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This volume organizes information by alloy so that
pertinent data can be found easily. Physical and
mechanical properties from room temperature to
temperatures in excess of 100 C are shown graphically
or in tabular form. All data is thoroughly referenced. Now
high-temperature property data can be found in one
complete reference! Over 200 alloys are organized by
AISI number into 11 major sections: Irons, Carbon
Steels, Alloy Steels, ASTM Steels, Low Alloy
Constructional Steels, Ultra High Strength Steels, Tool
Steels, Maraging Steels, Wrought Stainless Steels, Heat
Resistant Casting Alloys, and Wrought Iron-Nickel Alloys
and Iron-Nickel Superalloys. Each alloy record lists the
designation, specifications, UNS number composition
product forms and a comment on the high-temperature
properties and applications. Data is then given for
physical properties such as density, specific heat,
thermal conductivity, thermal expansion, electrical
conductivity. Poisons ratio, moduli of elasticity and
rigidity, etc. Mechanical properties follow, and include
tensile properties, shearing and bearing properties,
impact properties, creep, stress rupture and stress
relaxation, and fatigue properties.The last part of the
alloy record gives other effects of temperature, such as
hot hardness, corrosion, and growth.
Kinematic Chains and Machine Components Design
covers a broad spectrum of critical machine design
topics and helps the reader understand the fundamentals
and apply the technologies necessary for successful
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mechanical design and execution. The inclusion of
examples and instructive problems present the reader
with a teachable computer-oriented text. Useful
analytical techniques provide the practitioner and student
with powerful tools for the design of kinematic chains and
machine components. Kinematic Chains and Machine
Components Design serves as a on-volume reference
for engineers and students in mechanical engineering
with applications for all engineers working in the fields of
machine design and robotics. The book contains the
fundamental laws and theories of science basic to
mechanical engineering including mechanisms, robots
and machine components to provide the reader with a
thorough understanding of mechanical design. Combines
theories of kinematics and behavior of mechanisms with
the practical design of robots, machine parts, and
machine systems into one comprehensive mechanical
design book Offers the method of contour equations for
the kinematic analysis of mechanicsl systems and
dynamic force analysis Mathematica programs and
packages for the analysis of mechanical systems
Analyze and Solve Real-World Machine Design
Problems Using SI Units Mechanical Design of Machine
Components, Second Edition: SI Version strikes a
balance between method and theory, and fills a void in
the world of design. Relevant to mechanical and related
engineering curricula, the book is useful in college
classes, and also serves as a reference for practicing
engineers. This book combines the needed engineering
mechanics concepts, analysis of various machine
elements, design procedures, and the application of
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numerical and computational tools. It demonstrates the
means by which loads are resisted in mechanical
components, solves all examples and problems within
the book using SI units, and helps readers gain valuable
insight into the mechanics and design methods of
machine components. The author presents structured,
worked examples and problem sets that showcase
analysis and design techniques, includes case studies
that present different aspects of the same design or
analysis problem, and links together a variety of topics in
successive chapters. SI units are used exclusively in
examples and problems, while some selected tables also
show U.S. customary (USCS) units. This book also
presumes knowledge of the mechanics of materials and
material properties. New in the Second Edition: Presents
a study of two entire real-life machines Includes Finite
Element Analysis coverage supported by examples and
case studies Provides MATLAB solutions of many
problem samples and case studies included on the
book’s website Offers access to additional information
on selected topics that includes website addresses and
open-ended web-based problems Class-tested and
divided into three sections, this comprehensive book first
focuses on the fundamentals and covers the basics of
loading, stress, strain, materials, deflection, stiffness,
and stability. This includes basic concepts in design and
analysis, as well as definitions related to properties of
engineering materials. Also discussed are detailed
equilibrium and energy methods of analysis for
determining stresses and deformations in variously
loaded members. The second section deals with fracture
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mechanics, failure criteria, fatigue phenomena, and
surface damage of components. The final section is
dedicated to machine component design, briefly covering
entire machines. The fundamentals are applied to
specific elements such as shafts, bearings, gears, belts,
chains, clutches, brakes, and springs.
