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Understanding the nuances of geometric dimensioning and tolerancing (GD&T) is crucial for ensuring proper
communication of engineering intent, manufacturing accuracy, and quality assurance. Among these nuances is
the specification of composite tolerances, which combine multiple tolerance zones within a single feature
control frame to control form, orientation, and position simultaneously. A common point of confusion
involves whether the second segment in a composite tolerance must reference datum features. This article
explores the concept in depth, clarifying why the second segment of a composite tolerance specification is not
required to include datum feature references, and how this understanding impacts design and manufacturing
processes.

Overview of Composite Tolerance Specifications

What Are Composite Tolerance Specifications?
Composite tolerances are used in GD&T to specify a combined tolerance zone that controls multiple aspects of
a feature's geometry. They are typically expressed within a single feature control frame that contains two
segments, separated by a slash (/). For example:

```plaintext
| Position | 0.2 | / 0.5 | |
```

This indicates two related tolerance zones, allowing for a more flexible yet controlled variation of the
feature’s geometry.

Purpose of Using Composite Tolerances
Composite tolerances are employed to:
- Specify tighter control over features that require multiple geometric considerations.
- Reduce the complexity of multiple feature control frames.
- Provide a clear, concise way to communicate complex geometric requirements.

Understanding the Structure of Composite Tolerance Frames

Segment 1: The Primary Tolerance Zone
The first segment of a composite tolerance typically controls the primary aspect of the feature—such as
position, orientation, or form. It may include references to datum features, depending on the design intent.



Segment 2: The Secondary Tolerance Zone
The second segment often controls the secondary aspect, such as a different orientation or position, and may
be related to the primary zone to establish a tolerance hierarchy.

Relation Between the Two Segments
- The second segment is generally nested within the primary zone.
- It provides a secondary, often looser, control.
- The second segment may or may not reference datum features.

Why The Second Segment Does Not Necessarily Require Datum
Feature References

Fundamental GD&T Principles
GD&T principles state that:
- Datum features are used to establish a reference frame.
- Tolerance zones are created relative to these datum features.
- Not all tolerance zones need to be directly referenced to datums if the design intent does not require it.

Design Intent and Functional Requirements
The decision to include or omit datum references in the second segment depends on:
- The functional importance of the secondary feature
- The manufacturing or inspection process
- The need for positional control relative to datums

If the secondary aspect is not critical to the function or does not require a reference to a datum, the second
segment can omit datum references.

Standards and Industry Practices
The ASME Y14.5 standard clarifies that:
- The second segment in a composite tolerance is not mandated to include datum references.
- The inclusion of datum references is optional and based on the specific control required.
- This flexibility allows engineers to tailor tolerances to the actual needs of the part.

Implications for Design and Manufacturing

Design Considerations
When designing using composite tolerances:
- Clearly specify which aspects require datum references.
- Use the second segment without datum references when secondary control does not need to be relative to a
datum.
- Avoid unnecessary complexity that could complicate inspection procedures.



Manufacturing and Inspection
For manufacturers and inspectors:
- Recognize that the absence of datum references in the second segment signifies that the secondary control is
independent of any datums.
- Use appropriate measurement tools and techniques to verify the secondary control, especially if it is not
referenced to datums.
- Maintain clarity in documentation to prevent misinterpretation during inspection.

Practical Examples and Applications

Example 1: Position Tolerance Without Datum Reference in Second Segment
Suppose a hole’s position is controlled with a composite tolerance:

```plaintext
| Position | 0.2 | / 0.5 | |
```

- The primary position zone (first segment) is referenced to datums A and B.
- The secondary zone (second segment) is looser and does not reference any datums.
- The secondary zone may control the maximum permissible offset of the hole within the primary position zone,
independent of the datums.

Example 2: Controlling Form and Orientation
A feature’s flatness might be controlled with a composite tolerance where:
- The first segment controls flatness relative to a datum.
- The second segment ensures the feature does not deviate beyond a certain limit, independent of a datum.

Best Practices for Using Composite Tolerances Without Datum
References

Clear Documentation
- Always specify the purpose of each segment.
- Clarify whether the secondary control is relative to datums or independent.

Consistency in GD&T Application
- Follow industry standards and best practices.
- Use the same approach throughout the drawing for consistency.

Inspection Planning
- Determine measurement methods suited for controls without datum references.
- Validate that the secondary tolerance achieves the desired function.



Conclusion

The second segment of a composite tolerance specification is not required to include datum feature references
because it serves as a secondary control that can be independent of datums, depending on the design intent. This
flexibility allows engineers to specify tolerances that are directly aligned with the functional and
manufacturing needs of the part, without unnecessary constraints. Understanding when and how to omit datum
references in the second segment empowers better communication, reduces ambiguity, and streamlines the
manufacturing and inspection processes. Ultimately, the key is to apply GD&T principles thoughtfully, ensuring
that each tolerance zone serves its purpose effectively while maintaining clarity and compliance with industry
standards.

