Renewable Energy Application using Diamond Systenf3C/104 based solution reduces operating and
maintenance costs

By Stephen Baginski

In recent time we observe quite strong shift inwlde population’s perception of climate status #rel
prevailing opinion is that we experience Global Wiy for some time already. This is nothing new som
pundits would say. What is new this time is thaigle and governments think that humans can do
something substantial about it and decided to @x&nissions and to use the funds to subsidise the
alternative technologies that would help reducesaamption of fossil fuels. One such technology isdwvi
power.

Wind power is the conversion of wind energy intorenuseful forms, usually electricity, using wind
turbines. At the end of 2006, worldwide capacityvifid-powered generators was some 75,000 megawatts
although it currently produces just over 1% of wlenlide electricity use, it accounts for approxinia@0%

of electricity use in Denmark, 9% in Spain, and in%ermany. Globally, wind power generation moranth
guadrupled between 2000 and 2006.

Most modern wind power is generated in the forrelettricity by converting the rotation of turbinkatles
into electrical current by means of an electrieatgyator. In windmills (a much older technologyinav
energy is used to turn mechanical machinery tolgsipal work, such as crushing grain or pumpingewat

Wind power is used in large scale wind farms fdramel electrical grids as well as in small indivad
turbines for providing electricity to rural resides or grid-isolated locations.

Wind energy is plentiful, renewable, widely distribd, clean, and reduces toxic atmospheric and
greenhouse gas emissions if used to replace fostiderived electricity (which hasn't ever happkdee
to the need for conventional backup of all windutgpto a grid). The intermittency of wind seldoreates
problems when using wind power at low to moderateegration levels (though such intermittency has
caused problems for grid stability in Denmark aretr@any, where penetration is greatest).

Using the wind to create electricity has been addion a long time - you've probably seen windnmalfs
farms. Ancient Babylonian and Chinese used windgydar water irrigation purposes. When the winah&ur
the blades of a windmill, it spins a turbine insademall generator to produce electricity, just lkbig coal
power plant.

A windmill on a farm can make only a small amouhélectricity - enough to power a few farm machines
To make enough electricity to serve lots of peopteyer companies build "wind farms" with dozens of
huge wind turbines.

Wind farms are built in flat, open areas wherewvied blows at least 25 km per hour. In USA, lowa
currently has more than 600 wind turbines, prodyeinough electricity to power 140,000 homes.
Minnesota and Wisconsin are also home to wind farrasd the number is growing every day i.e. a farm
photographed by the writer near Palm Springs, CA.

The insides of the wind turbine are shown below:



5. Low-speed shaft
. Gear box
1. Generator
B. Controller
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10. Wind Vane
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12. High-speed shah
13. Yaw drive
14, Yaw motor
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As seen on the above schematic, it is relativestlg@nd complicated piece of equipment, that nexpuiop
investment funds to build and service and mainte@@ontracts to cost effectively keep this equipnien
running condition as long as possible. Here eridamond Systems Europe GmbH with its Distributor in
Germany, which together with local System Integré®) have supplied a system to monitor and taliote
scheduled maintenance procedures that with givaotemechanical and thermal status would tell servic
personnel what exact actions are required to redoea time and reduce or even eliminate the cost of
breakdowns thus spare parts savings and incregseduaced electrical power.

Diamond Systems Europe GmbH is an internationadloeof ruggedized and compact computer boards
that can be stacked into small boxes, can workawitimoving parts themselves (no fan). With low powe
consumption the systems generates limited amoumaif thus no need for cooling fan. Besides sroatl f
print, low power consumption, the DSE systems dtkstanding high degree of vibration on board afisu
rotating equipment, and in full sun, it could wamkemperatures up to +85deg C or at -40deg C intewi
Diamond Systems Europe GmbH has another spedmlity exceptionally high precision of analogues
signal processing abilities. To measure all regu@ealogue inputs a solution based on it Prometfaaniy
of boards was selected by the System IntegratBaden Wirttemberg, Germany.

