wind technology testing center

wind technology testing center plays a pivotal role in advancing the development and deployment of
wind energy solutions. These centers are specialized facilities dedicated to evaluating the
performance, durability, and safety of wind turbines and related technologies. In an era where
renewable energy is critical for sustainable growth, wind technology testing centers provide essential
services that ensure wind power systems meet stringent quality and efficiency standards. This article
explores the functions, testing processes, and innovations associated with wind technology testing
centers, highlighting their significance in the wind energy sector. Additionally, it covers the types of
testing conducted, the key equipment utilized, and how these centers contribute to the broader goals
of renewable energy adoption. The following sections will provide a comprehensive overview of these

vital institutions.
¢ Functions of a Wind Technology Testing Center
e Types of Testing Conducted
¢ Key Equipment and Facilities

¢ Standards and Certification Processes

¢ [nnovations and Future Trends

Functions of a Wind Technology Testing Center

A wind technology testing center serves multiple critical functions within the wind energy industry.

Primarily, it acts as a controlled environment where wind turbines, blades, and components undergo



rigorous evaluation to verify their performance and reliability. These centers help manufacturers identify
design flaws, optimize component efficiency, and ensure compliance with international standards.
Moreover, they facilitate research and development by enabling the testing of new materials,
aerodynamic designs, and control systems under various simulated environmental conditions. The
centers also provide training and technical support to engineers and technicians working in the wind
energy sector. Through these functions, wind technology testing centers contribute significantly to

reducing the risks associated with wind turbine deployment and enhancing overall energy output.

Performance Evaluation

Performance evaluation is a core function where testing centers assess how effectively wind turbines
convert wind energy into electricity. This involves measuring power output, efficiency, and operational
stability under different wind speeds and conditions. Such evaluations help in validating manufacturer

claims and guiding improvements.

Durability and Safety Testing

Durability and safety testing is crucial to ensure that wind turbines can withstand harsh weather
conditions and mechanical stresses over their operational lifespan. Testing centers simulate extreme

wind loads, temperature variations, and fatigue cycles to verify structural integrity and safety margins.

Research and Development Support

Wind technology testing centers support innovation by providing facilities for experimentation with new
turbine designs, blade materials, and control algorithms. This accelerates the development of more

efficient and cost-effective wind energy solutions.



Types of Testing Conducted

Wind technology testing centers conduct a wide array of tests to evaluate various aspects of wind
turbines and components. These tests are designed to simulate real-world operating conditions and
ensure compliance with industry standards. The main types of testing include mechanical, electrical,

aerodynamic, environmental, and certification testing.

Mechanical Testing

Mechanical testing focuses on the physical strength and resilience of turbine components. This
includes load testing, fatigue testing, and material stress analysis to detect potential failures before

deployment.

Electrical Testing

Electrical testing examines the performance of generators, converters, and control systems. It ensures
that electrical components operate efficiently and safely under varying load conditions and grid

requirements.

Aerodynamic Testing

Aerodynamic testing assesses blade designs and turbine configurations to optimize wind capture and

minimize turbulence. Wind tunnels and computational fluid dynamics are often used in this process.

Environmental Testing

Environmental testing simulates conditions such as temperature extremes, humidity, salt spray, and

icing to evaluate how turbines perform in diverse climates and environments.



Certification Testing

Certification testing verifies that wind turbines meet international standards set by organizations such
as the International Electrotechnical Commission (IEC). This is essential for market approval and

financing.

Key Equipment and Facilities

Wind technology testing centers are equipped with advanced machinery and infrastructure necessary
to conduct comprehensive testing. These facilities combine cutting-edge technology with expert

personnel to deliver accurate and reliable assessments.

Wind Tunnels

Wind tunnels simulate controlled airflow conditions to test turbine blades and aerodynamic properties.

They allow detailed analysis of lift, drag, and turbulence effects on blade performance.

Load Frames and Test Rigs

Load frames and test rigs apply mechanical stresses to turbine components to assess their strength

and fatigue resistance. These systems replicate forces experienced during actual turbine operation.

Environmental Chambers

Environmental chambers create artificial weather conditions such as temperature extremes, humidity,

and corrosive environments to test component durability and reliability over time.



Electrical Laboratories

Electrical laboratories are equipped with instruments to evaluate generator efficiency, power

electronics, and control systems, ensuring compliance with grid connection standards.

