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Flex Circuit Design Guide: Crafting Flexible Electronics for Tomorrow’s Innovations

flex circuit design guide opens the door to a fascinating world where electronics meet adaptability. In

an era driven by compact devices, wearable tech, and ever-evolving electronics, understanding how to

design flexible circuits isn’t just a nice-to-have skill—it’s essential. Whether you’re an engineer, a

hobbyist, or someone curious about the future of electronic design, this guide will walk you through the

critical aspects of flex circuit design, shedding light on best practices, materials, and challenges.

Understanding the Basics of Flex Circuit Design

Before diving into the nitty-gritty, it’s important to grasp what flexible circuits are and why they matter.

Unlike traditional rigid printed circuit boards (PCBs), flex circuits are made from flexible substrates that

allow the circuit to bend, fold, or twist without breaking. This flexibility enables innovative product

designs, reduced weight, and space-saving configurations, which are especially valuable in industries

like aerospace, medical devices, and consumer electronics.

What Makes a Flex Circuit Different?

Flexible circuits are typically constructed using polyimide or polyester films as the base material. These

substrates are layered with copper traces that carry electrical signals, then laminated with protective

layers. The key difference lies in their ability to endure mechanical stress through bending cycles while

maintaining electrical integrity. This capability opens up design possibilities that rigid PCBs simply can’t

match.



Why Choose Flex Circuits?

Designers opt for flexible circuits for several reasons:

Space Optimization: Flex circuits can fold to fit into tight spaces.

Weight Reduction: With fewer connectors and lighter materials, devices become less bulky.

Enhanced Reliability: Fewer interconnects reduce potential points of failure.

Improved Signal Integrity: Controlled impedance and shorter signal paths enhance performance.

Key Considerations in the Flex Circuit Design Guide

Designing flex circuits requires a different mindset compared to traditional PCB layouts. Here are some

crucial factors to consider.

Material Selection

The choice of substrate and coverlay materials significantly impacts the durability and performance of

a flex circuit. Polyimide is the most common substrate due to its excellent thermal stability and

mechanical flexibility. Polyester substrates offer cost-effective alternatives but generally with lower heat

resistance.

Coverlays, typically made from polyimide or solder mask, protect copper traces from environmental



damage and mechanical wear. Selecting appropriate adhesive layers is also critical to ensure proper

lamination without compromising flexibility.

Trace and Circuit Layout

Because flex circuits bend and flex, trace design must accommodate mechanical stresses. Avoid

placing traces along bend lines; instead, orient traces perpendicular to the bending direction to

minimize strain. Using curved traces instead of sharp angles helps reduce stress concentration points

that could lead to cracks or breaks.

Trace width and spacing must comply with current-carrying requirements and manufacturing

capabilities. It’s also wise to limit the number of vias since they can become weak points in flex

applications.

Bending and Dynamic Flexing

Designers must distinguish between static bending (once folded and fixed in position) and dynamic

flexing (repeated bending during operation). Dynamic flex circuits require more robust design

techniques, such as strain relief features and thicker copper layers to withstand repeated mechanical

stress.

Design Tools and Software for Flex Circuitry

Modern CAD tools have evolved to support flexible circuit design, integrating mechanical and electrical

constraints to simulate bending and stress. Software like Altium Designer, Cadence Allegro, and

Mentor Graphics offer flex-specific features, such as layer stack management and bend radius

visualization.



Using these tools early in the design phase helps identify potential failure points and optimize trace

routing for durability and performance. Coupling electrical simulation with mechanical stress analysis

ensures a more resilient final product.

Stack-Up Configuration

Proper stack-up design is vital for flex circuits. The stack-up defines the sequence and thickness of

layers, including signal layers, dielectric layers, and coverlays.

Single-sided flex: One copper layer on a flexible substrate.

Double-sided flex: Copper layers on both sides, with vias connecting them.

Multilayer flex: Several layers laminated together for complex circuitry.

