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iso 5h 6h tolerance class is a critical specification within the realm of precision engineering,
particularly in the manufacturing and assembly of high-precision components such as spindle
bearings, machine tools, and rotating machinery. Tolerance classes like 5H and 6H define the
permissible limits of size deviation for holes and shafts, ensuring proper fit, function, and longevity of
mechanical assemblies. Understanding these classes is essential for engineers, machinists, and
quality control professionals who aim to achieve optimal performance and reliability in their products.

In this comprehensive guide, we will explore the fundamentals of ISO tolerance classes, specifically
focusing on the 5H and 6H classes, their applications, how they are specified, and the factors
influencing their selection. By the end of this article, readers will have a clear understanding of what
these tolerance classes entail and how to utilize them effectively in various engineering contexts.

What are ISO Tolerance Classes?
Definition and Purpose

ISO tolerance classes are standardized ranges that specify the acceptable deviations in dimensions
for manufactured parts. They are part of the ISO system of limits and fits, which aims to ensure
interchangeability and compatibility across different manufacturers and industries. Tolerance classes
categorize the degree of precision, with lower numbers indicating tighter tolerances, suitable for
high-precision components, and higher numbers representing looser tolerances.

The Role of Tolerance Classes in Engineering

Tolerance classes serve multiple functions:

- Ensuring proper fit: They determine whether parts will fit together as intended, whether with a
clearance, interference, or transition fit.

- Maintaining quality: They help control manufacturing variability, reducing defects and rework.

- Facilitating interchangeability: Standardized classes allow parts to be replaced or assembled
without custom fitting.

- Optimizing costs: Tighter tolerances often incur higher manufacturing costs, so selecting the
appropriate class balances performance and economy.

Understanding ISO 5H and 6H Tolerance Classes
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The 1ISO System of Fits and Tolerance Zones

In the ISO system, fits are described by combining a hole and a shaft tolerance class. The classes
are designated by letters and numbers, such as 5H or 6H, where:

- The letter (H, G, etc.) indicates the fundamental deviation?how the basic size is shifted relative
to the nominal size.

- The number (5, 6, etc.) indicates the tolerance grade, with lower numbers corresponding to
tighter fits.

The Significance of the "H" Tolerance Zone

The "H" zone is a fundamental deviation zone used predominantly for holes. It is characterized by:

- The lower limit of the hole being exactly at the nominal size.

- It is the most common zone for holes in fits, especially where clearance fits are desired.

- It provides a standardized basis for selecting the appropriate fit based on application
requirements.

Comparing 5H and 6H

Both 5H and 6H are tolerance grades within the H zone, but they differ in their degree of precision:

- 5H Tolerance Class: Offers a tighter tolerance zone, suitable for applications requiring higher
precision and closer fits.

- 6H Tolerance Class: Slightly looser than 5H, used where a moderate fit is acceptable and
manufacturing costs are a consideration.

Applications and Suitability of 5H and 6H Tolerance Classes

Common Applications for 5H

- Precision machine tool spindles

- High-speed rotating equipment

- Bearings and bearing housings

- Gearboxes where tight fits are crucial
- Instruments requiring high accuracy
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Advantages of 5H:

- Ensures minimal play and high positional accuracy
- Promotes smooth operation in high-precision assemblies
- Reduces wear and prolongs component life

Common Applications for 6H

- General engineering and machinery components

- Standard housings and shafts

- Mechanical assemblies where moderate fit is sufficient

- Components subject to less demanding operational conditions
Advantages of 6H:

- Cost-effective manufacturing

- Easier to assemble and disassemble

- Suitable for mass production with acceptable fit tolerances

Specification and Selection of Tolerance Classes

How to Specify ISO Tolerance Classes

Vol. 2025, Issue 6

When designing or manufacturing parts, the tolerance class is specified alongside the nominal

dimension. For example:

- Hole: 20H6

- Shaft: 20h6 (for shafts, lowercase 'h' indicates the deviation zone)

The choice depends on the desired fit type:

- Clearance fit
- Transition fit
- Interference fit

Factors Influencing the Choice of Tolerance Class
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- Functionality: Fit should support the intended movement or load transfer.
- Manufacturing Capabilities: Tighter tolerances require advanced machining techniques.
- Cost considerations: Tighter tolerances increase production costs.
- Operational Conditions: High-speed, high-precision applications often demand tighter fits like
5H.
Example: Selecting Fit for a Bearing Assembly
Suppose you are designing a bearing housing:
- For a high-precision spindle, you might specify a 5SH/H7 fit.
- For a general-purpose shaft, a 6H/g6 fit could suffice.
Tolerance Zone Definitions and Calculation
Understanding Tolerance Zone Limits
The ISO system defines the limits of the tolerance zones with specific formulas and tables. For
instance:
- H zone (holes): The lower limit equals the basic size; the upper limit varies based on the grade.
- h zone (shafts): The upper limit equals the basic size; the lower limit varies.
Example Calculation
For a 20 mm diameter hole in a 5H tolerance class:
- The lower limit = 20.000 mm (basic size)

- The upper limit = 20.025 mm (depending on the grade)

This results in a specific tolerance interval that ensures the part stays within the designated fit
parameters.

Benefits and Limitations of Using ISO 5H and 6H

Benefits
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- Standardization: Facilitates clear communication and consistency across industries.