Data Acquisition and Analysis Systems

Advanced sensors and data acquisition systems monitor test parameters in real time, providing

detailed insights for performance optimization and failure analysis.

Standards and Certification Processes

Wind technology testing centers play a vital role in the standards compliance and certification process
for wind turbines. Adhering to established standards is critical for ensuring safety, reliability, and

market acceptance of wind energy technologies.

International Standards

Standards such as IEC 61400 define requirements for design, testing, and certification of wind

turbines. Testing centers ensure turbines meet these standards through rigorous evaluation.

Certification Bodies

Testing centers often collaborate with certification bodies that issue official approvals after verifying test

results. Certification facilitates financing and regulatory approval for wind projects.



Quality Assurance

By conducting standardized tests and audits, wind technology testing centers help maintain high-

quality manufacturing practices and continuous product improvement.

Innovations and Future Trends

Wind technology testing centers are at the forefront of innovation, adapting to emerging trends and
technologies in the wind energy sector. They continuously evolve their capabilities to address new

challenges and opportunities.

Digital Twin Technology

Digital twin technology enables virtual replication of wind turbines for testing and optimization, reducing

the need for physical prototypes and accelerating development cycles.

Advanced Materials Testing

New composite materials and coatings are tested for enhanced durability and performance,

contributing to lighter and more efficient turbine components.

Integrated Systems Testing

Testing centers are increasingly focusing on integrated systems that combine turbines with energy

storage, smart grid connectivity, and hybrid renewable solutions.



Expanded Testing for Offshore Wind

Offshore wind projects require specialized testing to address unique challenges such as saltwater

corrosion and deepwater installation, prompting centers to develop tailored testing protocols.

Automation and Al in Testing

Automation and artificial intelligence are being integrated into testing procedures for improved

precision, data analysis, and predictive maintenance capabilities.

Performance evaluation under controlled conditions

Durability testing simulating extreme environments

Aerodynamic optimization through wind tunnel analysis

Electrical system validation and safety checks

¢ Certification according to international standards

Frequently Asked Questions

What is a wind technology testing center?

A wind technology testing center is a specialized facility designed to evaluate and analyze the
performance, durability, and safety of wind energy components such as turbines, blades, and control

systems under various simulated environmental conditions.



Why are wind technology testing centers important for the wind energy
industry?

They ensure that wind energy components meet regulatory standards, improve efficiency, enhance
reliability, and reduce the risk of failures, thereby accelerating the adoption of wind power and

supporting sustainable energy goals.

What types of tests are conducted at wind technology testing
centers?

Tests typically include structural load testing, aerodynamic performance analysis, noise measurement,

fatigue testing, electrical system evaluation, and environmental resilience assessments.

How do wind technology testing centers simulate real-world wind
conditions?

They use advanced wind tunnels, climate chambers, and dynamic load simulators to replicate varying
wind speeds, turbulence, temperature fluctuations, and other environmental factors that wind turbines

encounter in the field.

Are there any international standards followed by wind technology
testing centers?

Yes, most testing centers adhere to international standards such as IEC 61400 series, which specify
requirements for design, testing, and certification of wind turbines and their components.

Who typically uses wind technology testing centers?

Wind turbine manufacturers, research institutions, certification bodies, and energy developers utilize

these centers to validate designs, conduct research, and obtain certifications.



What advancements are being made in wind technology testing
centers?

Recent advancements include the integration of digital twin technology, enhanced sensor systems for
real-time monitoring, and the use of Al-driven analytics to predict performance and maintenance

needs.

Can wind technology testing centers test offshore wind turbine
components?

Yes, many centers have specialized equipment and facilities to simulate offshore conditions such as
salt spray, high humidity, and wave-induced vibrations to test the durability and performance of

offshore wind turbine components.

How do wind technology testing centers contribute to reducing the
cost of wind energy?

By optimizing designs and ensuring reliability through rigorous testing, these centers help reduce
maintenance costs, increase turbine lifespan, and improve overall energy output, which lowers the

levelized cost of wind energy.

Additional Resources

1. Advances in Wind Turbine Testing and Certification

This book provides a comprehensive overview of the latest methodologies and standards applied in
wind turbine testing and certification. It covers the technical aspects of performance evaluation, safety
protocols, and compliance requirements. Engineers and researchers will find detailed case studies

illustrating real-world testing scenarios.