Choosing the right stack-up depends on the application’s electrical requirements and mechanical

constraints. For instance, multilayer flex circuits provide higher density but introduce complexity in

bending behavior.

Common Challenges and How to Overcome Them

Even with careful planning, flex circuit design presents unique challenges. Understanding these helps

avoid costly mistakes down the line.



Delamination and Cracking

Mechanical stress can cause layers to separate or copper traces to crack. To combat this, designers

use strain relief areas where the circuit transitions from rigid to flexible sections, and select appropriate

adhesives and coverlays that maintain flexibility over time.

Thermal Management

Flexible circuits often operate in environments with temperature fluctuations. Materials must resist

thermal expansion and contraction without warping. Polyimide’s high thermal stability makes it

favorable, but designers should also consider heat dissipation paths, especially in high-power

applications.

Manufacturing Tolerances

Flex circuits require precise fabrication processes. Maintaining tight tolerances in trace width, spacing,

and hole sizes is essential to prevent electrical failures. Early collaboration with manufacturers can

ensure design choices align with production capabilities.

Tips for Successful Flex Circuit Design

Getting your flex circuit right the first time saves time and money. Here are some practical tips:

Define Mechanical Requirements Early: Understand how much bending the circuit will endure1.

and design accordingly.



Use Adequate Bend Radius: Never design bends tighter than the recommended minimum radius2.

to prevent trace damage.

Minimize Via Usage: Vias add mechanical weakness—use them sparingly and consider alternate3.

routing.

Plan for Testing and Prototyping: Build prototypes to validate mechanical and electrical4.

performance before mass production.

Communicate with Manufacturers: Early and clear communication ensures your design is5.

manufacturable and meets quality standards.

Applications Driving the Growth of Flex Circuits

The flexibility and compact nature of flex circuits make them ideal for emerging technologies.

Wearable Technology

From fitness trackers to smart clothing, flexible circuits conform comfortably to the human body,

enabling continuous monitoring without bulk.

Medical Devices

Implantable and portable medical devices benefit from the light weight and reliability of flex circuits,

especially where space and form factor are critical.



Consumer Electronics

Smartphones, tablets, and foldable devices rely on flex circuits to connect components in tight spaces

while maintaining sleek profiles.

Aerospace and Automotive

Weight reduction and vibration resistance make flex circuits attractive for avionics and automotive

sensors, improving performance and durability.

Exploring flex circuit design is like stepping into a world where creativity meets engineering precision.

The right materials, layout, and design approach transform simple copper traces on a flexible film into

the backbone of modern, high-tech devices. This flex circuit design guide offers a solid foundation for

anyone looking to venture into flexible electronics, highlighting the importance of thoughtful design and

collaboration to bring innovative ideas to life.

Frequently Asked Questions

What are the key materials used in flexible circuit design?

Key materials in flexible circuit design include polyimide or polyester films as the base substrate,

copper foil for the conductive traces, and adhesives such as acrylic or epoxy to bond layers together.

These materials provide flexibility, durability, and reliable electrical performance.

How do I design a flexible circuit to withstand repeated bending?

To design a flexible circuit that withstands repeated bending, use materials with high flexural

endurance like polyimide, keep bend radii large, avoid placing components on bend areas, use

coverlays for protection, and design traces with meandering shapes to reduce stress concentration.



What are the common challenges faced in flex circuit design and how

to overcome them?

Common challenges include managing mechanical stress, ensuring reliable electrical connections,

handling material shrinkage during manufacturing, and maintaining signal integrity. Overcoming these

requires careful material selection, appropriate trace routing, controlled manufacturing processes, and

thorough testing.

How does flex circuit design improve device miniaturization?

Flex circuit design enables device miniaturization by allowing circuits to be bent, folded, or wrapped

around components, reducing the need for bulky connectors and interconnects. This leads to more

compact, lightweight, and space-efficient electronic assemblies.

What software tools are recommended for flexible circuit design?

