SOLIDWORKS FINITE ELEMENT ANALYSIS

SoLIDW orkS FINITE ELEMENT ANALYSIS: UNLOCKING THE POWER OF SIMULATION IN DESIGN

SOLIDWORKS FINITE ELEMENT ANALYSIS IS A GAME-CHANGER WHEN IT COMES TO MODERN ENGINEERING AND PRODUCT
DEVELOPMENT. FOR DESIGNERS AND ENGINEERS ALIKE, THE ABILITY TO SIMULATE AND ANALYZE HOW A PRODUCT BEHAVES UNDER
VARIOUS CONDITIONS BEFORE IT IS PHYSICALLY MANUFACTURED SAVES TIME, REDUCES COSTS, AND IMPROVES OVERALL DESIGN
QUALITY. SoLIDW ORkS, A WIDELY-USED CAD SOFTWARE, INTEGRATES FINITE ELEMENT ANALYSIS (FEA) TooLs THAT
EMPOWER USERS TO PERFORM ROBUST STRUCTURAL, THERMAL, AND DYNAMIC SIMULATIONS RIGHT WITHIN THE DESIGN
ENVIRONMENT. THIS SEAMLESS INTEGRATION MAKES IT EASIER THAN EVER TO OPTIMIZE DESIGNS AND ENSURE RELIABILITY.

WHAT IS SoLIDW ORKS FINITE ELEMENT ANALYSIS?

AT ITS CORE, FINITE ELEMENT ANALYSIS IS A NUMERICAL TECHNIQUE USED TO PREDICT HOW A PRODUCT REACTS TO REAL-
\WORLD FORCES, VIBRATION, HEAT, FLUID FLOW , AND OTHER PHYSICAL EFFECTS. SoLID\Works FEA TAKES A VIRTUAL MODEL
AND BREAKS IT DOWN INTO SMALLER, MANAGEABLE PIECES CALLED FINITE ELEMENTS. BY SOLVING EQUATIONS THAT GOVERN THE
BEHAVIOR OF EACH ELEMENT, THE SOFTWARE CAN PREDICT STRESSES, STRAINS, AND DEFORMATIONS THROUGHOUT THE ENTIRE
MODEL.

UNLIKE STANDALONE SIMULATION SOFTWARE, SOLIDW OrRkS FEA IS FULLY EMBEDDED WITHIN THE CAD SYSTEM. THIS MEANS
THAT ANY CHANGES MADE TO THE DESIGN AUTOMATICALLY UPDATE THE SIMULATION MODEL, ALLOWING FOR RAPID ITERATION
AND REAL-TIME FEEDBACK. WHETHER YOU’RE A MECHANICAL ENGINEER DESIGNING A BRACKET OR A PRODUCT DEVELOPER WORKING
ON CONSUMER ELECTRONICS, THIS INTEGRATION STREAMLINES THE ENTIRE PROCESS.

Key FEATURES OF SoLID\W ORkS FINITE ELEMENT ANALYSIS

SOLIDW ORKS OFFERS A VARIETY OF SIMULATION CAPABILITIES THAT CATER TO DIFFERENT ENGINEERING NEEDS. HERE’S A CLOSER
LOOK AT SOME OF THE ESSENTIAL FEATURES:

STRUCTURAL ANALYSIS

STRUCTURAL ANALYSIS IN SOLIDW ORKS LETS YOU EVALUATE HOW PARTS AND ASSEMBLIES RESPOND TO STATIC AND
DYNAMIC LOADING CONDITIONS. YOU CAN TEST FOR STRESS CONCENTRATIONS, DEFORMATION, AND FACTOR OF SAFETY. THis
HELPS IDENTIFY WEAK POINTS AND OPTIMIZE MATERIAL USAGE WITHOUT EXTENSIVE PHYSICAL PROTOTYPING.

THERMAL ANALYSIS

THERMAL SIMULATIONS ASSESS HOW HEAT DISSIPATES THROUGH A COMPONENT OR ASSEMBLY. THIS IS CRITICAL FOR
ELECTRONICS COOLING, METAL FORMING, AND OTHER APPLICATIONS \WHERE TEMPERATURE AFFECTS PERFORMANCE. SoLIDW orks
ALLOWS YOU TO SIMULATE STEADY-STATE AND TRANSIENT THERMAL CONDITIONS WITH EASE.

FATIGUE ANALYSIS

TO PREDICT THE LIFESPAN OF COMPONENTS SUBJECTED TO CYCLIC LOADING, FATIGUE ANALYSIS IS INDISPENSABLE. SoLID\W oRrKS
SIMULATION PROFESSIONAL INCLUDES TOOLS TO ANALYZE HOW REPEATED STRESSES CAN CAUSE CRACKS OR FAILURE OVER
TIME, ENABLING ENGINEERS TO DESIGN MORE DURABLE PRODUCTS.



NONLINEAR AND DYNAMIC ANALYSIS

REAL-WORLD SCENARIOS ARE OFTEN MORE COMPLEX THAN SIMPLE LINEAR MODELS. SOLIDW ORKS SUPPORTS NONLINEAR
MATERIALS, LARGE DEFORMATIONS, AND DYNAMIC IMPACTS, MAKING IT SUITABLE FOR SIMULATING RUBBER PARTS, PLASTICS,
AND CRASH TESTS.

How To GET STARTED WITH SoLID\W oRrkS FINITE ELEMENT ANALYSIS

IF YOURE NEW TO SOLIDW/ ORKS FEA, THE LEARNING CURVE CAN SEEM STEEP, BUT THE SOFTWARE’S USER-FRIENDLY INTERFACE
MAKES THE PROCESS APPROACHABLE. HERE’S A SIMPLIFIED WORKFLOW TO GUIDE BEGINNERS:

1. CreATE oR IMPORT YoUrR CAD MoDEL: START WITH A DETAILED 3D MODEL IN SOLIDW ORKS. ENSURE THE GEOMETRY
IS CLEAN AND FREE OF ERRORS THAT MIGHT IMPEDE MESHING.

2. DEerFINE MATERIAL PROPERTIES: ASSIGN REALISTIC MATERIAL DATA LIKE YOUNG’S MODULUS, POISSON’S RATIO, AND
DENSITY. SOLID\W ORKS HAS AN EXTENSIVE MATERIALS LIBRARY TO CHOOSE FROM.