The space-saving Prometheus combines a full-feht86 CPU with an intelligent, professional-quality
data acquisition circuit including analogue I/Qgithil 1/0, and counter/timers, all on one boarsl.Idw
power consumption of 5 watts eliminates the needfloeat sink or fan and enables guaranteed operati
over the range of -40 to +850C. Prometheus has sismessfully used in applications including saés)
military combat vehicles, and process control.

Built-in 1/0 includes a 10/100Mbps Ethernet port)3B ports, 4 RS-232 ports with serial console
capability, PS/2 keyboard/mouse, IDE port, pargitat, and floppy port. Prometheus also includesaé
time clock with backup battery and a programmalaéchvdog timer with both hardware and software
retrigger capability.



Prometheus is compatible with a solid state flask chodules that provide IDE-compatible mass steliag
a rugged format that bolts onto the board and regquio special drivers. See http://diamondsystemsfor
more information. For DOS applications, it inclu@eBuilt-in flash file system that lets you stor&@®
operating system and application files right in dneboard flash memory without requiring any exétrn
storage. This saves time, reduces cost, and iresehs ruggedness of your system. Prometheusilalaea
in three versions:

The built-in data acquisition circuit is identidalthe one used on the Athena CPU
(http:/diamondsystems.com. It provides 16 analagpets with 16-bit A/D resolution and a comprehgasi
set of features, including programmable input rangegle-ended and differential inputs, and inget+
based sampling with FIFO support. The circuit gsavides 4 12-bit analogue outputs with selectable
output ranges, 24 digital I/O lines with programteadiirection and enhanced output current, and 2
programmable counter/timers for sample rate congn@nt counting, and programmable interrupt
generation.
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Flexible Storage Options

The on-board 2MB of flash memory contains syste @38l
(http:/www.diamondsystems.com/suppt/prompiarnd plenty of room for an embedded OS and user
programs in diskless applications. The BIOS prowisigpport for using this flash memory to emulate a
diskette drive. It can be configured as either atdlole A: drive or a non-bootable B: drive. Both id©S
and ROM-DOS can be loaded, along with applicatmftwsare, right into the flash, totally eliminatinige
need for external storage media. (Same link asg)ldov more information on this exclusive feature.

For connection to an external hard disk, a 44-pi tonnector is provided that includes both IDEhailg
and power. The board will accept the direct mownaha flash disk module, providing up to 128MB of
additional rugged, solid state memory right onlibard.

Data Acquisition Circuitry

PROMETHEUS contains a complete data acquisitiacudiat a level of performance matching our
Diamond-MM-16-AT board (without auto calibratio has 16 analogue inputs with 16-bit resolutiod an
100,000 samples per second maximum sampling rateamalogue inputs feature programmable gain,
unipolar and bipolar input ranges, and single-eratetidifferential configuration. The 4 analoguepois
have 12-bit resolution and output ranges of 0-5W/eBV. The 24 digital /O feature programmable
direction. Two counter/timers provide a means &eregenerated timing signals, counting of external
pulses, and control of the A/D sampling rate.

ATX Power Supply
PROMETHEUS provides ATX power compatibility. Thevper can be turned on by pressing a momentary

switch. If the switch is pressed a second timelaid for 2 seconds, the power will turn off. Theitiary
output power connector for external drives is aatched on and off with this circuit.
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A picture of Prometheus CPU board in PC/104 format



PROMETHEUS BLOCK DIAGRAM

32MB 2 V1B FLASH
RAM | »|  WITHBIOS &
FLASH FILE SYSTEM | -
FLOPPY
KEYBOARD
b COM1, COM2 L
Zixge™ [ > PARALLEL
PROCESSOR DUAL IrDA
UART | ¢ COM3, COM4 » 2USB
WATCHDOG /0

I PCI BUS

10/100
CELHT%FB'\ER MAGNETICS ¢ » ETHERNET
-+ 16 ANALOG INPUTS
ACU[lJJlI-\ST#ION » 4 ANALOG OUTPUTS
CONTROLLER | » 24 DIGITALI/O
ISA-PC/104 BUS < » 2 COUNTER/TIMERS

The optional data acquisition circuit on Promethisusquivalent to a full-featured analogue 1/0 exgian
board, with analogue 1/0O, digital I/O, and courtterér functions.

