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ROCKWELL INTERNATIONAL NOTE

The contract awarded to Structural Composite Industries, Inc. by

the Rockwell International Energy Systems Group to develop the

4 kilowatt wind system described in this report was terminated after
completion of the Phase I Design and Analysis effort. Thus, a
prototype of the design was not fabricated or tested under federal
funding. A

Excess cost required to complete the project was the prime reason
for termination. Contributing factors were:

1. The inability of the design to meet contract cost of energy
goals 4

2. The extreme complexity of the system; in particu]ar,'the
control system

3. The lack of technical advancement over existing wind systems

While the design did have several interesting features--such as a
new type of pitch control system--these features only contributed
to the complexity of the machine and did not result in lowering
the cost of energy, increasing reliability, or advancing the state
of the art. o
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Concept = Structural Composites Industries 4kW Wind System



ABSTRACT

A 4 kW small wind energy conversion system (SWECS) has been
designed for residential applications in which relatively

low (10 mph) mean annual wind speeds prevail. "The objectives
were to devélopasuch a machine to produce electrical energy

" at 6 cents per kWh while operating in parallel with a utility

grid or auxiliary generator.

The Phase I effort covered by this report began in November,
1979 and was.carried through the Final Design Review in
February 1981. During this period extensive trade, optimi-
zation and analytical studies were performed in an effort to
provide the optimum machine to best meet the objectives.
Certain components, systems and manufacturing processes were

tested and evaluated and detail design drawings were produced.

The resulting design is a 31-foot diameter horizontal axis
downwind machine rated 5.7 kW and incorporating the following

unique features:

o Composite Blades
o Free-Standing Composite Tower
o Torque-Actuated Blade Pitch Control

The design meeté or exceeds all contract requirements except
 that for cost of energy. The target 6 cents per kWh will be
achieved in a mean wind speed slightly below 12 mph instead of

the specified 10 mph.
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1.0 INTRODUCTION

Recent studies have indicated the need for small wind
energy conversion systems (SWECS) to meet energy requirements

for small residential applications.

In October 1979, Structural Composites Industries (SCI)
was awarded a contract by Rockwell International, on behalf of |
the Department Of Energy (DOE), to develop such a SWECS. This
program is managed by the Rockwell International Energy
Systems Group, which operates the Rocky Flats SWECS Test Center.

The system is to provide electrical power -in conjunction
with an auxiliary generator or intertied with a utility and is
designed for an average annual wind speed of 10 mph to increase
availability of sites. To be marketable, it must be cost

competitive with existing energy sources.

The program to accomplish these goals consisted of two
phases: I - Design and Component Development, II - Prototype

Fabrication and Testing.

In Phase I, SCI conducted the necessary design and
analytical studies required to optimize and finalize a SWECS design.
Parametric, system and component trade-off studies were performed
to select the design concept which showed the most promise of
meeting program objectives, for further development. Specific
component development, including the generator, was an integral
part of Phase I, to insure adequacy and feasibility of the design.
A detailed final design was prepared for the optimized system.

During Phase II, SCI was to fabricate one standard
configuration prototype syétem, assemble and erect the complete
system at a site, and conduct a preliminary performance/shakedown
evaluation. SCI was to then ship the prototype system to Rocky
Flats for field testing. . There the system was to be subjected to
a comprehensive test evaluation. SCI completed the Phase I final
design review in February 1981. Phase II has been discontinued
(see Rockwell International Note), although certain long leadtime
ifems-for Phase II were purchased during Phase I.

This report presents the results of the Phase I
studies, including the optimized detail design for the
4 kW SWECS. ‘



2.0 PROGRAM OBJECTIVES

Objectives of the Phase I effort were to develop a complete
detailed design of a SWECS capable of generating electrical energy
at a cost competetive with alternative energy sources.

The SWECS was required to produce 3 to 6 kW in wind
speeds between 15 and 20 miles per hour, when operating in
parallel with a utility grid or an auxiliary generator. The
target cost of enefgy, for the 10,000th production unit, was to
be 6 cents per kWh, in 1978 dollars, when operating in a 10 mph
mean annual wind speed. Other design criteria are summarized
in Table 2-1. The "épecial" design was an alternate machine .that ,
would be adequate to withstand more severe environmental conditions.

