Mustiness fungus

- Bio damage (insects, rodents) 

- Thunderstorm electric discharge 

- Static electricity 

- Maximum wind loading on wind up to 60 m/s 

· Ice-covered flywheel loading 

NOTES: 

1. Blades durability against ice covering is considered for jammed WPU rotor. 
2. Signal for swithching on the blades heating must given by control system while operating when the ice covering achieves 1 mm thickness. The exact thickness value is specified during the design stage.

3. During the design the possibility of anti-icer system must be explored.

4. The specific range of values in p. 3.3.2 is specified during the agreement with the customer.

3.3.3 WPU must operate in air with corrosion-active elements.

It is not required that the WPU operate to specification in icing conditions.  It is required that it not be damaged by ice conditions.  It is desirable  that it be self protected from icing.   It is also desirable that some power be produced under these conditions.

3.3.3. WPU must withstand acid rain. 

3.4. Reliability requirements 

3.4.1. Operational reliability and Mean Time Between Failure (MTBF) 

3.4.1.1. Definition: WPU failure is failure to deliver specified power due to the failure of any part (rotor, alternator, inverter, bearings, tower, etc.) 

3.4.1.2. Life time of WPU: 

- Mechanical part - 20 years 

- Electric part (including alternator) - 20 years 

3.4.1.3. Preventative maintenance interval before the first maintenance to be not less than 2 years while operating 6,000  hours.   There is economic advantage to longer periods between maintenance,  so it is worth extra design efforts to increase this. 

3.4.1.4. Reliability Specifications (MTBF) will be determined analytically and by accelerated life testing. 

3.4.2. Repairs 

3.4.2.1. Mean time to Repair Servicing (MTTR) - less than 4 hours.

3.4.2.2. Repair instructions must contain: 

· List of parameters for technical condition registration.

· Volume and technology of servicing of all types.

· Technology of current repairs.

· List and number of spares and tooling 

· Trouble shooting guide. 

· Recommended spares list.

· Service Equipment and Tools list.

· Instructions for Service of field serviceable parts. 

· Instructions for replacement of field replaceable parts.

3.5. Ergonomics and technical aesthetics: 

3.5.1. An environmentally coordinated  selection of colors must be provided to achieve contrast of WPU outside elements and sky and landscape. 

3.5.2. Where possible, The design shall be such to resist accumulation dust and snow and other components making WPU characteristics worse. 

3.5.3. Appropriate outside labeling for installation, repair, recommendation, warnings shall be provided. 

3.5.4. The surface for outside labeling, dimensions and colors must be chosen in accordance with highest quality perception on different visual angles.

3.5.5. Seals must be such that no oil leaks occur.

3.5.6.  Design should not be attractive nesting place for birds,  or other forms of life which may damage or degrade unit performance.

3.6. Operation, Service, Repair and Storage Requirements 

3.6.1. Operation of WPU includes the following 

· WPU operation

· Technical service, maintanance

· Repairs

· Storage and technical service of spares

3.6.2. To provide the operation and montage of WPU, the following tooling to be provided:

· Tooling for transportation of separate WPU modules and parts

· Tooling for montage, technical service, current and majour repairs of WPU

· Spares and tooling for its operation

3.6.3. The following types of technical service and repairs must be provided:

· Preventative technical service

· Current repairs

· Majour repairs (replacement of majour subassembly)

3.6.4. The first preventative maintenance is required at no less than one year after installation.  After installation, the preventative maintenance interval is once every two years, or longer. 

3.6.5. Major repairs — defined as replacing any major subassembly -  must be at least once in 5 years. 

3.6.6. Preventative Maintenance must not require major element disassembly.  It must be accomplished without hazard to service personnel—either electrical or mechanical in nature. 

3.6.6. To provide technical service and repairs the following possibilities must be provided:

· The possibility of replacement of any aggregate of WPU;

· The possibility of safety access to inside and outside surfaces of mechanisms and aggregates of WPU;

· Force on control handles must not exceed 100 N.

        3.6.7. All mechanisms and tooling must be storaged in accordance with the general requirements of customer. Modules of metal constructions and other equipment must have normal condition in transportation package on open air without temporary closing-down during one year.

 3.7. Transportation requirements

3.7.1. Major Subassemblies packaged in non-operation condition must be suitable for transportation by truck, rail, air or ocean vessels without limitation of distance. 