Frequently Asked Questions

What is the significance of not requiring datum feature references in the
second segment of a composite tolerance specification?

Omitting datum feature references in the second segment simplifies the application of tolerances, focusing on the
part's permissible variation without tying it to specific datum features, which can streamline manufacturing
and inspection processes.

How does excluding datum references in the second segment impact part
inspection procedures?

It allows inspectors to measure the feature's tolerance directly without referencing the primary datum,
potentially reducing complexity and inspection time while maintaining control over the feature's geometric
variation.

Can the second segment of a composite tolerance be used independently
without datum references?

Yes, when the second segment does not include datum feature references, it can be applied independently, providing
a specific tolerance zone for the feature without referencing other features or datums.

In what circumstances is it acceptable to omit datum feature references
from the second segment of a composite tolerance?

It is acceptable when the tolerance is intended to control the feature's size or location relative to the part
itself, rather than in relation to other features or datums, often to simplify manufacturing or inspection.

How does this practice align with ASME Y14.5 standards for geometric
dimensioning and tolerancing?

According to ASME Y14.5, the second segment of a composite tolerance does not require datum references if
the tolerance is meant to be independent of datums, providing flexibility in specifying geometric controls.

What are the potential benefits of not including datum feature references in
the second segment?

Benefits include simplified drawings, reduced inspection complexity, increased flexibility in manufacturing, and
clearer communication of the allowable variation for the feature itself.



Are there any limitations or risks associated with excluding datum features
in the second segment?

Yes, excluding datum references can sometimes lead to ambiguity or less precise control over feature
orientation or location relative to other features, potentially affecting assembly or function if not
carefully specified.

How can designers ensure clarity when omitting datum references in the
second segment of a composite tolerance?

Designers should clearly specify the intent and the controlled feature, possibly including notes or
supplementary information to ensure that inspection and manufacturing understand the tolerance's scope
without datum references.

Does the absence of datum features in the second segment affect the overall
geometric control on a part?

It can, as it shifts control to the feature itself rather than its relation to other features, which may be
advantageous or limiting depending on the design intent and functional requirements.

Additional Resources
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Introduction

In the realm of geometric dimensioning and tolerancing (GD&T), composite tolerance specifications serve as
essential tools for controlling the form, orientation, and location of features within an engineering
component. Among the various elements of these specifications, the segment structure—comprising a primary, a
secondary, and sometimes a tertiary tolerance zone—plays a critical role in defining acceptable variations. A
common point of confusion and debate among engineers, quality professionals, and GD&T practitioners is
whether the second segment of a composite tolerance specification must invariably include datum feature
references.

This article seeks to thoroughly investigate the underlying principles, standards, and practical implications
surrounding this question. We will explore the rationale behind composite tolerances, interpret applicable
standards such as ASME Y14.5, analyze case studies, and clarify common misconceptions. Ultimately, the
goal is to provide a comprehensive understanding of why the second segment of a composite tolerance
specification is not necessarily required to include datum feature references, and how this knowledge impacts
design, inspection, and manufacturing processes.

---

Background on Composite Tolerance Specifications

What Are Composite Tolerances?

Composite tolerances are a method used to specify complex geometric controls over features by dividing the
total permissible variation into multiple segments, each with its own tolerance zone. This approach allows
engineers to specify more precise control over how features can vary relative to each other, especially when
multiple features or orientations are involved.



Structure of a Composite Tolerance Specification

Typically, a composite tolerance specification comprises:

- First (Primary) Segment: Defines the main tolerance zone, often referencing the primary datum.
- Second (Secondary) Segment: Adds a secondary tolerance zone, usually relating to a secondary datum, to
refine control.
- Third (Optional) Segment: Further refines the allowable variation, often referencing additional datums or
features.

Each segment can specify its own tolerance value and optional datum references, which work cumulatively to
define the total permissible variation.

---

The Role of Datum Feature References in GD&T

Understanding Datum Features

Datum features serve as the theoretical or physical reference points, lines, or planes used to establish a
coordinate system for measurement and manufacturing. They are vital in ensuring parts are consistently
manufactured and inspected within specified tolerances.

The Purpose of Datum References in Tolerance Zones

Including datum references in tolerance specifications helps:

- Establish a consistent frame of reference.
- Control the orientation and location of features relative to a known datum.
- Facilitate repeatable measurement and inspection.