Table.2-1
BASIC DESIGM CRITERIA

STAMDARD DESIGN SPECIAL DESIGM

OUTPUT: * 7,500 TO 15,000 Kith/yr IN A WIND REGIME SA'E
HAVING A MEAN ANNUAL WIND SPEFD OF
4.6 m/s (10 mph)MFASURED AT 9.1m (30 ft)
ABOVE GRADE

120/240 * 5% ac SINGLE PHASE, 60 Hz SAME
INTERTIE WITH A UTILITY OR WITH AN

INTERCONNECTION WITH AN AUXILIARY

GENERATCR (E.G. DIESFL).

* DESICN FNVELOPE: 3 TO 6 KWAT A WIMD SN
SPEED BEIWEEN 6.7 AMD 9.0 m/s (15 AND
20 mph).
OPERATING CUT-IN: MINIMIZE S
KIND © CUT-OUT: MAXIMIZE 4 A
RANGE: SURVIVAL: 56 m/s (125 mph) PEAK GUST 74 m/s (165 mph)
PEA¥ GUST
OPERATION -30%C 10 60°C (-22°F TO 140°F) -50 C TO 60 C
ENVIRONMENT: (-58 T TO 140 F)
ICE 1" THICK* ICF 2" THICK®
RAIN, DUST, LIGHTNING SMF + SALT
OPERATION VATER SPRAY
AVAILABILITY: 95% AVATLABILITY FACTOR SAME
SYSTEM LIFE: 25 YEARS, MINIMM SAME
ENERGY COST
GOAL: 6¢/kkh FOR'10,000th UNIT (1978 DOLIARS) SAME
CONTROLS : AUTCMATIC STARTUP AND SHITTDOWN. SAME

ROTOR OVERSPEED PROTECTION.
BRAKE FOR LOCKING ROTOR NOT REQUIRED
IF BLADES ARE FULLY FEATHERED,

* NEED NOT OPERATE WHILE ICE COATED




3.0 PHASE I ACTIVITIES

3.1 REPORTING ACTIVITIES

} The Phase I effort began in November, 1979 and was
carried through the Final Design Review in February, 1981.
During this perlod ‘five formal design reviews were convened:
Tradeoff and Loads Review, (TLR), Prellmlnary Design Review 1
(PDR-1), Preliminary Design Review 2 (PDR-2), Critical Design
Review (CDR), and Final Design Rev1ew (FDR). These reviews,
together with monthly progress reports, prov1ded DOE and Rockwell
" International the means to effectively monitor program progress

and technical adequacy.



planned for
required 14
factors:

PROGRAM SCHEDULE

As shown in Table 3-1, a 7-month period was originally
the Phase I activities. The actual performance
months for this effort due, in part, to the following

Death of SCI's aerodynamics and structural consultant,
Dr. David J. Peery, in November, 1979.

The need for more extensive optimization and trade
studies than those originally planned by SCI. This
led to the introduction of PDR-2 which was not
originally scheduled. '

The need to document virtually all decisions on
an analytical basis.

Adoption of a more complex design than that originally
proposed.

Table 3-1 PHASE I SCHEDULE

MILESTONES

1979 1980 1981
ND{JFMAMJIJASONDJIFMA:!

TRADEOFF AND LOADS REVIEW é
PRELIMINARY DESIGN REVIEW 1 A‘A

PRELIMINARY DESIGN REVIEW 2 —~-A
CRITICAL DESIGN REVIEW - AV \
FINAL DESIGN REVIEW A_.. . _.A
-\ PLANNED |
A ACTUAL

The extensive optimization and documentation mentioned

above undoubtedly led to a more refined, integrated and optimized
design than otherwise would have been possible.



3.3 TRADE STUDIES

Starting from the original proposal concept, trade
and optimization studies were performed in order to select tﬂat
design for further development which showed the most promise for
meeting the program objectives. Listed in Table 3-2 are the major

trade and optimization studies performed during the Phase I period.

Table 3-2
MAJOR TRADE AND OPTIMIZATION STUDIES

STUDY ~ SELECTION
ROTOR HUB TYPE RIGID
BLADE AIRFOIL ' NACA 44xx
BLADE GEOMETRY | LTLT (1)
ROTOR DIAMETER 31 ft
ROTOR SPEED o 94 rpm
ROTOR STARTUP METHOD AERODYNAMIC
BLADE PITCH CONTROL VARIABLE PITCH
PITCH CONTROL SYSTEM ELECTRO-MECHANICAL
GENERATOR TYPE 1-SPEED, INDUCTION
GEAR BOX TYPE | 2-STAGE, SPUR GEAR
TOWER MATERIAL COMPOSITE
TOWER SUPPORT | FREE-STANDING

(1) Linear Taper, Linear Twist



3.4 DESIGN EVOLUTION
As a result of the trade and optimization studies,

the final design differed in some aspects from the original. The

design evolution is shown in Table 3-3.