3. ApPPLY LoADS AND BoUNDARY CONDITIONS: SPECIFY FORCES, PRESSURES, FIXTURES, AND CONSTRAINTS THAT
REPLICATE REAL-WORLD USAGE SCENARIOS.

4. MesH THE MoDEL: GENERATE THE FINITE ELEMENT MESH. SOLID\W ORKS ALLOWS CONTROL OVER MESH DENSITY TO
BALANCE ACCURACY AND COMPUTATIONAL TIME.

5. RUN THE SIMULATION: EXECUTE THE SOLVER TO OBTAIN RESULTS SUCH AS STRESS DISTRIBUTION, DISPLACEMENT, AND
FACTOR OF SAFETY.

6. INTERPRET AND REFINE: ANALYZE THE RESULTS, IDENTIFY CRITICAL AREAS, AND ITERATE ON THE DESIGN OR SIMULATION
PARAMETERS AS NEEDED.

TIPS FOR MAXIMIZING ACCURACY AND EFFICIENCY IN SoLID\Works FEA

GETTING RELIABLE RESULTS FROM SIMULATIONS DEPENDS ON CAREFUL SETUP AND UNDERSTANDING OF THE UNDERLYING PHYSICS.
HERE ARE SOME PRACTICAL TIPS:

o Use SIMPLIFIED GEOMETRY: REMOVE UNNECESSARY FEATURES LIKE SMALL FILLETS OR HOLES THAT DO NOT CONTRIBUTE
SIGNIFICANTLY TO STRUCTURAL BEHAVIOR, TO REDUCE MESH COMPLEXITY.

¢ REFINE THE MEesH IN CRITICAL AREAS: APPLY FINER MESH WHERE STRESS GRADIENTS ARE EXPECTED TO BE HIGH, SUCH AS
AROUND HOLES OR SHARP CORNERS, FOR BETTER RESOLUTION.

® VALIDATE WITH PHYSICAL TESTS: WHENEVER POSSIBLE, COMPARE SIMULATION OUTCOMES WITH EXPERIMENTAL DATA
TO CALIBRATE YOUR MODEL.

o LEVERAGE MATERIAL NONLINEARITIES: FOR POLYMERS, COMPOSITES, OR METALS UNDER PLASTIC DEFORMATION, USE
NONLINEAR MATERIAL MODELS TO CAPTURE REALISTIC BEHAVIOR.

o UTILIZE AUTOMATED CHECKS: SOLID\W ORKS SIMULATION INCLUDES DIAGNOSTIC TOOLS TO ENSURE BOUNDARY
CONDITIONS AND CONSTRAINTS ARE CORRECTLY APPLIED.



APPLICATIONS OF SoLID\W oORkS FINITE ELEMENT ANALYSIS IN INDUSTRY

THE VERSATILITY OF SOLIDW ORrRkS FEA MAKES IT A VALUABLE TOOL ACROSS MULTIPLE INDUSTRIES. LET’S EXPLORE A FEW
REAL-\WORLD APPLICATIONS:

AUTOMOTIVE ENGINEERING

DESIGNING LIGHTWEIGHT YET STRONG VEHICLE COMPONENTS IS A CONSTANT CHALLENGE. ENGINEERS USE SOLIDW ORKS
SIMULATION TO OPTIMIZE CHASSIS PARTS, SUSPENSION ELEMENTS, AND ENGINE COMPONENTS FOR DURABILITY AND
CRASHWORTHINESS. THE ABILITY TO SIMULATE FATIGUE AND DYNAMIC LOADS ENSURES SAFETY AND LONGEVITY.

AEROSPACE

IN AEROSPACE, WEIGHT REDUCTION WITHOUT COMPROMISING STRUCTURAL INTEGRITY IS CRITICAL. FINITE ELEMENT ANALYSIS
HELPS IN DESIGNING AIRFRAME STRUCTURES AND TURBINE BLADES THAT WITHSTAND EXTREME CONDITIONS. THERMAL AND
VIBRATION ANALYSIS ALSO PLAY CRUCIAL ROLES HERE.

CoNsUMER ProDUCTS

FOrR CONSUMER ELECTRONICS, THERMAL MANAGEMENT IS VITAL TO PREVENT OVERHEATING. SOLIDW/ ORKS ALLOWS DESIGNERS
TO SIMULATE HEAT DISSIPATION IN DEVICES LIKE SMARTPHONES AND LAPTOPS, IMPROVING RELIABILITY AND USER EXPERIENCE.

MebicAL DeviCes

MEDICAL DEVICE MANUFACTURERS UTILIZE FEA TO ENSURE IMPLANTS AND SURGICAL TOOLS MEET STRINGENT SAFETY
STANDARDS. SIMULATION AIDS IN UNDERSTANDING HOW DEVICES INTERACT WITH HUMAN TISSUE AND RESPOND TO
PHYSIOLOGICAL LOADS.

INTEGRATING SoLID\WorkS FEA wiITH OTHER SIMULATION TooLs

W/HILE SOLIDW/ ORKS SIMULATION IS POWERFUL, SOME COMPLEX ANALYSES REQUIRE SPECIALIZED TOOLS. FORTUNATELY,
SoLIDW/ ORKS SUPPORTS INTEROPERABILITY WITH ADVANCED SOFTWARE LIKE ANSYS AND ABAQUS. USERS CAN EXPORT
MODELS FOR DETAILED CFD (COMPUTATIONAL FLUID DYNAMICS), ELECTROMAGNETICS, OR MULTIPHYSICS SIMULATIONS.

FURTHEEMORE, THE CLOUD-BASED SIMULATION OPTIONS PROVIDED BY SOLIDW ORKS ALLOW FOR SCALABILITY IN
COMPUTATIONAL RESOURCES, ENABLING ENGINEERS TO RUN LARGE-SCALE SIMULATIONS WITHOUT HARDW ARE LIMITATIONS.

THE FUTURE oF SoLID\W oORkS FINITE ELEMENT ANALYSIS

SIMULATION TECHNOLOGY CONTINUES TO EVOLVE, AND SOLIDWORKS IS AT THE FOREFRONT OF THIS TRANSFORMATION. W/ ITH
THE INTEGRATION OF ARTIFICIAL INTELLIGENCE AND MACHINE LEARNING, FUTURE ITERATIONS OF SoLIDWorks FEA WILL LIKELY
OFFER SMARTER MESH GENERATION, AUTOMATIC ERROR DETECTION, AND OPTIMIZED DESIGN SUGGESTIONS.

