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The evolution of Computer-Aided Design (CAD) has been marked by pivotal software releases that redefined how

engineers, designers, and students approach mechanical modeling. SolidWorks 2010 represents a significant

milestone in this timeline, offering a robust platform for parametric design that continues to serve as a foundational

learning environment for many technical professionals. This guide provides an in-depth analysis of the command

structures, workflows, and pedagogical frameworks established in the definitive 'Commands Guide Tutorial' by

David C. Planchard and Marie P. Planchard, covering everything from basic sketch entities to complex assembly

management.

The Theoretical Framework of SolidWorks 2010

SolidWorks 2010 operates on the principle of Parametric Modeling. Unlike direct modeling, where geometry is 

manipulated without a recorded history, parametric modeling utilizes Design Intent. This means that every

dimension, constraint, and relation defined by the user creates a set of rules that the software follows to generate

the 3D geometry. If a single parameter is changed, the entire model updates to reflect that change, provided the

geometric logic remains sound.

Core Components of the User Interface

Understanding the SolidWorks 2010 interface is critical for operational efficiency. The environment is divided into

several key functional areas:

•  The CommandManager: A context-sensitive toolbar that updates based on the current task (Sketching, 

Features, Assembly, or Drawing). It organizes commands into logical tabs to reduce screen clutter.

•  The FeatureManager Design Tree: Located on the left side of the screen, this provides a chronological record 

of every operation performed on the part. It allows users to suppress, hide, or reorder features, essentially acting as 

a history of the design process.

•  The PropertyManager: This panel appears when a command is active, allowing for precise input of 

dimensions, directions, and material properties.

•  Heads-up View Toolbar: A transparent toolbar at the top of the graphics area that provides quick access to 

view orientations, section views, and display styles (Wireframe, Shaded with Edges, etc.).

Technical Deep-Dive into Sketching Mechanics

In SolidWorks, all 3D geometry begins with a 2D sketch. The 2010 version emphasized the 'Sketch-First' workflow,

where the user selects a plane and defines the profile of the part. The technical accuracy of the final model

depends entirely on the health of the underlying sketch.

Geometric Relations and Constraints

Geometric relations are the mathematical instructions that define how sketch entities interact. In a technical sense, 

these relations manage the Degrees of Freedom (DOF)of the sketch entities. For instance, a line in a 2D plane

has four degrees of freedom (the X and Y coordinates of both endpoints). Applying a 'Horizontal' relation removes

one degree of freedom, while a 'Fixed' relation removes all.



Sketch States and Color Coding

SolidWorks 2010 utilizes a color-coded feedback system to inform the user of the sketch's status:

1.  Under Defined (Blue): The sketch has remaining degrees of freedom and can be moved or resized.

2.  Fully Defined (Black): All entities are locked in place by dimensions or relations. This is the industry standard 

for production models.

3.  Over Defined (Red/Yellow): Conflicting relations or dimensions exist. The software's 'SketchXpert' tool is 

often required to resolve these logical paradoxes.

Part Modeling and Feature Creation

Once a sketch is defined, it is transformed into a 3D feature. SolidWorks 2010 categorizes these into 'Sketched

Features' (requiring a sketch) and 'Applied Features' (applied directly to existing geometry).

Fundamental 3D Operations

The core commands taught in the Planchard guide involve the manipulation of mass and volume. The following

table compares the primary feature-creation methods used in SolidWorks 2010:



Command Type Mathematical Basis Primary Use Case

Extrude Boss/Base Sketched Linear projection of a 2D 
profile along a vector 
(Normal to sketch plane).

Creating prismatic shapes, 
blocks, and plates.

Revolve Boss/Base Sketched Rotation of a 2D profile 
around a central axis of 
revolution.

Creating cylindrical or 
spherical components like 
shafts and pulleys.

Sweep Sketched Moving a 2D profile 
(Section) along a 2D or 3D 
path.

Modeling tubes, wires, or 
complex moldings.

Loft Sketched Interpolation between two 
or more distinct profiles 
(Sections).

Creating aerodynamic 
shapes or ergonomic 
handles.

Fillet / Chamfer Applied Radius or angled transition 
between two adjacent 
faces.

Removing sharp edges 
and reducing stress 
concentrations.

Advanced Feature Control

The 2010 engine allows for sophisticated control over these features through End Conditions. Users can choose

to extrude 'Blind' (to a specific distance), 'Up to Surface', 'Through All', or 'Mid Plane'. These choices are vital for

maintaining design intent; for example, an 'Up to Surface' condition ensures that if the target surface moves, the

extrusion automatically adjusts its length.

Assembly Design and Mate Logic

Assembly modeling involves bringing multiple part files into a single environment to simulate a complete machine 

or product. The primary mechanism for positioning parts is the Mate command.

Standard Mate Types

Mates in SolidWorks 2010 are essentially geometric constraints between components. They include:

•  Coincident: Places two planes or faces in the same infinite plane.

•  Concentric: Aligns the centerlines of two cylindrical or circular entities.

•  Distance/Angle: Sets a specific offset or rotational value between components.

•  Parallel/Perpendicular: Controls the orientation of faces relative to one another.