Table 3-3 DESIGN EVOLUTION

sCl PDR-2 CPR FPR
R PROPOSAL JUNE, SEPT., FEBRUARY,
FEATURE APRIL, 1979 1980 1980 © 1981
ROTOR SI1ZIF & TYPE NO CHANGE
NO. BLADES TWO THRLE THREE
TYPE HUB RIGID RIGID RIGID
OREENTATION DOWNWIND DOWNWIND DOWNWIND
DLAMETER (Ft) 31 ) 32 31
CONING (DECREES) S S S
HUB HETGHT (ft) 51.25 51.25 51.25§
ROTOR CONTROL NO CIIANGE NO CIIANGE
TYPE VARTABLE VARTABLE
PITOH PITCH
SPEED (rpm) S4/107 94
START UP MOTOR AFRODYNAMIC
SHUT DOWN FRATHIER FEATHER \
BIADE TYPE NO CIHAMGE NO CHANGE
ALREQNL (NACA) 23012 44xx
GEOMEETRY ZTT LTLY
CONSTRUCTTON PULTRUDED FILAMENT
FIBERGLASS WOUND
TOWER NO CHANCE NO CHANGE
LINGTH (ft) S0
TYPE FREE- STANDING
CONSTRUCTION TAPERED DIAL
TAPERED WALL
MATERIAL TEP* 1-GLASS e
PULYESTLR POLYESTER
GENERATOR NO CHANGE
TPE TNBUCTION INDUCTTON ] INDUCTION
SPEED (rpm) 18007900 1850 : 1862
VOLTAGE (volts) 240, ) PHASE 240, 1 PHASE ' 240, 1 PIASE
I;.VTH.['IY PIREGT DIRECT ¥ DIRFCT
INTERCONNECTION
SYSTIM QUTPUTY NO CHANCE N0 CHANGY
RATED (kW) 5.7 @ 15 5.7 w 15.7 |
mph (1) mph (1)
PEAK (kW) 6.3 0 50 6.3 8 S0 !
wph {1} mph (1) y ¥
ANNUAL ouTpUT
5100 mph
12) (kWh) 15,000 16,059 15,801 15,676

COST OF ENERGY

¥ 10 mph (2) 6.0 0.8 6.9 8.0
(¢ per kWh)

SYSTEM WEIGHT

NACELLE/TOWGR {1h) 1395/1335 1336/1157 1299/1236 1600/1270

CUT-IN WIND SPEED (1) )

(mph) 9 7.6 8.22 8.84
RATED WIND SPEED (1)

(mph]) 15 15.7 MO CHANGE N0 QIANGE
CUT-OUT WIND SPEED (1)

Tmph) 50 NOCHANGE NO FUANGE 35
SURVIVAL VWIND SPRRD ()
mphY STGIAR TTAT. 125/165 MO CHANGE NO CUANGE NO CHANGE:

DESIGN
(17 WIND SPEED MEASURED AT 30 ft ZT2T - ZFRO TAPER/ZERO TWIST
f2)  MEAN ANNUAL WIND SPEED MEASURED AT 30 ft LTET  LINFAR FAPERSLINEAR IWIST

*SCI PATENTED



3.5 DESIGN AND ANALYTICAL STUDIES

Listed below are the.majdr design and analyfical
studies performed during the Phase I period. Because of the
iterative nature of the program, many of these studies:were
re-done three or four times while others were performed once

and merely updated for each design review.

Aerodynamics

1.
2. Critical wind loads
3. Pitch control aerodynamic loads
4. Survival wind load dynamic analysis
5. Yaw analysis
6. Blade properties
©7. Blade structural and fatigue analysis
8. Tower properties .
9. Tower structural and fatigue analysis
10. Structural and fatigue analysés of mechanical .

components and supporting structures
11. Aeroelastic analysis
12. Rotor/tower dynamic analysis
13. Pitch control system design analysis
14. Pitch control dynamic'analysis .
15. Availability analysis
16. Failure modes and effects analysis
17. Maintainability analysié |
18. Safety analysis
19. Cost of energy
20. Utility interface requirements

21. VLife expectancy calculations for mechanicdl
components and major electrical equipment



3.6 COMPONENT DEVELOPMENT

'Certain'components, systems and processes involved
technological advances and{ as such, required testing and evaluation
before they could be adopted. The following such developmental
activities were accomplished during the Phase I effort: | |

1. Tests of single phase induction generators

2. "Breadboard" testing of electro-mechanical
control system

3. Blade fabrication process development (not
completed) ' T
3.7 DETAILED DESIGN EFFORT

The detailed design effort consisted primarily of
equipment and materials selection and the design and drafting
of detail and assémbly drawings. A total of 45 drawings were
produced. Certain detail drawings were not completed within
the Phase I period.