MOREOVEE, THE RISE OF GENERATIVE DESIGN, COMBINED WITH SIMULATION-DRIVEN DEVELOPMENT, EMPOWERS ENGINEERS TO
EXPLORE COUNTLESS DESIGN ALTERNATIVES QUICKLY. THIS NOT ONLY ACCELERATES INNOVATION BUT ALSO RESULTS IN



PRODUCTS THAT ARE MORE EFFICIENT, SUSTAINABLE, AND COST-EFFECTIVE.

IN SUMMARY, SOLIDWORKS FINITE ELEMENT ANALYSIS IS AN ESSENTIAL COMPONENT IN THE TOOLKIT OF MODERN ENGINEERS AND
DESIGNERS. BY PROVIDING INTUITIVE SIMULATION CAPABILITIES TIGHTLY COUPLED WITH CAD MODELING, IT BRINGS THE POWER
OF VIRTUAL TESTING TO YOUR FINGERTIPS. WHETHER YOU ARE OPTIMIZING A SIMPLE BRACKET OR DEVELOPING COMPLEX
ASSEMBLIES, UNDERSTANDING AND LEVERAGING SoLIbWorks FEA CAN SIGNIFICANTLY ELEVATE YOUR DESIGN PROCESS AND
PRODUCT PERFORMANCE.

FREQUENTLY AskeD QUESTIONS

WHAT IS FINITE ELEMENT ANALYSIS (FEA) IN SoLID\W oRrks?

FINITE ELEMENT ANALYSIS (FEA) IN SOLIDW/ ORKS IS A SIMULATION TOOL THAT ALLOWS ENGINEERS TO ANALYZE THE
STRENGTH, DURABILITY, AND PERFORMANCE OF THEIR DESIGNS BY BREAKING DOWN COMPLEX STRUCTURES INTO SMALLER
ELEMENTS AND SOLVING PHYSICAL EQUATIONS ON THEM.

How Do | PERFORM A BASIC STATIC FEA SIMULATION IN SoLID\W ORkS?

TO PERFORM A BASIC STATIC FEA SIMULATION IN SOLID\X/ORKS, CREATE OR OPEN YOUR MODEL, GO TO THE SIMULATION TAB,
SET UP A NEW STUDY AS ISTATICII APPLY MATERIALS, FIXTURES, AND LOADS, MESH THE MODEL, AND THEN RUN THE
SIMULATION TO ANALYZE STRESSES, DISPLACEMENTS, AND FACTORS OF SAFETY.

\WHAT ARE THE COMMON TYPES OF LOADS AND FIXTURES USED IN SoLID\WWorks FEA?

COMMON LOADS INCLUDE FORCES, PRESSURES, GRAVITY, THERMAL LOADS, AND REMOTE LOADS, WHILE FIXTURES OFTEN
INVOLVE FIXED GEOMETRY, ROLLER OR SLIDER CONSTRAINTS, AND SYMMETRY CONDITIONS TO SIMULATE REAL-WORLD
BOUNDARY CONDITIONS.

How CAN MESH QUALITY AFFECT THE ACCURACY OF FEA RESULTS IN SoLID\W ORkS?

MESH QUALITY DIRECTLY IMPACTS FEA ACCURACY;, A FINER MESH WITH SMALLER ELEMENTS TYPICALLY YIELDS MORE ACCURATE
RESULTS BUT INCREASES COMPUTATION TIME, WHEREAS A COARSE MESH MIGHT MISS CRITICAL STRESS CONCENTRATIONS OR
DETAILS.

CAN SoLIDW ORKkS SIMULATION HANDLE NONLINEAR MATERIAL PROPERTIES AND LARGE
DEFORMATIONS?

YES, SOLIDW/ ORKS SIMULATION SUPPORTS NONLINEAR MATERIAL BEHAVIOR, SUCH AS PLASTICITY AND HYPERELASTICITY, AS
WELL AS LARGE DEFORMATIONS, ENABLING MORE REALISTIC ANALYSIS OF COMPLEX MATERIALS AND LOADING CONDITIONS.

\WHAT ARE SOME BEST PRACTICES FOR VALIDATING FEA RESULTS IN SoLID\W ORrRkS?

BEST PRACTICES INCLUDE VERIFYING MESH CONVERGENCE, COMPARING RESULTS WITH HAND CALCULATIONS OR EXPERIMENTAL
DATA, CHECKING BOUNDARY CONDITIONS, USING APPROPRIATE MATERIAL PROPERTIES, AND REVIEWING STRESS DISTRIBUTIONS
FOR PHYSICAL PLAUSIBILITY.

How DoEs SoLIDW orks SIMULATION INTEGRATE WITH CAD MODELS FOR DESIGN
OPTIMIZATION?
SOLID\X/ORKS SIMULATION INTEGRATES SEAMLESSLY WITH CAD MODELS, ALLOWING USERS TO RUN ITERATIVE SIMULATIONS,

MODIFY GEOMETRY DIRECTLY WITHIN THE SOFTWARE, AND UTILIZE OPTIMIZATION TOOLS TO IMPROVE DESIGN PERFORMANCE
BASED ON SIMULATION FEEDBACK.



ADDITIONAL RESOURCES

SoLIDW orkS FINITE ELEMENT ANALYSIS: A COMPREHENSIVE REVIEW OF CAPABILITIES AND APPLICATIONS

SOLIDWORKS FINITE ELEMENT ANALYSIS HAS BECOME AN INDISPENSABLE TOOL FOR ENGINEERS AND DESIGNERS AIMING TO
VALIDATE AND OPTIMIZE THEIR PRODUCT DESIGNS BEFORE PHYSICAL PROTOTYPING. AS PART OF THE SOLIDW ORKS SUITE, THIS
INTEGRATED SIMULATION TECHNOLOGY LEVERAGES FINITE ELEMENT METHODS (FEM) TO ANALYZE STRESS, STRAIN, THERMAL
PROPERTIES, AND DYNAMIC BEHAVIORS WITHIN COMPLEX 3D MODELS. THIS ARTICLE DELVES INTO THE FEATURES, PRACTICAL
APPLICATIONS, AND COMPARATIVE STRENGTHS OF SOLIDW/ ORKS FINITE ELEMENT ANALYSIS, PROVIDING A PROFESSIONAL
VIEWPOINT THAT AIDS IN UNDERSTANDING ITS PLACE IN MODERN ENGINEERING W ORKFLOWS.

