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Understanding how to accurately reference primary and secondary datum surfaces within the second
segment or second line of a composite tolerance is fundamental in precise manufacturing and quality
control. Proper application ensures that parts are manufactured within specified limits, maintaining
functionality, interchangeability, and compliance with engineering standards. This article provides a
comprehensive overview of the principles, methods, and best practices for referencing primary and
secondary datum surfaces in the second segment of a composite tolerance, with a focus on enhancing

your grasp of geometric dimensioning and tolerancing (GD&T).

Introduction to Composite Tolerances and Datum Surfaces

What Is a Composite Tolerance?

A composite tolerance combines multiple geometric tolerances into a single, integrated control. It
allows for the simultaneous application of different geometric requirements, such as form, orientation,
and location, over a specific feature or set of features. The goal is to control the relationships between

features in a way that reflects real-world assembly and functional needs.



Understanding Datum Surfaces

Datums serve as the reference points, lines, or surfaces from which measurements are made during
inspection and manufacturing. They establish a coordinate system on the part, ensuring consistent and
repeatable measurements. Accurate referencing of datum surfaces is crucial for controlling the

geometric relationships and ensuring that parts fit and function correctly.

Role of Datum Surfaces in Composite Tolerances

In composite tolerances, datum surfaces are typically classified into primary, secondary, and tertiary

datums, each serving to control different aspects of the feature’s geometry and orientation.

- Primary Datum: The main reference plane or surface that establishes the basic orientation.

- Secondary Datum: The next reference that controls additional orientation features after the primary
datum.

- Tertiary Datum: The final reference, used for controlling location or other geometric relationships that

cannot be fully constrained by the primary and secondary datums.

Referencing in the Second Segment (Second Line) of a

Composite Tolerance

What Is the Second Segment in a Composite Tolerance?

The second segment, or second line, of a composite tolerance specifies additional geometric controls
that are referenced relative to the primary and secondary datums. It often addresses secondary or
tertiary control requirements—such as flatness, perpendicularity, or concentricity—that ensure the

feature’s proper orientation and function.



Significance of Proper Referencing

Incorrect or inconsistent referencing can lead to measurement errors, manufacturing inaccuracies, or
parts that do not fit or function as intended. Properly referencing primary and secondary datums in the

second segment ensures:

- Clear communication of design intent.
- Accurate manufacturing guidance.

- Consistent inspection and quality assurance.

How to Reference Primary and Secondary Datum Surfaces in

the Second Segment

Step-by-Step Process

To correctly reference primary and secondary datum surfaces within the second segment of a

composite tolerance, follow these steps:
1. Identify the primary datum: Determine the main surface or feature that serves as the primary
reference. This is usually the most important for orientation.

2. Establish the secondary datum: Select the next most important surface or feature that provides

additional orientation control, referenced relative to the primary datum.

3. Define the second segment control: Specify the geometric tolerance (e.g., flatness,

perpendicularity) that applies to the feature in relation to the primary and secondary datums.

4. Use proper GD&T symbols and callouts: Clearly annotate the drawing with the appropriate



geometric tolerances, datum references, and control frames.

Example of a Composite Tolerance Callout

Suppose a feature requires a flatness tolerance with a secondary reference:
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Where:

- A is the primary datum (e.g., a mounting surface).

- B is the secondary datum (e.g., a side wall).

- C is the feature being controlled.

- The first line controls the primary datum, and the second line (second segment) controls flatness

relative to datums A and B.

Best Practices for Referencing in the Second Segment

1. Clear and Consistent Datum Selection

- Choose datums based on the functional requirements of the part.
- Ensure datums are accessible and stable during manufacturing and inspection.

- Use datums that are unambiguous and easy to locate on the part.



2. Proper GD&T Symbol Usage

- Use the correct GD&T symbols such as [l for flatness, I] for perpendicularity, or D for concentricity.
- Include the datum references explicitly in the callout.

- Maintain consistency in symbol application throughout the drawing.

3. Accurate Datum Reference Frames

- Establish a clear datum reference frame that aligns with the intended orientation.

- Use proper datum feature simulators during inspection to replicate the datum surfaces.

4. Attention to Tolerance Zones

- Ensure that the tolerance zones in the second segment are appropriate for the function.
- Recognize that the second segment controls the feature’s orientation or location relative to the

primary and secondary datums.

5. Documentation and Communication

- Clearly document the referencing strategy in the engineering drawings.

- Communicate the intent to manufacturing and inspection teams to prevent misinterpretation.

Common Challenges and Solutions in Referencing

Challenges

- Ambiguous or incomplete datum references.
- Overly restrictive or lax tolerances leading to manufacturing difficulties.

- Misinterpretation of the control in the second segment.



- Difficulty in establishing the secondary datum in complex geometries.

