
 

 

 

 

COURSE CONTENT 
 

PRODUCT DESIGN USING CATIA 

V Semester: Aeronautical Engineering 

Course Code Category Hours / Week Credits Maximum Marks 

AAEE08  Skill 
L T P C CIA SEE Total 

0 0 2 1 40 60 100 

Contact Classes: Nil Tutorial Classes: Nil Practical Classes: 48 Total Classes: 48 

Prerequisite: Engineering Drawing ,Auto-CAD 

I. COURSE OVERVIEW: 

Conduct Design Using CATIA is a skill-oriented course designed to introduce Aeronautical Engineering 

students to modern Computer-Aided Design (CAD) techniques used in the aerospace, automotive, 

manufacturing, and product development industries. The course provides comprehensive training in CATIA 

software, starting from installation and user interface familiarization to advanced part modeling, assembly 

design, drafting, and surface modeling. Students will learn to create parametric 3D models, engineering 

drawings, and complete product assemblies following industrial design practices. 

 

The course emphasizes hands-on learning through practical exercises, aerospace-oriented case studies, and mini-

projects involving aircraft and UAV components. By the end of the course, students will be capable of 

developing complete aerospace product models, generating manufacturing documentation, and applying 

industry-standard CAD methodologies for engineering design and product development. This course serves as a 

foundation for advanced aerospace design, analysis, manufacturing, and Product Lifecycle Management (PLM) 

applications. 

II. COURSES OBJECTIVES: 

The students will try to learn 

1. Understand the fundamentals of Computer-Aided Design (CAD) and the role of CATIA in aerospace 

product development. 

2. Install, configure, and efficiently use the CATIA environment and its major workbenches. 

3. Develop 2D sketches and 3D parametric solid models of engineering and aerospace components. 

4. Create and manage assemblies using appropriate assembly constraints and design methodologies. 

5. Generate engineering drawings, manufacturing documentation, and Bills of Materials (BOM) following 

industrial standards. 

6. Apply surface modeling techniques for the design of aerospace components and complete product 

development projects 
III. COURSE OUTCOMES: 

At the end of the course students should be able to: 

 

CO1 Apply CATIA V5 Sketcher tools to create fully constrained 2D profiles using geometric and dimensional constraints. 

CO2 
Develop 3D parametric solid models of aerospace and mechanical components using Part Design features such as Pad, 

Pocket, Shaft, Fillet, and Chamfer. 

CO3 
Create product assemblies using Assembly Design workbench with appropriate constraints such as Coincidence, 

Contact, Offset, and Angular. 

CO4 
Generate detailed 2D engineering drawings with orthographic views, sectional views, dimensions, and annotations 

using the CATIA Drafting workbench. 

CO5 
Apply surface modelling and sheet metal design techniques to create complex shapes and thin-walled components in 

CATIA. 

CO6 
Analyse and interpret CATIA models for design communication, BOM generation, and preliminary FEM analysis for 

structural evaluation. 

 

 

 

 

 

 

 



IV. COURSE CONTENT 

EXERCISES IN PRODUCT DESIGN USING CATIA LABORATORY 

Note: All dimensions are in mm in exercises. 

 

1. INTRODUCTION TO CATIA V5 AND PRODUCT DESIGN APPLICATIONS 

1.1 Introduction to CATIA V5 

CATIA (Computer Aided Three-dimensional Interactive Application) V5 is a multi-platform software suite 

developed by Dassault Systèmes for CAD, CAM, and CAE applications. It is one of the most widely used 

CAD/CAM tools in the aerospace, automotive, and mechanical engineering sectors worldwide. 

CATIA V5 operates on a workbench-based architecture, where each workbench is tailored for a specific engineering 

task — such as Part Design for solid modelling, Assembly Design for building product assemblies, Drafting for 2D 

drawings, and Generative Shape Design for surface modelling. The software uses a parametric, feature-based 

approach, meaning that design intent is captured through features and relationships that can be easily modified. 