Recommended software tools for flex circuit design include Altium Designer, Cadence Allegro, Mentor

Graphics PADS, and Zuken CR-8000. These tools offer specialized features for flexible substrate

handling, bend radius simulation, and layer stack management.

What are the best practices for ensuring signal integrity in flex circuit

design?

Best practices for signal integrity in flex circuit design include controlled impedance trace design,

minimizing trace lengths, proper grounding and shielding techniques, using differential pairs for high-

speed signals, and avoiding sharp bends or abrupt angle changes in traces.

Additional Resources

Flex Circuit Design Guide: Navigating the Complexities of Flexible Electronics



flex circuit design guide serves as an essential resource for engineers, designers, and manufacturers

venturing into the realm of flexible printed circuit boards (PCBs). As the demand for compact,

lightweight, and versatile electronic devices continues to rise, flexible circuits have emerged as pivotal

components, enabling innovation in industries ranging from consumer electronics to aerospace. This

guide delves into the intricacies of flex circuit design, exploring best practices, material considerations,

and design challenges to provide a comprehensive understanding for professionals seeking to optimize

their flexible electronics projects.

Understanding the Fundamentals of Flex Circuit Design

Flex circuit design involves creating electronic circuits on flexible substrates, allowing the assembly to

bend, fold, or twist without compromising functionality. Unlike traditional rigid PCBs, flex circuits are

engineered to accommodate dynamic mechanical stresses, making them ideal for applications where

space constraints and mechanical flexibility are paramount.

At its core, flex circuit design demands a nuanced approach that balances electrical performance with

mechanical durability. Designers must account for factors such as substrate selection, conductor

patterning, bend radius, and layer stacking, each influencing the overall reliability and performance of

the finished product.

Key Components and Materials in Flex Circuit Design

Material selection is foundational in flex circuit design. The most commonly used substrate is

polyimide, prized for its exceptional thermal stability, chemical resistance, and mechanical flexibility.

Alternatives such as polyester films or liquid crystal polymer (LCP) substrates may be chosen based

on specific application requirements.

Copper is the standard conductor material, with thickness typically ranging from 9 to 70 microns. The

choice of copper thickness affects current-carrying capacity and flexibility; thinner copper layers



enhance bendability but may impose electrical limitations.

Adhesives and coverlays also play critical roles. Adhesives bond copper to the substrate, while

coverlays protect the circuit from environmental damage and mechanical abrasion. The selection

between adhesive and adhesive-less constructions impacts flexibility, manufacturing complexity, and

cost.

Design Considerations Unique to Flex Circuits

Designing for flexibility introduces unique constraints absent in rigid PCB design. One of the primary

considerations is the minimum bend radius—the smallest radius a circuit can be bent without causing

damage. Exceeding this limit can result in conductor cracking or delamination.

Trace routing must avoid sharp angles; instead, designers favor curved or 45-degree traces to reduce

stress concentrations during bending. Additionally, the placement of vias and components demands

careful planning to maintain mechanical integrity.

Thermal management is another significant factor. Flexible materials often exhibit different thermal

conductivities compared to rigid substrates, requiring designers to anticipate heat dissipation

challenges. Component selection and placement should reflect these thermal considerations to prevent

premature failures.

Advanced Flex Circuit Design Techniques

As technologies evolve, flex circuit design has advanced beyond simple single-layer circuits to complex

multilayer and rigid-flex configurations. These advanced designs integrate rigid sections with flexible

interconnects to accommodate both mechanical stability and flexibility where needed.



Multilayer Flex Circuits

Multilayer flex circuits allow for higher circuit density and complex routing, essential for modern

miniaturized electronics. However, layering introduces additional challenges, including interlayer

adhesion, controlled impedance, and increased manufacturing complexity. Designers must optimize

layer stacking sequences and ensure that each layer maintains flexibility without compromising

electrical integrity.

Rigid-Flex Circuits

Rigid-flex circuits combine rigid PCB sections with flexible circuits, creating hybrid assemblies that can

withstand mechanical stress while supporting high-density components. This approach is prevalent in

medical devices, aerospace, and wearable electronics. The design process involves meticulous

planning of transition zones between rigid and flexible areas to prevent stress concentration and failure

points.