2. Wind Energy Technology and Testing Facilities



Focusing on the infrastructure and equipment used in wind energy testing centers, this volume
explores various types of wind tunnels, meteorological tools, and data acquisition systems. It also
discusses the design and operation of testing facilities worldwide. The book is ideal for professionals

involved in the setup and maintenance of wind technology labs.

3. Performance Analysis of Wind Turbines: Testing and Data Interpretation

This text dives into the techniques for analyzing wind turbine performance through field tests and
simulation data. Readers will learn about measurement strategies, error analysis, and performance
benchmarking. It bridges the gap between raw data collection and actionable insights for turbine

optimization.

4. Innovations in Wind Turbine Blade Testing

Dedicated to blade technology, this book highlights the latest advancements in material testing,
aerodynamic assessments, and structural integrity evaluations. It discusses the role of testing centers
in improving blade lifespan and efficiency. Researchers will find valuable information on experimental

setups and computational modeling.

5. Wind Farm Testing and Validation: Best Practices and Case Studies
Covering large-scale wind farm testing, this book presents methodologies for site assessment, turbine
interaction effects, and environmental impact testing. It includes practical case studies from operational

wind farms. The content is tailored for project managers and environmental engineers.

6. Structural Health Monitoring in Wind Technology Testing Centers

This resource focuses on the integration of sensors and monitoring systems used to assess the
condition of wind turbines during testing phases. It outlines techniques for detecting faults, predicting
maintenance needs, and ensuring safety. The book is a valuable guide for technicians and

maintenance teams.

7. Computational Tools in Wind Turbine Testing and Simulation
Exploring the synergy between computational modeling and physical testing, this book explains how

simulations complement experimental data in wind technology centers. It covers software tools, model



validation, and hybrid testing methods. Engineers and researchers will benefit from its practical

approach.

8. Environmental Testing and Certification of Wind Energy Systems

This publication discusses the environmental parameters tested in wind technology centers, such as
noise, vibration, and wildlife impact. It provides guidelines for certification processes aligned with
environmental standards. The book is essential for regulatory professionals and environmental

scientists.

9. Quality Assurance in Wind Turbine Testing Centers

Focusing on quality management, this book details procedures to ensure accuracy, repeatability, and
reliability of wind turbine tests. It includes frameworks for documentation, auditing, and continuous
improvement. Laboratory managers and quality engineers will find this book indispensable for

maintaining high testing standards.
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wind technology testing center: Building State-of-the-Art Wind Technology Testing Facilities
(Fact Sheet). , 2012 The new Wind Technology Test Center is the only facility in the nation capable
of testing wind turbine blades up to 90 meters in length. A critical factor to wind turbine design and
development is the ability to test new designs, components, and materials. In addition, wind turbine
blade manufacturers are required to test their blades as part of the turbine certification process. The
National Renewable Energy Laboratory (NREL) partnered with the U.S. Department of Energy
(DOE) Wind Program and the Massachusetts Clean Energy Center (MassCEC) to design, construct,
and operate the Wind Technology Center (WTTC) in Boston, Massachusetts. The WTTC offers a full
suite of certification tests for turbine blades up to 90 meters in length. NREL worked closely with
MTS Systems Corporation to develop the novel large-scale test systems needed to conduct the static
and fatigue tests required for certification. Static tests pull wind turbine blades horizontally and
vertically to measure blade deflection and strains. Fatigue tests cycle the blades millions of times to
simulate what a blade goes through in its lifetime on a wind turbine. For static testing, the WITC is
equipped with servo-hydraulic winches and cylinders that are connected to the blade through cables
to apply up to an 84-mega Newton meter maximum static bending moment. For fatigue testing, MTS
developed a commercial version of NREL's patented resonant excitation system with hydraulic
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cylinders that actuate linear moving masses on the blade at one or more locations. This system
applies up to a 21-meter tip-to-tip fatigue test tip displacement to generate 20-plus years of cyclic
field loads in a matter of months. NREL also developed and supplied the WTTC with an advanced
data acquisition system capable of measuring and recording hundreds of data channels at very fast
sampling rates while communicating with test control systems.