4.0 DESIGN OVERVIEW

4.1 MAIN FEATURES

The SCI final design incorporates the following
features not available in other SWECS of this size:
o Composite blades with filament-wound
composite D-spar.

e Free-standing composite tower with tapered
diameter and tapered wall thickness.

e Full-span pitch control responsive to
generator torque.
| The free-standing tapered tower enhances appearance
of the unit as shown in the perspective drawing, Figure 4-1.
The unit is a highly versdatile machine which can operate in a
wide range of wind regimes at near optimum performance.

- The SWECS is designed for direct inter-connection
with the alternating current utility network or auxiliary
generator. Batteries or power conditioning equipment are not
required. ' ‘



Figure 4-1 PERSPECTIVE VIEW

4.2 ROTOR

The rotor, consisting of three composite blades and

a rigid hub, is described in Figures 4-2, 4-3 and 4-4.

The rotor

is designed for full-span pitch control and emergency shut-down

by means of blade feathering.

Figure 4-2 BLADE GEOMETRY

]

1.55 ft R ‘ 6.2 ft

.09.1 . r/R o 4

‘3--  AIRFOIL. 4418

" 4.48° | TWIST (1) 2,400

14,97 CHORD(in) 11.99
7.8 . .-THICKNESS(in)  2.16

196500 EI 1b-ft2 55610
83240 Gl 1b-ft2 26140

(1) 0° Reference is at 017SR

10485 ft

15.5(ft

1.0

4412

-1.75°

6.0

.72
1281
339



Figure 4-3 BLADE CONSTRUCTION
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4.3 MECHANICAL SUBSYSTEM

-+ As: shown in Figure 4-5, the mechanical subsystem
consists: of. a main; structure supporting all machinery and

~.mechanisms, and enclosed by a composite mnacelle and spinner.

Figure 4-5  NACELLE CONFIGURATION

NACELLE ~AFT NACELLE SUPPORTS_
MECHANICAL - ‘ ’ B S
/ SUB-SYSTEM

= I

T
\
SLIP RINGS /

g
2
g

AIR QUTLET

: : BULKHEADS
s YAW AXIS

The rotor and rotor shaft are supported by a main
bearing assembly which also supports the shaft-mounted gear box.
The generator is driven'through'a flexible coupling from the
high-speed shaft of the gear box. The generator frame is
mounted in bearings to allow limited rotation to perform pitch
control functions described helow.

11



4.4 YAW BEARING ASSEMBLY

The nacelle is connected to the tower through the
yaw bearing assembly shown in Figure 4-6. This assembly provides
a low-friction rotational axis to allow the rotor to align itself
with the wind. The yaw bearing assembly also serves as an
enclosure for sliprings which carry power and control circuits
between the stationary tower and electrical equipment within
the nacelle.

Figure 4-6 YAW BEARING ASSEMBLY

R TR = . ALLMINIM
= . CHANNEL
EE IE SECTION
SLIP RING ASSEMBLY . i
CONTROL AND 4
INSTRUMENTATION
SLIP RING ASSEMBLY PUWEK
LUBE FITTING ————
LOCK NUT

SEAL

LUBE FITTING .

BEARING — SUPPORT FRAME

_ ASSEMBLY
il od]

N E = = — <y
) \ TR Y
. ol ] | i
SEAL - YR l R/ BEARING CARRIER
‘1 ‘NN SSEMBLY
L -

TOWER -

ROTATOR & LOUK ASSEMBLY
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4.5 TOWER AND ERECTION SYSTEM ]
The nacelle and yaw bearlng assemblies are- flange—
connected to the top of the tapered composite tower. The tower
and its steel end fittings‘are described in Figure 4-7. Figure
4-8 shows the SWECS erection-system.