High-Frequency Flex Circuit Design

Applications such as RF modules and high-speed data transmission demand flex circuits designed to

manage signal integrity at high frequencies. Material selection, trace geometry, and impedance control

become critical. Designers often employ specialized dielectric materials and controlled impedance

techniques to minimize signal loss and electromagnetic interference.

Challenges and Best Practices in Flex Circuit Design

While the advantages of flex circuits are compelling, several challenges require careful mitigation to

ensure successful designs.



Mechanical Stress and Durability

Repeated bending can induce fatigue in conductors and substrates. To enhance longevity, designers

should:

Maintain a bend radius at least 10 times the thickness of the flex circuit.

Use serpentine or meander-shaped traces to absorb mechanical stress.

Implement strain relief features near connectors and mounting points.

Manufacturing Tolerances and Yield

Flex circuit fabrication demands tight tolerances, especially in multilayer designs. Variations in

adhesive application, copper etching, and lamination can lead to defects. Collaboration with

manufacturers during the design phase ensures that design specifications align with process

capabilities, improving yield rates.

Cost Considerations

Although flex circuits often reduce assembly complexity and weight, their initial manufacturing costs

can be higher than rigid PCBs due to specialized materials and processes. Designers should weigh

the benefits of flexibility against budget constraints, considering factors such as volume, application

criticality, and life-cycle requirements.



Environmental and Regulatory Compliance

Many flex circuits are deployed in environments subject to harsh conditions, including temperature

extremes, humidity, and exposure to chemicals. Selecting materials compliant with industry standards,

such as UL certification or RoHS directives, safeguards product reliability and regulatory adherence.

Tools and Software for Effective Flex Circuit Design

Modern design software has evolved to support the unique requirements of flex circuits. Tools such as

Altium Designer, Cadence Allegro, and Mentor Graphics Expedition provide specialized modules for

flexible PCB layout, allowing designers to simulate bend radii, analyze mechanical stresses, and verify

electrical parameters.

Using these software solutions facilitates early detection of potential design flaws, optimizing both

design time and manufacturing outcomes. Integration with computer-aided manufacturing (CAM)

systems further streamlines production workflows.

Emerging Trends in Flex Circuit Technology

The landscape of flex circuit design is rapidly evolving, driven by advancements in materials science

and fabrication techniques. Emerging trends include:

Stretchable Electronics: Going beyond bendable circuits, stretchable electronics enable circuits

to endure elongation, opening new possibilities in wearable tech and biomedical devices.

Embedded Components: Incorporating passive and active components directly within the flex

substrate reduces assembly steps and enhances miniaturization.



3D Flexible Circuits: Utilizing three-dimensional folding and stacking to achieve ultra-compact

form factors.

These innovations require ongoing adaptation of design methodologies and a deep understanding of

material behavior under complex mechanical loads.

Through a thorough flex circuit design guide, professionals can harness these advancements to create

innovative, reliable, and efficient flexible electronic solutions tailored to the demands of modern

