NOTICE

THIS DOCUMENT HAS BEEN REPRODUCED FROM
MICROFICHE. ALTHOUGH IT IS RECOGNIZED THAT
CERTAIN PORTIONS ARE ILLEGIBLE, IT IS BEING RELEASED
IN THE INTEREST OF MAKING AVAILABLE AS MUCH
INFORMATION AS POSSIBLE



- ———— e T - "——1
—— 1

(NASA-CR-165129) MOD-OA 200 Ké WIND TURBINE N81-23598 |
| GENERATOR ENGINEERINGING Pinal Engineering !
\ / Drawing Report (Westinghouse Electric Corp.)

,é 246 p HC A11/MF AO1 CSCL 10B Unclas

G3/44 42242 1

DOE/NASA/0163-3
NASA CR-165129
AESD-TME-3053

MOD-CA 200 kW WIND TURBINE
GENERATOR ENGINEERING
DRAWING REPORT

T.S. Andersen, C A, Bodenschatz,
A.G. Eggers, P.S. Hughes,and R.F. Lampe

Westinghouse Electric Corporation
Advanced Energy Systems Division

AUGUST 1980

Prepared for

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
Lewis Research Center

Under Contract DEN 3-163

U.S. DEPARTMENT OF ENERGY
Conservation and Solar Energy
Office of Solar Power Applications




TS iR Ty

TABLE OF CONTENTS
Section
ACKNOWLEDGEMENTS . . . . . . ot e e e e et it e e e e e e e e e
SUMMARY . . . . . . s s e e e e e e e e e e e e e e e e e e e e e
INTRODUCTION . . . . . v v o e e e e e e e e e e e e e e e
DISCUSSION . . . . o ot e e e e e e e e e e e e e e e e e e
LIST OF FIGURES
Figure No.
| MOD-0A 200 kW Wind Turbine Generator;
Clayton, NM. . . . . . . .« . . o v e e e
LIST OF TABLES
Table No.
] List of Drawings for the MOD-OA 200 kW

Wind Turbine Generator - Correlation of
Westinghouse Drawmngs to NASA LeRC
Drawings . . . . . . . . L . . e e e e e e e e

2 List of Drawings for the MOD-O0A 200 kW
Wind Turbine Generator - Correlation of
NASA LeRC Drawings to Westinghouse

Drawings . . . . . . v . o e e e e e e e e e e
PRECEDING p
AGE BLANK N
OV simen
ok il n 2 oeser Sl ¥, ..a~. e pveree o B R kR et s i e Enievieietye el e

2}




i

SUMMARY

This report provides engineering drawings which document the design of the
MOD-0A 200 kW wind turbine generator installed at Clayton, NM. The MOD-0A
wind turbine was designed and built by the NASA Lewis Research Center for
the U.S. Department of Energy as part of the Federal Wind Energy Program.
The objective of the MOD-0A project is to obtain early operation and
performance data and experience with horizontal-axis wind turbires in
utility environments, The first MOD-OA wind turbine was released to the
Town of Clayton Light and Water Plant for utility operation in March 1978.

This report contains the engineering drawings for all mechanical and
electrical systems excert the blades. Included are drawings for the hub,
pitch change mechanism, drive train, nacelle equipment, yaw drive system,
tower, foundation, electrical power system, and the control and safety
systems,
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INTROOUCTION
HISTORY AND BACKGROUND

Wind energy systems have been utilized for centuries as a source of power for
a variety of applications. Some of the more recent applications included
sailing ships for transpotrtation and wind turbines (windmills) for grinding
grain, pumping water, and generating electricity. In the early 1940's, a
Smith-Putnam large Horizontal-Axis Wind Turbine (HAWT) was designed and built
to feed power into the existing electrical network of the Central Vermont
Public Service Company. This machine consisted of a two-bladed 175 foot
(53.3 m) diameter rotor which was capable of producing 1.25 MW of power. In
addition, Dr. U. Hutter designed and built a 100 kW Wind Turbine Generator
(WTG) in West Germany in the late 1950's and gained operating experience with
his machine tied to the utility nztwork. The Hutter machine used a downwind
112 foot (34.1 m) diameter two-bladed rotor. Several of the design criteria
and design features of the Smith-Putnam and Hutter WTGs were considered or
incorporated into the MOD-0 and MOD-OA HAWTSs,

RECENT DEVELOPMENTS

The recent national concern over the increase in energy demand and costs of
fossil fuels, the dwindling supplies of domestic gas and oil, and the nation's
increasing dependence upon imported oil has made it necessary to develop
alternate energy sources, Wind energy conversion has long been recognized as
3 potentially abundant source of electrical power. Utilization of wind energy
is beconing more attractive as the cost differential between wind and the more
conventional fossil alternative narrows.