UNDERSTANDING SoLID\W orkS FINITE ELEMENT ANALYSIS

FINITE ELEMENT ANALYSIS (FEA) IS A COMPUTATIONAL TECHNIQUE THAT BREAKS DOWN COMPLEX STRUCTURES INTO SMALLER,
MANAGEABLE ELEMENTS TO SIMULATE REAL-WORLD PHYSICAL BEHAVIORS UNDER VARIOUS CONDITIONS. SOLIDW/ ORKS FINITE
ELEMENT ANALYSIS IS EMBEDDED WITHIN THE SoLID\W orks CAD ENVIRONMENT, ENABLING USERS TO CONDUCT SIMULATIONS
WITHOUT EXPORTING MODELS TO SEPARATE SOFTWARE, STREAMLINING THE DESIGN-TO~ANALYSIS PROCESS.

THIS EMBEDDED NATURE PROMOTES A SEAMLESS TRANSITION BETWEEN DESIGN ITERATIONS AND PERFORMANCE VALIDATION,
SIGNIFICANTLY REDUCING DEVELOPMENT CYCLES. THE TOOL IS WIDELY USED FOR STATIC STRESS ANALYSIS, MODAL FREQUENCY

STUDIES, THERMAL SIMULATIONS, AND FATIGUE ASSESSMENTS, CATERING TO A BROAD RANGE OF INDUSTRIES INCLUDING
AUTOMOTIVE, AEROSPACE, CONSUMER PRODUCTS, AND INDUSTRIAL MACHINERY.

CoRE FEATURES AND FUNCTIONALITIES

SoLID\W orks SIMULATION/ WHICH HOUSES THE FINITE ELEMENT ANALYSIS CAPABILITIES, OFFERS A RICH SET OF FEATURES
DESIGNED TO ACCOMMODATE BOTH NOVICE AND EXPERIENCED USERS:

o STATIC AND DYNAMIC ANALYSIS: EVALUATE HOW PARTS AND ASSEMBLIES RESPOND TO CONSTANT AND VARYING
LOADS OVER TIME.

* NONLINEAR SIMULATION: ADDRESS MATERIALS AND CONTACTS EXHIBITING NONLINEAR BEHAVIOR SUCH AS PLASTIC
DEFORMATION AND LARGE DEFLECTIONS.

® THERMAL ANALYSIS: DETERMINE TEMPERATURE DISTRIBUTIONS AND HEAT FLOW WITHIN COMPONENTS, CRUCIAL FOR
ELECTRONICS AND ENGINE PARTS.

o FATIGUE STUDIES: PREDICT PRODUCT LIFESPAN BY ANALYZING CYCLIC LOADING EFFECTS.

e Drop TEST SIMULATION: ASSESS IMPACT RESISTANCE AND DURABILITY DURING ACCIDENTAL FALLS.

THE INTEGRATION WITH SOLIDW orkS CAD MEANS THAT MODEL MODIFICATIONS AUTOMATICALLY UPDATE SIMULATION
PARAMETERS, ENABLING RAPID ITERATIVE TESTING. ADDITIONALLY, THE USER INTERFACE IS DESIGNED TO BE INTUITIVE, WITH
GUIDED WORKFLOWS THAT ASSIST IN MESH GENERATION, BOUNDARY CONDITION APPLICATION, AND RESULT INTERPRETATION.

COMPARATIVE STRENGTHS IN THE FEA SoFTWARE LANDSCAPE

CoMPARED TO STANDALONE FEA soFTWARE LIKE ANSY'S or ABAQUS, SOLIDW ORKS FINITE ELEMENT ANALYSIS OFFERS A
UNIQUE VALUE PROPOSITION THROUGH ITS TIGHT CAD INTEGRATION AND ACCESSIBILITY TO DESIGN ENGINEERS WHO MAY NOT
BE SPECIALISTS IN SIMULATION. W/HILE ANSY'S PROVIDES ADVANCED MULTIPHYSICS CAPABILITIES AND ABAQUS EXCELS IN



HIGHLY NONLINEAR AND COMPLEX SIMULATIONS, SOLID\W ORKS SIMULATION IS OFTEN FAVORED FOR ITS:

o EASE oF UsE: LOWER LEARNING CURVE FOR ENGINEERS FAMILIAR WITH SoLibW orks CAD.

o COST-EFFECTIVENESS: BUNDLED WITHIN SOLID W/ ORKS PACKAGES, REDUCING THE NEED FOR ADDITIONAL SOFT\W ARE
PURCHASES.

® \X/ORKFLOW EFFICIENCY: RAPID UPDATE OF SIMULATION MODELS FOLLOWING DESIGN CHANGES.

HO\X/EVER, FOR EXTREMELY DETAILED, LARGE-SCALE, OR MULTIPHYSICS PROBLEMS, DEDICATED FEA PLATFORMS MAY OFFER
SUPERIOR COMPUTATIONAL POWER AND SPECIALIZED SOLVERS. SOLIDW ORKS FEA IS PRIMARILY GEARED TOWARD DESIGN
VERIFICATION AND OPTIMIZATION RATHER THAN EXHAUSTIVE RESEARCH-GRADE SIMULATIONS.

APPLICATIONS AND INDUSTRIAL IMPACT

SoLID\W ORKS FINITE ELEMENT ANALYSIS IS EXTENSIVELY USED ACROSS VARIOUS SECTORS TO ENHANCE PRODUCT RELIABILITY
AND PERFORMANCE WHILE MINIMIZING COSTLY PHYSICAL PROTOTYPING. SOME NOTABLE APPLICATIONS INCLUDE:

AUTOMOTIVE ENGINEERING

FROM STRUCTURAL COMPONENTS TO THERMAL MANAGEMENT SYSTEMS, AUTOMOTIVE ENGINEERS USE SoLIpWorks FEA To
PREDICT STRESS CONCENTRATIONS, VIBRATIONAL MODES, AND HEAT DISSIPATION. THIS CAPABILITY HELPS IN IMPROVING SAFETY
MARGINS AND FUEL EFFICIENCY BY OPTIMIZING MATERIAL USAGE AND COMPONENT GEOMETRY.