wind technology testing center: Making in America Suzanne Berger, 2015-08-21 How
America can rebuild its industrial landscape to sustain an innovative economy. America is the world
leader in innovation, but many of the innovative ideas that are hatched in American start-ups, labs,
and companies end up going abroad to reach commercial scale. Apple, the superstar of innovation,
locates its production in China (yet still reaps most of its profits in the United States). When
innovation does not find the capital, skills, and expertise it needs to come to market in the United
States, what does it mean for economic growth and job creation? Inspired by the MIT Made in
America project of the 1980s, Making in America brings experts from across MIT to focus on a
critical problem for the country. MIT scientists, engineers, social scientists, and management
experts visited more than 250 firms in the United States, Germany, and China. In companies across
America—from big defense contractors to small machine shops and new technology start-ups—these
experts tried to learn how we can rebuild the industrial landscape to sustain an innovative economy.
At each stop, they asked this basic question: “When you have a new idea, how do you get it into the
market?” They found gaping holes and missing pieces in the industrial ecosystem. Even in an
Internet-connected world, proximity to innovation and users matters for industry. Making in America
describes ways to strengthen this connection, including public-private collaborations, new
government-initiated manufacturing innovation institutes, and industry/community college projects.
If we can learn from these ongoing experiments in linking innovation to production, American
manufacturing could have a renaissance.

wind technology testing center: Energy and Water Development Appropriations for 2011:

Dept. of Energy: Environmental management and legacy management; energy efficiency and
renewable energy ... science and ARPA-E United States. Congress. House. Committee on

Appropriations. Subcommittee on Energy and Water Development, 2010

wind technology testing center: The Energy Switch Peter Kelly-Detwiler, 2021-06-15 The
energy industry is changing, and it’s far more than just solar panels. Electric vehicles look to
overtake gasoline-powered cars within our lifetimes, wind farms are popping up in unlikely places,
traders are transforming energy into a commodity, and supercomputers are crunching vast amounts
of data in nanoseconds while helping to keep our energy grids secure from hackers. The way
humans produce, distribute and consume power will be cleaner, cheaper, and infinitely more
complex within the next decade. In The Energy Switch, leading energy industry expert Peter
Kelly-Detwilerlooks at all aspects of the transformation: how we got here, where we are going, and
the implications for all of us in our daily lives. Kelly-Detwiler takes readers to the frontlines of the
energy revolution. Meet Steve Collins, an executive from Commercial Development Corporation, the
company that blew up two $570-million-dollar concrete cooling towers to create a staging ground for
the new $70 billion U.S. offshore wind industry; Rob Threlkeld, a General Motors executive who
convinced the auto giant to sign multiple 20-year renewable energy contracts worth hundreds of
millions; Kevin McAlpin, a Texas homeowner who buys the power for his home on the electricity spot
market - where prices can soar from less than one cent a kilowatthour to $9.00 over the course of a
single day; Dr. Kristin Persson, who oversees a supercomputer that can process data at 30
quadrillion calculations per second, in the quest for better renewable energy and battery
technologies; and John Davis, a Texas rancher who can keep his land intact, with help from the
royalty payments from seven turbines spinning on his range. Energy creation and distribution has
driven society’s progress for centuries. Today, people are increasingly aware that it is imperative
that humans move towards a cleaner, digitized, and democratized energy economy. The Energy
Switch is about that multi-trillion dollar transformation, told from the perspective of those leading us
to that bright future.



wind technology testing center: Wind Energy: Renewable Energy and the Environment
Vaughn Nelson, Kenneth Starcher, 2018-11-14 The utilization of wind power and other renewable

energy sources has been growing at a phenomenal rate. Wind Energy, Third Edition explores the
wind industry from its inception in the 1970s to today; presents the design, aerodynamics, operation,
control, applications, as well as different types of wind turbines. An overview of energy examines
world consumption and use of fossil fuels, and includes a section on global climate change. It covers
the characteristics of wind, such as shear, power potential, and turbulence, and discusses the
measurement and siting of individual wind turbines and wind farms. It also discusses the political
and economic factors regarding the adoption of wind as an energy source. Features Includes
updates throughout, and adds new material on wind forecasting, offshore wind, decommissioning
and repowering wind farms, and more Illustrates the need for a shift to renewable energy through
discussions on energy use and the order of magnitude estimates for the lifetime of fossil fuels
Discusses the interconnection of wind turbines to utility grids, regulations on installation and
operation, and the related environmental concerns Presents important economic considerations for
the development of wind farms Provides an abundance of examples that highlight the real-world
advantages of wind energy over fossil fuels

wind technology testing center: Building State-of-the-Art Wind Technology Testing Facilities
(Fact Sheet) , 2012 The new Wind Technology Test Center is the only facility in the nation capable of
testing wind turbine blades up to 90 meters in length.

