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Implementation Statement

The implementation of this report is inherent in that a Small Wind Energy Con-
version System (SWECS) is to be installed. This project will demonstrate the
capabilities of a SWECS. The project is open to the public and a display area
showing actual operation, and past and present power production has been made
available. Continuous print-outs of wind velocity, wind direction, power con-
sumed by the facility and power produced are on display. Small written articles
and advertisements have been forwarded and used by several newspapers. There-
fore, it is believed the implementation of this project will be that of pro-
viding knowledge to interested parties concerning future use of such systems.
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Summary

This report describes the site selection, equipment cost and installation meth-
ods of a Small Wind Energy Conversion System (SWECS). After considerable study,
discussions with knowledgeable people, and observations of working systems a

25 kw unit was selected for installation and demonstration. The unit was
installed at the maintenance and storage area at the Wichita Falls District
Office. The initial cost of the equipment was approximately $25,000 including
the equipment, installation, periodic inspection and minor modifications by the
manufacturer. Only a few manufacturers of this size unit were found, but the
manufacturer with the lowest cost, meeting the requirements proposed, was Jay
Carter Enterprises, Inc., at Burkburnett, Texas. The unit was installed May 12,
1982, and put on line at 3:40 p.m. At the completion of a surveillance period
of about two years, the unit had performed satisfactorily and produced about
40,000 kw of electrical energy.

[On April 29, 1984, the SWECS unit was found to be inoperable with one
blade slightly feathered or twisted out of alignment. Further investi-
gation indicated the possibility of a broken tendon in the edge of the
fiberglass blade causing a relaxation of the shape of the blade. Jay
Carter Enterprises indicated both blades should be replaced with a matched
set. This was accomplished at a cost of $1500. The problem occurred
about two weeks before the unit had been on line for two years (age~-102
weeks). Because this report had been nearing completion at the time of
occurrence, this information will not be repeated in the report.]
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Recommendations

It is important to note that about one half of the electric service company
charge stems from the "demand" term (peak use period or largest use in a
15-minute period). If demand could be reduced, savings would be significant.
Peak use of electricity in the office complex should be studied and reduced if
possible by staggering the activation of equipment. Also, it may be desirable
to consult with companies which specialize in providing energy management tech-
niques.

This project has demonstrated the feasibility of installing and using SWECS

units. It is recommended units be installed and used where District personnel
believe such use would be beneficial.
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INSTALLATION OF A SWECS AT THE

WICHITA FALLS DISTRICT OFFICE

I. Background

At the initiation of this project the United States had just experienced
a period of critical shortage of fossil fuels at the retail market level. Even
though more stable supplies are presently available, attempts are being made to
study alternate or so-called renewable energy sources for present and future
use. This project was initiated to demonstrate one form of such an energy
source - the power gleaned from the wind.

After considerable study, it was decided to select a Small Wind Energy
Conversion System (SWECS) in the 25 kw range. It was reasoned that this size
unit would be the size most used by the more isolated Departmental field offices
and a size most economically priced for small businesses or small rural groups
of say three to four dwellings to a umnit.

Several visits were made to sites having operating equipment and dis-
cussions were held with people knowledgeable in the SWECS field. These visits
produced excellent information. For example, Dr. R.N. Clark working with the
U.S. Department of Agriculture and in cooperation with DOE was developing infor-
mation on SWECS.{1) A visit with Dr. Clark at Bushland, Texas, proved very
beneficial. The DOE study at Bushland involved several vertical axis "egg
beater" type units along with a down wind horizontal axis unit which was used
to provide power for agricultural purposes. Also a visit with Dr. Vaughn Nelson
and the personnel at the Alternative Energy Institute, West Texas State Univer-
sity in Canyon, Texas, was helpful not only in providing information on SWECS
units but also in providing wind velocity and direction information.(2

II. Object
The object of this report is to provide information concerning the site
selection, equipment costs and installation methods in setting up a SWECS, along

with performance information of the SWECS selected.

III. Site Selection

The basic criterion in the site selection was that the site be on Depart-
mental grounds. Also, the site should be in a position to receive the best
available wind velocity with consideration of the dominant wind direction if
possible. The site should be such that noise and other distractions to the
surrounding houses or public be non-existent; however, the unit should be highly
visible to the public in order that inquiry and demonstration could occur. Con-
siderable monitoring of the unit was planned; therefore, the unit should be -

(Numbers in parentheses are related to publications in the References.)



‘sited at a location within easy access by monitoring personnel. After consid-
erable planning and discussion, a request was made to the FHWA and permission
received to locate the unit on the maintenance and storage yard at the Wichita
Falls District Office. It had originally been planned to set up wind and
weather monitoring equipment at two or more locations where Departmental offices
were located. Wind data would have been collected for approximately one year
while the SWECS was being fabricated. The site having the best wind velocity
information would be selected for installation. But as it developed the SWECS
was available prior to receiving the weather monitoring equipment. It was
necessary to accept the SWECS or experience a lengthy delay. However, a proce-
dure of studying the wind information prior to site selection is recommended for
future use.

The storage yard at the Wichita Falls District Office is several hundred
feet back of the warehouse. The warehouse in turn is approximately 300 feet
back of the main portion of the complex. The main office faces a highway which
is a major city street in Wichita Falls. The storage yard is at or near the
crest of a long rolling hill; therefore, the SWECS is highly visible to the pub-
lic passing on the street and the unit is in an excellent position to receive
the winds from every direction without excessive turbulence. The nearest hous-
ing or dwelling is approximately 1000 feet from the SWECS.

Studies were made of the effects of noise to the surroundings by obtain-
ing readings with a meter which measures noise in decibels. This testing was
obtained prior to site selection by visiting sites having a SWECS unit similar
to that being purchased. Values were obtained at one location on more than one
occasion. Readings were obtained in four directions at various intervals begin-
ning at the SWECS tower and moving out until the values did not change (obtained
a common or background noise level). In no case was the reading greater than
71 dBA with a 60-foot tower. A background noise level of 48 to 52 dBA was
achieved about 150 to 200 feet from the tower. Therefore, a difference of 15 to
20 dBA can be attributed to the SWECS; however, little effect of noise was noted
at a distance of 150 feet from the tower.

IV. The SWECS Unit

After considerable study, which included reports from the DOE experiments
at Rockg Flats, Colorado, it was decided to select a horizontal axis, downwind,
swees. (3) 1t developed that only a small number of manufacturers (3 companies
in 1980) produce a SWECS unit in the 25 kw size range. Therefore, requests for
price information and operational details were forwarded and received from manu-
facturers which had 25 kw SWECS units available. The manfacturer with the
lowest cost meeting the requirements proposed was Jay Carter Enterprises, Inc.,
at Burkburnett, Texas. Specifications for the required unit may be found in
Appendix A.



V. Equipment Costs

Jay Carter Enterprises bid $25,000 for the SWECS unit complete with
80-foot tower and installation. It was necessary for the Department to con-
struct the foundation and provide the conduit and cabling from the meter near
the office complex to the SWECS. The Department also provided the services of
an electrician to connect the system to the service company grid. The following
are costs associated with the installation of the system:

1. .Carter Wind Generator Model 25

with 80-foot tower $25,000
2. System components and delivery costs 1,410
3. Conduit and Cabling 550
4. Electric Work 200
5. Foundations (Material, Equipment

and Labor) 750

Total $27,910

VI. The Electric Utility Company

During the initial planning, Texas Electric Service Company (TESCO),
which supplies power to the Wichita Falls area, was contacted. From the initial
contact a high degree of interest and aid has been received. The company sup-
plied watt meters and pulse generators (purchased) for monitoring energy out-
puts. TESCO also offered to share digital type data from a pulse generator
attached to a watt meter used to monitor the generator output.