AEROSPACE DESIGN

W/EIGHT REDUCTION WITHOUT COMPROMISING STRENGTH IS CRITICAL IN AEROSPACE. SOLIDW/ ORKS SIMULATION TOOLS
FACILITATE LIGHTWEIGHT DESIGN BY IDENTIFYING AREAS WHERE MATERIAL CAN BE SAFELY REMOVED. ADDITIONALLY, FATIGUE
ANALYSIS ENSURES THAT PARTS WITHSTAND CYCLIC STRESSES EXPERIENCED DURING FLIGHT.

CoNsUMER ProbucT DEVELOPMENT

FOR CONSUMER ELECTRONICS AND APPLIANCES, THERMAL ANALYSIS IS VITAL TO PREVENT OVERHEATING AND IMPROVE
DURABILITY. SOLID\W ORKS FINITE ELEMENT ANALYSIS ENABLES RAPID ASSESSMENT OF HEAT FLOW AND MECHANICAL STRESSES,
SUPPORTING FASTER TIME-TO-MARKET AND ENHANCED PRODUCT QUALITY.

TecHNICAL CONSIDERATIONS AND LIMITATIONS

W/HILE SOLIDW/ ORKS FINITE ELEMENT ANALYSIS OFFERS MANY ADVANTAGES, USERS MUST BE MINDFUL OF CERTAIN LIMITATIONS!

o MEeSH QUALITY AND SIzE: THE ACCURACY OF SIMULATIONS HEAVILY DEPENDS ON MESH REFINEMENT. L ARGE OR COMPLEX
ASSEMBLIES CAN LEAD TO LENGTHY COMPUTATION TIMES OR REQUIRE SIMPLIFICATIONS.

o SoLVER CAPABILITIES: ALTHOUGH ROBUST FOR MANY ENGINEERING PROBLEMS, THE SOLVER MAY NOT SUPPORT HIGHLY



SPECIALIZED PHYSICAL PHENOMENA THAT OTHER DEDICATED FEA TOOLS HANDLE.

e MATERIAL LIBRARY RESTRICTIONS: THE BUILT-IN MATERIAL DATABASE IS EXTENSIVE BUT MAY NOT ENCOMPASS ALL
EXOTIC OR COMPOSITE MATERIALS WITHOUT USER-DEFINED PROPERTIES.

o LeARNING CURVE FOR COMPLEX SIMULATIONS: ADVANCED NONLINEAR OR DYNAMIC SIMULATIONS DEMAND DEEPER
UNDERSTANDING, SOMETIMES NECESSITATING ADDITIONAL TRAINING.

DESPITE THESE CONSTRAINTS, SOLID\W ORKS FINITE ELEMENT ANALYSIS REMAINS A PRACTICAL AND POWERFUL TOOL FOR
ROUTINE ENGINEERING SIMULATIONS, ESPECIALLY WHEN INTEGRATED TIGHTLY WITH THE DESIGN PROCESS.

ENHANCING SIMULATION ACCURACY AND EFFICIENCY

SUCCESSFUL FINITE ELEMENT ANALYSIS WITHIN SOLID\W ORKS HINGES ON SEVERAL BEST PRACTICES:

1. GEOMETRY SIMPLIFICATION: REMOVE UNNECESSARY DETAILS TO REDUCE MESH COMPLEXITY WITHOUT COMPROMISING
CRITICAL FEATURES.

2. MesH CONTROL: APPLY FINER MESH IN AREAS OF HIGH STRESS GRADIENTS WHILE USING COARSER MESH ELSEWHERE TO
OPTIMIZE COMPUTATIONAL RESOURCES.

3. BouUNDARY CONDITION VALIDATION: ENSURE LOADS, FIXTURES, AND CONTACTS ACCURATELY REFLECT REAL-WORLD
SCENARIOS.

4. ReSULT INTERPRETATION: CROSS-CHECK SIMULATION OUTPUTS WITH ANALYTICAL CALCULATIONS OR EXPERIMENTAL
DATA TO VALIDATE FINDINGS.

ADHERING TO THESE PRINCIPLES CAN SIGNIFICANTLY IMPROVE THE RELIABILITY OF SIMULATIONS AND FOSTER CONFIDENCE IN
DESIGN DECISIONS DRIVEN BY FINITE ELEMENT ANALYSIS.

THe FUTURE OF SoLID\W oORkS FINITE ELEMENT ANALYSIS

AS ENGINEERING CHALLENGES GROW INCREASINGLY COMPLEX, SOLID\W ORKS CONTINUES TO EVOLVE ITS SIMULATION
CAPABILITIES. RECENT UPDATES HAVE INTRODUCED CLOUD-BASED SOLVING OPTIONS, INTEGRATION OF ARTIFICIAL INTELLIGENCE
FOR PREDICTIVE MODELING, AND ENHANCED MULTIPHYSICS COUPLING. THESE ADVANCEMENTS AIM TO DEMOCRATIZE ACCESS TO
SOPHISTICATED ANALYSIS TOOLS, ENABLING ENGINEERS TO PUSH THE BOUNDARIES OF INNOVATION WITHOUT STEEP TECHNICAL
HURDLES.

MOREOVER, THE GROWING EMPHASIS ON SUSTAINABILITY AND LIGHTWEIGHT DESIGN UNDERSCORES THE IMPORTANCE OF
ACCURATE SIMULATION IN REDUCING MATERIAL WASTE AND ENERGY CONSUMPTION. SOLIDW/ ORKS FINITE ELEMENT ANALYSIS
STANDS TO PLAY A PIVOTAL ROLE IN THESE EFFORTS BY FACILITATING RAPID, RELIABLE VIRTUAL TESTING THROUGHOUT THE
PRODUCT DEVELOPMENT LIFECYCLE.