In the aeronautical and mechanical industry, CATIA is used for designing airframe structures, engine components, 

landing gear assemblies, interior cabin fittings, and piping systems. Its tight integration with PLM (Product 

Lifecycle Management) tools, particularly ENOVIA and PDM workbench, makes it the preferred platform for large-

scale, multi-disciplinary engineering projects. 

 

 
Fig.1 – CATIA V5 Part Design Workbench Interface 

Safety Guidelines: 

• Always save your CATIA files regularly using File > Save or Ctrl+S to prevent data loss. 

• Do not force-close CATIA during regeneration or computation as it may corrupt the .CATPart or 

.CATProduct file. 

• Use the History tree (Specification Tree) to understand the feature order before making edits to avoid 

topology failures. 

• Back up reference models and linked assemblies before restructuring product hierarchies. 

• Follow proper file naming conventions and folder structure for assembly files to prevent broken links. 

2. CATIA SKETCHER WORKBENCH 

The Sketcher workbench in CATIA V5 is used to create 2D profiles that serve as the foundation for 3D features 

such as Pad, Pocket, Shaft, and Groove. A fully constrained sketch ensures parametric control over the design. 

Key Sketcher elements include: 

• Profile: Draws freehand connected lines and arcs. 

• Rectangle / Circle / Arc / Ellipse: Dedicated tools for standard shapes. 

• Spline: For free-form curves used in aerodynamic profiles (airfoils). 

• Axis: Reference line used for symmetry operations and revolve features. 

• Dimensional Constraints: Fix the size of geometry (length, radius, angle). 

• Geometric Constraints: Fix relationships such as Horizontal, Vertical, Coincident, Tangent, and Parallel. 

A sketch is said to be "fully constrained" when all degrees of freedom are eliminated and the sketch profile turns 

green. Under-constrained sketches (yellow) may shift unexpectedly during regeneration. 

 



 
Fig.2 – CATIA Sketcher with Geometric and Dimensional Constraints 

2.1 Exercises on Sketcher Workbench 

Exercise 1: Fully Constrained Profile of a Flange 

• Open Sketcher on the XY plane. 

• Draw a circle of diameter 120 mm centered at origin. 

• Draw four bolt holes of diameter 12 mm at PCD 90 mm. 

• Apply all dimensional and geometric constraints. 

• Verify sketch is fully constrained (all elements green). 

Exercise 2: Airfoil Profile using Spline 

• Import NACA 2412 coordinates as reference points. 

• Create a spline passing through the coordinate points. 

• Close the profile at leading and trailing edges. 

• Apply chord length dimension of 200 mm. 

3. PART DESIGN WORKBENCH – SOLID MODELLING 

The Part Design workbench is the primary environment for creating parametric 3D solid models. Features are 

created sequentially and recorded in the Specification Tree, enabling easy editing and design intent capture. 

Key Feature-Based Operations: 

1. Pad: Extrudes a 2D sketch profile to a specified height (Direction 1 / Direction 2). 

2. Pocket: Creates a void (cutout) by removing material from an existing solid using a sketch. 

3. Shaft: Revolves a 2D profile around an axis to create axisymmetric solids (shafts, flanges, discs). 

4. Groove: Removes material by revolving a sketch around an axis (counterbores, undercuts). 

5. Fillet: Adds rounded edges using Edge Fillet, Variable Fillet, or Tritangent Fillet. 

6. Chamfer: Adds a bevelled edge at a specified angle and length. 

7. Draft Angle: Applies taper to faces for mould and casting applications. 

8. Shell: Hollows out a solid keeping specified wall thickness (for thin-walled parts). 

9. Rib / Slot: Creates a 3D feature by sweeping a profile along a guide curve. 

10. Multi-section Solid (Loft): Creates a solid by connecting multiple cross-sections. 

 

 



Fig.3 – Part Design: Pad, Pocket and Fillet on a Bracket Component 

3.1 Exercises on Part Design Workbench 

Exercise 1: Aerostructural Bracket 

• Sketch a rectangular base 100 × 60 mm on XY plane. 