CHAPTERS INCLUDE FATIGUE MECHANISMS IN
THE SUB-CREEP RANGE BY J.C. GROSSKREUTZ;
MECHANISMS OF FATIGUE IN THE CREEP RANGE
BY C.H. WELLS, C.P. SULLIVAN, AND M. GEV;
FATIGUE DAMAGE DETECTION BY J.R. BARTON
AND F.N. KUSENBERGER; FIELD PRACTICES IN THE
REPAIR OF FATIGUE DAMAGED JET ENGINE
COMPONENTS BY H.G. POPP, L.G. WILBERS, AND
V.T. ERDEMAN; AVOIDANCE, CONTROL, AND
REPAIR OF FATIGUE DAMAGE BY S.S. MANSON.
Industries that use pumps, seals and pipes will also use
valves and actuators in their systems. This key reference
provides anyone who designs, uses, specifies or
maintains valves and valve systems with all of the critical
design, specification, performance and operational
information they need for the job in hand. Brian Nesbitt is
a well-known consultant with a considerable publishing
record. A lifetime of experience backs up the huge
amount of practical detail in this volume. * Valves and
actuators are widely used across industry and this
dedicated reference provides all the information plant
designers, specifiers or those involved with maintenance
require * Practical approach backed up with technical
detail and engineering know-how makes this the ideal
single volume reference * Compares and contracts valve
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and actuator types to ensure the right equipment is
chosen for the right application and properly maintained
Metallic Materials Specification HandbookSpringer
Science & Business MediaThe New APPIAdvance
Planning Procurement Information : Program for
IndustryMechanical DesignTheory and
ApplicationsButterworth-Heinemann
Mechanical Engineering Design, Third Edition strikes a
balance between theory and application, and prepares
students for more advanced study or professional practice.
Updated throughout, it outlines basic concepts and provides
the necessary theory to gain insight into mechanics with
numerical methods in design. Divided into three sections, the
text presents background topics, addresses failure prevention
across a variety of machine elements, and covers the design
of machine components as well as entire machines. Optional
sections treating special and advanced topics are also
included. Features: Places a strong emphasis on the
fundamentals of mechanics of materials as they relate to the
study of mechanical design Furnishes material selection
charts and tables as an aid for specific uses Includes
numerous practical case studies of various components and
machines Covers applied finite element analysis in design,
offering this useful tool for computer-oriented examples
Addresses the ABET design criteria in a systematic manner
Presents independent chapters that can be studied in any
order Introduces optional MATLAB® solutions tied to the
book and student learning resources Mechanical Engineering
Design, Third Edition allows students to gain a grasp of the
fundamentals of machine design and the ability to apply these
fundamentals to various new engineering problems.
Incorporating papers from the 12th International Symposium
on Experimental Robotics (ISER), December 2010, this book
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examines the latest advances across the various fields of
robotics. Offers insights on both theoretical concepts and
experimental results.
The Handbook of Engineering Design aims to give accurate
information on design from past publications and past papers
that are relevant to design. The book is divided into two parts.
Part 1 deals with stages in design as well as the factors to
consider such as economics, safety, and reliability;
engineering materials, its factors of safety, and the choice of
material; stress analysis; and the design aspects of
production processes. Part 2 covers the expansion and
contraction of design; the preparation of technical
specification; the design audit; and the structure and
organization of design offices. The text is recommended to
engineers who are in need of a guide that is easy to
understand and concise.
Modern analytical theories of fatigue coupled with a
knowledge of processing effects on metals make up the
sound basis for designing machine parts that are free from
unexpected failure. Fatigue Design: Life Expectancy of
Machine Parts provides the information and the tools needed
for optimal design. It highlights practical approaches for
effectively solving fatigue problems, including minimizing the
risk of hidden perils that may arise during production
processes or from exposure to the environment. The material
is presented with a dual approach: the excellent coverage of
the theoretical aspects is accented by practical illustrations of
the behavior of machine parts. The theoretical approach
combines the fundamentals of solid mechanics, fatigue
analysis, and crack propagation. The chapters covering
fatigue theories are given special emphasis, starting with the
basics and progressing to complicated multiaxial nonlinear
problems. The practical approach concentrates on the effects
of surface processing on fatigue life and it illustrates many
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faceted fatigue problems taken from case studies. The
solutions demonstrate the authors' detailed analyses of failure
and are intended to be used as preventive guidelines. The
cases are a unique feature of the book. The numerical
method used is the finite element method, and is presented
with clear explanations and illustrations. Fatigue Design: Life
Expectancy of Machine Parts is an extremely valuable tool for
both practicing design engineers and engineering students.
