Wind Turbine Trainer
Operations Manwal




Theory of Operation

The power supply delivers multiple output voltages needed for the various systems. A
wiring harness connects these outputs from the power supply and is routed up tower. A
hole in either the tower section near the bottom or through the center portion of the

universal plate and base section will suffice.

The harness attaches to the yaw slip ring assembly fixed connection. The wiring harness
can then be attached to the top end of the slip ring, which is the rotating portion, and
routed to nacelle plate. Now the nacelle can freely spin endlessly and keep power without

risk of binding wires.

The wiring harness routes power to appropriate subsystems. These would include the
yaw motor, drive motor, lights, wireless cameras, nacelle sensors, all the encoders, the PLC
and wireless relay control board, and the hub communication slip ring assembly. The hub
communication slip ring has the rotating output routed through hollow main shaft into hub

assembly.

Control of the turbine can be initiated by pressing buttons on wireless transmitter
associated to control a particular function. The receiver board on nacelle energizes a relay or
sets of relays which output power to associated function. Many of the functions can be
controlled directly with wireless receiver board, like yaw, drive motor, lights, cameras, etc.
Other more complex functions are routed from the receiver board to the PLC input terminal

strip. This is especially true for pitch control of the blades.

Pitch control system

The pitch control is a slightly more complex operation. Even though three identical pitch
systems can be run in a parallel circuit, there is no certainty of all blades tracking in sync.
Minor differences in resistance between gears, couplers, bearing, and pitch gear motor are
factors. Another common factor is the difference in blade weights. This is the main reason
for the shaft encoders on the pitch motors.

The encoders create pulses at regular intervals, which when routed to a computer (PLC)
can be analyzed. This way the PLC can know the position of each blade independently. Once
it knows this, it can individually control each blade, making major or minor corrections until
all the blades are within acceptable limits. A redundant position system can be installed

between the hub and each blade as well.

The proximity switch located near each pitch assembly will sense the ferrous washer or
magnets attached to the hub side of each blade. The ferrous material can be arranged to set
travel limits of the blade. One can be set at zero degrees, a reference angle at which the
fluid dynamics dictates there will be no significant lift created by the blades. This is usually

the resting position of a turbine. Another washer can be arranged according to the



maximum travel limit. With these the PLC can get confirmation of the travel limits besides
the gear motor encoders. The more gear ratios between the encoder shaft and the blade,
creates a compounding backlash effect. The external proximity sensor system can be used
as a fail safe. More washers can be added between the travel limits, for example one can be
arranged to the startup pitch angle, typically around 35-40 degrees. They can also be
arranged in equal distances as just a redundant blade position feedback system.

The yaw system can also have a shaft encoder. Commercial wind turbines must have
some form of yaw position sensing because it is not yet feasible to transmit high levels of
power through a slip ring assembly. They can spin in either direction for typically 4-5 turns
before the tower wiring has wrapped itself to a dangerous point and must be unturned. The
present invention utilizes a yaw slip ring assembly which eliminates the need for yaw
sensing. The fact that the present invention is to train technicians for commercial turbine

theory, is the reason that yaw sense should be included.

Speed Sensing

Speed sensing is a critical component of commercial wind turbine technology. Normally
there is some type of proximity sensing arrangement for the reading of hub speed. Usually
there is also some type of sensing on the far end of the power train system which is the
generator. With a known gear ratio of the power train, the plc can monitor any differences

between the hub and generator output speeds.

Additionally encoders can be installed on the gearbox assembly. This would provide a
more in depth teaching platform for gear ratios, as well as providing a tighter feedback loop
in an actual turbine. Speed sensing can be preformed with just a single channel encoder,

which is essentially an RPM sensor or tachometer.

Teaching Industrial Technology

Conventional industrial electricity involves 3 phase power at a.c. voltage levels from 208
to 690 and above. All these voltages even with minimum power are more than enough to be
deadly to work on and around, much less teach from.

The present invention is designed to teach these electrical and power train technologies
in a very safe design and environment. The drive motor in the nacelle takes the place of
actual wind energy. This allows the turbine to be safely and conveniently run indoors, all
year round, regardless of wind resource.

Normally 3 phase power systems are run with a VFD, variable frequency drive. These
use typical industrial voltages previously mentioned. They are also expensive and still
produce a hazardous environment in which to learn from. The D.C. low voltage drive motor
completely eliminates the inherent risks in using a VFD. In fact the present invention can



easily be run off battery power. This would make the present invention easy to display and
teach from to even grade school children.