VII. 1Installation Methods

The SWECS was delivered and installed on May 12, 1982. The installation
was performed by a well-trained crew using well-endowed and specialized equip-
ment. The unit was delivered on a trailer especially equipped with mountings to
contain the components while in transport. The trailer was towed by a medium-
size truck (see Figure 1). !

Prior to installation departmental personnel had constructed the founda-
tion for the unit as directed by Jay Carter Enterprises, Inc. The foundation
consisted of six small concrete pads. The top of the pads was finished close to
ground level and the remainder of the pad was constructed so as to be relatively
deep in the ground. Figure 2 shows one of the pads and the installation of
hardware by the contractor.

One of the pads was in the center or surrounded by four other pads which
were at the north, south, east, and west positions and at a uniform distance
from the center pad. The center pad contained the mounting for the tower (See
Figure 3) and the other four pads were used as tie downs or '"dead men" for cable
bracing. The sixth pad contained a brace to hold the generator off the ground



Figure 2 - SWECS Foundation



Figure 3 - Tower Mounting

Figure 4 - Connection of Tower Lengths



when it is in a lowered position for installation or maintenance. The 80-foot
tower was delivered in two pieces and has a larger diameter at the top than at
the bottom. Figure 4 shows the contractor connecting the two parts of the tower
which is accomplished using a hydraulic piston attached to a preprepared clevis
on each part. One end of the tube tower fits into the other end with a close
tolerance in the end dimensions. The lower end of the tower was fitted to the
support on the center pad and the tower, with generator, was placed on the brace
on the sixth pad.

The cable braces were attached and some tension was exerted on the '"side"
cables. Provision has been made to level the generator by actually observing a
level mounted on the generator. The generator was raised into position and the
two levels mounted in a traverse manner on the generator were observed using a
telescope. Adjustments were made to the cable lengths to level the generator.
After leveling, the generator was lowered for further work. Figure 5 shows a
view of the generator with the top cover removed to mount the transverse levels.
Figure 6 shows the contractor observing the levels so the cabling can be
adjusted to level the generator horizontally. When complete the side cables
remain in position and the '"front" cable has received a set length. The rear
cable and a gin-pole arrangement allow the generator and tower to be raised and
lowered using a pulley system. The truck was used to pull the tower and genera-
tor up and also to lower the unit. This operation is shown in Figure 7.

The blades were installed and adjusted as shown in Figures 8 and 9. When
complete the tower was again raised with the gin-pole, pulley-cable, and truck
as shown in Figure 10. Instrumentation provided by Jay Carter Enterprises was
mounted near the generator as shown in Figure 1l1. After the electric cabling
was attached and checked out, the system was initiated. The unit was put on
line at 3:40 p.m.

At a later date a winch mechanism was purchased and installed. The winch
replaced the truck method of lowering the tower and generator. Also at a later

date a lightning rod was purchased from and installed by Carter personnel.

VIII. Data Collection System

A microprocessor system was installed to monitor the performance of the
SWECS unit and to collect weather information. Figure 12 shows the equipment as
installed in the District Office. The system obtains weather information from a
digital weather monitor and energy information from the pulse generators on the
watt meters described previously. The data was processed, stored on a cassette,
and hourly reports printed for display as part of the demonstration of the
system. A listing of the program used to process the data at the District
Office may be found in Appendix B.



Figure 5
SWECS with Cover Removed

Figure 6

Leveling the Generator




Figure 8 - Blade Installation

Figure 9 - Blade Adjustment
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Figure 10

Completed Unit

Figure 11

Instrumentation




Figure 12

Data Collection Unit
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Later, three reports were prepared from data stored on the cassette. One
of these reports was a daily plot of the hourly averages or summaries. An exam-—
ple of this plot is shown in Figure 13. Note, two days are shown with hourly
time intervals on the vertical axis and two different scales on the horizontal
axis. Four plots are used showing energy output by the generator, total energy
consumed by the District Office complex (note the scale value should be multi-
plied by ten), average wind velocity, and the cubed average wind velocity. The
average wind velocity is the arithmetic average of velocities obtained at one-
second intervals. The cubed average wind velocity was calculated by obtaining
one-second wind velocities, cubing the one-second velocities, and summing the
cubes for a one-hour interval. The one~hour sum of the cubes was then divided
by the number of one-second observations and the cube root of this value found.
This cube root value is the cubed average wind velocity for the hour in
question,

An example of the second report is found in Figure l4. This report is a
monthly summary composed of daily values. The daily values were obtained from
the hourly data similar to that explained in the plot of Figure 13. In addi-
tion, the average daily temperature is shown along with the Theoretical Wind
Power generator efficiency and (dominant) wind directions. The Theoretical Wind
Power is a calculated value based on the measured wind velocity cubed, air den-
sity, the swept area of the blades of the generator, and a "pile-up factor" of
59.2 percent. The Efficiency of the Generator is the quotient of the power pro-
duced by the SWECS divided by the Theoretical Wind Power. It should be noted
that a watt meter for the SWECS output malfunctioned and was removed on October
1 through 5, 21 and 22, and 27 through 28, 1982. Also the microprocessor was
down for several hours on October 6, 1982, which affected the value shown for
Power Used by Facility.

An example of the third report is shown in Figure 15. The third type of
report contains wind information and allows the observer to study the wind velo-
city and directions in tandem. Note the wind directions are listed vertically
and observed in rows. For example, during the month of October 1982 some 18.3
percent of measurements were from the east-southeast. The columns are wind
velocities in mph. For example, the third column is the information for an 8- to
12-mph wind. About 8.4% of the time this velocity was observed from the ESE and
28.4Z of the observed measurements in October were in the 8 to 12 mph group.

IX. Wind Information

Wind information was collected by two anemometers and a directional indi-
cator. One anemometer was mounted at 30 feet but the information reported
following was collected by a second anemometer mounted on a radio tower approxi-
mately 300 feet from the SWECS. The equipment on the radio tower was mounted at
a height of 80 feet. This elevation was the same height as the center of the
swept area of the SWECS. The data was collected and processed as described pre-
viously and comparisons were made with the energy produced. However, general
summaries follow.
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Wind Direction. Table I shows a summary by month of all the wind direc-
tion information collected. The table contains the percent of the hours of
occurrence during the month, for the month and direction in question. It may be
noted that the dominant directions are from the southeast moving toward the
northwest, with the east, east-southeast, southeast and the south-southeast
having the largest percentages of time. However, the fall and winter months
tend to have dominant wind directions from the northerly directions. The nor-
therly directions could be associated with storm systems which occur during
these months. These storm systems tend to have short periods of very high winds
as do the spring months.

Wind Speed. Table II contains a summary of the wind speed information
for each month studied. The percent of the hours of occurrence during the month
are again shown. It should be recalled that the power produced increases in
proportion as the cube of the wind velocity and the SWECS generator is generally
not activated at wind velocities less than about 8 mph.

The wind speeds tend to be variable with different quantities found
during the same month on succeeding years. However, the spring months tend to
have higher more productive winds. Lower speeds are found during the hot summer
months. Note windspeeds in excess of 32 mph tend to occur during February,
March, April and May.

X. SWECS Performance

At the completion of this project, observations of the SWECS were
obtained for about two years. During this period the SWECS has operated with
very little down time. The system has been shut down for short periods in order
to perform the suggested maintenance. In addition, on two occasions rather
violent storms have activated the "Out of Balance" control system which stopped
the generator when the brake engaged. On these occasions it was necessary to
lower the generator and reset the control. However, the unit has performed well
with no operational difficulties.

The wind has not cooperated as well as the generator. During the summer
after installation the wind velocities were lower than normal, and this trend
seemed to continue throughout the observation period. For example, the average
wind velocity for October 1982 was 10.6 mph, measured by the National Weather
Service, whereas the October 1983 value was 9.6 as measured with project equip-
ment at the District Office.