In The Harpsichord Stringing Handbook, Thomas Donahue
integrates available historical evidence and modern physical
principles—from both the musicological and scientific
literature—to provide practical quantitative information about
the stringing of this instrument.
The second volume in a series comprising a reliable source of
failure analysis case studies for engineering professionals.
Volume 1 (1992) was reviewed in the April 1993 SciTech
Book News . Volume 2 contains 131 new case studies in the
areas of transportation component failures (aircraftaerospace/g

More than 30,000 listings are presented in this edition
with increased coverage from major steel producing
countries such as China, India, and Japan.
The modern understanding of metal plasticity and
fracturing began about 100 years ago, with pioneering
work; first, on crack-induced fracturing by Griffith and,
second, with the invention of dislocation-enhanced
crystal plasticity by Taylor, Orowan and Polanyi. The
modern counterparts are fracture mechanics, as
invented by Irwin, and dislocation mechanics, as initiated
in pioneering work by Cottrell. No less important was the
breakthrough development of optical characterization of
sectioned polycrystalline metal microstructures started
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by Sorby in the late 19th century and leading eventually
to modern optical, x-ray and electron microscopy
methods for assessments of crystal fracture surfaces, via
fractography, and particularly of x-ray and electron
microscopy techniques applied to quantitative
characterizations of internal dislocation behaviors. A
major current effort is to match computational
simulations of metal deformation/fracturing behaviors
with experimental measurements made over extended
ranges of microstructures and over varying external
conditions of stress-state, temperature and loading rate.
The relation of such simulations to the development of
constitutive equations for a hoped-for predictive
description of material deformation/fracturing behaviors
is an active topic of research. The present collection of
articles provides a broad sampling of research
accomplishments on the two subjects.
This comprehensive text on principles and practice of
mechanical design discusses the concepts, procedures,
data, tools, and analytical methodologies needed to
perform design calculations for the most frequently
encountered mechanical elements such as shafts, gears,
belt, rope and chain drives, bearings, springs, joints,
couplings, brakes and clutches, flywheels, as well as
design calculations of various IC engine parts. The book
focuses on all aspects of design of machine elements
including material selection and life or performance
estimation under static, fatigue, impact and creep loading
conditions. The book also introduces various engineering
analysis tools such as MATLAB, AutoCAD, and Finite
Element Methods with a view to optimizing the design. It
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also explains the fracture mechanics based design
concept with many practical examples. Pedagogically
strong, the book features an abundance of worked-out
examples, case studies, chapter-end summaries, review
questions as well as multiple choice questions which are
all well designed to sharpen the learning and design
skills of the students. This textbook is designed to
appropriately serve the needs of undergraduate and
postgraduate students of mechanical engineering,
agricultural engineering, and production and industrial
engineering for a complete course in Machine Design
(Papers I and II), fully conforming to the prescribed
syllabi of all universities and institutes.
Featuring chapters on physics, structure, sound and
design specifics, Technology of the Guitar also includes
coverage of historical content, composition of strings and
their effects on sound quality, and important designs.
Additionally, author Mark French discusses case studies
of historically significant and technologically innovative
instruments. This is a complete reference useful for a
broad range of readers including guitar manufacturer
employees, working luthiers, and interested guitar
enthusiasts who do not have a science or engineering
background.
Fundamentals of Machine Component Design presents a
thorough introduction to the concepts and methods
essential to mechanical engineering design, analysis,
and application. In-depth coverage of major topics,
including free body diagrams, force flow concepts, failure
theories, and fatigue design, are coupled with specific
applications to bearings, springs, brakes, clutches,
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fasteners, and more for a real-world functional body of
knowledge. Critical thinking and problem-solving skills
are strengthened through a graphical procedural
framework, enabling the effective identification of
problems and clear presentation of solutions. Solidly
focused on practical applications of fundamental theory,
this text helps students develop the ability to
conceptualize designs, interpret test results, and
facilitate improvement. Clear presentation reinforces
central ideas with multiple case studies, in-class
exercises, homework problems, computer software data
sets, and access to supplemental internet resources,
while appendices provide extensive reference material
on processing methods, joinability, failure modes, and
material properties to aid student comprehension and
encourage self-study.