• Apply Pad of 20 mm (Direction 1). 

• Create a Pocket of diameter 30 mm through the body. 

• Apply Edge Fillet R5 on top edges. 

• Add chamfer 2×45° on bottom edges. 

Exercise 2: Rotating Shaft with Keyway 

• Create Sketch on XZ plane: stepped profile (Ø60/Ø40/Ø30 mm × 40/60/30 mm lengths). 

• Apply Shaft feature (revolve 360° around horizontal axis). 

• Draw a rectangle 12 × 8 mm on the Ø40 section for the keyway. 

• Apply Pocket (Through All) to create the keyway. 

Exercise 3: Wing Rib Structural Component 

• Sketch a simplified wing rib profile using spline and lines. 

• Apply Pad of 3 mm (simulating sheet metal thickness). 

• Add lightening holes (Pocket, 30 mm dia) at equidistant positions. 

• Apply 0.5 mm Variable Fillet on all hole edges. 

4. COORDINATE SYSTEMS, PLANES, AND REFERENCE ELEMENTS 

CATIA V5 uses a right-handed Cartesian coordinate system with three principal planes: XY Plane (Horizontal), YZ 

Plane (Frontal), and ZX Plane (Profile). Understanding coordinate systems and reference elements is essential for 

placing features accurately and building robust models. 

Reference elements include: 

• Reference Plane: Offset or angled planes used as new sketch planes. 

• Reference Point: Positioned using coordinates or intersections. 

• Reference Line: Axis line for revolve, pattern, or symmetry. 

CATIA also supports Part Coordinate Systems (PCS) and Product Coordinate Systems for aligning components in 

assemblies and managing design-in-context. Local axis systems can be created for angled features or when working 

with imported geometry. 

Patterns and Repetitions: 

• Rectangular Pattern: Copies features along two directions with specified spacing. 

• Circular Pattern: Copies features angularly around a reference axis (e.g., bolt holes on a flange). 

• User Pattern: Uses user-defined points/positions for irregular layouts. 

 

 
Fig.4 – Reference Planes, Patterns and Coordinate System in CATIA 

5. ASSEMBLY DESIGN WORKBENCH 

The Assembly Design workbench allows multiple parts (CATPart files) to be assembled into a product 

(CATProduct file). Parts are positioned and constrained relative to each other using Assembly Constraints that 

simulate real-world mating conditions. 



Types of Assembly Constraints: 

• Coincidence Constraint: Aligns axes, planes, or points of two components (e.g., shaft axis with hole axis). 

• Contact Constraint: Places two surfaces in contact (face-to-face flush). 

• Offset Constraint: Maintains a fixed distance between two reference elements. 

• Angular Constraint: Fixes the angle between two reference planes or surfaces. 

• Fix Component: Anchors one component as fixed in space (usually the base/frame part). 

Assembly Best Practices: 

• Always fix the base component first using the Fix Constraint. 

• Apply constraints in order: Coincidence (align axes) → Contact (seat faces) → Angle (if needed). 

• Use Compass to manually pre-position parts before applying constraints. 

• Check for over-constraints using the Update command and Degrees of Freedom analysis. 

Product Structure and BOM: 

• Assemblies can contain sub-assemblies (hierarchical product structure). 

• Bill of Materials (BOM) can be generated directly from the Product Structure. 

• Product structure supports Part numbers, revision levels, and instance names. 

 

 
Fig.5 – Assembly Design: Mating Constraints Between Components 

5.1 Exercises on Assembly Design 

Exercise 1: Assembly of a Knuckle Joint 

• Model individual parts: Eye end, Fork end, Knuckle pin, and Collar. 