The maximum efficiency during a 24-hour period when calculated as shown
in Chapter VIII occurred on December 14, 1982 and was found to be 81.2%.
Efficiencies of 50 and 60% were common. The efficiency calculation is based on
data from a one-hour time period and is very dependent on a calculated energy
value. The calculated energy value is based on theoretical priciples and is
sensitive to wind velocity. Wind velocities can vary widely during an hour
period, so the efficiencies fluctuate depending on the consistency and strength
of the wind velocity.
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Table I
WIND DIRECTION
(% of Time During the Month)
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The maximum power produced by the SWECS during a 24-hour period was
measured on November 11, 1982 at 333 kw. The lowest wind velocity during this
24 hours was 14 mph, and the largest was 29 mph. Power production during the
24-hour intervals for the two-year study was larger than 200 kw on several -—
occasions.

XI. Energy Production and Benefits

Normally, a study of the energy produced by the SWECS would include the
total amount of energy produced, the amount of energy stored or returned to a
utility grid, and the amount used by the office facility. However, the size of
the SWECS influenced the analysis of the subject study.

The Carter SWECS units are constructed such that the alternating current
produced by the generator has the same frequency and is synchronized with the
line current. The unit has no stationary energy storage such as batteries. The
excess energy produced is transmitted to the service company grid. Because the
Department is not in the business of producing electricity and only desired to
demonstrate the use of alternate energy systems, a SWECS was deliberately selec-~
ted to be of a small size so that minimal quantities would be returned to the
service grid. From Figure 13, it may be noted that the hourly use of electric-—
ity by the District Office complex in October 1982 ranged from about 40 kw to
260 kw. Since the generator is rated at 25 kwh and the minimum hourly use is
40 kw, one would suspect little energy would be returned to the grid. This
proved to be the case. All energy produced by the unit was used by the facility
and no energy was returned or sold to TESCO. This fact should simplify an anal-
ysis of cost benefits. However, the electric service company bases charges on
multiple factors.

An electric service company has the responsibility of providing a
constant source of power to its customers. Many of the customers will demand
power at the same time and peak use periods occur. Because of this peak use the
service company is forced to design its power plants with such capacity as to
produce sufficient power at these peak periods. During non-demand periods the
power plant can cut back on the fuel used to produce electricity and operate
much more economically. In seeking equitable methods of charging its user
customers, a service company may have a very complex system. The Texas Electric
Service Company used the following method to calculate charges for the service
delivered to the District Office complex during the study period:

$ 10.00 Customer charge
3.61 per kw of demand in excess of 10 kw, and
. 0425 per kwh for first 2500 kwh
.0250 per kwh for next 3500 kwh
(Add 150 kwh per kw of demand in excess of
10 kw)
.0049 per kwh for all additional kwh

The term '"demand" was defined as:

18



"The current month maximum kw, provided, however, that
for customers having not less than one full month of
on-peak kw history the kw thus determined may not
exceed the sum of the maximum on-peak kw plus 30% of
the amount by which the current month maximum kw
exceeds the maximum on-peak kw; but not less than 80%
of the amount by which the maximum on-peak kw exceeds
15 kw; nor less than 50 of the amount by which the
contract kw exceeds 15 kw.

Current month maximum kw is the kw recorded during
the 15-minute period of maximum use during the
current month.

Maximum on-peak kw is the highest kw recorded at the
premises during the billing months of June, July,
August, September or October in the 12 months ending
with the current month.

Contract kw is the greater of (a) the maximum
electrical load specified in the agreement for
electric service, or (b) the kw recorded at the pre-
mises during the 15-minute period of maximum use at
any time during the 12 months ending with the current
month."

Electric service charges to the District Office complex for the period from
October 1981 to October 1982 may be found in Table III. Note the charges for
October 1982. The total charge was $4,078. The actual demand was 272 kw,
however the demand used for charges was 295 kw [(384 - 15) X .8]. The 295 kw
demand was used throughout the winter months of 1982-83. The cost breakdown for
August 1982 and October 1982 may be found on Table IV.

The average cost per kwh used in August was $6,981.18/116,800 kwh or
$0.060 per kwh. The average cost in October 1982 was $4,078/70,400 kwh or
$0.058 per kwh. Note the fuel adjustment cost for August 1982 was 3.2164 cents
per kwh whereas the fuel adjustment for October 1982 was 2.3740 cents per kwh.

About one half of the total charges originate with the demand term;
therefore, it is important to consider this term when studying cost benefits.
However, it is difficult to determine the effect of the SWECS on reducing the
demand. Observing Figure 13, it does appear that some increase in wind velocity
occurs during the peak use period of the complex (afternoon hours, especially
during the summer). This velocity is probably due to the thermal movement of
air when the land mass is heated.

A small analysis and comments by Texas Electric Service Company have been
included in Appendix C. TESCO indicates in a one-year period from May 1983 to
April 1984 the SWECS unit produced about 19,930 kwh with a maximum output of
23.35 kw. The unit used 950 kwh and 55,350 kvar of reactive power.
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MO. YEAR
Oct. 1982
Sept. 1982
Aug. 1982
July 1982
June 1982
May 1982
Apr. 1982
Mar. 1982
Feb. 1982
Jan. 1982
Dec. 1981
Nov. 1981
Oct. 1981
TOTAL

Use History for the District 3 Office

ACTUAL-KW

272
368
384
376
360
272
224
192
192
192
230
288
360

Table III

BILLING

295
368
384
376
360
276
276
276
276
276
276
288
360

20

KWH CHARGES
70,400 $4,078
109,600 $6,084
116,800 $6,981
106,400 $6,880
81,600 $5,610
56,000 $3,819
72,000 $4,214
61,600 $3,890
64,480 $3, 755
71,520 $3,818
60,480 $3,345
55,680 $3,371
71,040 $4,161
997,600 $ 60,006



Table IV
Billing Examples

October, 1982 Actual Demand - 272 KW
Billing Demand - 295 KW Use- 70,400 KWH
Customer Charge $ 10.00
Demand 295 KW minus 10 KW =
285 KW at $ 3.61 per KW 1,028.85
2500 KWH at 4.25¢/KWH 106.25
3500 KWH at 2.50¢/KWH 87.50

(*Add 150 kwh per kw of demand in excess of 10kw)

295 kw - 10 kw =
285 kw times 150 kwh per kw =

42,750 kwh at 2.50¢/KWH 1,068.75
All additional kwh =

70,400 kwh minus 2500 kwh minus
3500 kwh minus 42,750 kwh =

21,650 kwh at 0.49¢ per kwh 106.09
Fuel Adjustment -
70,400 kwh at 2.3740¢ per kwh - 1,671.30
TOTAL $4,078.74
August, 1982 Actual Demand - 384 kw
Billing Demand - 384 kw Use - 116,800 kwh
Customer Charge $ 10.00
Demand 384 kw minus 10 kw =
374 kw at $§ 3.61 per kw 1,350.14
2500 kwh at 4.25¢ per kwh 106.25
3500 kwh at 2.50¢ per kwh 87.50

*384 kw - 10 kw = 374 kw x 150 kwh/kw =
56,100 kwh at 2.5¢ per kwh 1,402.50

Additional kwh = 116,800 kwh - 2500 kwh -
3500 kwh - 56,100 kwh =

54,700 kwh at 0.49¢ per kwh 268.03

Fuel Adjustment -
116,800 kwh at 3.2164¢ per kwh 3,756.76
TOTAL $6,981.18
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Production

In approximately two years (from May 1982 to April 1984) the SWECS pro-
duced some 40,465 kw of electricity. Based on continuous monitoring of energy
used and produced it is estimated that the SWECS will reduce the monthly demand
an average of about one to four percent.