wind technology testing center: The Development of a Comprehensive Legal Framework
for the Promotion of Offshore Wind Power Anton Ming-Zhi Gao, Chien-Te Fan, 2016-04-24 There
is clearly an urgent need worldwide to increase the share of renewable energy in the overall energy
supply as rapidly as possible. With a well-developed and proven feasible technology, offshore wind
power has come to the fore as the most promising means of achieving this goal. However,
fragmented authorities and procedures may pose tremendous challenges to the development of an
integrated legal framework for offshore wind and the complex installation and grid interconnections
it requires. This book surveys and analyses the features essential for the development of such a
framework, drawing on the experience of ten countries that have such schemes in place - France,
Germany, the United Kingdom, Italy, Norway, the United States, Australia, China, Korea, and
Taiwan. Discussing the impact of technological, economic, spatial, and market issues on the legal
framework, eleven key policymakers in their respective countries contribute chapters that together
reveal the contours of a strong and sound legal framework that serves to enable and facilitate the
efficient application of policy initiatives and subsidies. Topics and issues raised and examined
include the ways a sound legal framework addresses the following aspects of offshore wind power
development: - license schemes; - construction of turbines; - infrastructure of grid, construction
harbor, and vessels; - environmental health and safety regulations; and - loan and finance risk. The
contributors show that a carefully planned mix of incentives and supplementary schemes is
indispensable. The essays are drawn on the presentations and papers offered at the International
Conference on a Comprehensive Legal Framework for the Development of Offshore Wind Power
Around the World held in Taiwan in August 2016. As a major new contribution to the debate on the
importance of a legal framework for offshore wind power and grid interconnections, this book will
prove indispensable to lawyers, policymakers, officials, and academics concerned with the
management of sea space to include the wind power necessary to achieve and sustain renewable
energy goals.

wind technology testing center: Congressional Budget Request United States. Department of
Energy, 1980

wind technology testing center: Advances in Materials Science for Environmental and
Nuclear Technology Kevin M. Fox, Elizabeth Hoffman, Navin Jose Manjooran, Gary Pickrell,
2010-10-01 The Materials Science and Technology 2009 Conference and Exhibition (MS&T’09) was
held October 25-29, 2009, in Pittsburgh, Pennsylvania. A major theme of the conference was
Environmental and Energy Issues. Papers from three of the symposia held under that theme are




included in this volume. These symposia include Materials Solutions for the Nuclear Renaissance;
Green Engineering and Environmental Stewardship; and Nanotechnology for Energy. These
symposia included a variety of presentations with sessions focused on sustainable energy,
photovoltaics, nanowires and composites, energy harvesting, catalysts, thin films, corrosion, nuclear
fuels, materials in aggressive environments, glass and ceramics for waste disposition, modeling and
thermal properties, and education. Also included was a series of invited presentations and an
international panel discussion on cement waste forms. The Green Engineering and Environmental
Stewardship symposium was sponsored by the Nuclear and Environmental Technology Division
(NETD) of The American Ceramic Society while the Materials Solutions for the Nuclear Renaissance
symposium was sponsored by NETD and ASM International.

wind technology testing center: Advances in Solar Energy Karl W. Boer, 2012-12-06 In
Volume 6 of the Advances in Solar Energy we have specifically targeted for a review the rich
experience of the Power Utilities. Their hands-on experience in a large variety of means to employ
solar energy conversion and to evaluate the technical and economical feasibilities is of great
importance to their future use. In designing the lay-out for this volume, we wanted to collect all
relevant information, including success and failures and wanted to emphasize the lessons learned
from each type of experiment. The publication of such a review now has the advantage of a settled
experience in the first phase of solar involvement of the utility industry with a large amount of data
analyzed. We are confident that this information will be of great value to direct the future
development of the solar energy mix within this industry. We have added to this set of reviews three
articles which deal with the most promising high-technology part of solar energy conversion using
exclusively solid state devices: solar cells. The development over the last two decades from barely
10% to now in excess of 30% conversion efficiency is breathtaking. In addition, the feasibility of
economic midrange efficient thin-film technology holds the promise of opening large sc ale markets
in the near future. This field will enter head-on competition for large power generation with more
conventional technology.