applications.
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  flex circuit design guide: NASA Tech Briefs , 2005
  flex circuit design guide: Failure Modes and Mechanisms in Electronic Packages P.
Singh, Puligandla Viswanadham, 2012-12-06 Those of us who grew up in the through-hole age of
electronic packaging are probably more amazed and appreciative than are our children at the
incredible growth of electronic performance capability. My son, an electrical engineering student,
seems almost to take for granted the innovations that leave me somewhat awestruck at times.
Electronic circuit designers delight in packing more punch into less volume, while reminding us that
their job has become increasingly challenging. The lay person also has learned from the media that
the industry has been working wonders in shrinking the transistor and expanding the power of the
chip. Much attention is focussed on the silicon and on the marvelous production and entertainment
tools we now see in our offices and homes. Between the silicon and the end product lies the less
publicized world of circuit-level packaging. We leave it to a cadre of technologists to take the
schematics and parts lists and to develop the processes that tum the designers' concepts into
physical reality. And while the silicon transistor is shrinking, the engineering challenges of
packaging multiple chips and associated components into increasingly dense subsystems are
growing. Further, the transistor may have to function without failure through severe industrial or
military environments over the lifetime of the product.
  flex circuit design guide: Elektronik Design: Theorie und Praxis Ralf Schmidt, Dirk
Hauschild, Ines Kluge, 2024-08-17 Dieses Buch gibt einen Überblick über die wichtigsten Bereiche
zur Entwicklung und Konstruktion elektronischer Geräte, zusammengefasst unter dem Begriff
Elektronik Design, und beginnt mit der Bereitstellung des Stromlaufplans. In zunehmendem Maße
erfordert die Realisierung von Elektronik durch immer kleinere Bauelemente, die direkte
Verarbeitung von Halbleiterchips, zunehmende Taktfrequenzen und Verlustleistungen
interdisziplinäre Betrachtungen von Design, Technologien und Werkstoffen. Aus diesem Grund
wurde den Darstellungen der Technologien größerer Raum gegeben. Die Kapitel sind so gestaltet,
dass sie auch einzeln für sich gelesen werden können. Einige Inhalte sind in mehreren Kapiteln zu
finden, da eindeutige Zuordnungen nicht immer möglich oder sinnvoll sind.
  flex circuit design guide: Rigid-Flex Printed Wiring Design for Production and

https://coloursskateboarding.com/archive-th-114/flex-circuit-design-guide.pdf


Readiness Walter S. Rigling, 1988-04-14 Follows the natural flow of product development
beginning with planning, proceeding through the design and production stages, and concluding with
product acceptance. In each case the impact that the decisions of each discipline have on the
producibility and reliability of the design is analyzed. No
  flex circuit design guide: End User's Guide to Innovative Flexible Circuit Packaging Jay J.
Miniet, 1986
  flex circuit design guide: The Circuit Designer's Companion Peter Wilson, 2012-01-12
Grounding and Wiring; Printed Circuits -- Passive Components -- Active Components -- Analog
Integrated Circuits -- Digital Circuits; Power Supplies -- Electromagnetic Compatibility -- General
Product Design -- Appendices.
  flex circuit design guide: Robust Electronic Design Reference Book: no special title John R.
Barnes, 2004 If you design electronics for a living, you need Robust Electronic Design Reference
Book. Written by a working engineer, who has put over 115 electronic products into production at
Sycor, IBM, and Lexmark, Robust Electronic Design Reference covers all the various aspects of
designing and developing electronic devices and systems that: -Work. -Are safe and reliable. -Can be
manufactured, tested, repaired, and serviced. -May be sold and used worldwide. -Can be adapted or
enhanced to meet new and changing requirements.
  flex circuit design guide: Printed Circuits Design Gerald L. Ginsberg, 1991 This
exceptional, all-inclusive design manual covers-in unequalled detail-all aspects of printed circuits &
their applications, including how to design printed circuit boards for efficient, cost-effective
manufacturing & how to design boards that incorporate surface-mounted components. Indispensable
for all electronics engineers, this valuable working reference includes: basic
considerations-background, overview, specification & standards, terms, & definitions;
interconnecting structure selection-single-sided rigid printed wiring boards, double-sided rigid
printed wiring boards, multilayer rigid printed wiring boards, flexible printed wiring boards,
rigid/flexible printed wiring boards, molded printed wiring boards, & supported plane structures;
material selection-base laminates, reinforcements, conductors, platings & coatings, supporting
planes, & constraining cores; component selection-discrete components, integrated circuits,
interconnect components, electromechanical components, & hardware; performance co
  flex circuit design guide: Power Converter Circuits William Shepherd, Li Zhang, 2004-03-12
This text reveals all key components of rectification, inversion, cycloconversion, and conversion
circuits. It authoritatively describes switching, voltage and current relationships, and converter
properties, operation, control, and performance as utilized in most practical applications. Authored
jointly by a veteran scholar and an accomplished res
  flex circuit design guide: The Circuit Designer's Companion Tim Williams, 2004-11-06 Tim
Williams' Circuit Designer's Companion provides a unique masterclass in practical electronic design
that draws on his considerable experience as a consultant and design engineer. As well as
introducing key areas of design with insider's knowledge, Tim focuses on the art of designing
circuits so that every production model will perform its specified function – and no other unwanted
function - reliably over its lifetime. The combination of design alchemy and awareness of commercial
and manufacturing factors makes this an essential companion for the professional electronics
designer. Topics covered include analog and digital circuits, component types, power supplies and
printed circuit board design. The second edition includes new material on microcontrollers, surface
mount processes, power semiconductors and interfaces, bringing this classic work up to date for a
new generation of designers.· A unique masterclass in the design of optimized, reliable electronic
circuits· Beyond the lab - a guide to electronic design for production, where cost-effective design is
imperative · Tips and know-how provide a whole education for the novice, with something to offer
the most seasoned professional
  flex circuit design guide: SiP System-in-Package Design and Simulation Suny Li (Li Yang),
2017-07-14 An advanced reference documenting, in detail, every step of a real System-in-Package
(SiP) design flow Written by an engineer at the leading edge of SiP design and implementation, this