Benefits

Probably the best method of predicting a monetary benefit for the subject
unit is to use the average cost per kwh. The average cost per kwh was reported
earlier in Chapter XI and was obtained by dividing TESCO's total monthly charge
by the kwh used during the month. When this was accomplished the mean monthly
value was found to be $0.06 per kwh. Therefore, the monetary benefit derived
from the first two years of operation was $2427.90 or $1213.95 per year. The
annual values will be influenced by increases in fuel and service costs.
Therefore, Table V was prepared to show a listing of estimated annual costs and
benefits. Note, the fuel costs and electric service has been estimated to
increase at a rate of ten percent per year. The unit is expected to pay off the
initial cost of $25,000 in approximately 12 years.

XII. Conclusion

The SWECS unit used in this study appears to be extremely well designed
and has shown good performance that has been relatively maintenance-free.
Rather than the usual start-stop-debug routine of much new equipment, the sub-
ject SWECS was installed, immediately began producing electricity, and has been
producing power since that time. The pay off period for the unit must involve a
relatively long time period and little is known about long-term maintenance
costs. But it is concluded that Small Wind Energy Conversion Systems are rela-
tively trouble-free, will not cause excessive use of personnel time for equip-
ment maintenance, and are economically feasible with payoff on initial and
maintenance costs of about 14 years.
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Table V
Investment Return Period
(Based on an Energy Cost Increase of 102 per Year)

SAVING CUMULATIVE SAVING COST
YEAR (DOLLARS) (DOLLARS) (DOLLARS)
1983 $1,214 $ 1,214
1984 1,335 2,549
1985 1,469 4,018
1986 1,616 5,634
1987 1,777 7,411
1988 1,955 9,366
1989 2,151 11,517
1990 2,366 13,883
1991 2,602 16,485
1992 2,863 19,348
1993 3,149 22,497
1994 3,464 25,961 $25,000
1995 3,810 29,771 27,910
1996 4,191 33,962 34,000

Note: Assuming a maintenance cost of $750 per year, some
$34,000 would be involved ($25,000 initial plus $9,000
maintenance) for an investment return in 1996.
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Appendix A
Specifications for a Wind Generator
and

Mounting Tower

25



Specifications for a
Wind Generator
and

Mounting Tower

General

The wind generator shall be so designed and fabricated to have low maintenance,
good reliability, long life, pleasing esthetics, and high efficiency. The unit
shall contain an induction-type generator producing 3-phase, 440-volt, 60-cycle
AC current. The unit shall be a horizontal, down-wind system which naturally
weather vanes. The blades shall be fabricated to stall in a high wind condition
to protect the generator from overloading. An overspeed control shall cause the
blades to pitch up and stall. The blade design shall contain a self-start
feature.

The blades shall be formed basically of fiberglass and shall be very strong but
highly flexible. In a non-rotating condition, in winds of 125 mph, the blades
will "unload" by bending to an angle of 45 degrees without damage.

Qutput

The generator shall be capable of producing 25 kw in a 26~mph wind. The maximum
output will be 30 kw in approximately a 30~ to 40-mph wind and the minimum output
will occur at a 7% mph wind. The system shall be capable of being "tied in"
with parallel operation in an electric utility company line with appropriate
safety and operational features, meeting the attached '"Guidelines for the
Parallel Operation of a Customer—-Owned Small Wind Energy Conversion System
(SWECS) at the Utility Company Service Voltage Level." (Obtained from Texas
Electric Service Company.)

Blades

The rotor diameter shall be 32 feet. The blade chord shall be 13 inches at the
tip and 42 inches at the root. The blade shall be fabricated primarily from
fiberglass and PVC foam. The spar shall be composed of a continuous filament-
wound unidirectional glass structure with a 25 to 1 safety factor.

Tower

The tower shall be 80 feet high and fabricated from galvanized pipe. It shall
be a single pole structure supported with four guy wires. The tower shall con-
tain a single gin pole arrangement which will permit the tower (and generator)
to be raised or lowered by one or two persons by rotating the tower about the
base from a vertical to horizontal position (or vice versa). This tower and
generator arrangement shall permit maintenance functions to be accomplished at
ground level.
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Yaw Control

The yaw control shall be a free yaw system but with dampening. The yaw control
shall be a passive system and shall not contain a yaw servo system or other
devices for monitoring and evaluating wind direction before controlling the yaw
with the servo system.

Overload Control

The overload control shall also be a passive system in which the blades automa-
tically stall in high winds to prevent generator overload. However, the system
shall still be capable of generating electricity in winds of 100 mph. Servo
system and monitoring equipment which change blade pitch to control rpm or kw
output shall not be used.

Overspeed control

The overspeed control shall be accomplished through the design characteristics
of the spar and blade which will cause the blade to pitch up and stall in an
overspeed condition to limit maximum rpm. If the overspeed was due to the uti-
lity break or malfunction, causing generator turn-off, then the generator will
automatically reset and come back on when power is restored to the line.

Braking
The system shall contain a mechanical or disc brake capable of stopping the
rotor in 125-mph winds under extremely high rotational velocities by manual

control from ground level.

Out-of-Balance Control

Should the blade(s) or rotor become out of balance to a dangerous level, the
system shall be equipped with a mechanical brake which shall be activated. This
brake shall be capable of stopping the rotor in any wind under any rotational
velocity.

Gear Box
The gear box shall be fabricated for long life and to resist the effects of
weather., The gear box shall be of Tenzaloy aluminum alloy with cast-in-place

steel inserts for bearing supports. The gears shall be hardened to insure long
life.
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Appendix B
Program Listing - Used to Process Data

for Demonstration and Display at the Site
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"SWECS. WS"

File name

JUNE 11, 1982

SEMI-FINAL PROGRAM FOR SWECS WIND ENERGY SYSTEM FOR DIST.

WICHITA FALLS, TEXAS.

TEXAS STATE DEPARTMENT OF HIGHWAYS AND PUBLIC TRANSPORTA

FEI I 3 I I I I I I I I I I I I I I I I W I I I I I I I I I I I I I I I W I I I W W W H

3

TIO

N.
R RE L 2L 2L

THIS PROGRAM IS A COMBINATION OF ASSEMBLY LANGUAGE AND BASIC TO
OPERATE AN AIM 65/HEATHKIT WEATHER MONITOR/TEXAS INSTRUMENTS ASR-733

AND ASSOCIATED INTERFACE EQUIPMENT .

5 POKE 4, @@:POKE 5, 1@
7 XX=USR (UU)
10 AB=@:R1=1:AZ=2:A3=3:A4=15:A5=21
2@ DIM Z(21),Y(3),WD$(16)
30

(QR2D Hex)

35 DQTQIIEH’ IIENEN, IIS", IISSE"’ IIESEII’ IISEII

4@ FOR I=R@ TO A4:READ WD (I) :NEXT I

S@ INPUT™ YEAR- "3;YR

6@ INPUT" DAY OF YEAR(EX: 159)- " ; DAY

65 PRINT" ":PRINTTAB(2@) "SWECS-CARTER 25 - WICHITA FALLS"
7@ PRINTTAE(2@)"YEAR - "3;YR;" DAY OF YEAR - " ;DAY

75 PRINT" TIME WIND WIND WIND WIND WIND INPUT
77 PRINT" TOTAL TEMP" 3

8@ PRINT"™ SP-1 Sp-2 s5P-1 SP-2 _DIR."j;

82 PRINT" POWER POWER POWER" )

83 PRINTTAB(9) "AVG AVG CUBE CUBE™" 3

87 PRINTTAB(44) " (KWH) (KWH) (KWH) " :PRINT" "

99 POKE 4,105:POKE 5, 1@ (2RAE69 Hex)

10@
125
11@
115
120
122
123
127
128
13@
135
137
140
145
159
155
169
165

X=USR (NN)

