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Creating an accurate and detailed 3D model of a mechanical part is a
fundamental step in modern engineering and manufacturing processes. When
working within the MMGS (millimeter, gram, second) unit system, precision and
clarity become crucial, especially when producing complex components that
require tight tolerances. The choice of decimal places—set to two in this
case—ensures that all measurements are consistent and suitable for
manufacturing and quality assurance. Establishing the part origin also plays
a pivotal role in defining the coordinate system, which impacts how the model
is designed, manipulated, and ultimately fabricated. This article explores
the key aspects of creating a 3D model of a mechanical part using the MMGS
unit system, emphasizing the significance of proper unit management, part
origin setup, and best practices for accurate modeling.

Understanding the MMGS Unit System in 3D
Modeling

What is the MMGS System?
The MMGS system is a standardized unit system used predominantly in
engineering and manufacturing, where measurements are expressed in
millimeters for length, grams for mass, and seconds for time. This system
offers several advantages:

- Precision: Millimeters allow for detailed modeling, especially for small to
medium-sized parts.
- Simplicity: Using grams and seconds aligns with SI units, facilitating
consistency across engineering disciplines.
- Compatibility: Many CAD software packages are optimized for SI units,
making MMGS a natural choice for precise modeling.

Decimal Places and Their Significance
Setting decimal places to two means that all measurements are rounded to two
decimal points (e.g., 12.34 mm). This level of precision is adequate for most
mechanical parts and ensures that models are neither overly detailed nor



insufficiently precise. Proper management of decimal places prevents errors
during manufacturing and reduces computational overhead during modeling.

Establishing the Part Origin in 3D Modeling

What is the Part Origin?
The part origin, also known as the coordinate system origin, is a fixed point
in space from which all measurements and features are referenced. Properly
defining this origin simplifies the modeling process, ensures consistency,
and facilitates assembly and manufacturing.

Importance of a Well-Defined Part Origin
- Alignment: Ensures that features are correctly positioned relative to each
other.
- Manufacturing: Helps in setting up machining or 3D printing operations.
- Assembly: Simplifies the process of fitting parts together in virtual and
physical environments.
- Measurement and Inspection: Provides a known reference point for quality
checks.

Steps to Define the Part Origin
1. Identify a Reference Point: Usually a logical point such as a corner,
center, or a specific feature.
2. Set the Coordinate System: Use CAD software to set the origin at the
reference point.
3. Align Axes: Ensure that the axes are aligned with the primary directions
of the part (e.g., length, width, height).
4. Save the Configuration: Keep the origin settings for consistency
throughout the modeling process.

Designing the 3D Model of the Part

Gathering Technical Data and Drawings
Before modeling begins, collect all relevant technical drawings, sketches,
and specifications. These documents provide critical dimensions, tolerances,
and features needed for an accurate model.



Creating the Basic Geometry
- Start with the Sketch: Use the 2D drawings to create base profiles.
- Use Accurate Dimensions: Input measurements with two decimal places to
maintain precision.
- Extrude and Revolve: Transform sketches into 3D features such as blocks,
cylinders, and complex shapes.

Adding Features and Details
- Fillets and Chamfers: Incorporate smooth edges and beveled corners to match
design intent.
- Holes and Cutouts: Use precise dimensions to create holes, slots, and other
cut features.
- Threads and Textures: For functional or aesthetic purposes, add threads or
surface textures as needed.

Applying Constraints and Relations
Constraining features ensures that the model remains parametric and
adaptable. Use geometric constraints (parallel, perpendicular, concentric)
and dimensional constraints to maintain relationships between features.

Ensuring Accuracy and Consistency

Managing Units and Decimal Places
- Always verify that the CAD software is set to the MMGS unit system before
starting.
- When entering dimensions, round to two decimal places to match the
specified precision.
- Use dimensioning tools to double-check critical measurements.

Using Reference Geometry
- Create reference planes, axes, and points aligned with the part origin.
- Use these references to position features accurately.

Simulating and Validating the Model
- Run interference and clearance checks to ensure parts will fit together.
- Use finite element analysis (FEA) to test structural integrity if
necessary.
- Review the model against technical drawings to confirm all features are
correctly represented.



Exporting and Preparing the Model for
Manufacturing

File Formats and Compatibility
- Export the model in formats compatible with manufacturing equipment, such
as STEP, IGES, or STL.
- Maintain the unit system and decimal precision during export to prevent
scaling errors.

Generating Manufacturing Data
- Create detailed drawings with annotations, dimensions (to two decimal
places), and tolerances aligned with the model.
- Use CAM (Computer-Aided Manufacturing) software to generate toolpaths based
on the 3D model.

Quality Control and Inspection
- Use coordinate measuring machines (CMM) to verify critical dimensions
against the model.
- Ensure that the physical part matches the designed specifications within
the set decimal precision.