IN SUMMARY, SOLIDW ORKS FINITE ELEMENT ANALYSIS REPRESENTS A CRITICAL CONVERGENCE OF DESIGN AND SIMULATION,
EMPOWERING ENGINEERS TO FORESEE PERFORMANCE CHALLENGES AND OPTIMIZE PRODUCTS EFFICIENTLY. ITS BLEND OF
ACCESSIBILITY, INTEGRATION, AND FUNCTIONALITY MAKES IT A PREFERRED CHOICE FOR MANY ORGANIZATIONS SEEKING TO
BALANCE PRECISION WITH PRODUCTIVITY IN ENGINEERING ANALYSIS.
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solidworks finite element analysis: Finite Element Analysis Concepts: Via Solidworks John
Edward Akin, 2010-08-06 Young engineers are often required to utilize commercial finite element
software without having had a course on finite element theory. That can lead to computer-aided
design errors.This book outlines the basic theory, with a minimum of mathematics, and how its
phases are structured within a typical software. The importance of estimating a solution, or verifying
the results, by other means is emphasized and illustrated. The book also demonstrates the common
processes for utilizing the typical graphical icon interfaces in commercial codes. In particular, the
book uses and covers the widely utilized SolidWorks solid modeling and simulation system to
demonstrate applications in heat transfer, stress analysis, vibrations, buckling, and other fields. The
book, with its detailed applications, will appeal to upper-level undergraduates as well as engineers
new to industry.

solidworks finite element analysis: Introduction to Finite Element Analysis Using
SolidWorks Simulation 2012 Randy H. Shih, 2012 The primary goal of Introduction to Finite
Element Analysis Using SolidWorks Simulation 2012 is to introduce the aspects of Finite Element
Analysis (FEA) that are important to engineers and designers. Theoretical aspects of FEA are also
introduced as they are needed to help better understand the operation. The primary emphasis of the
text is placed on the practical concepts and procedures needed to use SolidWorks Simulation in
performing Linear Static Stress Analysis and basic Model Analysis. This text covers SolidWorks
Simulation and the lessons proceed in a pedagogical fashion to guide you from constructing basic
truss elements to generating three-dimensional solid elements from solid models. This text takes a
hands-on, exercise-intensive approach to all the important FEA techniques and concepts. This
textbook contains a series of thirteen tutorial style lessons designed to introduce beginning FEA
users to SolidWorks Simulation. The basic premise of this book is that the more designs you create
using SolidWorks Simulation, the better you learn the software. With this in mind, each lesson
introduces a new set of commands and concepts, building on previous lessons.

solidworks finite element analysis: Introduction to Finite Element Analysis Using
SOLIDWORKS Simulation 2024 Randy Shih, 2024-03 « Uses step-by-step tutorials to introduce
users to SOLIDWORKS Simulation 2024 « Incorporates theoretical aspects of Finite Element
Analysis ¢ Covers all the most important Finite Element Analysis techniques and concepts * Includes
a chapter covering contact analysis The primary goal of Introduction to Finite Element Analysis
Using SOLIDWORKS Simulation 2024 is to introduce the aspects of Finite Element Analysis (FEA)
that are important to engineers and designers. Theoretical aspects of FEA are also introduced as
they are needed to help better understand the operation. The primary emphasis of the text is placed
on the practical concepts and procedures needed to use SOLIDWORKS Simulation in performing
Linear Static Stress Analysis and basic Modal Analysis. This text covers SOLIDWORKS Simulation
and the lessons proceed in a pedagogical fashion to guide you from constructing basic truss
elements to generating three-dimensional solid elements from solid models. This text takes a
hands-on, exercise-intensive approach to all the important FEA techniques and concepts. This
textbook contains a series of fourteen tutorial style lessons designed to introduce beginning FEA
users to SOLIDWORKS Simulation. The basic premise of this book is that the more designs you
create using SOLIDWORKS Simulation, the better you learn the software. With this in mind, each
lesson introduces a new set of commands and concepts, building on previous lessons.
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solidworks finite element analysis: Introduction to Finite Element Analysis Using
SOLIDWORKS Simulation 2020 Randy Shih, 2020 The primary goal of Introduction to Finite Element
Analysis Using SOLIDWORKS Simulation 2020 is to introduce the aspects of Finite Element Analysis
(FEA) that are important to engineers and designers. Theoretical aspects of FEA are also introduced
as they are needed to help better understand the operation. The primary emphasis of the text is
placed on the practical concepts and procedures needed to use SOLIDWORKS Simulation in
performing Linear Static Stress Analysis and basic Modal Analysis. This text covers SOLIDWORKS
Simulation and the lessons proceed in a pedagogical fashion to guide you from constructing basic
truss elements to generating three-dimensional solid elements from solid models. This text takes a
hands-on, exercise-intensive approach to all the important FEA techniques and concepts. This
textbook contains a series of fourteen tutorial style lessons designed to introduce beginning FEA
users to SOLIDWORKS Simulation. The basic premise of this book is that the more designs you
create using SOLIDWORKS Simulation, the better you learn the software. With this in mind, each
lesson introduces a new set of commands and concepts, building on previous lessons.

solidworks finite element analysis: Introduction to Finite Element Analysis Using
SOLIDWORKS Simulation 2022 Randy Shih, 2022-03 The primary goal of Introduction to Finite
Element Analysis Using SOLIDWORKS Simulation 2022 is to introduce the aspects of Finite Element
Analysis (FEA) that are important to engineers and designers. Theoretical aspects of FEA are also
introduced as they are needed to help better understand the operation. The primary emphasis of the
text is placed on the practical concepts and procedures needed to use SOLIDWORKS Simulation in
performing Linear Static Stress Analysis and basic Modal Analysis. This text covers SOLIDWORKS
Simulation and the lessons proceed in a pedagogical fashion to guide you from constructing basic
truss elements to generating three-dimensional solid elements from solid models. This text takes a
hands-on, exercise-intensive approach to all the important FEA techniques and concepts. This
textbook contains a series of fourteen tutorial style lessons designed to introduce beginning FEA
users to SOLIDWORKS Simulation. The basic premise of this book is that the more designs you
create using SOLIDWORKS Simulation, the better you learn the software. With this in mind, each
lesson introduces a new set of commands and concepts, building on previous lessons.
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SOLIDWORKS Simulation 2021 Randy Shih, 2021-04-10 The primary goal of Introduction to Finite
Element Analysis Using SOLIDWORKS Simulation 2021 is to introduce the aspects of Finite Element
Analysis (FEA) that are important to engineers and designers. Theoretical aspects of FEA are also
introduced as they are needed to help better understand the operation. The primary emphasis of the
text is placed on the practical concepts and procedures needed to use SOLIDWORKS Simulation in
performing Linear Static Stress Analysis and basic Modal Analysis. This text covers SOLIDWORKS
Simulation and the lessons proceed in a pedagogical fashion to guide you from constructing basic
truss elements to generating three-dimensional solid elements from solid models. This text takes a
hands-on, exercise-intensive approach to all the important FEA techniques and concepts. This
textbook contains a series of fourteen tutorial style lessons designed to introduce beginning FEA
users to SOLIDWORKS Simulation. The basic premise of this book is that the more designs you
create using SOLIDWORKS Simulation, the better you learn the software. With this in mind, each
lesson introduces a new set of commands and concepts, building on previous lessons.