The 16 analogue inputs have 16-bit resolution, anmgnable gain of 1, 2, 4, and 8, and maximum input
range of +/-10V in bipolar mode or 0-10V in unipofaode. Both single-ended (2-wire) and differen{gl
wire) inputs may be accommodated. Using the boifHFO and interrupts, the board can achieve sample
rates of up to 100 KHz in both single-sample arahsoodes.

The board also has 4 12-bit analogue output chanfibke output range is jumper-selected betweerV0-10
or +/-10V. On power-up, the outputs may be congguio clear to mid-scale or zero-scale, so that the
always power up to OV for safety.

Prometheus also has 24 digital I/0 lines organ&ed 8-bit ports. The direction of each port is
programmable. When in output mode, each port traghadrive buffer capable of supplying up to -
10/+30mA of output current per pin.

Prometheus has two counter/timers for timing opemat The first counter is 24 bits wide and is gahg

used to control A/D sampling rate. Driven by a ysegrammable 10MHz or 1MHz on-board clock, it can
provide output pulses anywhere from 10MHz down.@6Blz. The second counter/timer is 16 bits wide ant
can be driven by either 10MHz or 100 KHz on-bodatks or a user-supplied input signal. It can bedus

for timing, counting/totalizing, or programmablearrupt generator functions.

All data acquisition 1/0 signals are available asiregle 50-pin header that mates with a standatzbn
cable.

The optional data acquisition circuit on Promethisusquivalent to a full-featured analogue 1/0 exgian
board, with analogue 1/0O, digital I/O, and courtterér functions.



The 16 analogue inputs have 16-bit resolution, anognable gain of 1, 2, 4, and 8, and maximum input
range of +/-10V in bipolar mode or 0-10V in unipotaode. Both single-ended (2-wire) and differentsl
wire) inputs may be accommodated. Using the boiFFO and interrupts, the board can achieve sample
rates of up to 100 KHz in both single-sample arahsoodes.

The board also has 4 12-bit analogue output chanfike output range is jumper-selected betweerV0-10
or +/-10V. On power-up, the outputs may be configluio clear to mid-scale or zero-scale, so that the
always power up to 0V for safety.

Prometheus also has 24 digital I/0 lines organ&ed 8-bit ports. The direction of each port is
programmable. When in output mode, each port lraghadrive buffer capable of supplying up to -
10/+30mA of output current per pin.

Prometheus has two counter/timers for timing opemat The first counter is 24 bits wide and is gahg

used to control A/D sampling rate. Driven by a ysergrammable 10MHz or 1MHz on-board clock, it can
provide output pulses anywhere from 10MHz down.@6Blz. The second counter/timer is 16 bits wide ant
can be driven by either 10MHz or 100 KHz on-bodatks or a user-supplied input signal. It can bedus

for timing, counting/totalizing, or programmablaégrrupt generator functions.

All data acquisition 1/O signals are available osirgle 50-pin header that mates with a standéatzbri

cable.



Prometheus has a total of 9 1/0 headers to mataggrge quantity of /0. Because there are several
options, including a cable-free method, no cabtegpaovided with the board. All I/O connection apis
are sold separately.

Panel Board

DSE unique panel board provides a convenient, digaed cable-free method of accessing the entee us
I/O on the board, including power. This board pldgsctly on the top of the CPU and provides ingust
standard connectors for all /0. All I/O connectorsPrometheus are vertical to accommodate this
configuration.
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