A-Z guide to electrical/electronic and mechanical
engineering design data. The ultimate sourcebook of
electro-mechanical engineering design data is now better
than ever, with thoroughly updated material, new
discussions of engineering economics and elastomer
springs. and a bounty of new drawings. ElectroMechanical Design Handbook, Third Edition, by Ronald
A. Walsh, gives you the know-how you need to develop
parts, mechanisms, and assemblies, with thorough
explanations of: *Properties, uses, and strength of
engineering materials *Machine element design and
mechanisms *Basic pneumatics, hydraulics, air handling
and heat *Fastener and joining techniques *Layout and
fabrication practices, including castings, moldings,
extrusions and powder metal technology *Finishes and
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plating practices *Dimensioning and tolerancing
practices *Much, much more!
Taking a failure prevention perspective, this book provides
engineers with a balance between analysis and design. The
new edition presents a more thorough treatment of stress
analysis and fatigue. It integrates the use of computer tools to
provide a more current view of the field. Photos or images are
included next to descriptions of the types and uses of
common materials. The book has been updated with the most
comprehensive coverage of possible failure modes and how
to design with each in mind. Engineers will also benefit from
the consistent approach to problem solving that will help them
apply the material on the job.
Well over 18,000 total pages ... Most manuals published by
the Department of the Army (with updates) between 1999 and
2003. Contains Repair, Repair Parts, Special Tools Lists,
Maintenance, Checklist and Flight-related Technical Manuals
and Bulletins for the CH-47A, CH-47B, CH-47C and CH-47D
Chinook helicopter. Just a SAMPLE of the CONTENTS:
AVIATION UNIT AND AVIATION INTERMEDIATE
MAINTENANCE MANUAL CH-47D HELICOPTER, 1,335
pages - Aviation Unit and Aviation Intermediate
Troubleshooting Manual, CH-47D Helicopter, 1,225 pages ORGANIZATIONAL MAINTENANCE REPAIR PARTS AND
SPECIAL TOOLS LISTS FOR ELECTRONIC EQUIPMENT
CONFIGURATION FOR CH-47A, CH-47B, AND CH-47C
HELICOPTERS, 116 pages - Preparation for Shipment of
CH-47 HELICOPTER, 131 pages - OPERATOR, AVIATION
UNIT, AND AVIATION INTERMEDIATE MAINTENANCE
MANUAL WITH REPAIR PARTS AND SPECIAL TOOLS
LIST EXTENDED RANGE FUEL SYSTEM ARMY MODEL
CH-47 HELICOPTER, 194 pages - AVIATION UNIT AND
INTERMEDIATEMAINTENANCE REPAIR PARTS AND
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SPECIAL TOOLS LIST (INCLUDING DEPOT
MAINTENANCE REPAIR PARTS AND SPECIAL TOOLS)
HELICOPTER, CARGO TRANSPORT CH-47D, 689 pages AVIATION UNIT AND INTERMEDIATE MAINTENANCE
REPAIR PARTS AND SPECIAL TOOLS LIST (INCLUDING
DEPOT MAINTENANCE REPAIR PARTS AND SPECIAL
TOOLS) HELICOPTER, CARGO TRANSPORT CH-47D, 511
pages - PREVENTIVE MAINTENANCE DAILY INSPECTION
CHECKLIST CH-47D HELICOPTER, 30 pages - PHASED
MAINTENANCE CHECKLIST CH-47D HELICOPTER, 117
pages - MAINTENANCE TEST FLIGHT MANUAL ARMY
MODEL CH-47D HELICOPTER, 195 pages - Operator's and
Crewmember's Checklist ARMY CH-47D HELICOPTER, 49
pages - ONE TIME VISUAL INSPECTION AND RECORDS
CHECK OF THE UPPER BOOST ACTUATORS AND PULL
TEST OF SWASHPLATE FOR ALL CH-47D, MH-47D, AND
MH-47E AIRCRAFT, 11 pages - WARRANTY PROGRAM
FOR HELICOPTER, CARGO TRANSPORT CH-47D, 28
pages - CALIBRATION PROCEDURE FOR CH-47
INTEGRATED LOWER CONTROL ACTUATOR (ILCA)
BENCH TEST SET, 50 pages REPAIR PARTS AND
SPECIAL TOOLS LIST FOR STABILITY AUGMENTATION
SYSTEM AMPLIFIERS CH-47A, CH-47B, AND CH-47C
HELICOPTERS, 53 pages - AVIATION UNIT AND AVIATION
INTERMEDIATE MAINTENANCE For GENERAL TIE-DOWN
AND MOORING ON ALL SERIES ARMY MODELS AH-64,
UH-60, CH-47, UH-1, AH-1, OH-58 HELICOPTERS, 60
pages - OPERATOR'S MANUAL FOR CH-47D (CHINOOK)
FLIGHT SIMULATOR Device 2B31A, 185 pages
Over 8,300 pages .... Just a SAMPLE of the CONTENTS:
NONDESTRUCTIVE INSPECTION METHODS. Published by
the Departments of the Army, Navy and Air Force on 1 March