• Insert all parts into a new CATProduct file. 

• Fix the Fork end, then apply Coincidence (pin axis with eye hole), Contact (collar faces). 

• Verify degrees of freedom = 1 (rotation of pin). 

Exercise 2: Hydraulic Actuator Sub-Assembly 

• Model cylinder barrel, piston rod, end caps, and seals. 

• Assemble using Coincidence and Contact constraints. 

• Generate exploded view and create annotated BOM. 

6. DRAFTING WORKBENCH – ENGINEERING DRAWINGS 

The Drafting workbench in CATIA V5 enables the creation of 2D engineering drawings directly from 3D models. 

Any changes made to the 3D model are automatically reflected in the associated 2D drawing, ensuring associativity. 

Drafting Capabilities: 

• Front View, Projection View, Auxiliary View, Section View, Isometric View. 

• Breakout Section View, Broken View, Detail View for complex components. 

• Linear, Angular, Radius, Diameter Dimensions (fully associative to 3D). 

• Geometric Tolerance (GD&T): Flatness, Straightness, Cylindricity, Perpendicularity. 

• Surface Roughness Symbols, Welding Symbols, and Leader Notes. 

• Title Block and Frame customisation for standard drawing sheets (A0 to A4). 

Drawing Generation Workflow: 



• Open a new Drawing (ISO A3 sheet). 

• Insert Front View from the 3D part/product. 

• Add Projection Views (Top, Right, Isometric) using the Arrow tool. 

• Create a Full Section View by placing a cutting plane. 

• Add Dimensions, Tolerances, Surface Finish, and Annotations. 

• Fill the Title Block with part number, material, scale, and date. 

 

 
Fig.6 – CATIA Drafting: Orthographic and Section Views with Dimensions 

6.1 Exercises on Drafting Workbench 

Exercise 1: Engineering Drawing of a Shaft 

• Open the stepped shaft model from Exercise 3.2. 

• Create Front View and two Projection Views. 

• Add a Full Sectional View at the keyway location. 

• Dimension all diameters and lengths; add surface roughness Ra 1.6 on bearing seats. 

Exercise 2: Assembly Drawing of Knuckle Joint 

• Generate Front, Top, and Isometric views from the CATProduct. 

• Add balloon annotations and generate a BOM table on the sheet. 

• Add all mating dimensions and fits (e.g., 30 H7/f6 for the pin). 

7. GENERATIVE SHAPE DESIGN – SURFACE MODELLING 

The Generative Shape Design (GSD) workbench in CATIA V5 is used for creating complex free-form surfaces that 

cannot be easily produced using solid part features. Surface modelling is essential for aerodynamic bodies, fuselage 

skins, wing outer moulds, and automotive body panels. 

Surface Creation Methods: 

• Extrude Surface: Extends a curve or profile along a direction. 

• Revolve Surface: Rotates a profile around an axis (intake nacelle, spinner). 

• Swept Surface: Moves a profile along a guide curve with controlled orientation. 

• Lofted Surface: Connects multiple section curves with smooth transitions (wing surfaces). 

• Filled Surface: Creates a surface bounded by a set of boundary curves. 

• Offset Surface: Creates a parallel surface at a fixed normal distance. 

Surface Operations: 

• Join: Combines adjacent surfaces into a single surface body. 

• Healing: Fills gaps between surfaces to form a closed volume. 

• Trim / Split: Removes portions of surfaces using a cutting element. 

• Extrapolate: Extends a surface beyond its current boundary. 

Once surfaces are complete, they can be converted to solids using the Close Surface or Thick Surface command in 

Part Design. 

 



 
Fig.7 – Generative Shape Design: Loft and Swept Surfaces for Aerodynamic Body 

7.1 Exercises on Surface Design 

Exercise 1: Wing Section Surface Model 

• Import NACA 2412 upper and lower surface point sets. 

• Create Spline curves for upper and lower surfaces. 