Solutions

- Use detailed notes and specifications alongside GD&T callouts.
- Conduct thorough review and validation of drawings before release.
- Utilize simulation tools to verify datum and tolerance relationships.

- Provide training for manufacturing and inspection personnel on GD&T principles.

Conclusion

Referencing primary and secondary datum surfaces within the second segment of a composite
tolerance is a nuanced but essential aspect of geometric dimensioning and tolerancing. It ensures that
features are correctly oriented and positioned relative to the main datums, facilitating precise
manufacturing and reliable inspection. By carefully selecting datums, correctly applying GD&T symbols,
and following best practices, engineers and quality professionals can achieve high-precision parts that

meet functional and assembly requirements.

Proper understanding and implementation of these referencing strategies not only streamline
production but also enhance the overall quality and performance of manufactured components.
Whether dealing with simple parts or complex assemblies, mastering the referencing of primary and
secondary datum surfaces in the second segment is vital for achieving manufacturing excellence and

ensuring product integrity.

Frequently Asked Questions

What is the purpose of referencing primary and secondary datum



surfaces in the second segment of a composite tolerance?

Referencing primary and secondary datum surfaces in the second segment helps to control the
positional variation of features relative to multiple datums, ensuring proper alignment and functionality

of the part within its assembly.

How do you interpret the second line of a composite tolerance in
relation to datum referencing?

The second line specifies the allowable variation of a feature relative to secondary and tertiary datum
surfaces, providing a controlled zone within which the feature must be located once the primary datum

has been established.

What are the common symbols used to indicate references to primary
and secondary datum surfaces in composite tolerances?

Typically, symbols like 'A', 'B', and 'C' are used to denote primary, secondary, and tertiary datums,
respectively. In the second segment, these are referenced alongside the tolerance zone to specify the

controlled surfaces.

Why is it important to clearly specify primary and secondary datum
surfaces in the second segment of a composite tolerance?

Clear specification ensures proper assembly, reduces ambiguity during inspection, and maintains the

intended geometric control, preventing misinterpretation that could lead to manufacturing errors.

Can the referencing of secondary datum surfaces in the second
segment affect manufacturing processes?

Yes, referencing secondary datum surfaces guides manufacturing and inspection processes by
defining precise points of reference, which helps in achieving the required geometric tolerances and

ensuring functional fit.



How does referencing primary and secondary datum surfaces in the
second segment improve quality control?

It provides a structured framework for verifying the positional accuracy of features relative to multiple

datums, facilitating consistent inspection and ensuring the part meets design specifications.

Additional Resources

Referencing Primary And Secondary Datum Surfaces In The Second Segment (second Line) Of A

Composite Tolerance

In the realm of geometric dimensioning and tolerancing (GD&T), precision and clarity are paramount.
Engineers, manufacturers, and quality inspectors rely heavily on well-defined datums to ensure parts
meet exact specifications. Among the various facets of GD&T, the concept of referencing primary and
secondary datum surfaces in the second segment—often denoted as the second line of a composite
tolerance—is both nuanced and critical. This article explores the technical intricacies, best practices,
and practical implications of correctly applying and interpreting these references to achieve optimal

part functionality and manufacturability.

Understanding Composite Tolerances and Datum Reference Frames

What Are Composite Tolerances?

Composite tolerances are a specialized form of GD&T used to control the size, form, orientation, and
location of features where multiple tolerance zones are combined. They enable engineers to specify
tighter control over complex features by layering tolerances, often with respect to different datum
references. This approach is particularly useful when features must be controlled simultaneously for

multiple aspects, such as position and orientation, within tight manufacturing tolerances.



The Role of Datum Reference Frames (DRFs)

A datum reference frame (DRF) is a coordinate system established by referencing specific features
(datums) on a part. It provides a foundation for positional and geometric specifications, ensuring that
parts are manufactured and inspected consistently. Proper selection and referencing of datums are

vital because they directly influence how features are interpreted and measured.

The Anatomy of a Composite Tolerance: Segments and Lines

In GD&T drawings, composite tolerances are often represented as a series of segments, each

corresponding to a particular level or "line" in the tolerance stack-up.

- First Segment (First Line): Establishes the primary datum or the main reference surface.

- Second Segment (Second Line): Adds secondary or tertiary datums, refining the control over the
feature's position or orientation.

- Subsequent Segments: Further refine control, often involving additional datums or specific geometric

controls.

The second segment, or second line, is pivotal because it introduces additional referencing surfaces

that help constrain features more tightly, especially in complex assemblies.

Referencing Primary and Secondary Datum Surfaces in the Second Segment

Clarifying Primary vs. Secondary Datum Surfaces

- Primary Datum Surface: The main reference plane or axis that establishes the primary orientation

and location of the feature. It is the first datum established during inspection or manufacturing.