---

The Standard Perspective: ASME Y14.5 and GD&T Principles

Definitions and Guidelines in ASME Y14.5

The ASME Y14.5 standard provides the authoritative guidance on GD&T practices in the United States.
Relevant sections regarding composite tolerances and datum references include:

- Section 3.4.4: Describes composite positional tolerances, emphasizing the importance of datum references in
defining the zones.
- Section 3.4.5: Clarifies that the second segment of a composite tolerance may omit datum references under
certain conditions.
- Section 2.2.2: Defines the concept of a datum feature and its role in establishing a datum reference frame.

Clarification on the Second Segment

The standard explicitly states that:

- The second segment of a composite tolerance does not always require datum references.
- Its inclusion depends on the design intent and the specific geometric control being specified.
- Omitting a datum reference in the second segment allows for more flexible manufacturing and inspection,
particularly when the secondary control is relative to the primary feature alone.

---

Rationale for Omitting Datum References in the Second Segment



Design Flexibility and Manufacturing Practicality

One of the primary reasons to omit datum references in the second segment is to provide greater manufacturing
flexibility. By not tying the secondary tolerance zone to an additional datum, manufacturers can adjust
processes without being constrained by strict secondary references, as long as the primary datum is maintained.

Simplification of Inspection Procedures

Removing datum references from the second segment simplifies inspection, especially when:

- The secondary control is intended to be relative to the primary feature only.
- The secondary feature's position or orientation is less critical.
- Inspection equipment or methods cannot reliably establish the secondary datum.

Hierarchical Control and Cumulative Tolerance

Composite tolerances are designed to control cumulative variation. Omitting datum references in the second
segment ensures that the secondary tolerance zone is controlled primarily through the primary datum,
preventing over-constraining the feature.

---

Practical Applications and Case Studies

Case Study 1: Control of a Hole's Position Relative to a Surface

Suppose an engineer specifies a composite positional tolerance for a hole, with the primary segment referencing a
datum plane established by a surface, and the secondary segment controlling the hole's location relative to
the primary feature. If the secondary segment does not include a datum reference, it implies that:

- The secondary tolerance zone is relative to the primary feature only.
- The secondary control allows for some variation in the secondary direction, independent of an additional
datum.

This approach is useful when the secondary feature's exact relation to an auxiliary datum is less critical, or
when the primary datum suffices for functional requirements.

Case Study 2: Assembly of Multicomponent Systems

In multicomponent assemblies where certain features are less critical to the overall function, designers may
choose to omit datum references in the secondary segment to reduce manufacturing constraints and allow for
easier assembly tolerances.

---

Common Misconceptions and Clarifications

| Misconception | Clarification |
|----------------|----------------|
| The second segment must always include datum references. | Not necessarily; standards permit omission when
appropriate to the design intent. |
| Omitting datum references weakens the control. | It depends; sometimes, less strict control is intentional and
beneficial for manufacturing. |
| Including datum references in all segments is always best practice. | Over-constraining can lead to
unnecessary manufacturing difficulty without functional benefit. |

---

Best Practices for Implementing Composite Tolerances Without Second Segment Datum References



1. Assess Functional Requirements: Determine whether secondary control needs to be tied to an additional
datum or if it suffices to relate to the primary feature.
2. Consult Standards and Guidelines: Follow ASME Y14.5 and related standards to ensure compliance.
3. Document Intent Clearly: Use notes or supplementary information to clarify why the second segment omits a
datum reference.
4. Coordinate Inspection Procedures: Ensure that inspection plans reflect the absence of datum references in the
second segment.
5. Communicate with Manufacturing and Inspection Teams: Make sure all stakeholders understand the tolerance
structure and its implications.

---

Summary and Conclusions

The question of whether the second segment of a composite tolerance specification must include datum feature
references is rooted in a fundamental understanding of GD&T principles and standards.

Key takeaways include:

- The ASME Y14.5 standard explicitly permits the omission of datum references in the second segment of a
composite tolerance under certain circumstances.
- Such omission provides design and manufacturing flexibility, simplifies inspection, and aligns with the intended
function of the features.
- The decision to include or omit datum references should be driven by the specific functional requirements,
manufacturing processes, and inspection capabilities.
- Proper documentation and communication are essential to ensure that the tolerance specification is
correctly interpreted and implemented.

In conclusion, the second segment of a composite tolerance specification is not inherently required to include
datum feature references. Instead, this depends on the design intent, functional needs, and the standards
governing the drawing or specification. Recognizing this flexibility allows engineers to create more effective,
efficient, and functional tolerancing schemes, ultimately leading to better manufactured parts and assemblies.

---
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Author's Note: This investigation emphasizes that understanding the nuances of GD&T standards and practical
application is essential for creating effective tolerances. When in doubt, consult the latest standards and
collaborate with experienced GD&T specialists to ensure your specifications meet both functional and
manufacturing needs.
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