• Apply Loft Surface between successive rib sections. 

• Join surfaces and close to form a solid wing body. 

Exercise 2: Aircraft Nose Cone 

• Create Revolve Surface from a parabolic generator curve. 

• Trim the surface at the fuselage junction. 

• Apply offset surface (3 mm) to represent skin thickness. 

8. SHEET METAL DESIGN WORKBENCH 

The Sheet Metal Design workbench in CATIA V5 is dedicated to creating thin-walled components manufactured by 

bending, stamping, or cutting sheet stock. It is widely used for designing aircraft skin panels, brackets, covers, ducts, 

and structural clips. 

Sheet Metal Features: 

• Wall: The base feature; a flat sheet of material at defined thickness and radius. 

• Flange: An additional wall added to an edge of the base wall at a specified angle. 

• Hem: A folded edge used to strengthen a free edge or eliminate a sharp edge. 

• Stiffener / Bead: Adds a linear or circular reinforcement bead pressed into the sheet. 

• Corner Relief: Adds material at corners to prevent tearing during bending. 

• Cutout: Removes a pocket from the flat pattern (holes, slots, notches). 

• Unfold: Flattens the bent component into its flat pattern for manufacturing. 

Bend Allowance and K-Factor: 

Bend allowance accounts for the stretching of material during bending. CATIA uses a K-factor (typically 0.33 to 0.5 

for aluminium alloys) to calculate the flat pattern length. Proper K-factor selection is critical for accurate flat 

patterns and blank sizes. 

 

 
Fig.8 – Sheet Metal Design: Wall, Flange, Bend and Unfold Operations 



8.1 Exercises on Sheet Metal Design 

Exercise 1: Aircraft Access Panel Bracket 

• Set material: Aluminium 2024-T3, thickness 1.5 mm, bend radius 3 mm. 

• Create base Wall 200 × 120 mm. 

• Add Flange 30 mm at 90° on all four sides. 

• Create mounting hole pattern: 6 × Ø6.35 mm at 25 mm from edges. 

• Generate Unfold view and measure flat pattern dimensions. 

Exercise 2: Avionics Mounting Clip 

• Create an L-shaped clip profile: 50 × 30 mm, thickness 2 mm. 

• Add Hem on the free edge; apply Stiffener bead in the centre. 

• Generate flat pattern and note K-factor effect on blank length. 

9. TOLERANCES, FITS, AND GD&T IN CATIA DRAWINGS 

Tolerancing and GD&T (Geometric Dimensioning and Tolerancing) in CATIA ensure that manufactured parts 

conform to design intent and are interchangeable. CATIA Drafting fully supports ISO and ANSI standards for 

tolerance annotation. 

Dimensional Tolerances: 

• Bilateral tolerance: ±0.05 mm (equal variation in both directions). 

• Unilateral tolerance: +0.00 / −0.02 mm (only one direction). 

• Limit dimensioning: 24.98 / 25.02 mm (explicit upper and lower limits). 

Standard Fits (ISO System): 

• Clearance Fit: Shaft is always smaller than the hole (H7/g6 for sliding fits). 

• Transition Fit: May be clearance or interference depending on actual sizes (H7/k6). 

• Interference Fit: Shaft is always larger than the hole (H7/p6 for press fits). 

GD&T Symbols used in CATIA: 

• Flatness / Straightness / Circularity / Cylindricity (Form tolerances). 

• Parallelism / Perpendicularity / Angularity (Orientation tolerances). 

• Position / True Position (Location tolerance for bolt hole patterns). 

• Runout / Total Runout (for rotating components and bearing seats). 

Surface Finish (Roughness) Symbols: 

• Ra 0.8 μm: Ground and honed surfaces (precision bearing seats). 

• Ra 1.6 μm: Finely machined surfaces (shaft journals, mating faces). 

• Ra 3.2 μm: Standard machined surfaces (general purpose). 

