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The prevalence of rotating parts in machine design and production demon-
strates the importance of Rotating Machinery (RM) across multiple disciplines
and industries. A deep understanding of rotating machinery design is integral
for engineers across all fields, informing the planning, design and production
phases of various industries.

This guide presents the development processes for test apparatuses built for
research & development in machinery, technology, and product development.
Each R & D apparatus is the focus of an entire chapter, with fifteen detailed case
studies included from mechanical, aerospace, chemical and biomedical engi-
neering. The author details machinery components, including bearings, seals,
power plant pumps, rotors, turbines and compressors. Machinery condition
monitoring and product development processes have been integrated, and the
specific purposes and results for each test rig are comprehensively presented
and explained. This text:

e Explains the advancement of engineering design theory through
research testing

* Presents case studies of component improvement for basic machinery
components

e Qutlines approaches for fostering creativity in development

e Discusses the design of test machines for the R & D process

e Explores R & D testing for improvement of existing machinery
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Preface

It’s hard to think of any machinery type that does not have at least one rotating
part. Rotating machinery (RM) is at the heart of the modern world, thus so is
RM engineering. The technology of RM is a field of study with considerable
depth and breadth, utilizing first principles of all the mechanical engineering
fundamental disciplines: solid mechanics, dynamics, fluid mechanics, ther-
modynamics, heat transfer, and controls. Nearly all industries rely heavily
on the reliable operation of RM. These industries include (1) power genera-
tion; (2) petrochemical; (3) manufacturing; (4) land, sea, and air transporta-
tion; (5) heating, ventilating, and air conditioning; (6) aerospace propulsion;
(7) farming; (8) computer disk drives; (9) textiles; (10) home appliances; and
(11) a wide variety of military systems.

The ever-present competitive pressures to have machines run faster; be
more compact, more powerful, more energy efficient; possess higher power-
to-weight ratios; and be less costly have fostered a continuous research and
development (R&D) history in the field of RM. That has always necessitated
the important component of experimental work to augment the theory-
based design analyses. However, modern computer-based analysis tools like
finite element analysis (FEA) and computational fluid dynamics (CFD) have
significantly impacted on the role of machinery component testing. Prior
to such modern computer-based analysis tools, testing was often deemed
necessary because of inherent approximations and uncertainties in design
methods, and the absence of closed-form solutions to many of the governing
theory-based equations, for example, Navier-Stokes equations for 3D fluid
flow and the 3D elasticity equations for stress, strain, and deformation in sol-
ids. Today, testing is often employed to validate the modern computer soft-
ware, providing the empirical inputs needed for perfecting the accuracy of
those computer codes. Consequently, computer-based analyses are now reli-
ably employed to substitute for some of the pre—computer age product R&D
and proof testing. The gas turbine jet engine is one RM high-tech product
where this modern engineering approach has provided considerable devel-
opment cost reductions by making feasible significant reductions in some of
the costly development testing of new aircraft engine configurations.

To provide a resource detailing several important rotating machinery
R&D test facilities, this book is comprised of 19 chapters describing test rigs
pertaining to various types of rotating machinery, including (1) large steam
turbine generator sets; (2) power plant, slurry, and heart centrifugal pumps;
(3) gas turbines; (4) jet engines; (5) bearings, seals, and rotor dynamics;
(6) machine tool spindles; and (7) machinery condition monitoring.

xi
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