Figure 4-7 TOWER DESCRIPTIQN

A ~
5 ! . DLSCRIFTION ’
TTINGS —_———
TOP FITTING HEIGHT (109 .5
g BASE DIAMETER (in) 24
: N - o " TOP DIAMETER . (in) 12
.
BASE WALL THICKNESS ° 0.4
. TOP WALL THICKNESS 0.15
.5 f1 COMPOSITE ; .
- OVEPWRAP TOWER COMPOSITE
WEIGHT (1bs) 804
COMPOSITE — BASE FITTING
OVERWRAP WEIGKT ' {(1bs) 400
TIP FiTTING
WEZIGHT  (1bs) 66
) .
2 TOTAL WEIGHT  (1bs) 1270
-l TIP DEFLECTION (in}e 19
_+ . R . :
/i ém)/ BASE FITTING® .
—€ S : Figure 6-1 TOWEP DESCRIPTION

® Patented AT 125 MPH

~ct——— Prevailing Wind

Erection Stay Cable
(Stow on Cleat AN
After Erection) |
Temporary \
Blocking \\
D Removable
ﬂ A Gin Pole _ - f
i el ST - N
— === ,//
——e /,’

COMPOSITE TQOWER l l

Figure 4-8 TOWER ERECTION SYSTEM
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4.6 PITCH CONTROL AND FEATHERING SYSTEM

The rotor pitch control and feathering system is shown

schematically in Figure 4-9. The system is fully automatic and

essentially passive in that virtually no external power is
required to perform the major functions. Kinetic energy in the
spinning rotor is used to feather the blades and to charge a

spring, thus providing energy to automatically adjust blade pitch
for startup. ‘

Figure 4-9 ELECTROMECHANICAL CONTROL SYSTEM - SCHEMATIC DIAGRAM

HELICAL POWER SPRING

. GEAR BOX
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In a similar manner, excess energy in high winds
and gusts is used to control pitch of the blades to prevent
overloading the generator and to avoid gust-initiated
disturbances on the interconnected electric power system.
This control is accomplished through reaction torque of the
generator frame. TFrame torque is utilized to sense torque
levels and to drive the blade pitch mechanism to reduce

over-torque conditions to acceptable levels.
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5.0 SYSTEM PERFORMANCE

5.1 POWER VERSUS WIND SPEED

A plot of generated power output versus wind speed
is shown in Figure 5-1.

Figure 5-1 POWER OUTPUT VERSUS WINDSPEED

cut-in cut-out

8l rated

Power Output - kW
o

24

Wind Speed - MPH at 30 ft
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5.2 ENERGY PRODUCTION

Annual kilowatt-hour production, based on Rayleigh
wind speed distribution curves, are summarized in Table 5-1,

for a range of mean annual wind speeds.

Table 5-1
ANNUAL KILOWATT HOURS PRODUCTION

v (1)
mph AX¥h (2)
8 ' 8,732
9 . 12,207
10 15,676
12 22,041
14 27,156
16 30,740
18 32,801

(1) v = Mean annual wind speed measured at
30 ft elevation. '

(2) Annual kilowatt hours corrected for 95%
availability and control system losses.
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Blade Pitch Change, AB, Deg.

5.3

stable, slightly oscillatory performance.

CONTROL SYSTEM PERFORMANCE

A dynamic analysis of the control system indicated

response were found to be excellent.

Speed control and gust

The curves of Figure 5-2

illustrates calculated system gust response.

RESPONSE TO 3.4 MPH GUST STEP ABOVE RATED WIND SPEED

Figure 5-2
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5.4 ROTOR-TOWER DYNAMICS

summarized in the Campbell diagram, Figure 5-3.
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A rotor-tower dynamics analysis gave results as

This study

indicated no serious vibration problems although modes 6 and 7

were found to be rather close to the 3-per-revolution rotor

operating fr

Figure 5-3

equency.
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6.0 COST ANALYSIS

6.1 COST OF ENERGY CALCULATIONS

Cost of energy estimates were based on the

following expression:

COE = ( (L.5 x HWC) + IC) x (FCR) + (AOM)
AkWh
WHERE: HWC = Hardware cost, dollars. This is the FOB
cost multiplied by 1.5 to account for
transportation costs, dealer's markup, etc.
IC = Installation costs, dollars, including those

for foundations and site preparations.
FCR = Annual fixed charge rate (0.129).

AOM = Uniform annual operation and maintenance
costs, dollars.

AkWh = Annual kilowatt hours produced, when
operating at 95% availability.
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6.2 INSTALLED COST

Tables 6-1 and 6-2 show the development of hardware
costs and total installed cost for the 1lst, 1000th and 10,000th

production unit.