3.7.2. Outline dimensions of major subassemblies must meet dimensional standards for transportation by truck or rail. 

3.7.3   Transportation costs are considered to be significant to the economic analysis.   Design effort to minimimize the transportation costs are to be undertaken.

3.8 Safety Requirements

3.8.1 WPU must meet Lloyd’s  Insurance safety  requirements while operating

3.8.2. Noise emissions from the WPU must not be more than 40 dB within a 300 meter radius. 

3.8.3. Noise emissions from the WPU must not be more than 40 DbA within a 200 meter radius for WPU-3, 300 meter radius for WPU-10, 400 meter radius for WPU-70. 
3.8.3. Electrical Safety—must meet national standards (UL CSA VDE) for the area to be installed. 

3.8.4. All elements of WPU which have zero potential, must have terminals for ground connection. Connection elements must meet requirements shown in operation instructions. The elements of ground connection must have suitable access for transitional resistance control.

3.8.5. Personnel must be protected  from electric shock, injury from rotating and moving parts and possible burns from heated parts while the WPU is in operation. 

3.8.6. Circuit of electric connections of elctro-aggregates of WPU must have isolated neutral (when generator winding are connected in “Y” circuit). It is prohibited to use any device which will be elctrically connect the neutral with housing or ground directly or via artificial zero point.

3.8.7. WPU must have a working brake system and fully independent accident brake system. 

3.8.8. The working brake system shall provide full stop of rotor. the rotor from turning in any rated wind condition—up to 60 m/s. 

3.8.9. Accident brake system will be turned on when a working system is failure. NOTE: Characteristics of accident brake system will be defined during the design stage.

3.8.9. For 3 kW,  10 kW,  and 30 kW,   units the rotor design will will prevent the rotor from exceeding maximum rotational speed.    For the large unit  The combination of rotor/wind sail design and brake system will prevent the rotor from exceeding maximum rotational speed. 

3.8.8. Rotor rotation speed of WPU is limited on big wind speed because of joint action of aerodynamic control modules, generator and work brake system to be controlled by electronic control system. 
NOTE: Speed of wind sail when the braking must start, and maximum speed of rotor rotation, to be specified. 

3.8.10.Emergency brake system must function when other systems are  inoperative. 

NOTE: Characteristics of  emergency brake to be specified. 

Characteristics of emergency brake system to be detrmined during the design stage of project.
3.8.10. The emergency  brake system may be friction based,  and must allow for manual operation.  

3.8.11. Electrical safety interlocks, doors, housings, covers, sliding modules  shall provide safety of personnel when opening and replacing modules during WPU operation. The interlock must provide the lock of high voltage circuits with capcitors.   in accordance with the relative nationally recognized safety standards.

3.8.12. Any parts of the WPU which have forced air cooling must be serviceable without causing damage due to overheating or hazard to service personnel. 

3.8.13. Personnel is allowed in electric equipment room while installation of WPU, testing and servicing.

3.8.14. Personnel are not allowed on the upper part of tower while WPU is in operation. 

3.8.15. Safety requirements must be met while montage of WPU.

3.9 Units and Standards:  ASME and associated standards are to be met.

3.9.1. WPU Design Documentation must meet the requirements of Russian  United System of Design Documentation. 

3.10. Design, installation and technological requirements 

3.10.1. Delivery set, outline and mounting dimensions, requirements for montage and assembling of WPU parts and modules, are defined during the sketch design stage and specified during the working documentation preparation. Assembly and montage drawings are to be provided. 

3.10.2. WPU to be transported to the assembling place in the form of separate preserved  modules.

3.10.3.  Major assemblies, modules and parts of systems must be keyed or otherwise designed so as to make incorrect assembly impossible. 

3.10.4. Design of WPU assemblies must provide: 

- access to control and servicing modules; 

- access to elements required check and adjustment; 

       - convenience of installation and dismantling 

3.10.5. Design of WPU sub-assemblies must provide the tooling fixing them suitably for the above mentioned works. 

3.10.6.  Design of WPU must provide the system of rotor fixation which means its immobility after it is stopped and brakes are released.
3.11 Patent requirements 

3.11.1. WPU must not infringe existing patents in countries-exporters of WPUs  (Europe, USA, Japan, and Canada).   Or  suitable license agreements for use of such patents need to be made. 