• Ra 12.5 μm: Rough cast or forged surfaces. 

 

 
Fig.9 – GD&T Annotations and Tolerances on CATIA Drawing Sheet 

9.1 Exercises on Tolerances and GD&T 

Exercise 1: Shaft-Hole Fit Drawing 

• Draw a shaft Ø50 mm and hole Ø50 mm in the same CATIA drawing. 

• Apply Clearance Fit 50 H7/g6 and annotate with limit dimensions. 



• Add Cylindricity tolerance 0.02 on the shaft and Position tolerance ∅0.05 on the hole. 

Exercise 2: Aeroengine Component Tolerance Study 

• Create a turbine disc drawing with ∅300 mm OD and 12 blade root slots. 

• Apply True Position tolerance ∅0.1 on the slot centres relative to the disc axis. 

• Annotate bearing bore with Ra 0.8 μm surface roughness symbol. 

10. ASSEMBLY DRAWING AND PRODUCT DESIGN DOCUMENTATION 

Complete product design documentation is a critical deliverable in engineering practice. CATIA integrates 3D 

models, 2D drawings, BOM, and analysis results into a cohesive design dossier. 

Assembly Drawing Checklist: 

• Front View, Top View, Side View, and Isometric View of the complete assembly. 

• Full or Half Sectional Views to reveal internal features and mating details. 

• Balloon annotations identifying each component. 

• Bill of Materials (BOM) table: Item No., Part No., Description, Qty, Material. 

• Overall assembly dimensions and critical mating dimensions with fits. 

Design Components covered in exercises: 

• Flange Coupling: Flanges, hub, bolts, nuts, key. 

• Screw Jack: Body, spindle, cup, tommy bar, collar, washer. 

• Piston and Connecting Rod Assembly: Piston, gudgeon pin, connecting rod, big-end cap, bolts. 

• Aircraft Aileron Hinge Assembly: Hinge brackets, pin, bushes, nutplates. 

• Landing Gear Strut Linkage: Main strut, side brace, drag brace, actuator mounts. 

 

 
Fig.10 – Product Structure, BOM and Exploded View in CATIA V5 

10.1 Exercises on Assembly and Documentation 

Exercise 1: Assembly Drawing of a Flange Coupling 

• Model all components: flanges (Ø100/Ø60), hub, 4×M12 bolts, key (16×10×50 mm). 

• Assemble in CATIA using Coincidence and Contact constraints. 

• Generate Front and Sectional views in Drafting. 

• Add BOM, balloons, and annotate all dimensions and fits. 

Exercise 2: Screw Jack Full Assembly 

• Model body (Ø100/Ø70 bore, 200 mm height), spindle (M50 × 8 trapezoidal thread), cup, collar, handle. 

• Assemble, generate half-sectional front view. 

• Document with BOM, dimensions, surface finish, and material notes. 

Exercise 3: Aircraft Aileron Hinge Assembly 

• Model hinge brackets (Al 7075), hinge pin (17-4 PH SS), bushes (PTFE), nutplates. 

• Assemble and generate three-view drawing with sectional detail. 

• Annotate with aviation material callouts and tolerances. 

11. STANDARD COMPONENTS, CATALOGUE PARTS, AND TEMPLATES 

CATIA V5 supports reuse of standard components through the Catalogue Browser and User Component Libraries. 

Standard fasteners, bearings, seals, and structural profiles can be stored in catalogues and inserted into assemblies 



without recreating them. 

Creating a Component Catalogue: 

• Model the standard component (e.g., M10 hexagonal bolt per ISO 4014). 

• Define Parameters: nominal diameter, thread pitch, length (family table). 

• Store in a CATIA Catalogue (.catalog file) with descriptions and part numbers. 

• Insert from catalogue into assemblies using the Catalogue Browser. 

Drawing Templates and Standards: 

• Custom Title Block with fields: Drawing No., Part No., Material, Drawn By, Scale, Sheet. 