The output generator can be easily modified to teach industrial electricity from. The
generator is ideally a 3 phase induction generator. The rotor can be pulled from the housing
and the squirrel cage can be pressed off the motor shaft. A new rotor can be pressed on,
this would hold permanent magnets. In arder to create a good sine wave, the magnets
should be installed in pairs, alternating polarity of north and south. This way any motion of
the rotor will induce a three phase sine wave signal of low voltage and very little power,
eliminating the need for any external field control. This signal is enough to be read and
analyzed by an oscilloscope. The generatar output can then be routed to a three phase
rectifier that converts the asynchronous a.c. to d.c. This is also typical of most commercial
wind turbines today. Eventually that power is re-inverted into grid synchronous a.c. which is
not shown in drawings but could be added later.

This completes the general power train and power flow technologies involved in most
commercial wind turbines. This is cleverly achieved in the design to keep working voltages

under 50 volts, which is the limit at which OSHA considers to be safe to work and be around.

Fluid Dynamics

The hub houses stubby blades, adequate for the instruction of fluid dynamics. The outer
ends of the blades should ideally end in a NACA type airfoil. The active pitch system allows
one to visually teach and learn

Auxiliary Sensors

Any number of additional sensors can be installed and routed to the PLC, as long there
are enough inputs. Further plc programming can be uploaded any number of times. The
present invention is truly modular and upgradeable to facilitate instruction from grade
school to post graduate studies.



Tower: supports the entire wind turbine which can also rotate upon, often houses essential power
and communication circuits and devices

Nacelle: the main part of a wind turbine that rests on the tower, this usually houses the main shaft,

gearbox, generator, electronics and secures the hub

Hub: the rotating part of the wind turbine which houses blades, bearings and associated devices and
electronics to actively change the pitch angle of blades

Main shaft: establishes a mechanical connection between the nacelle and hub, it also routes power

and communication to hub via hollow center

Slip ring: rotating contact assembly allowing power and communications between a fixed object and
a rotating object, allows endless rotation without risk of wire binding. Can also allow fiber optic and

hydraulic connections

OSHA: Occupational Safety and Health Administration, entity that establishes guidelines and
protocols for a safe working environment. For electrical standards, class 1 is rated as the safest
voltage level for working with. At the present time, any voltage below 50 volts a.c. or d.c., is
considered safe according to OSHA. No real ppe is required although it is recommended to wear

cotton shirt, use eye protection, remove any jewelry and tie long loose hair.

PPE: personal protection equipment, OSHA sets a standard of minimum required protection
equipment with varied levels that depend on many circumstances some of which are according to

certain voltage types, levels and environments.

Encoder: an analog or more commonly digital solid state add on device. Encoder attaches to a flat
surface about an axis that is rotating, typically on the back end of a dual shaft motor. A single
channel encoder provides a single pulse at regular intervals that can be translated into a tachometer
reading. Two channels on an encoder allow speed and direction sensing of a shaft. The square wave
pulses are 180 degrees offset and usually a PLC or microcontroller decodes the pulses.

PLC: programmable logic controller, basically a stand alone industrial computer that has inputs,
outputs, and a central processing unit. At the time most commercial wind turbines along with most
other industries are now using these, replacing decades old but still useful relay logic control
circuits.

Planetary gearbox: an integral assembly of gears that converts a rotary input to a higher output
speed. In wind turbine technology, these are used in reverse to convert the low main shaft speed
with high torque to a higher output with less torque, usually to drive an electrical energy producing
generator. The gears are all rotated along the same axis, hence the term planetary in reference to
celestial motion

Parallel shaft gearbox: a set of different sized gears arranged so the shafts of each gear rotate along
a parallel plane. In wind turbine technology, these are also used in reverse, the large gear is usually



used as the input side, with the input coming from the planetary gearbox. The smaller gear is driven

much faster than the rest of the rotating gears, which usually coupes to the generator.

Pitch system: an assembly usually located in the hub, primary function is to change blade angle of
attack which must continuously vary according to the real time wind speed among other variables.
Many commercial wind turbines still use hydraulic linear actuators. Most newer turbines now
employ electro mechanical rotary pitch drives. They are physically capable of rotating the blades ina

350 degree arc, usually there are limit switches to prevent system from pitching all the way around.
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