A Federal Wind Energy Program originated at the National Science Foundation in
1973. The objective of this program is to accelerate the development of
reliable and economically viable wind energy systems and achieve early
commercialization. Satisfying this objective requires advancing the
technology, developing a sound industrial base, and addressing the non
technological issues which could impede its development. In January 1975, the
responsibility for managing the program was transferred to the Energy Research
and Development Administration (ERDA). These efforts were continued by the
Division of Distributed Solar Technology in the U.S. Department of Energy
(DOE) after October 1, 1977,

One segment of the Federal Wind Program is the development of large
horizontal-axis WTGs. In 1973, the NASA Lewis Research Center (LeRC) was
asked by the National Science Foundation (and later by ERDA and DOE) to
develop, and provide project management for, the designs of large,
experimental, horizontal-axis WTGs and perform the necessary supporting
research and technology development. Initially, a review of prior experience
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in WTGs was performed. Then, analytical techniques and computer codes were
developed to oredict the structural dynamics of large HAWT systems such as the
MOD-0A.

MOD-O WIND TURBINE GENERATOR

As part of the federal wind program, NASA LeRC designed, built, and started
testing a 100 kW wind turbine in September 1975. This experimental project,
designated the MOD-0, had primary objectives of providing the enqineering data
and serving as a test bed for evaluating advanced wind turbine design
concepts, The MOD-0 WTG was designed using available technoloqy and "off-the-
shelf" components where possible. Design, fabrication, and assembly were
completed in 18 months, The MOD-0 WTG has a 125 foot (38.) m) diameter
downwind rotor which operates at 40 rpm. The rotor drives a 60 Hz synchronous
alternator through 3 step-up gearhox at 1800 rpm., The MOD-0 project has heen
used to help understand the performance and the dynamic behavior of wind
turbines, The MOD-0 WTG was utilized to: 1) understand the tower shadow and
wind shear effects; 2) assess aperational performance; 3) evaluate automatic
startup and siutdown capabilities, including synchranization to a large and
small utility network, and 4) test various components, such as induction
generators and steel spar wind turbine blades.

MOD-0A WIND TURBINE GENERATOR

The MOD-0A 200 kW wind turbine generator is, in most respects, an uprated
version of the MOD-0 100 W WTG. The MOD-0A WTG was designed and analyzed by
the NASA LeKC for the DOE., The objective of the MOD-0A Project is to conduct
early testing of wind turbines in utility environments so that the machine
operating performance and dynamic characteristics can be determined. Besides
gaining operational experience with wind turbines interfaced with utility
networks, an additional objective of the -OA project is obtaining the
utility's and the public's reaction to intermediate size WTGsS. The prototype
MOD-0 design was simplified and made "field-worth" as it was uprated to the
200 kW size.,

The purpose of this engineering drawing report is to document the design of
the MOD-0A 200 kW wind turbine generator at Clayton, NM now being operated by
the Town of (lavton L ight and Water Plant. This machine was huilt to NASA
drawings and specifications. Updated drawings were subsequently prepared in
Westinghouse format to reflect as-built conditions on the Clayton and later
machines., These latest drawings are presented here with a cross index to the
original NASA drawings.

The MOD-0A wind turbine is shown in operation at the Clayton site in Figure 1,
The operational history for the Clayton MOD-0A WTG during its initial phases
nf use s as follows:
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Date — .. Event
e November 30, 1977 First rotation
e January 19, 1978 First 100 hours (0.36 mega-
seconds) of operation
e January 28, 1978 Formal dedication of wind turbine
e March 6, 1978 Turned over the operation by the
utility
o May 24, 1978 1000 hours (3.6 megaseconds) of
operation [94,000 kW-hr (338.G0)] S

SUPPLEMENTARY MOD-0A REPORTS

Two supplementary reports to this MOD-0A engineering drawing report
provide the details! and an executive summary? of the desfgn and
analysis of the MOD-0A wind turbine generator. f

v ettt

! Andersen, T.S., Bodenschatz, C.A., Eggers, A.G., Hughes, P.S.,
L.ampe, R.F., Lipner, M.H., and Schornhorst, J.R., "MOD-GA 200 kW
Wind Turbine Generator Design and Analysis Report," DOE/NASA/
0163-2, NASA CR-165128, and AESD-TME-3052, Auqust 1980.

2 Andersen, T.S., Bodenschatz, C.A., Eggers, A.G., Hughes, P.S.,
Lampe, R.F., Lipner, M.H., an¢ Schornhorst, J.R., "Executive
Summary. MOD-0A 200 kW Wind Turbine Generator Design and Analysis
Report," DOE/NASA/Q1€3-1, NASA CR-165127, and AESD-TME-3051,
August 1980.
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Figure 1. MOD-0A 200 kW Wind Turbine
Generator; Clayton, NM
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DISCUSSION

The MOD-0A engineering drawings follow this discussion in numerical order (by
Westinghouse drawing number), The mechanical drawings (Westinghouse drawings
1015F-- and 1017F--) are followed by the electrical drawings (1016F--).

Table 1 provides a list of drawings and title in this order with cross-
reference to the number and title of the NASA drawings from which the Westing-
house drawings were prepared. The NASA drawings formed the basis for assembly
and installation of the MOD-0A wind turbine generators and are listed in nu-
merical order in Table 2 with cross reference to the number and title of the
corresponding Westinghouse drawings.
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