• Company Logo embedded in the title block frame. 

• Layer management: separate layers for visible lines, hidden, centreline, dimensions, annotation. 

• Standard sheet sizes: A0, A1, A2, A3, A4 (ISO) with pre-set borders and title blocks. 

 

 
Fig.11 – CATIA Catalogue Browser and Reusable Component Library 

11.1 Exercises on Catalogues and Templates 

Exercise 1: Create and Store Standard Bolt as Catalogue Part 

• Model M12 × 50 hexagonal bolt with ISO 4014 standard dimensions. 

• Create a family table with lengths: 30, 40, 50, 60, 80 mm. 

• Store in a product catalogue file and insert into the Flange Coupling assembly. 

Exercise 2: Create Custom Drawing Template 

• Create an A3 drawing template with institutional logo, title block (10 fields). 

• Set standard layer structure: 7 layers with assigned line types and colours. 

• Save as .CATDrawing template for repeated use. 

12. DMU KINEMATICS – MECHANISM AND MOTION SIMULATION 

DMU (Digital Mock-Up) Kinematics in CATIA V5 allows simulation of mechanical mechanisms to verify motion, 

detect collisions, and analyse sweep envelopes. It is used in CATIA as the Kinematics Simulator workbench and is 

particularly valuable for landing gear retraction, flap/slat deployment, and control surface kinematics in aircraft 

design. 

Joint Types in DMU Kinematics: 

• Revolute Joint: Allows rotation about a fixed axis (hinge pin, crank pin). 

• Prismatic Joint: Allows linear translation along an axis (hydraulic ram, slider). 

• Cylindrical Joint: Allows combined rotation and translation (screw mechanisms). 

• Spherical Joint: 3 rotational DOF (ball-and-socket joint). 

• Point-on-Curve / Point-on-Surface: Constrained motion along paths. 

Simulation Workflow: 

• Define the mechanism: select fixed parts and moving parts. 

• Create Joints between mating parts with appropriate DOF. 

• Apply Laws of motion (speed, angle, displacement as function of time). 

• Run Simulation and record motion trace. 

• Detect interference/collision during motion using Clash Detection. 

 



 
Fig.12 – DMU Kinematics: Revolute and Prismatic Joints in a Mechanism 

12.1 Exercises on DMU Kinematics 

Exercise 1: Four-Bar Linkage Simulation 

• Model four links: crank (60 mm), connecting rod (150 mm), rocker (120 mm), fixed frame. 

• Create Revolute joints at all four pin connections. 

• Apply angular velocity law to the crank (ω = 30°/s). 

• Simulate and export motion trace; measure rocker angular sweep. 

Exercise 2: Retractable Landing Gear Mechanism 

• Model simplified main gear strut with side brace and drag brace linkage. 

• Define Revolute joints at trunnion, brace pivots, and drag brace pivot. 

• Simulate retraction sequence (90° rotation from down-lock to up-lock). 

• Run Clash Detection to confirm no interference with wheel well structure. 

13. GENERATIVE STRUCTURAL ANALYSIS – INTRODUCTION TO FEM 

CATIA V5 includes a Generative Structural Analysis (GPS) workbench that allows engineers to perform static, 

frequency, and buckling analyses directly on CATIA parts and assemblies. This enables rapid design validation 

within the same environment as the 3D model. 

FEM Workflow in CATIA GPS: 

• Material Assignment: Select from the CATIA material library (Steel, Aluminium, Titanium, CFRP) or 

define custom material properties (E, ν, ρ). 

• Mesh Generation: CATIA automatically generates a tetrahedral mesh. Mesh quality can be controlled by 

element size and order (linear or parabolic). 

• Boundary Conditions: Apply Clamp (all DOF fixed), Surface Slider, or User-defined constraints at faces, 

edges, or points. 