book demonstrates how to design SiPs using Mentor EE Flow. Key topics covered include wire
bonding, die stacks, cavity, flip chip and RDL (redistribution layer), Embedded Passive, RF design,
concurrent design, Xtreme design, 3D real-time DRC (design rule checking), and SiP manufacture.
Extensively illustrated throughout, System in Package Design and Simulation covers an array of
issues of vital concern for SiP design and fabrication electronics engineers, as well as SiP users,
including: Cavity and sacked dies design FlipChip and RDL design Routing and coppering 3D
Real-Time DRC check SiP simulation technology Mentor SiP Design and Simulation Platform
Designed to function equally well as a reference, tutorial, and self-study, System in Package Design
and Simulation is an indispensable working resource for every SiP designer, especially those who
use Mentor design tools.
  flex circuit design guide: EMI Filter Design Richard Lee Ozenbaugh, Timothy M. Pullen,
2000-11-09 Offering simple methods of measuring AC and DC power lines, this highly popular,
revised and expanded reference describes the selection of cores, capacitors, mechanical shapes, and
styles for the timeliest design, construction, and testing of filters. It presents analyses of matrices of
various filter types based on close approximations, observation, and trial and error. Supplying
simple parameters and techniques for creating manufacturable, repeatable products, the second
edition provides insights into the cause and elimination of common mode noise in lines and
equipment, explores new data on spike, pulse, trapezoid, and quasisquare waves, and reviews the
latest high-current filters.
  flex circuit design guide: Electrical Contacts Paul G. Slade, 1999-03-31 Covering the choice,
attachment, and testing of contact materials, Electrical Contacts introduces a thorough discussion
on making electric contact and contact interface conduction, presents a general outline of, and
measurement techniques for, important corrosion mechanisms, discusses the results of contact wear
when plug-in connections are made and broken, investigates the effect of thin noble metal plating on
electronic connections, relates crucial considerations for making high- and low-power contact joints,
details arcing effects on contacts including contact erosion, welding, and contamination, and
contains nearly 2800 references, tables, equations, drawings, and photographs.
  flex circuit design guide: Materials for Rigid and Flexible Printed Wiring Boards Martin W.
Jawitz, Michael J. Jawitz, 2018-10-03 Complex electronic circuits and devices are flooding
applications in nearly every facet of commercial and industrial activity, from automated equipment
to all types of consumer products. Proper selection of materials is crucial to meet the end-use
requirements of flexible and rigid printed wiring boards. While there are many useful books and
articles on the fabrication of printed circuit boards, Materials for Rigid and Flexible Printed Wiring
Boards is the first book to detail the properties of the materials used and how they are made. The
authors present important manufacturing information and material properties for reinforcement
materials, resins, flexible films, copper foils, rigid laminates, high-speed/high-frequency laminates,
and metal core and constraining core materials. They offer practical guidance to help designers,
engineers, and fabricators choose suitable materials to successfully meet strength, weight,
thickness, performance, cost, and other requirements. In most cases, the material data comes
directly from manufacturers' data sheets, representing typical values. The book illustrates the
comparative strengths and limitations of the materials, highlights their basic properties, and details
the manufacturing processes used to make them. Offering practical guidance based on years of
experience, Materials for Rigid and Flexible Printed Wiring Boards is a one-stop source of crucial
information for anyone designing or building printed circuit boards for any application.
  flex circuit design guide: Systems Modeling and Computer Simulation Naim Kheir,
2018-12-12 This second edition describes the fundamentals of modelling and simulation of
continuous-time, discrete time, discrete-event and large-scale systems. Coverage new to this edition
includes: a chapter on non-linear systems analysis and modelling, complementing the treatment of of
continuous-time and discrete-time systems and a chapter on the computer animation and
visualization of dynamical systems motion.
  flex circuit design guide: Pilot Protective Relaying Elmore, 2018-04-27 This text