solidworks finite element analysis: Introduction to Finite Element Analysis Using
SOLIDWORKS Simulation 2023 Randy H. Shih, 2023 « Uses step-by-step tutorials to introduce
users to SOLIDWORKS Simulation 2023 * Incorporates theoretical aspects of Finite Element
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a chapter covering contact analysis The primary goal of Introduction to Finite Element Analysis
Using SOLIDWORKS Simulation 2023 is to introduce the aspects of Finite Element Analysis (FEA)
that are important to engineers and designers. Theoretical aspects of FEA are also introduced as
they are needed to help better understand the operation. The primary emphasis of the text is placed
on the practical concepts and procedures needed to use SOLIDWORKS Simulation in performing



Linear Static Stress Analysis and basic Modal Analysis. This text covers SOLIDWORKS Simulation
and the lessons proceed in a pedagogical fashion to guide you from constructing basic truss
elements to generating three-dimensional solid elements from solid models. This text takes a
hands-on, exercise-intensive approach to all the important FEA techniques and concepts. This
textbook contains a series of fourteen tutorial style lessons designed to introduce beginning FEA
users to SOLIDWORKS Simulation. The basic premise of this book is that the more designs you
create using SOLIDWORKS Simulation, the better you learn the software. With this in mind, each
lesson introduces a new set of commands and concepts, building on previous lessons.
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introduced as they are needed to help better understand the operation. The primary emphasis of the
text is placed on the practical concepts and procedures needed to use SOLIDWORKS Simulation in
performing Linear Static Stress Analysis and basic Modal Analysis. This text covers SOLIDWORKS
Simulation and the lessons proceed in a pedagogical fashion to guide you from constructing basic
truss elements to generating three-dimensional solid elements from solid models. This text takes a
hands-on, exercise-intensive approach to all the important FEA techniques and concepts. This
textbook contains a series of fourteen tutorial style lessons designed to introduce beginning FEA
users to SOLIDWORKS Simulation. The basic premise of this book is that the more designs you
create using SOLIDWORKS Simulation, the better you learn the software. With this in mind, each
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performing Linear Static Stress Analysis and basic Modal Analysis. This text covers SOLIDWORKS
Simulation and the lessons proceed in a pedagogical fashion to guide you from constructing basic
truss elements to generating three-dimensional solid elements from solid models. This text takes a
hands-on, exercise-intensive approach to all the important FEA techniques and concepts. This
textbook contains a series of fourteen tutorial style lessons designed to introduce beginning FEA
users to SOLIDWORKS Simulation. The basic premise of this book is that the more designs you
create using SOLIDWORKS Simulation, the better you learn the software. With this in mind, each
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beginning FEA users to SolidWorks Simulation. The basic premise of this book is that the more
designs you create using SolidWorks Simulation, the better you learn the software. With this in
mind, each lesson introduces a new set of commands and concepts, building on previous lessons.
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SOLIDWORKS Simulation 2019 Randy Shih, 2019 The primary goal of Introduction to Finite Element
Analysis Using SOLIDWORKS Simulation 2019 is to introduce the aspects of Finite Element Analysis
(FEA) that are important to engineers and designers. Theoretical aspects of FEA are also introduced
as they are needed to help better understand the operation. The primary emphasis of the text is
placed on the practical concepts and procedures needed to use SOLIDWORKS Simulation in
performing Linear Static Stress Analysis and basic Modal Analysis. This text covers SOLIDWORKS
Simulation and the lessons proceed in a pedagogical fashion to guide you from constructing basic
truss elements to generating three-dimensional solid elements from solid models. This text takes a
hands-on, exercise-intensive approach to all the important FEA techniques and concepts. This
textbook contains a series of fourteen tutorial style lessons designed to introduce beginning FEA
users to SOLIDWORKS Simulation. The basic premise of this book is that the more designs you
create using SOLIDWORKS Simulation, the better you learn the software. With this in mind, each
lesson introduces a new set of commands and concepts, building on previous lessons.
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Analysis (FEA) that are important to engineers and designers. Theoretical aspects of FEA are also
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text is placed on the practical concepts and procedures needed to use SOLIDWORKS Simulation in
performing Linear Static Stress Analysis and basic Modal Analysis. This text covers SOLIDWORKS
Simulation and the lessons proceed in a pedagogical fashion to guide you from constructing basic
truss elements to generating three-dimensional solid elements from solid models. This text takes a
hands-on, exercise-intensive approach to all the important FEA techniques and concepts. This
textbook contains a series of fourteen tutorial style lessons designed to introduce beginning FEA
users to SOLIDWORKS Simulation. The basic premise of this book is that the more designs you
create using SOLIDWORKS Simulation, the better you learn the software. With this in mind, each
lesson introduces a new set of commands and concepts, building on previous lessons.
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solidworks finite element analysis: Introduction to Finite Element Analysis Using
SOLIDWORKS Simulation 2015 Randy Shih, 2015 The primary goal of Introduction to Finite Element
Analysis Using SOLIDWORKS Simulation 2015 is to introduce the aspects of Finite Element Analysis
(FEA) that are important to engineers and designers. Theoretical aspects of FEA are also introduced
as they are needed to help better understand the operation. The primary emphasis of the text is
placed on the practical concepts and procedures needed to use SOLIDWORKS Simulation in
performing Linear Static Stress Analysis and basic Modal Analysis. This text covers SOLIDWORKS
Simulation and the lessons proceed in a pedagogical fashion to guide you from constructing basic
truss elements to generating three-dimensional solid elements from solid models. This text takes a
hands-on, exercise-intensive approach to all the important FEA techniques and concepts. This
textbook contains a series of fourteen tutorial style lessons designed to introduce beginning FEA
users to SOLIDWORKS Simulation. The basic premise of this book is that the more designs you
create using SOLIDWORKS Simulation, the better you learn the software. With this in mind, each
lesson introduces a new set of commands and concepts, building on previous lessons.