- Secondary Datum Surface: A secondary reference that is perpendicular or related to the primary,
providing additional orientation or location control.
- Tertiary or Other Datum Surfaces: Further references that refine the positional control, often used in

complex parts.

In the context of the second segment, referencing these surfaces correctly ensures that the feature is
controlled relative to the primary and secondary datums, maintaining the integrity of the part's

geometric intent.

How to Properly Reference in the Second Segment

When referencing primary and secondary datum surfaces in the second segment of a composite

tolerance, consider the following:

1. Explicitly Identify the Datums:
Clearly specify which surfaces are primary and secondary. Use standard GD&T symbols and

annotation conventions to avoid ambiguity.

2. Order of References:
- The primary datum surface is referenced first within the second segment.
- The secondary datum surface is referenced subsequently, often connected with the primary through

a concentric or angular relationship.

3. Use of Feature Control Frames:

The feature control frame (FCF) should specify the composite tolerance, with the second segment

referencing the secondary datum surface explicitly. For example:

'|910]A|B|

Here, "A’ could be the primary datum, and "B’ the secondary datum surface.



4. Applying the Correct Symbols and Notes:

- Use | to separate the segments of the composite tolerance.

- Include datum feature symbols (e.g., 'A", 'B", 'C’) to denote the references.

- Specify the type of control (e.g., positional, profile) aligned with the corresponding segment.

Practical Example

Suppose a part requires a hole to be positioned with respect to two surfaces:

- Primary Datum (A): The main mounting face.

- Secondary Datum (B): An adjacent side surface perpendicular to the primary.

The GD&T callout might look like:

|D10]AIB|

This indicates that the hole's positional tolerance is controlled first by the primary datum "A’, then

refined by the secondary datum "B’ in the second segment.

Deep Dive into Inspection and Manufacturing Implications

Interpreting the Second Segment in Inspection

For inspectors, understanding how to reference primary and secondary datums in the second segment

is critical:

- Establish the Primary Datum:
Use fixtures or coordinate measurement machines (CMMs) to establish the primary datum surface

plane or axis.



- Reference the Secondary Datum:

Once the primary is established, the secondary datum surface is used to orient the part further.

- Measurement Sequence:

- Set the primary datum first.

- Then, measure the secondary datum surface relative to the primary.

- Finally, measure the feature (e.g., hole) within the specified tolerance zone.

This sequence ensures that the feature's positional control aligns with the intended datum framework.

Manufacturing Considerations

Manufacturers must:

- Design Fixturing:

Fixtures should support the primary and secondary datums, ensuring consistent referencing during

manufacturing.

- Control Tolerances at Each Stage:

Tighter tolerances may be needed for secondary datums if they significantly influence the feature's

function.

- Process Planning:

Machining sequences should prioritize establishing primary datums before secondary ones to simplify

setup and measurement.

Best Practices for Effective Referencing

To optimize geometric control when referencing primary and secondary datum surfaces in the second



segment:

1. Maintain Clear Annotations:

Use standardized symbols and clear notes to indicate the datum hierarchy.

2. Align with Design Intent:

Ensure that the selected datums reflect the functional and assembly requirements of the part.

3. Consistent Inspection Methods:

Use repeatable measurement procedures that respect the datum referencing sequence.

4. Educate the Team:
Ensure that manufacturing, inspection, and design teams understand the significance of datum

referencing in composite tolerances.

5. Document Clearly:

Include detailed notes on how the datums should be established and referenced during inspection and

manufacturing.

Common Challenges and How to Overcome Them

- Ambiguity in Datum Selection:

Use precise GD&T symbols and annotations to prevent misinterpretation.

- Complexity in Measurement:

Invest in advanced measuring equipment like multi-axis CMMs and train personnel thoroughly.

- Manufacturing Variability:

Design fixtures that reliably establish datums, minimizing setup errors.



- Misinterpretation of the Second Segment:

Provide clear documentation and training on how to interpret composite tolerance segments.

Conclusion

Referencing primary and secondary datum surfaces in the second segment of a composite tolerance is
a nuanced but essential aspect of precise part control. It ensures that complex features are accurately
positioned and oriented relative to the part's critical surfaces, facilitating high-quality manufacturing and
assembly. By understanding the hierarchy of datums, employing proper annotation practices, and
aligning inspection procedures accordingly, engineers and manufacturers can achieve the desired

geometric accuracy, ultimately contributing to the reliability and functionality of the final product.

In an era where tolerances are ever tightening, mastery over the proper referencing of datum surfaces
within composite tolerances is indispensable. It not only upholds the integrity of the engineering design
but also streamlines manufacturing processes, reduces rework, and ensures that parts meet their

intended purpose with confidence.
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