• Loads: Apply Distributed Force, Pressure, Moment, Acceleration (gravity/inertial loads), and Remote 

Loads. 

• Run Computation: Solve the FEM system of equations. 

• Post-Processing: View von Mises Stress, Displacement (translational/rotational), Principal Stresses, and 

Safety Factor distributions. 

Typical Analysis Types: 

• Static Case: For structural strength under applied loads. 

• Frequency Case: To determine natural frequencies and mode shapes. 

• Combined Case: Superposition of multiple load cases (manoeuvre loads). 

 



 
Fig.13 – FEM Static Analysis: von Mises Stress Distribution on Bracket 

13.1 Exercises on Generative Structural Analysis 

Exercise 1: Static Analysis of an Aerostructural Bracket 

• Open the bracket model from Exercise 3.1. 

• Assign material: Aluminium 2024-T3 (E=73 GPa, ν=0.33, ρ=2780 kg/m³). 

• Clamp the base face; apply 5000 N distributed force on the top face. 

• Run Static Analysis; check Max von Mises stress vs. yield strength (324 MPa). 

• Calculate safety factor: FOS = σ_yield / σ_max. 

Exercise 2: Natural Frequency of a Wing Rib 

• Open the wing rib model from Exercise 3.3. 

• Apply free-free boundary condition (no constraints) for modal analysis. 

• Run Frequency Case; extract first 5 natural frequencies and mode shapes. 

• Identify first bending, first torsion, and higher modes; record frequencies. 

14. CAD INTEGRATION WITH PLM AND MODERN MANUFACTURING 

CATIA V5 is deeply integrated with Dassault Systèmes' PLM (Product Lifecycle Management) ecosystem. The 

workflow from conceptual design to manufacturing is seamless through integration with ENOVIA (PDM), 

DELMIA (manufacturing simulation), and SIMULIA (advanced FEA). 

CATIA to CAM Workflow: 

• CATIA Part Design → Machinist Workbench (NC manufacturing) → G-code generation. 

• Toolpath creation: Roughing, Semi-Finishing, and Finishing strategies for milling and turning. 

• Post-processor converts CATIA APT source into machine-specific G-code. 

• CATIA-DELMIA integration for virtual factory simulation and process planning. 

CATIA in Industry 4.0: 

• Digital Twin: CATIA 3D models serve as the geometric core of digital twins for real-time monitoring. 

• Additive Manufacturing: CATIA generates STL/AMF files for 3D printing of topology-optimized 

components. 

• Cloud Collaboration (3DEXPERIENCE Platform): Team members collaborate on a shared CATIA model 

in real time. 

• Model-Based Definition (MBD): CATIA annotations (PMI) replace 2D drawings; 3D models carry full 

manufacturing information. 

• Generative Design: CATIA's topology optimization tools create lightweight structures driven by load paths. 

 



 
Fig.14 – CATIA PLM Integration and Industry 4.0 Product Development Workflow 
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VII. ELECTRONIC RESOURCES 

1. Dassault Systèmes CATIA Official Website  

2. CATIA Documentation and Tutorials  

3. Dassault Systèmes Learning Resources  

4. NPTEL Online Courses (CAD/CAM and Engineering Graphics Courses)  

5. SWAYAM Online Learning Platform  

6. MIT OpenCourseWare (Engineering Design and CAD Resources)  
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9. CADTutor Learning Resources 

 

VIII. MATERIALS ONLINE: 

1. Course Template. 

2. Laboratory Manual. 
 

 

https://www.3ds.com/products/catia?utm_source=chatgpt.com
https://www.3ds.com/edu?utm_source=chatgpt.com
https://nptel.ac.in/?utm_source=chatgpt.com
https://swayam.gov.in/?utm_source=chatgpt.com
https://ocw.mit.edu/?utm_source=chatgpt.com
https://grabcad.com/?utm_source=chatgpt.com
https://www.cadtutor.net/?utm_source=chatgpt.com