FOR I=A1 TO AS:M=I+3343:Z(1)=PEEK(M) :NEXT I
FOR I=A1 TO A3:M=1+3327:Y(I)=PEEK (M) :NEXT I
WS=Q: WV=2:W1=0:Wa=0

WA= ((Z (16)+Z (17) #256) #@. AA6E5) +1. 85
WB=((Z(18)+Z(19) #256) #Q. 2Q625) +@. @5
WC=((Z(2D)+Z(21)*256) %A, 12) +0. 05
WA=WA*#1@:WA=(INT(WA) ) /1@:WB=WE*1@:WEB=(INT(WEB)) /1@
WC=WC*1@:WC=(INT(WC)) /10

FOR I=RA2 TO A3:I1=I+1:1I2=1+5

WS=WS+Z (11) %2567 1:WV=WV+Z (I12) #2561 :NEXT I
WS=WS/3600: WV=WV /3600

WS=WE" (1/3) +2. 85: WW=WV" (1/3) +0. 85

FOR I=R® TO AR2:I1=1+9:128=1I+12

WimWi+Z (1) #2561 :W=Wa+Z (I2) *256"1:NEXT 1

WS=WS#1@: WS= (INT (WS) ) /10: WV=WV*#1Q:WV=(INT (WV)) /1@
Wi=Wl%1@:W1=(INT(W1))/1Q:We=W*¥1@:W2=(INT (WE)) /1@

29

Wi=m(W1/36Q0)+0. @5: W= (W2/360@) +8. @5:K=2Z (15) :WE=WD% (K)

DQTQ"N’I, llNNw"’ llewll, lle"' IISSNH' llsw"’ llwll’ "wswﬂ’ "NNEII’ "NEII

OUTPUT";



168 TT=Y (1) *12@+Y (&)

170 PRINTTAR(@) ;TTsTAB(6) ;W13 TAK(13) ;W2 ; TAR(Z2Q) ;WS;

175 PRINTTAB(27) ;WV;TAB(36) ;WE; TRB(42) ;WA TAB(5@) ;WE; TAB(S3) ;WC;
178 PRINTTAER(67);Y(3)

180 IF TT<(=232@2 GOTO 93

182 DAY=DAY+1

183 IF DAY (36& GOTO 65

184 YR=YR+1:DAY=1

185 GO TO €5

132 END

NEXT IS5 AN ASSEMBLY LANGUAGE LISTING.

(K} #=0Q0
/
2R@ EA NOP  —————- THE PROGRAM IS ENTERED FROM BASIC AT THIS
ADDRESS. A
@AR21 EA NOP
@Rz 78 SEI
RRAB3 EA NOP
QAB4 A3 LDAR #H4B = e e e e e e e e e
QRA6 8D STA A42Q This rcutine lcads up the interrupt
vectors. E
@R@3 A9 LDA #@E »
@AZE 8D STA A4@1 = m e e e e e e e e e e e e e
RARE EAR NOP
@ARF EA NOP

@GR1@ A9 LDAR HAL W e e e e e e e
@R1Z2 8D STA R417 This routine sets up the Serial Baud rate.
@R1S A9 LDA #LCZ )

@R17 8D STA AR418 e e
@A1A EA NOP

QAIE RY LDA #BQ@ e e e
@A1D 8D STA AlBZ Make port B an input port with the
exception of PE-~-7 (T-1 cutput)
QACQ AT LDA HLCR e e e e e e e e e e e e e
QA22 8D STA ARAE Set up auxiliary control register.
QAES 8D STA RAa@E Set up interrupt eriable register.
@RZ8 A5 LDA #DA
BAZA 8D STA AQR4 Timer 1 (write)
@QAZD A5 LDA #EB1
BASF 8D STA ARaS Timer 1 (write)
@QA32 EA NOP = ———emeecme e e e e e

@R35S EA NOP

@RA36 RY LDA #a@ e e ot o et i e e e e e e
@A38 8D S5TA ARA3 Make port A an input, and set up the PCR
@A3B A9 LDA #@@ for correct transition sensing.

@A3D 8D STA ARAC e e e e e e e e e e e



an4a
QR42
QR4S
@R47
2A4R
QR4C
QR4F
@AS1
QAS4
@AS6
BAS3

QASH
aASC
@AASD
RASF
QAESE
QRE4S
QaAeE7

2R68
@AAES
QAR6GB
@A6D
BAGE
2A71
@A73

QA74
0A76
@anA793
Q@A7R
RA7E

@QA7F

an8e
2RB1
@nae
2R84
ana7
2A89
GABE
@ABE
@QR9a
@aA91
R34
QA937
2A99
2aA3Cc
@A3D

A%
a8p
A9
8D
A3
a8p
A3
8D
A9
ab
EA

ER
EA
A9
ap
A3
ap
&

ERA
A9
A2
CA
9D
D@
EA

A3
8D
A9
8D
EA

EA
EA
21
AD
29
Fa
AD
29
AA
AD
ap
23
9D
a8
D@

LDA
5TA
LDA
5TA
LDA
SThA
LDA
STR
LDA
5TA
NOP

NOP
NOP
LDA
5TA
LDA
STA
RTS

NOP
LDA
LDX
DEX
S5TA
ENE
NOP

LDA

STR

LDA
5TA
NOP

CLI

NOP
NOP
LDY
LDA
AND
BEQ
LDA
AND
TAX
LDA
5TA
AND
5TA
DEY
ENE

#8@

ARz Make port B an input, with the exception of PB-7

#46
ARRE
#B9
ARRE
#E3
ARAR
#2Q
Aa@aDb

#0209
parg
#A@Q
Aaa3

#QOF
R&AD
#ac
@ARB4
Avea
#OF

ARR1
@D33
#QF
PEQQ, X

QAB4

Set interrupt "disable” bits
Set interrupt “enable" bits
S5et Aux. Control Register

PCR

Timer #2 locations.

- RETURN TO BRSIC.

————— ASSEMELY PROGRAM REENTERED FROM BASIC
HERE.
Zero out memcry locations @DQ@ through
@D33, for data storanpe.

Load 6@ seconds 1nto GCF{

Load 60 minutes into @QCFE

i

Store port A in one of the following locations
(QEQ@Q1-QE@F) by using the value in Port B
ta determine which locatian,

Use R@AAD for CAl interrupt.

Read port A at A1
Read port B at AQQQ2



@ASF
@anna
anA1
@AAR4
@QARS
RARG
aanA7
&nA8
@nAER
VRARE

@AE3
GRR4
ZARG
@AE3
@AER
@ABE
alslmy
@ACS3

RTINS
2AD3
dAD4
2AD7
@ADA
@ADA
2ADD
@ADE
aRE®A
AREL
BAE4
PAES
QAEE
WAE7
@BAEA
BAED
BAFQ@

QAFF
)=l
@BRA3
aB26
QB8
aR2A
QR&B
QR@E
@E11
@R14
QE1S
QR1E

EA
EA
AD
eA
@A
2nA
@A
@D
8D
EA

EA
A9
CDh
92
4C
A9
=3V
8D

EA
D&
AD
AR
8D
aA
&3
4A
8D
4A
40
18
&D
6D
ap
ER

EA
AD
cid
Al
Az
18
ED
7D
3D
E8
a8
D@

NOP
NOP
LDA
ASL
ASL.

ASL .

ASL
ORA
5TA
NOP

NOP
LDA
Cmp
BCC
Jmp
LDA
AND
5TA

NOE
CL.D
LDA
TRX
AND
85TA
TXA
AND
LSR
5TA
LSR
LSR
CL.C
ADC
ADC
5TA
NOP

NOP
LDA
JSR
LDY
LDX
CLe
LDA
ADC
STA
INX
DEY
BNE

QEQ@4
. A
.n

.Q
AEQC
ehas

#ED

@aDas3
@AERE
@AD3
#oF

aDR3
BDaz

Shift the 1@'s digit of Wind Speed-! in
location QE@4, four places to the left, then
OR it with the 1's digit in location QEQLC,

Store the results in QDR3.