solidworks finite element analysis: Introduction to Finite Element Analysis Using SolidWorks
Simulation 2014 Randy Shih, 2014 The primary goal of Introduction to Finite Element Analysis
Using SolidWorks Simulation 2014 is to introduce the aspects of Finite Element Analysis (FEA) that
are important to engineers and designers. Theoretical aspects of FEA are also introduced as they are
needed to help better understand the operation. The primary emphasis of the text is placed on the
practical concepts and procedures needed to use SolidWorks Simulation in performing Linear Static
Stress Analysis and basic Modal Analysis. This text covers SolidWorks Simulation and the lessons
proceed in a pedagogical fashion to guide you from constructing basic truss elements to generating




three-dimensional solid elements from solid models. This text takes a hands-on, exercise-intensive
approach to all the important FEA techniques and concepts. This textbook contains a series of
thirteen tutorial style lessons designed to introduce beginning FEA users to SolidWorks Simulation.
The basic premise of this book is that the more designs you create using SolidWorks Simulation, the
better you learn the software. With this in mind, each lesson introduces a new set of commands and
concepts, building on previous lessons.

solidworks finite element analysis: Introduction to Finite Element Analysis Using
SolidWorks Simulation 2013 Randy Shih, 2013 The primary goal of Introduction to Finite Element
Analysis Using SolidWorks Simulation 2013 is to introduce the aspects of Finite Element Analysis
(FEA) that are important to engineers and designers. Theoretical aspects of FEA are also introduced
as they are needed to help better understand the operation. The primary emphasis of the text is
placed on the practical concepts and procedures needed to use SolidWorks Simulation in performing
Linear Static Stress Analysis and basic Model Analysis. This text covers SolidWorks Simulation and
the lessons proceed in a pedagogical fashion to guide you from constructing basic truss elements to
generating three-dimensional solid elements from solid models. This text takes a hands-on,
exercise-intensive approach to all the important FEA techniques and concepts. This textbook
contains a series of thirteen tutorial style lessons designed to introduce beginning FEA users to
SolidWorks Simulation. The basic premise of this book is that the more designs you create using
SolidWorks Simulation, the better you learn the software. With this in mind, each lesson introduces
a new set of commands and concepts, building on previous lessons.

solidworks finite element analysis: Engineering Analysis with SOLIDWORKS Simulation
2023 Paul Kurowski, 2023-05-12 ¢ Concurrently introduces SOLIDWORKS Simulation 2023 and
Finite Element Analysis * Covers a wide variety of Finite Element Analysis problems ¢ Uses hands-on
exercises that build on one another throughout the book ¢ Printed in full color Engineering Analysis
with SOLIDWORKS Simulation 2023 goes beyond the standard software manual. Its unique
approach concurrently introduces you to the SOLIDWORKS Simulation 2023 software and the
fundamentals of Finite Element Analysis (FEA) through hands-on exercises. A number of projects are
presented using commonly used parts to illustrate the analysis features of SOLIDWORKS Simulation.
Each chapter is designed to build on the skills, experiences and understanding gained from the
previous chapters. Topics covered ¢ Linear static analysis of parts and assemblies ¢ Contact stress
analysis * Frequency (modal) analysis * Buckling analysis * Thermal analysis * Drop test analysis ¢
Nonlinear analysis * Dynamic analysis * Random vibration analysis * h and p adaptive solution
methods ¢ Modeling techniques * Implementation of FEA in the design process * Management of
FEA projects * FEA terminology

solidworks finite element analysis: Introduction to Finite Element Analysis Using
SolidWorks Simulation 2010 Randy H. Shih, 2010 The primary goal of Introduction to Finite
Element Analysis Using SolidWorks Simulation is to introduce the aspects of Finite Element Analysis
(FEA) that are important to engineers and designers. Theoretical aspects of Finite Element Analysis
are also introduced as they are needed to help better understand the operation. The primary
emphasis of the text is placed on the practical concepts and procedures needed to use SolidWorks
Simulation in performing Linear Static Stress Analysis and basic Model Analysis. This text covers
SolidWorks Simulation and the lessons proceed in a pedagogical fashion to guide you from
constructing basic truss elements to generating three-dimensional solid elements from solid models.
This text takes a hands-on, exercise-intensive approach to all the important Finite Element Analysis
techniques and concepts. This textbook contains a series of thirteen tutorial style lessons designed
to introduce beginning FEA users to SolidWorks Simulation. The basic premise of this book is that
the more designs you create using SolidWorks Simulation, the better you learn the software. With
this in mind, each lesson introduces a new set of commands and concepts, building on previous
lessons.

solidworks finite element analysis: Introduction to Finite Element Analysis Using
SOLIDWORKS Simulation 2025 Randy H. Shih, ¢ Uses step-by-step tutorials to introduce users to




SOLIDWORKS Simulation 2025 ¢ Incorporates theoretical aspects of Finite Element Analysis ¢
Covers all the most important Finite Element Analysis techniques and concepts ¢ Includes a chapter
covering contact analysis The primary goal of Introduction to Finite Element Analysis Using
SOLIDWORKS Simulation 2025 is to introduce the aspects of Finite Element Analysis (FEA) that are
important to engineers and designers. Theoretical aspects of FEA are also introduced as they are
needed to help better understand the operation. The primary emphasis of the text is placed on the
practical concepts and procedures needed to use SOLIDWORKS Simulation in performing Linear
Static Stress Analysis and basic Modal Analysis. This text covers SOLIDWORKS Simulation and the
lessons proceed in a pedagogical fashion to guide you from constructing basic truss elements to
generating three-dimensional solid elements from solid models. This text takes a hands-on,
exercise-intensive approach to all the important FEA techniques and concepts. This textbook
contains a series of fourteen tutorial style lessons designed to introduce beginning FEA users to
SOLIDWORKS Simulation. The basic premise of this book is that the more designs you create using
SOLIDWORKS Simulation, the better you learn the software. With this in mind, each lesson
introduces a new set of commands and concepts, building on previous lessons. Table of Contents 1.
The Direct Stiffness Method 2. Truss Elements in Two-Dimensional Spaces 3. 2D Trusses in MS
Excel and Truss Solver 4. Truss Elements in SOLIDWORKS Simulation 5. SOLIDWORKS Simulation
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Beam Analysis Tools 9. Statically Indeterminate Structures 10. Two-Dimensional Surface Analysis
11. Three-Dimensional Solid Elements 12. 3D Thin Shell Analysis 13. FEA Static Contact Analysis 14.
Dynamic Modal Analysis Appendix Index
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through hands-on exercises. A number of projects are presented using commonly used parts to
illustrate the analysis features of SOLIDWORKS Simulation. Each chapter is designed to build on the
skills, experiences and understanding gained from the previous chapters. Topics covered ¢ Linear
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