concentrates on the fundamentals of protective relaying and aims to provide lasting information in
intelligible language. It covers the relative qualities of modern transmission line systems,
communications channels, three-terminal applications and program design for microprocessors, and
also supplies an encyclopaedic bibliography listing professional papers useful to the relay engineer.
  flex circuit design guide: Machine Design , 2009
  flex circuit design guide: Embedded Systems Design with 8051 Microcontrollers Zdravko
Karakehayov, 2018-10-08 A presentation of developments in microcontroller technology, providing
lucid instructions on its many and varied applications. It focuses on the popular eight-bit
microcontroller, the 8051, and the 83C552. The text outlines a systematic methodology for
small-scale, control-dominated embedded systems, and is accompanied by a disk of all the example
problems included in the book.
  flex circuit design guide: Permanent Magnet Motor Technology Jacek F. Gieras, 2002-01-22
Co-authored by a world-renowned expert in the field, Permanent Magnet Motor Technology: Design
and Applications, Second Edition demonstrates the construction of PM motor drives and supplies
ready-to-implement solutions for common roadblocks. The author presents fundamental equations
and calculations to determine and evaluate system performance, efficiency, and reliability; explores
modern computer-aided design of PM motors, including the finite element approach; and covers how
to select PM motors to meet the specific requirements of electrical drives. The numerous examples,
models, and diagrams provided in each chapter give the reader a clear understanding of motor
operations and characteristics.
  flex circuit design guide: Electric Relays Vladimir Gurevich, 2018-10-03 Electric relays
pervade the electronics that dominate our world. They exist in many forms, fulfill many roles, and
each have their own behavioral nuances and peculiarities. To date, there exists no comprehensive
reference surveying the broad spectrum of electric relays, save one-Electric Relays: Principles and
Applications. This ambitious work is not only unique in its scope, but also in its practical approach
that focuses on the operational and functional aspects rather than on theory and mathematics.
Accomplished engineer Dr. Vladimir Gurevich builds the presentation from first principles, unfolding
the concepts and constructions via discussion of their historical development from the earliest ideas
to modern technologies. He uses a show-not-tell approach that employs nearly 1300 illustrations and
reveals valuable insight based on his extensive experience in the field. The book begins with the
basic principles of relay construction and the major functional parts, such as contact and magnetic
systems. Then, it devotes individual chapters to the various types of relays. The author describes the
principles of function and construction for each type as well as features of several relays belonging
to a type that operate on different principles. Remarkably thorough and uniquely practical, Electric
Relays: Principles and Applications serves as the perfect introduction to the plethora of electric
relays and offers a quick-reference guide for the experienced engineer.
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