This puts & BCD digits in BDQ@3.

If @aD@a3 ) #@E, then AND @QD@A3 with #0OF,
otherwise continue.
This removes the F from @DR3, if riecessary.

Doz

HIOF
@F 32

HFQ@
. A
FAL
. A
. A

@AFAL
QFAR
@aDas

apas
REDA
#a4
#@@

@D1®@, X

QFS4, X
@D1@, X

@QEBAR

— Clear decimal.

This routine changes Wind speed #1 (Heathikit
Avemometer —-S%—- at 3@ ft.) from BCD to HEX
rnumbers.

—=-Jump to Cube subroutiwne.

This routine sums the #l1 cubed wind speed
(Heathkit PAremometer -5%— at 32 ft) per
second,
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@B18
@B1B
@B1E
@B21
@aB24
aBe7
QB8
@B=9

@BZH
@EZE
2B31
@aB34
@QEB36
@R38
QB39
@B3C
QR3F
@B42
@R43
QB4 4

@B46
@B49
@B4C
QR4F
@ES2
@ESS
QES6
@BS7
QRS9

Q@ESA

QBES
@BE7
QERERA

@BEF
QEFQ
@BF 3
@BF6&
@BF8
QEFR
QRFE

acas
@?CeB
eCaC
QCeF

RD
2@
BD
7D
9D
ES
-1:)
D@

AD
c@
AD
AA
Az
18
BD
7D
9D
ES
88
D@

AD
2@
BD
7D
9D
E8
88
D@
ER

4C

A9
8D
EA

EAR
CE
AD
D@
4C
4C
EA

A3
EA
aD
EA

LDA
JSR
LDA
ADC
STA
INX
DEY
BNE

LDA
JSR
LDA
LDY
LDX
CLC
LDA
ADC
STA
INX
DEY
BNE

LDA
JSR
LDA
ADC
5TA
INX
DEY
BNE
NOP

JMpP

LDA
STA
NOP

NOP
DEC
LDA
EBNE
JMP
Jmp
NOR

LDA
NOP
STA
NOP

——  —————— (o T S o —" " VS 2447 (o A . e S A D WA e S S G R S il o S A M ey S AR Sl i S e 0 G

@Da3

QEC4H

@aD18, X This routine sums the #1 wind speed {(Heathkit
@F34, X Anemometer —-5%- at 3@ ft) per second.

@aDni1s, X

PE1E e e e

QDRSS e
@EDR ~--— Jump to CUBE subrcoutire.

@D14

#Q4

#22

@D14,X This routine sums the #& cubed wind speed
@FS4,X (Texas Electronics—- 1% Aremcm@ter at 80 ft)
@Di4,X per second.

QR399

@Das

QEC4

@D1E, X

QAFS4, X This routine sums the #2 Wind speed (Texas

@D1B, X Electronics— 1% - Arnemometer at 8@ ft) per
second.

@R4C

@EES Skip the rnext 139 locations (jump to QRED)

A2 —e——————eee e

@aDas Zerc the #2 wind speed location every second.
2DAS is Wind speed #2 storage location.

@CrF1 Decrement the seconds count. Has it been 6@

@CcF1 seconds? If no, then po back to QR8A.

QEFE If yes, thern jump to QAC@3.

aca3

@RBA

#3C —--- Re-locad the seconds court with 6@ at end of

each minute, ——-
aCF1
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aC11

acie ¢

@aci8
@c1B
@ci1c
2ac1D
@C1E
@C1F

[
o0

N
o

" '
HLREAR,

aCEa
@dC33
aC36

aC4@
aC43
aC44
@2C45
QC46
ac47
aC4n
@C4D

2aCc52
acse
RCES
@acs?
BCSA
@aCcsC
@wCSF
atez

2CEeRA
@aceD
QACeE
QCeF
aC7o
ac71
@C74
acz7

CE
AE
D@

AD
@A
2A
aA
@A
@aD
8D
EA

AS
CD
22
4C
A3
2D
8D
EA

AD
A
@A
@A
@A
@D
ao
EA

NOP
JSR

LDA
LSR
LSR
LSR
I-SR
5TA

LDX
INC

DEC
L.DX
BNE

LDA
ASL
ASL
ASL
ASL
ORA
STA
NGP

LDA
Cmp
BEcC
JMPp
LDA
AND
5TA
NOP

LDA
ASL.
ASL
ASL
ASL
ORA
STA
NOP

@Dy ——-—=Jump to wattmeter service routine.-—--—-
(output, Excitation, & total cornsumpticon)

@D33 W e e

.R Shift wind direction to the left. and store

. R in QDQA4.

-A

.A

QD4 e e e e e

anas e T e e e e e e e e e e e

anes, X At the end of each minute, increment the wind
dirvection in one of the fallewing locations
(DS thru @D34). This sums the rumber of
minutes the wind was 1n each direction for
the given hour. :

RUFE~-Decrement mirnutes-—-,

acrFz -~ check for zero—-—

OBFRE -~ 1f not zeva, thern brarnch to AEFE.
1f yes thern contirue.

QEQT e e e e e e e e

. N Put & ECD digits in @D2@ for the hours.

s

. A

. R

BE@D

aDpeaa

#E@ @000 e e e

aDa@d

RESA This routirne removes the F from the howrs.

aCe4s

#HAF

aDaw

apad

IZ'E@E‘ ————————————————————————————————————————————————————————

.A This routine outs & BRCD dipits inta

. A : @Dl for the minutes.

. R

. A

RQEQE

apal



oC7A
@ac7D
Qac7e
QC7F
eC8e
acal
acas4
aca7

nCoa
acse
@acs3
@ache
@37
acs9
@C3C
@ac3D
@CoF
@CAL
@CA3
@acA4
aCAS
aCA6
@CcA9
@CRC
BCAF
@acpra

aCR2

@acce
occe
QCC4
@cc7
@cCA
@CCD
RCCE
acha
acD1
@CD4
atD7
@cD9
@CDE
RCDE
QCnF
RCEE
QCES
@CE6

AD
A
A
2A
2R
@D
aDb
EA

AR
D8
B9
AA
&9
an
8A
29
4A
8D
4f
4A
18
6D
&D
99
88
D@
EA

AR

B3
ac
ap
CA
Fa
ca
B3
CD
=14
Fa
8D
98
an
4C
(=17
EA

LDR RER1
ASL .A
ASL .A
ASL .A
ASL .A
ORA EQY
STA abax
NOP

LDY #@3
CLD

LDA QCFF,Y
TAX

AND #@F
STA @FAQ
TXA

AND #F
LSR .A

STA @FA1
LSR .A

LSR .A

CLE

ADC @FA1
ADC QFAR
STA QCFF, Y
DEY

ENE @2C9:
NEIP

LDY #@@&

* LDX #1@

LDA @DesS, Y
STY @DiE
5TA BD35
DEX

BEGQ @CE
INY

LDA @D&5, Y

m
“

CMP @D35

BRCC @CCD
BEQ @CCD
STA @AD35
TYAR
5TA @D1E
JMp @aCCcb
RTS
NOP

-t A ———" -t - ——— o —— S — s T — — et e S v i s —— — — — > r—

This routine puts 2 BCD digits into
QD@2 for the temperature.

— - T o W, ———— = W R S LS SR A S = . —— S

This routine changes Hourg, Minutes,
and temperature from BCD to HEX.

- —— T —— . = ——— " — o it —— — - T —— v i " Ga it - — e —— o

S ———— o — " M, ot —— e i " ot v Nein A S S S o G ) MMt - e S Se" " —

This routine determines the predomirvate
wind dirvectiorn for the hour.