3.11.2. Patent novelty must be shown in patent documentation.

3.11.3. Potentially patentable solutions must be prepared by the developers of appropriate WPU systems to get the intellectual property rights.   must be appropriately documented to preserve intellectual property of WPU,   rights to such intellectual property will be reserved to Empire Magnetics Inc and MSRC.
4. TECHNICAL AND ECONOMIC REQUIREMENTS 

4.1. Nominal power of WPUs must be: 30 kW at wind speed 11.5 meters per second.

4.2. WPU must produce electric energy at wind speeds from 4 meters per second. up to not less than 30 meters per second.
NOTE: Upper wind speed limit to be specified into bigger direction according to the results of calculations and experimental development.

WPU of 70 KW must produce electric energy at wind speeds from 5 meters per second up to not less than 25 meters per second.

4.3. WPU rotor rotation speed at bigger wind speeds to be limited by 77 RPM due to joint action of aerodynamic control system. modules, generator and work brake syste controlled by control system.   

4.4. WPU cost will be estimated when the first prototype is built. 

4.5. Minimum cost, consistent with the design goals, is important. Cost of development and operation of WPU must be minimized.

4.6. Cost of operation to be estimated from fielding five units of customer,   careful records are to be kept to support the economic claims.

4.7. Formulas or tables are to be provided so that the customer can estimate annual KWH output based on site annual wind velocity. 

5. ADDITIONAL REQUIREMENTS 

5.1. Metrological provision 

5.1.1. The system of metrological provision must be designed during design 

stage. It must include certification and circulating check of measurement 

systems on design stage when Design Documentation to be made. 

5.1.2. Control system design  will mostly include available on the market equipment and automation devices. 
optimizing the manufacturing process to provide low cost units in mass production. 

5.2. Programs and statistic information requirements 

5.2.1. Design and servicing of programming software intended for systems and aggregates of WPU, must be done in accordance with requirements of standard regulations of Unified System of Programming Documentation. 

5.3. Documentation requirements 

5.3.1. Design and technological documentation must meet requirements of 

standard regulations of Unified System of  Design Documentation and  Unified System of Technological Documentation. 

5.3.2. Working documentation must be made in accordance to requirements of 
GOST 2.601-82. 

6. REQUIREMENTS ON ASSEMBLY PARTS, MATERIALS, AND COATING 

6.1. Electric generator of WPU and other assembling parts and aggregates must meet requirements of standards or technical conditions for specific part and its working conditions. 

6.2. Materials to be used in aggregates, modules and parts, must be produced in Russian Federation and chosen according to application and working conditions. 

6.3. Oils and lubrication materials for WPU mechanisms must meet requirements of the appropriate standards and technical conditions. 

6.4. Coatings must provide necessary corrosion resistance, safety operation and decorative view of aggregates and modules of WPU while operation and storage. 

6.5. Metal, non-metal and paintwork coatings must provide dust and dirt removal without difficulty. 

6.6. Parts to be bought must provide operation, safety and durability of WPU in accordance with the requirements of present Engineering Task. 

7. PACKING, MARKING AND CLOSING-DOWN REQUIREMENTS 

7.1. Assembling parts and modules, their packing and temporary closing-down must meet temporary storage (up to 1 year) in climate conditions described in p. 3.3. of the present Technical Engineering Task. The assembling parts and aggregates must not loose required technical characteristics on opened storage facilities and must be acceptable for installation of WPU without any check and repairs.

7.2. Assembling WPU repair parts and their temporary closing-down must be acceptable for the storage in manufacturer's pack up to 5 years. 

7.3. Temporary closing-down and packing of WPU assembling parts, aggregates and modules must provide:

- safety of assembling parts, aggregates and modules during any type of transportation. by any type of transport; 

- protection from atmosphere precipitations, dust, dirt, acid vapors, alkalis, corrosive medium; 

7.4. Packing of aggregates and modules of WPU must have marking and other graphic elements (signs, simple text recommendations) to provide right loading, unloading and installation. 

7.5. Pack of each assembling part and spares must contain packing list and manual according to the documentation forms of manufacturer.

7.6. Marking of WPU parts and modules must meet requirements of Technical Conditions for WPU. 

7.7. Marking and graphic elements must have contrast color solution and must be firm during all operation time. They must be mechanically strong and cannot be removed by liquids used during the operation time. 

7.8. Aggregates and elements of WPU, which consist of separate assembling parts with own functions, must have marking on each assembling part. 

8. ORDER OF TECHNICAL TASK CORRECTION 

8.1. Present Engineering Task can be specified corrected by agreements with the designers of systems and aggregates of WPU.