Best Practices for 3D Modeling in MMGS

Always set the correct unit system at the beginning of the project to
avoid scaling issues later.

Define and document the part origin clearly to facilitate collaboration
and manufacturing.

Maintain consistent decimal places throughout the modeling process for
accuracy.

Use parametric modeling techniques to easily update and modify features.

Regularly verify measurements and constraints to prevent errors from
propagating.

Save incremental versions of your model to track changes and revert if
necessary.



Communicate clearly with manufacturers regarding units, tolerances, and
the part origin to ensure seamless production.

Conclusion
Creating a precise and reliable 3D model of a mechanical part within the MMGS
unit system hinges on careful attention to detail, proper setup of the part
origin, and consistent management of units and decimal precision. By
establishing a clear coordinate system and adhering to best modeling
practices, engineers and designers can produce high-quality models that serve
as accurate representations for manufacturing, inspection, and assembly.
Whether designing simple components or complex assemblies, understanding
these foundational principles ensures that the final product meets all
specifications and functions as intended.

Frequently Asked Questions

What is the significance of setting the unit system
to MMGS in 3D modeling?
Using the MMGS unit system ensures all measurements are in millimeters,
grams, and seconds, providing consistency and precision suitable for
engineering and manufacturing designs.

How does the decimal places setting affect the 3D
model in the software?
The decimal places setting determines the precision of numerical values in
the model, with two decimal places offering measurements accurate to
hundredths, balancing detail and performance.

What is the purpose of defining a Part Origin in 3D
modeling?
The Part Origin serves as the reference point for the entire model,
establishing a consistent coordinate system for positioning, measuring, and
assembling parts accurately.

Can changing the Part Origin affect the geometry of
the existing 3D model?
Yes, altering the Part Origin can shift the entire model's position in space,
but it does not modify the geometry itself—only its reference point changes.



Why is it important to set the correct unit system
before modeling?
Setting the correct unit system ensures measurements are accurate and
consistent, preventing scaling issues and ensuring compatibility with
manufacturing specifications.

How do decimal places influence the export of a 3D
model in MMGS units?
The number of decimal places determines the precision in exported data,
affecting the accuracy of measurements and the quality of downstream
processes like CNC machining or 3D printing.

What considerations should be taken when choosing
the Part Origin location?
Choose a Part Origin that simplifies assembly, measurement, and reference,
typically at a logical point such as a corner, center, or a feature critical
for alignment.

Additional Resources
3D-Model The Following Part in MMGS System: A Detailed Review and Analysis

In the rapidly evolving world of digital fabrication and engineering design,
the creation and analysis of 3D models have become fundamental tools for
innovation, manufacturing, and quality assurance. When dealing with complex
mechanical parts, precision is paramount—especially when models are generated
in unit systems such as MMGS (millimeter, gram, second). This article offers
a comprehensive examination of the process of 3D-modeling a specific
mechanical part, emphasizing the importance of unit systems, model origin,
and detailed analysis to ensure accuracy and functionality.

---

Understanding the MMGS Unit System in 3D
Modeling

What is MMGS?
The MMGS system—comprising millimeters for length, grams for mass, and
seconds for time—is a widely adopted system in engineering and CAD (Computer-
Aided Design) environments. Its primary advantage lies in providing a



standardized, consistent framework for precise measurements, which is
critical when designing parts that will be manufactured or analyzed
computationally.

- Millimeters (mm): Offer high-resolution detail suitable for intricate
components, including small mechanical parts, electronic enclosures, or
precision instruments.
- Grams (g): Enable accurate mass calculations essential for weight-sensitive
applications such as aerospace, automotive, or robotics.
- Seconds (s): Facilitate dynamic simulations involving motion, forces, and
timing, especially in finite element analysis (FEA) or computational fluid
dynamics (CFD).

In the context of 3D-model creation, choosing MMGS ensures that the
dimensions are consistent, scalable, and compatible with manufacturing
tolerances.

---

Defining the Part Origin and Its Significance

The Concept of Part Origin
The part origin is the reference point within the 3D modeling space from
which all measurements, transformations, and simulations are conducted. It
acts as the foundational coordinate in the model's spatial hierarchy,
typically represented as (X, Y, Z) coordinates.

- Positioning: The origin determines the part's placement within the larger
assembly or environment.
- Alignment: Ensures that the part aligns correctly with mating components.
- Consistency: Facilitates repeatability in manufacturing and simulation
workflows.

Choosing an Appropriate Part Origin
Selecting an optimal origin is crucial for efficient modeling. Standard
practices include:

- Geometric Center: Using the centroid of the part for balanced symmetry.
- Feature-Based Origin: Aligning with a significant feature, such as a
mounting hole or a critical edge.
- Assembly-Based Origin: Positioning relative to an assembly coordinate
system for easier integration.