2000 - 771 pages and June 2005 - 762 pages; Metallic
Materials and Elements for Aerospace Vehicle Structures
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1,733 pages Designing and Developing Maintainable
Products and Systems - Revision A 719 pages Sampling
Procedures and Tables for Inspection by Attributes 75 pages
Nondestructive Testing Acceptance Criteria 88 pages
Environmental Stress Screening Process for Electronic
Equipment 49 pages Handbook for Reliability Test Methods,
Plans, and Environments for Engineering, Development,
Qualification, and Production - Revision A 411 pages Human
Engineering - Revision F 219 pages Sampling Procedures
and Tables for Life and Reliability Testing (Based on
Exponential Distribution) 77 pages Test Method Standard:
Electronic and Electrical Component Parts 191 pages
Reliability Testing for Engineering Development, Qualification
and Production - Revision D 47 pages Electroexplosive
Subsystem Safety Requirements and Test Methods for Space
Systems (150 pages, 8.64 MB) Reliability Prediction of
Electronic Equipment- Notice F 205 pages Reliability Program
for Systems and Equipment Development and Production Revision B 88 pages Electronic Discharge Control Handbook
for Protection of Electrical and Electronic Parts, Assemblies
and Equipment (Excluding Electrically Initiated Explosive
Devices) - Revision B 171 pages Electrical Grounding for
Aircraft Safety 290 pages Fuze and Fuze Components,
Environmental and Performance Tests for - Revision C 295
pages Requirements for the Control of Electromagnetic
Interference Characteristics of Subsystems and Equipment Revision E 253 pages Maintainability
Verification/Demonstration/Evaluation - Revision A 64 pages
Failure Rate Sampling Plans and Procedures - Revision C 41
pages Maintainability Prediction 176 pages Definition of
Terms for Reliability and Maintainability - Revision C 18
pages Semiconductor Devices 730 pages Reliability Modeling
and Prediction - Revision B 85 pages Established Reliability
and High Reliability Qualified Products List (QPL) Systems
Page 13/18

Acces PDF Astm A228
For Electrical, Electronic, and Fiber Optic Parts Specifications
- Revision F 17 pages Environmental Test Methods and
Engineering Guidelines 416 pages) Test Methods for
Electrical Connectors - Revision A 129 pages Environmental
Engineering Considerations and Laboratory Tests - Revision
F 539 pages System Safety Program Requirements 117
pages Test Method Standard Microcircuits - Revision E 705
pages Test Method Standard Microcircuits - Revision F 708
pages Procedures for Performing a Failure Mode Effects and
Criticality Analysis - Revision A 54 pages
The objective of this book is to assist scientists and engineers
select the ideal material or manufacturing process for
particular applications; these could cover a wide range of
fields, from light-weight structures to electronic hardware. The
book will help in problem solving as it also presents more
than 100 case studies and failure investigations from the
space sector that can, by analogy, be applied to other
industries. Difficult-to-find material data is included for
reference. The sciences of metallic (primarily) and organic
materials presented throughout the book demonstrate how
they can be applied as an integral part of spacecraft product
assurance schemes, which involve quality, material and
processes evaluations, and the selection of mechanical and
component parts. In this successor edition, which has been
revised and updated, engineering problems associated with
critical spacecraft hardware and the space environment are
highlighted by over 500 illustrations including micrographs
and fractographs. Space hardware captured by astronauts
and returned to Earth from long durations in space are
examined. Information detailed in the Handbook is applicable
to general terrestrial applications including consumer
electronics as well as high reliability systems associated with
aeronautics, medical equipment and ground transportation.