wind technology testing center: Wind Power Today National Renewable Energy Laboratory
(U.S.), 1998

wind technology testing center: Wind, Water And Fire: The Other Renewable Energy
Resources Gerard M Crawley, 2021-02-25 This volume focuses on a few renewable energy sources,
viz. wind energy plus energy from water movement and natural temperature differences that in
principle could provide enormous energy resources. Energy from wind has been a rapidly growing
source of energy as wind turbines have grown in size and especially as wind turbines have moved
offshore. Hydroelectric dams have continued to be used as energy sources particularly in developing
countries. Other energy sources using water, including waves and tidal sources, are also discussed
in this volume. Finally, the volume discusses differences between deep and surface ocean
temperatures plus the extraction of energy from the earth's extremely large energy resource of
magma deep below the surface. These latter two energy resources in particular require further
development and the current book describes the latest advances coupled with pointing possible
paths forward.

wind technology testing center: 10th International Conference on FRP Composites in
Civil Engineering Alper Ilki, Medine Ispir, Pinar Inci, 2021-11-26 This volume highlights the latest
advances, innovations, and applications in the field of FRP composites and structures, as presented
by leading international researchers and engineers at the 10th International Conference on
Fibre-Reinforced Polymer (FRP) Composites in Civil Engineering (CICE), held in Istanbul, Turkey on
December 8-10, 2021. It covers a diverse range of topics such as All FRP structures; Bond and
interfacial stresses; Concrete-filled FRP tubular members; Concrete structures reinforced or
pre-stressed with FRP; Confinement; Design issues/guidelines; Durability and long-term
performance; Fire, impact and blast loading; FRP as internal reinforcement; Hybrid structures of
FRP and other materials; Materials and products; Seismic retrofit of structures; Strengthening of
concrete, steel, masonry and timber structures; and Testing. The contributions, which were selected



by means of a rigorous international peer-review process, present a wealth of exciting ideas that will
open novel research directions and foster multidisciplinary collaboration among different specialists.

wind technology testing center: United States of America Congressional Record, Proceedings
and Debates of the 113th Congress Second Session Volume 160 - Part 3,

wind technology testing center: Congressional Record United States. Congress, 1981 The
Congressional Record is the official record of the proceedings and debates of the United States
Congress. It is published daily when Congress is in session. The Congressional Record began
publication in 1873. Debates for sessions prior to 1873 are recorded in The Debates and Proceedings
in the Congress of the United States (1789-1824), the Register of Debates in Congress (1824-1837),
and the Congressional Globe (1833-1873)

wind technology testing center: Securing the Smart Grid Tony Flick, Justin Morehouse,
2010-11-03 Securing the Smart Grid discusses the features of the smart grid, particularly its
strengths and weaknesses, to better understand threats and attacks, and to prevent insecure
deployments of smart grid technologies. A smart grid is a modernized electric grid that uses
information and communications technology to be able to process information, such as the behaviors
of suppliers and consumers. The book discusses different infrastructures in a smart grid, such as the
automatic metering infrastructure (AMI). It also discusses the controls that consumers, device
manufacturers, and utility companies can use to minimize the risk associated with the smart grid. It
explains the smart grid components in detail so readers can understand how the confidentiality,
integrity, and availability of these components can be secured or compromised. This book will be a
valuable reference for readers who secure the networks of smart grid deployments, as well as
consumers who use smart grid devices. - Details how old and new hacking techniques can be used
against the grid and how to defend against them - Discusses current security initiatives and how
they fall short of what is needed - Find out how hackers can use the new infrastructure against itself

wind technology testing center: Transportation USA , 1980

wind technology testing center: S. 417, to Extend Energy Conservation Programs Under the
Energy Policy and Conservation Act Through September 30, 2002 United States. Congress. House.
Committee on Science. Subcommittee on Energy and Environment, 1998

wind technology testing center: Wind Energy , 1989

wind technology testing center: Cryogenic Wind Tunnels Marie H. Tuttle, 1985
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