For example, in modeling a gear, setting the origin at the gear's center hole
simplifies rotational analysis and assembly constraints.



Implications for Digital Manufacturing and
Simulation
A well-defined part origin streamlines downstream processes:

- Manufacturing: Accurate tool path generation depends on a consistent
reference point.
- Finite Element Analysis: Boundary conditions and load applications rely on
precise origin placement.
- Assembly Integration: Ensures correct positioning within larger assemblies,
reducing errors and rework.

---

Step-by-Step Process for 3D-Modeling the Part

1. Gathering and Interpreting Technical Data
Before modeling begins, detailed technical drawings, CAD sketches, or
specifications must be collected. These sources provide critical dimensions,
tolerances, material properties, and functional features.

- Dimensional Data: Critical for defining the geometry.
- Material Properties: Influence weight and structural integrity assessments.
- Functional Features: Such as holes, fillets, ribs, or threads.

2. Setting Up the Modeling Environment
Using CAD software (e.g., SolidWorks, Autodesk Inventor, CATIA), set the
workspace to MMGS units. This ensures all subsequent dimensions are
interpreted correctly.

- Unit Configuration: Confirm or set units to millimeters.
- Origin Placement: Establish the part origin based on the previous
considerations.
- Template Selection: Use appropriate templates for standard features or
custom settings.

3. Creating the Basic Geometry
Begin with primary shapes—extrusions, revolutions, or lofts—that define the
core geometry.

- Sketching: Draw 2D profiles on appropriate planes aligned with the origin.
- Dimensioning: Apply precise measurements, often with a tolerance of ±0.02
mm for high-precision parts.



- Feature Addition: Extrude or revolve sketches to create 3D features.

4. Adding Detail and Features
Incorporate holes, fillets, chamfers, ribs, or surface textures as per design
specifications.

- Holes: Position accurately relative to the origin and other features.
- Surface Features: Add contours or grooves for functional purposes.
- Material Thickness: Ensure wall thicknesses meet structural requirements.

5. Applying Constraints and Relations
Use parametric constraints to define relationships between features,
enhancing model flexibility and ensuring modifications propagate correctly.

- Dimensional Constraints: Maintain critical distances and diameters.
- Geometric Constraints: Enforce perpendicularity, concentricity, or
symmetry.

6. Validation and Quality Checks
Verify the model through:

- Interference Checks: Ensure no overlapping features.
- Dimensional Validation: Cross-reference with original specifications.
- Simulation Readiness: Prepare the model for stress analysis or motion
simulation.

---

Analytical Considerations in 3D-Modeling

Mass and Center of Gravity Calculations
In the MMGS system, calculating the weight involves integrating material
density over the volume. For example:

- Density of Material: Obtain from material datasheets (e.g., aluminum ~2.7
g/cm³).
- Volume Calculation: Derived from the 3D model's geometry.
- Mass: \( \text{Mass} = \text{Volume} \times \text{Density} \).

The model's origin influences the center of gravity computations, critical
for dynamic stability and assembly.



Structural Analysis and Stress Testing
Finite element analysis (FEA) can be performed to:

- Identify Stress Concentrations: Around holes or sharp corners.
- Assess Deformation: Under load conditions.
- Validate Material Selection: Based on predicted performance.

The precise origin point ensures that boundary conditions are accurately
applied relative to the model's geometry.

Dynamic Simulations
Using the time component in seconds, dynamic simulations evaluate:

- Vibration Modes: Essential for parts subject to oscillatory forces.
- Kinematic Behavior: For moving components, such as gears or levers.
- Force Response: Under impact or load scenarios.

---

Challenges and Best Practices in 3D-Modeling
with MMGS

Common Challenges
- Scaling Errors: Due to unit mismatches or misinterpretations.
- Feature Interference: Overlapping features leading to manufacturing issues.
- Precision Loss: When working with extremely small features or large models.

Best Practices
- Consistent Unit Settings: Always verify units before starting.
- Parametric Modeling: For easier adjustments and iterations.
- Detailed Documentation: Maintain clear records of feature definitions,
origin placement, and assumptions.
- Regular Validation: Cross-check dimensions and features after
modifications.

---

Conclusion: The Significance of Accurate 3D



Modeling in MMGS
The process of creating a 3D model of a mechanical part within the MMGS
framework is both an art and a science. Precision in setting the part origin,
meticulous attention to dimensional detail, and thorough analytical
evaluation are essential for producing functional, manufacturable, and
reliable components. As industries continue to embrace digital
transformation, mastery of these fundamental principles ensures that designs
not only meet specifications but also optimize performance and
manufacturability. The integration of these detailed practices fosters
innovation and efficiency, ultimately advancing the capabilities of modern
engineering and manufacturing sectors.
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