The Concept of Bottom-Up vs. Top-Down Design

The Planchard 'Commands Guide' distinguishes between two major assembly philosophies. Bottom-Up Design 

involves creating parts independently and then mating them together. Top-Down Designinvolves creating parts

within the context of the assembly, allowing the geometry of one part to drive the dimensions of another. Top-down

modeling is technically superior for complex systems but requires a higher level of software proficiency to avoid

circular references.

Engineering Analysis: Calculating Volume and Mass Properties

One of the critical functions of SolidWorks 2010 is the ability to extract physical data from 3D models. As



highlighted in active learning exercises, calculating the volume of a right prism (a box) is a fundamental step in

verifying model accuracy.

The Mass Properties Calculation Engine

SolidWorks uses the Parasolid kernelto calculate volume by integrating the space enclosed by the boundary

representation (B-Rep) of the model. When a material is assigned (e.g., 6061 Aluminum Alloy), the software

applies the density constant (&rho;) to the volume (V) to determine the mass (m):

m = &rho; &times; V

Furthermore, the software calculates the Center of Mass and the Principal Moments of Inertia. These values are

essential for mechanical engineering tasks such as structural analysis, balancing rotating parts, and determining

shipping costs.

Drafting and Technical Documentation

The final stage of the design process is the creation of 2D engineering drawings. SolidWorks 2010 automates

much of this process by allowing users to drag and drop 3D models into a drawing sheet. The software then

generates orthographic views (Front, Top, Right) and isometric views based on the model geometry.

The Bi-Directional Associativity

A hallmark of the SolidWorks ecosystem is Bi-Directional Associativity. This means that if a dimension is

changed in the 2D drawing, the 3D model updates automatically, and vice-versa. This ensures that the technical

documentation always matches the physical prototype, drastically reducing errors in the manufacturing phase.

Practical Implementation: A Step-By-Step Workflow

To effectively utilize the commands outlined in the SolidWorks 2010 guide, a structured workflow is recommended:

Phase 1: Planning and Setup

1.  Identify the primary planes (Front, Top, Right).

2.  Determine the 'Base Feature'—the feature that represents the most significant volume of the part.

3.  Select the appropriate units of measurement (IPS - Inch, Pound, Second or MMGS - Millimeter, Gram, 

Second).

Phase 2: Sketching and Constraining

1.  Start a sketch on the chosen plane.

2.  Use the Line, Rectangle, and Circle tools to draw a rough shape.

3.  Apply geometric relations (e.g., Tangent, Equal) to establish logic.

4.  Apply Smart Dimensions until the sketch is fully defined (turns black).

Phase 3: Adding 3D Features

1.  Use the Extrude or Revolve tool to create the base.

2.  Add secondary features like cuts, holes, or ribs.

3.  Apply finishing features like Fillets and Shells last, as these are dependent on the final geometry and can be 

computationally expensive to rebuild.

Troubleshooting Common Operational Challenges

Even with a comprehensive guide, users of SolidWorks 2010 may encounter technical hurdles. Below are common



failure modes and their solutions:

1. The 'Dangling' Relation Error

Scenario: A feature is deleted, and suddenly subsequent sketches turn yellow/red.Cause: A sketch was 

constrained to an edge or face that no longer exists.Solution:Edit the affected sketch, identify the dangling (olive

green) relations in the PropertyManager, delete them, and re-attach the sketch to valid geometry.

2. Zero-Thickness Geometry

Scenario: The 'Extrude' command fails with a mathematical error message.Cause: Two surfaces meet at a single 

point or line of contact, creating a non-manifold edge that the Parasolid kernel cannot resolve.Solution:Ensure

that intersecting bodies overlap significantly or maintain a clear gap between them.

3. Rebuild Errors in Large Assemblies

Scenario: The software becomes sluggish or crashes when opening an assembly.Cause: Excessive 'In-Context' 

relations or too many high-detail components (like screws with modeled threads).Solution: Use Large Assembly 

Mode, which suppresses non-essential graphical data, and utilize 'Lightweight' components to reduce RAM

consumption.

Evolution of the Command Guide Methodology

The 'Commands Guide' by the Planchards is noted for its pedagogical approach, utilizing over 230 short, focused 

tutorials. This method mirrors the modular nature of the software itself. By breaking down complex machines into 

individual commands—such as Sweep, Loft, and Boundary—the tutorial series ensures that the learner

understands the 'Why' behind each mouse click.

As we look at modern versions of SolidWorks (2020 and beyond), many of these 2010-era commands remain 

virtually unchanged in their core logic. Features like FeatureXpert and FilletXpertwere introduced to automate the

resolution of geometry conflicts, but the manual mastery of the 2010 command set remains the most reliable way to

build stable, professional-grade models.

In the broader context of mechanical design, the principles of SolidWorks 2010—accuracy, associativity, and

parametric control—are the pillars of the modern digital thread. Whether calculating the volume of a simple prism

or designing a multi-component engine assembly, the command structures established in this era of CAD software

provide the essential tools for turning conceptual engineering into physical reality. Mastery of these commands is

not merely about learning a software version; it is about learning the language of modern engineering design.
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