RETURN TO BRSIC PROGRAM AT THE END OF EACH HOUR

s T — ——— — Y — — ———— — . Tt - ——— — " — " — — — —— — —— . —— ——— ———— t—
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@D8o
@paz
@D84
@aDa7
@Dp8as
@DaRB
@DBE
@aD91
@D34
@apa7
@D3A
@D9B
@Db3C
@D3D
@D3IF
@DA1

@DAR4
@DAR7

@DRA

QE4Q
@E41
QE42
AE43
VE44
nE4S
RE46
QE47
RE48
QE43

RE4A
@E4R
@QE4E
QESIL
RES2
QES3
QESS
QESE
@ES8
QESS
RESB
@ESC
@ESD
@AESF

AR

1S

8E
18
ED
7D
9D
ED
&D
9D
E8
E8
a8
D@
A3
8D

8D
=3))

&a

EA
EA
EA
EA
48
8n
48
58
48
ER

EA
AD
2D
@A
A
3@
aA
3@
aA
3@
an
@A

A

30

LDY
LDX
5TX
CLC
LDA
ADC
5TA
LDA
ADC
STA
INX
INX
DEY
ENE
LDA
5TA

5T
5TA

RTS

NOP
NOP
NOP
NOP
PHA
TXA
PHA
TYA
PHA
NOPR

NOP
LDA
AND
ASL
ASL
BMI
ASL
BMI
ASL
EMI
ASL
ASL

ASL
RMT

#A3
#Q2
@D53

@D1F,
2Ds@,
@D1F,
2Dz,

@D53

aDza,

@Daz7

This routine accumulates the wattmeter
count at the end of each minute.
X
X
X
X

X

-Zera temporary locations to start the nrnext minute.
~——— Temporary storapnpe for Excitaticon watt meter

(1 minute) ¢

—-——— Temporary storage for Output of Carter-295
41;mlndté) , ’

—---~ Temporary storage for Total corsumpt. meter
(1 minute)

—~-— Begirming of interupt sevice routines.

A@&D
ARE
.A
.A
RESQ

QER4
-A
@QERE
.A
- A
.A

AFRA-

Save stack.
¥ ¥ 63 KR

——— check for interupt flag
——~— AND with interrupt erable register.

—-—-—  Brarnch to QESQ, (Wind speed #2) (14 Arnemometer)
-—~=  Hranch to QER4, (Dutput of Carter-295)

-——  Branch to QEAE, (Total Comsumpticon meter)

—== Rearrh tn AFRA. (Fvritatimnn wattmneater)
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QE6Q
QE61L
QEEE
QEGES3
QEG64
QEES

REEE
QEST7

RESQ

QES9C
REIS
QEI7
QE9A
QESD

QESF
QERQ

BER3
QER4
RER7
QEAA
@ERD
QEARE

REB1
@EB4
@EB7
QEERS8
QERB
@EERE
QEC1

QEC3
QEC4
QECSE
QECS
QECH
QRECC
QECF
QED2

68
A8
68
AR
68
EA

EA
4

P&

ac
AR
ac
EE
ER

EA
4C

EA
EE
AC
4C
ER
EE

AC
4C
EA
EE
AC
4C
EA

ER
A&
A2
18
)))
8E
8t
60

PLA
TAY
PLA
TAX
PLA
NOP

NOP
RTI

LDY

STY
LDY
STY
INC
NOP

NOP
JIMP

NOP
INC
LDY
Jmp
NOP
INC

LDY
Jmp
NOP
INC
LDY
JmMp
NOR

NOP
LDY
LDX
CLC
STA
STX
STX
RTS

Raas
#2a

RR@9
aDes

@ep5e
A&
QES8

aDS4

ARAA
RESE

ansea
Aaal
REEQ

#23
#HaQ

QF 54
BF 55
@Fs6

Restore the stack.
P36 96 3 36 36 9 69 9 36 I 3 36 96 9 3 9 3 3%

——— Return fraom interrunt sevice routires.

—=-= Interrupt service for Wind speed #2
(1% Anemometer) .

-—— Return fcr next pricrity interruot.

—-—— Interrupt service for Output wattmeter.
-—= Return faor next oriority interrupt.

-—- Interrupt service for Total cornsumption

—-—= Retuwrn for next pricrity interrupt.
——- Interrupt service for Excitation meter.

——= Interrupt routines finished, return to
stack restore at QEGR

This routine is called when summing
the wind speeds.

o iy S ot S Sy S ——— — — G —— — " S ——— — A= S S S —— — — -

meter.



@EDR
@EDD
QEEQ
QEE3
QEES
QEES8
QEER
QEED
QEEF
QEF2
QEFS
REF7
QEFA
@EFD
QEFF
@Fac
QF3
BF a6
@F@9
@F@ac
QFaF
aria
QOF13
@QFl16
@rF13
@F1C
@F1D
aF1F
bFze
RFE2
QFES
BFc8
oFZA
@FzD
oFz0e
@QF33
QF36
QF39
WF3C

a8b
8D
a8b
A9
a8b
aD
R&
A9
a8b
8D
A2
4E
6E
92
AD
18
6D
ap
AD
€D
&R
ap
EE
6E
&k
CA
D@
a8
Fa
AD
&b
A9
ap
RD
a8b
AD
8D
4C
6@

5TA
STA
5TA
LDA
5TRA
5TA
LDY
LDA
5TA
STA
LDX
LSR
ROR
ECC
1-DA
cLC
ADC
5TA
LDA
ADC
ROR
STA
RDR
ROR
ROR
DEX
BNE
DEY
REQ
LDA
STA
LDA
5TR
LDA
STA
LDRA
5TR
JMp
RTS

aFS9 e e e e e e e e ———
QFS@

OF52

#2Q

QFS1

BFS3

#oz

#02

QFSE

@Fs57 This routire cubes the wind speed readirngs
#1@ each second. .

@aFS1

RFS@ The routine is called whern summirig the cubed
QFaF wind speeds.

@FSe

AFSE
@FS6
@QF57
QFS3

AFS57
OFSE
OFSS
OFS4

BEF7

@FsC
QF3S9
QFS@
#02

QFS1
BFS4
QFSg
PFSS
QFS3
QEED

Returr from subroutine.

END OF ASSEMELY LANGUAGE PROGRAM
03I I UK
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TESCO Information
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SERVICE

COMPANY

TEXAS

ELECTRIC

May 9, 1984

Mr. Kenneth D. Hankins, P.E.

Supervising Research Engineer

State Department of Highways
and Public Transportation

P. 0. Box 5051

Austin, Texas 78763

Dear Kenneth:

Enclosed for your use and information is a billing record for
the year May 1983 to April 1984 pertaining to your facility at
1601 Southwest Parkway in Wichita Falls. Included on the billing
record is the test metering information for the 25 Kw Jay Carter
wind generator.

During these twelve months, the wind generator produced 19,930
kilowatt-hours of energy with a maximum output of 23.35 Kw. The
unit used 950 kilowatt-hours and 55,350 'Kvar of reactive power. This
still indicates to us a relatively low power factor for the output
of the generator.

We are sorry to hear of your problems in April. Enclosed is a
copy of the report pertaining to April 29. This is apparently the
day the unit failed since the output has been "0'" since that day.
Please let me know when you have the blades replaced and other main-
tenance completed. We intend to leave the metering equip—ent in place
and recording so we are ready when you resume operution of the wind
generator.

We would appreciate receiving any reports you prepare regarding
operation of this unit and the cost of repairs and maintenance. We
have enjoyed the opportunity of working with you on this project.

If we can be of any help, please call on us.