Table 6-1 HARDWARE COST SUMMARY § (1)

COMPONENT 1ST UNIT { 1,000th UNIT(Z 10,000TH UNTT(2)
MECHANICAL ASSEMBLY & NACELLE 5,747 1,949 1,387
ROTOR, BLADES § SPINNER 4,304 1,163 760
ELECTIRCAL POWER § CONTROL 1,387 638 492
TOWER, YAW ASSEMBLY §

ERECTION SYSTEM 3,733 1,063 710
TOTAL PURCHASED MATERIALS 15,171 4,813 3,349
LABOR HOURS  (HR) 378.5 94,4 59.4
LABOR COST | 1,794 447 282
DLO @ 145% 2,601 648 409
G § A @ 15% 2,935 886 606
TOTAL COST LESS FEE 22,501 6,794 4,646
TOTAL COST (10% FEE) | 24,751 | 7,474 5,111

(1) 1978 Dollars for the 'standard'" SWECS design.
(2) Costs are based on the following learning curves:

Purchased Parts - 92.5%
Fabricated components and shop labor - 87%
Overall - 89.3%

Table 6-2 INSTALLED COST § (1)
1ST UNIT 1,000TH UNIT 10,000TH UNIT
HARDWARE FOB 24,751 7,474 5,111
x 1.5 37,125 11,211 7,666
INSTALLATION 1,120 916 876
TOTAL INSTALLED
COST 38,245 12,127 8,542

(1) 1978 Dollars for the "standard" SWECS design.
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6.3 COST OF ENERGY

Results of cost of energy calculations for the

"Standard" production unit are given in Table 6-%.

Figure 6-1

summarizes these data in graphical form for the 10,000th

production unit.

It is seen that the target 6 cents per kWh

requires a mean annual wind speed of 12 mph.

Table 6-3 COST OF ENERGY (1)

10,C000TH UNIT

INSTALLED COST

ANNUAL OPERATING
& MAINTENANCE

COST OF ENERGY,
(2)

<t <t g1 <

<

IST UNIT | 1,000TH UNIT
$38,245 $12,127
148 148
10 mph 0.324 0.109
12 mph 0.230 0.078
14 mph 0.187 0.063
16 mph 0.165 0.056
18 mph 0.15 0.052

$8,542
148

.080
.057
.046
. 041
.038

O O O O O

(1) 1978 Dollars for '"standard" production unit.
(2) Mean annual wind speed measured at 30 ft elevation.

Figure 6-1 COST OF ENERGY VS MEAN ANNUAL WIND SPEED

COST OF ENERGY, CENTS PER KWH (1)

10

7%

[4)]

N
>

i
10 15 20
MEAN ANNUAL WIND SPEED, MPH (2)

(1) 10,000th PRODUCTION UNIT, 1978 DOLLARS
(2) MEASURED 30FT ABOVE GROUND
-+ TARGET COST PER KWH
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6.4 WEIGHT AND COST SUMMARY

A summary of weights and costs, for both the
"Standard" and ''Special' SWECS designs is given in Table 6-4.
Costs are for the first production unit. The "special design"

requires a heavier tower and extensive protection for salt water
spray environment.

Table 6-4 WEIGHT AND COST SUMMARY

WEIGHT LABOR (MHPS) MATERIAL COST
STD SPECIAL STD SPLECIAL STD SPECIAL
MECHANICAL ASSEMBLY § NACELLE 904 904 117.6 119.6 5,747 6,395
ROTOR, BLADES & SPINNER 660 688 150 151 4,304 4,611
SUB-TOTAL ATOP TOWER (1b,mhr, $) 1564 1592 267.6 270.6 }10,051 11,006
ELECTRICAL POWER § COMNTPOL 78 90 45 48 1,387 1,751
TOWER, YAW § ERECTION SYSTREM 1720 1932 65.9 69.9 3,733 3,945
SWECS TOTAL (1b,mhr, ¢) 3359 3614 378.5 388.5 [ 15,171 16,702
G & A @ 15% ) " 2,276 2,505
FEE @ 10% 1,745 1,921
TOTAL COST ' 19,192 21,128

(1) 1978 Dollars, first production unit, FOB Azusa, California
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7.0 CONCLUSIONS AND RECOMMENDATIONS

The Phase I design and analysis resulted in a 4 kW SWECS-
design which met most program objectives. The resulting design
had some unique features:

® Composife Tower and Blades

@ Torque-Actuated Blade Pitch Control

It is recommended that fhe Phase II fabrication, testing and
evaluation of the SCI final design be continued in order to
confirm and debug the Phase I design. This'is an essential

step toward the final goal'of commercialization of this promising
SWECS design.
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