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Module IV: Solid Modelling

Computer Aided Design & Analysis

1. Solid Modelling Techniques

a) Sweep Representations (Linear and Curved Sweeps)

¢ Linear Sweep (Translational Sweep): A 2D profile (such as a circle or square) is moved
along a straight path to create a 3D solid. Commonly used to create extrusions like rods,
pipes, or beams.

e Curved Sweep (Sweep Along Path): The 2D cross-section follows a curved trajectory,
producing objects like pipes bent along arbitrary axes or complex rails. The path can be
defined by curves like splines or polylines.

¢ Rotational Sweep: A profile revolves around an axis (surface of revolution), resulting in
solids such as bottles, vases, or turned shafts.

¢ Ruled Volumes: Using two or more guide curves to generate the solid shape by connecting
corresponding points, allowing flexible lofted and blended profilesl [21 3]

b) Boolean Operations (Constructive Solid Geometry, CSG)

e Complex solids are built by combining simple 3D primitives (cube, cylinder, sphere, cone,
etc.) using Boolean operations:

o Union: Combines two or more solids into one.
o Intersection: Retains only the overlapping (common) volume of the solids.
o Difference: Subtracts one solid from another.

e CSG allows hierarchical and procedural construction, making it easy to modify and manage
complex assemblies by editing the operation tree. Each node represents either a primitive or
a Boolean operationfﬁl [5106],

c) Other Solid Modelling Techniques

¢ Blending and Filleting: Addition of smooth transitions or rounded edges between surfaces.
o Tweaking/Deformation: Local motion of faces or features for detailed shape refinement.
¢ Shelling, Drafting, Chamfering: Creating hollow models, slanted faces, and beveled edges.

e Hybrid Approaches: Combining sweeping, Boolean, and freeform edits to achieve complex
geometries.



2. Solid Model Representation

a) Boundary Representation (B-rep)

¢ Description: A solid is defined by explicitly representing its enclosing surfaces (faces),
edges, and vertices, including geometric and topological information.

e Components: Faces (surface patches), edges (curve segments), vertices (points).

e Features: B-rep models allow intricate local edits (extrusion, blending), support complex
surfaces, and ensure closed, non-intersecting boundaries for valid solids.

¢ Flexibility: Supports operations like sweeping, chamfering, and shelling in addition to
Boolean operations4l 171 [8]

b) Constructive Solid Geometry (CSG)

¢ Description: Solids are constructed from primitives (basic shapes) combined through
Boolean operations.

e Hierarchy: CSG is structured as a tree, where leaves are primitives and nodes represent
operations. This makes editing and procedural generation efficient.

e Advantages: Compact model history, easy to modify; ideal for geometric calculations
(intersections, unions) and constructive workflows.

¢ Hybrid Models: Modern CAD systems often maintain both a CSG tree and an associated B-
rep for visualization and interaction4l [51 [6]

| Comparison Table: B-rep vs CSG |

Feature Boundary Representation (B-rep) Constructive Solid Geometry (CSG)
Geometric Complexity Supports freeform, curved, complex Limited to primitives + Booleans
Modification Flexibility High (direct local editing) Procedural/global changes
Storage Higher Lower (compact trees)
Visualization Fast (explicit faces/edges) May require boundary evaluation
Typical Operations Extrude, sweep, blend, fillet Boolean (union, diff, intersect)

3. Medical Modelling: Pixels, Scans, and Voxels

e Pixels: 2D elements in digital images (CT/MRI/X-ray). Each pixel represents a measured
value at a specific (x, y) location in the scan.

e Voxels: Extension to 3D—volumetric pixels represent a small cube of material in the
scanned object. Medical 3D data consists of stacked imaging slices, each with an array of
voxels describing tissue properties.

e Scans: CT or MRI scanners generate DICOM image stacks. These are used to build 3D
anatomical models by reconstructing regions using the values of the voxels (density,
attenuation, etc.).



Applications: Patient-specific anatomical modelling, surgical planning, prosthetics, and 3D-
printed models for education/training. Medical imaging starts with DICOM files which are
then segmented and converted into surface (B-rep) or solid (voxel/grid) models for analysis
and physical replication 21 [10],

4. Exchange Standards in CAD (IGES, DXF, STEP, STL, etc.)

Format Full Name Key Use/Features
IGES Initial Graphics Exchange Early neutral format for 2D/3D geometry exchange; widely supported
Specification but limited for modern parametric and assembly data 1l [12]

Primarily for 2D data; supported by many CAD/CAM tools; limited 3D

DXF Drawing Exchange Format
< < capability 11 1121
Comprehensive modern standard supporting geometry, assemblies
Standard for the Exchange . P ) } PP 9 g Y '
STEP attributes, and more. Designed for interoperability across platforms.

STL Stereolithography

of Product Model Data
Preferred for advanced manufacturing data exchangelll 121

Simple, widely used for 3D printing; contains only triangulated
surface geometry, with no color or metadata [t 121

Why Standards Matter: Proprietary CAD files (e.g., .sldprt, .prt, .dwg) are often not
interoperable between different vendors/software. The above formats serve as bridges for
seamless collaboration and manufacturing integration.

5. Summary

Solid modelling is foundational to modern engineering, manufacturing, and medical
applications.

Techniques include sweep methods (extrusions, revolutions), Boolean operations (CSG),
and hybrid approaches.

Models are represented using B-rep (face-edge-vertex topology) or CSG (Boolean tree of
primitives), each with distinct strengths.

Medical modelling leverages pixels and voxels from scan data for precise, patient-custom
anatomical models.

CAD data exchange standards (IGES, STEP, DXF, STL) support interoperability,
manufacturing, and digital workflows.

Understanding these principles ensures effective creation, sharing, and analysis of 3D models
across diverse industries and platforms[4l 51 [7] [9] [1] [12]
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