Sincerely, //

/ R

) ,/ﬁf/ Jack A. Harris

S Marketing Research § Training Manager

o
jvh
enclosure
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CUSTOMER ANALYSIS

TESCO 738-001
REV, 10-78

-
L]

ACCOUNT NUMBER

71-026-22000-1
71-026-22006-0

DELIVERY VOLTAGE

ADDITIONAL DATA

25 Kw Jay Carter Wind Generator

CUSTOMER NAME
Texas Highway Department

SERVICE ADDRIESS

1601 Southwest’ Parkway

TOWN OR AREA
Wichita Falls, Texas

CLASS OF BUSINESS

rnirnnto-v DATE PREPARED
, ' Jack A. Harris 5-9-84
YEAR RATE
1983-84 General Service Rate G Wind Generator
C;:i;eTIa)gtee M 983 acTuaL T sicLING rew AMOUNT KWH Input Mai?a[c)gx%‘a{gd gl KW Output | KWH Output
5- 9-83 | May 224 295 72,000 $ 4,711.94 100 16.64 6,350 19.82 2,756
6- 8-83" | Jun 344 344 90,400 5,773.30 50 15.96 5,050 21.00 1,700
7-11-83 | Jul- 368 368 122,400 7,079.31 100 15.04 4,150 20.15 1,250
8- 5-83 Aug 320 320 135,200 7,122.20 50 14.72 4,100 13.95 550
9- 7-83 Sep 328 328 117,600 5,882.01 | 100 15.66 4,800 12.70 1,000
10- 6-83 |Oct 360 360 76,800 5,005.84 100 15.05 5,650 19.40 1,730
11- 1-83 |Nov 224 282 66,400 4,148.83 50 15.21 4,200 21.95 1,100
12- 2-83 Dec 248 282 71,200 4,305.87 100 16.11 5,150' 23.35 2,600
1- 4-84 3234 ‘208 290 72,800 4,595.98 100 15.43 4,000 19.52 1,500
é— 2-84 Feb 232 290 67,200 4,495.47 100 15.86 3,250 21.38 1,250
3- 5-84 ({Mar 272 290 ©72,800 4,693.25 .50 15.34 5,200 21.10 2,500
4- 3-84 Apr‘ 168 290. 67,200 4,495.47 50 14.33 3,450 20.85 1,700
TOTALS 1,032,000 $62,309.47 950 55,350 19,930
—
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e S b A2 e oA 13 €9 1215 __ " ¢ 2. - SRS, & - W D S
v e 3B et e G I . e 4 B9 B0 0 R o Rk 24 24990 .}
" 43 ¢ 3 Y SO, ¢ 3 B.E 43 e 2 24 24 24 92,8 !
{_0fee. el 6. 6 . o186 6.3____ 1300 0 2. 24 . 24 24___993.1 R
" 13 0 14 1 1 14 £ 8 15 ¢ 2 .24 24 24 997 . 0"
M 36 . 0. .. % .. A X LB A _ 30 e 2 24 __ 24 2¢_..92.7 dm
”[_ 45 O 14 1_ i 14 __ 3.8 45 e 2 24 24 24 927 0 ..n
- 0200¢ o 13 3. 3 —— 1z 23 .k 140¢ ¢ A 23 23_ R3___92.7 o
“, 13 ¢ 1z k4 3 12 26.3 135 ¢ 2 24 24 24 99.7 "
I T o 12 4. 4 13_._ 33.1 30 __ o 2 24 24 2¢ 997 I
S 43 ¢ 11 s _5 12 406 15 o 2 24 24 24 99 .7 "
Te3on [ ~.1¢ ol R 1R 558 1560 . LR 23 23 23 __99.% . ____ ..
15 o 10 7 7 2 §57.2 15 0 2 24 24 24 99 7 "
ST R S U . 612 S1.6__ 3¢ ) 2. 23 23 23 9%.6 R
49 o 11 6. 5 12 48.¢ 43 .¢ 2 24 24 24 99.7 *
o 0490 o . 8 . % % 42 _ 3.2 ___ 1600 . 2 24 24 24 99.7 _n
1 15 9 11 & 6 12 4¢.9 15 ) 2 24 24 24 99.3 W
30 e 12 . YT T T I T _30 o 2 24 24 et__99.3 |
3 45 t -7 11 11 12 831.7 45 a 2 23 23 2¢_ 99.3 ”
L0506 e N S T A a7 186___95.6 1700 ) 2 24, 24 24 99.8 s
" 15 ¢ 2 26 20 20 90 .4 15 ¢ 2 22 22 2 99,9 >
3 3. » 3 15 _ 18 18 __98.1 30 ¢ 2 23 23 23 997 i
i 45 o 4 17 17 17 97.6 45 ) -2 22 22 2 995 n
B_es90 ° 4 16 16 17 95,9 1800 0 '3 21 23 21 99.9 e
n is o 4 18 18 16 96.% 15 ) 3 20 20 20 9g.7 »
L 32 2 4 1% .18 7 96..¢ ] ) 0 2 20 20 2¢ 98 .3 o
2 435 % -3 15 15 16 __95.7 45 o 3 20 20 2¢_ 98.9 ]
sl epag 9 4_. 16 1% 1?2 966 190¢ ¢ 4 18 18 18 97.3 B
n 19 9 4 17 17 17 97 4 13 ¢ 4 18 18 18 97.9 u
o 3a X 3 17 17 1s 98 1 3¢ 0 s 15 15 16___94.7 i
n 45 o 4 16 16 16 96.6 45 0 7 12 2 14  394.% »
v _0B0¢. ¢ A 16 _ 16 17 97.2 2000 ° 9 ) a 12 72.9 S
!-‘ 15 Q 4 16 16 16 96 .4 15 - ¢ 13 3 2 14 21.9% u
Mo R 94 A5 15 o 1%___9%6.¢ 3¢ o 13 3 ] 13 23.3% "
T 6 5 _. 13 15 16 ___95.¢8 45 o id 2 2 14 12.8 =
W 090¢ e 4 16 46 16 9.4 2100 ¢ 14 2 2 » 14 14,4
LT T i __18 1818 _9%.5 15 o 139 2 2 14 2.7 “
o 3 .. L2 2RV 2L 99.5 10 1 14 1 1 14 9.5 Jo
o 45 o . 2 24 24 24 997 4% o 12 4 4 17 3.7
LI {11 — S 2323 .23 99.7 2200 ¢ [§] 5 5 12 40. 4 C
6 A e e 2 22 22 92.7% 15 2 13 3 3 14 ° 1235 n
v I ¢ 2. 24 . 24_ 2 99,7 E1) 1 15 0 1 15 g.5 ju
“ 43 Al e _ 24 - 24 24 92.¢ 43 1 13 [\ 1 15 2.0 “
YT 0 2 24 24 24 99 .7 230¢ 1 19 [ 1 15 8.3 i
L ts 4 2 24 24 2499 .7 15 1 15 1 1 15 9.y [
o 16 ¢ 2 24 24 24 _ 99.7 3¢ ¢ L4 1 2 14 11.18 o
# 45 ¢ 2 23 22 2 99.¢ 45 1 15 1 1 15 £.9 s
% 200 0 2 __ 22 2% 2 _99.5% 2400 2 15 0 2 15 14.9 T
b1 . "
ﬂl N o — G e _ iu
a5t ’ o 8}
Ty L e o b
1] n
o _— s \ L . . e » o
A ™ - ‘u . .



	TECHNICAL REPORT STANDARD TITLE PAGE
	TITLE PAGE
	Acknowledgements
	Table of Contents
	List of Figures
	List of Tables
	Implementation Statement
	Summary
	Recommendations
	I. Background
	II. Object
	III. Site Selection
	IV. The SWECS Unit
	V. Equipment Costs
	VI. The Electric. Utility Com2any
	VII. Installation Methods
	VIII. Data Collection System
	IX. Wind Information
	X. SWECS Performance
	XI. Energy Production and Benefits
	XII. Conclusion
	References
	Appendix A Specifications for a Wind Generator and Mounting Tower
	Appendix B Program Listing - Used to Process Data for Demonstration and Display at the Site
	Appendix C TESCO Information