This Handbook is also directed to those involved in
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maximizing the relia bility of new materials and processes for
space technology and space engineering. It will be invaluable
to engineers concerned with the construction of advanced
structures or mechanical and electronic sub-systems.
Mechanical Design: Theory and Applications, Third Edition
introduces the design and selection of common mechanical
engineering components and machine elements, hence
providing the foundational "building blocks" engineers needs
to practice their art. In this book, readers will learn how to
develop detailed mechanical design skills in the areas of
bearings, shafts, gears, seals, belt and chain drives, clutches
and brakes, and springs and fasteners. Where standard
components are available from manufacturers, the steps
necessary for their specification and selection are thoroughly
developed. Descriptive and illustrative information is used to
introduce principles, individual components, and the detailed
methods and calculations that are necessary to specify and
design or select a component. As well as thorough
descriptions of methodologies, this book also provides a
wealth of valuable reference information on codes and
regulations. Presents new material on key topics, including
actuators for robotics, alternative design methodologies, and
practical engineering tolerancing Clearly explains best
practice for design decision-making Provides end-of-chapter
case studies that tie theory and methods together Includes upto-date references on all standards relevant to mechanical
design, including ASNI, ASME, BSI, AGMA, DIN and ISO
ESSENTIAL MACHINING AND METALWORKING
CALCULATIONS IN THE PALM OF YOUR HAND Solve
virtually any problem involving metalworking and machining
tools and applications -- quickly and easily with the help of
one convenient hands-on resource ready-made for your
benchtop or workstation . It’s Ronald A. Walsh’s Handbook
of Machining and Metalworking Calculations, and it puts
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design, operations, repair, and maintenance answers right
where you want them—close at hand. You get: Basic to
advanced calculation procedures Latest ANSI and ISO
specifications Examples of solved problems Calculations for
gears, sprockets, springs, screws, threads, ratchets, cams,
linkages, notches, flanges, holes, broaching, boring, reaming,
turning, pitch, torsion, tension, and more Fit classes and their
calculations Easy-to-use tables, charts, listings, and formulas

Extensive data on properties of more than 425 steels are
presented in a ready-reference format that makes
information easy to find. Provides reliable factual data on
chemical composition, mechanical properties, physical
properties, fabrication characteristics, machining data
and typical uses of steels. The steels are also crossreferenced to U.S. and foreign standards. Throughout, it
concentrates on supplying all the essential and useful
facts needed by materials engineers and design
engineers.
MACHINE DESIGN WITH CAD AND OPTIMIZATION A
guide to the new CAD and optimization tools and skills to
generate real design synthesis of machine elements and
systems Machine Design with CAD and Optimization
offers the basic tools to design or synthesize machine
elements and assembly of prospective elements in
systems or products. It contains the necessary
knowledge base, computer aided design, and
optimization tools to define appropriate geometry and
material selection of machine elements. A
comprehensive text for each element includes: a chart,
excel sheet, a MATLAB® program, or an interactive
program to calculate the element geometry to guide in
the selection of the appropriate material. The book
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contains an introduction to machine design and includes
several design factors for consideration. It also offers
information on the traditional rigorous design of machine
elements. In addition, the author reviews the real design
synthesis approach and offers material about stresses
and material failure due to applied loading during
intended performance. This comprehensive resource
also contains an introduction to computer aided design
and optimization. This important book: Provides the tools
to perform a new direct design synthesis rather than
design by a process of repeated analysis Contains a
guide to knowledge-based design using CAD tools,
software, and optimum component design for the new
direct design synthesis of machine elements Allows for
the initial suitable design synthesis in a very short time
Delivers information on the utility of CAD and
Optimization Accompanied by an online companion site
including presentation files Written for students of
engineering design, mechanical engineering, and
automotive design. Machine Design with CAD and
Optimization contains the new CAD and Optimization
tools and defines the skills needed to generate real
design synthesis of machine elements and systems on
solid ground for better products and systems.
New and Improved SI Edition-Uses SI Units Exclusively
in the TextAdapting to the changing nature of the
engineering profession, this third edition of
Fundamentals of Machine Elements aggressively delves
into the fundamentals and design of machine elements
with an SI version. This latest edition includes a plethora
of pedagogy, providing a greater u
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