- Interchangeability: Ensures parts manufactured by different suppliers fit together correctly.
- Design Flexibility: Offers a range of options to balance precision and cost.

- Manufacturing Efficiency: Enables automation and precise machining.

Limitations

- Cost for Tighter Tolerances: Achieving 5H tolerances can be expensive.

- Limited Flexibility: Strict tolerances may be unnecessary for less critical applications.

- Need for Skilled Machining: Tight fits require advanced equipment and skilled operators.

- Potential for Over-specification: Using overly tight tolerances where not needed can inflate
costs.

Best Practices for Using ISO Tolerance Classes

- Assess Application Needs: Determine the required fit and function before selecting a tolerance
class.

- Consult Standards Tables: Use ISO tables and charts to select appropriate classes.

- Balance Precision and Cost: Opt for the loosest tolerance that meets functional requirements.

- Communicate Clearly: Always specify tolerance classes explicitly in technical drawings.

- Work with Trusted Suppliers: Ensure manufacturing capabilities align with tolerance
requirements.

Conclusion

Understanding the nuances of ISO 5H and 6H tolerance classes is fundamental for achieving
precise, reliable, and cost-effective mechanical assemblies. While 5H provides tighter tolerances
suitable for high-precision applications like machine spindles and bearing housings, 6H offers a
more practical solution for general engineering needs. Selecting the appropriate tolerance class
involves balancing functional requirements, manufacturing capabilities, and cost considerations.

By mastering the principles outlined in this guide, engineers and manufacturers can enhance their
design accuracy, improve product quality, and optimize production processes. Whether designing
high-precision machinery or assembling everyday mechanical components, leveraging standardized
ISO tolerance classes like 5H and 6H ensures compatibility, performance, and longevity in
engineering solutions.
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ISO 5H and 6H Tolerance Class: A Comprehensive Analysis

Understanding the intricacies of ISO tolerance classes is essential for engineers, manufacturers,
and quality assurance professionals involved in precision machining and assembly processes.
Among these, the ISO 5H and 6H tolerance classes occupy a pivotal role in defining the permissible
deviations for cylindrical holes, ensuring a balance between ease of assembly and functional
performance. This detailed review explores the origins, specifications, applications, and implications
of these tolerance classes, providing a thorough understanding for practitioners in the field.

Introduction to ISO Tolerance System

Historical Background and Development

- The International Organization for Standardization (ISO) developed the system of tolerances to
standardize dimensional accuracy across various manufacturing industries globally.

- These standards facilitate interoperability, interchangeability, and cost-effective production by
providing uniform criteria for permissible deviations.

- The ISO system classifies tolerances into types (e.g., hole, shaft) and classes that specify the
degree of precision.

Basics of Tolerance Classes

- Tolerance classes are designated with alphanumeric codes, such as "H," "h," "K," etc.,
indicating the fundamental deviation position for holes and shafts.

- For holes, uppercase letters typically denote the fundamental deviation; for example:

- H class: Fundamental deviation is zero or slightly positive, indicating a standard or loose fit.

- G, J, K: Denote progressively tighter fits.

- The numerical part (e.g., 5, 6, 7) indicates the tolerance grade, with lower numbers representing
tighter tolerances (more precision).

Understanding ISO 5H and 6H Tolerance Classes

Definition and Significance
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- 1ISO 5H and 6H are specific classes of hole tolerances used primarily for components that
require precise fitting, such as bearing housings, precision shafts, and assembly of mechanical
components.

- Both classes are part of the ISO system for standard tolerances for holes (holes are designated
with uppercase letters; the "H" class is a common choice for standard holes).

Fundamental Deviations and Tolerance Zones

- The letter "H" indicates a fundamental deviation where the lower deviation limit coincides with
the basic size, meaning the hole's smallest permissible dimension equals the nominal size.

- The difference between 5H and 6H lies in the tolerance grade, with 5H being a relatively tighter
tolerance than 6H.

- Tolerance zone magnitude increases with the numerical grade (from 5 to 6), allowing for looser
fits.

Technical Specifications of ISO 5H and 6H
Size Range and Tolerance Values

The following provides a typical overview of the tolerances associated with these classes (values
approximate and may vary slightly depending on the specific ISO standard edition and size range):

| Size Range (mm) | ISO 5H Tolerance (?m) | ISO 6H Tolerance (?m) |

o oo o |

|3726]8]11]

1672101014 |

| 10?7 18|13 |18 |

|18 2301622

| 30?5020 27|

Note: The above values are typical; specific tolerances are detailed in ISO 286-1 standards.

Comparison of 5H and 6H Tolerance Classes
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- ISO 5H:

- Tighter tolerance zone.

- Suitable for applications demanding high precision fits.

- Often used in bearing housings, precision gear assemblies, and other high-performance
mechanical parts.

- ISO 6H:

- Slightly looser tolerance zone.

- Suitable for general-purpose applications where ease of assembly is more critical than ultra-high
precision.

- Common in less sensitive components or where slight clearance is acceptable.

Application and Practical Implications

Typical Use Cases for ISO 5H and 6H

- 1SO 5H:

- Precision fits where minimal clearance or interference fits are essential.

- Bearing seats, precision jigs, and fixtures.

- Components where tight control of dimensions enhances performance and longevity.

- ISO 6H:

- Medium precision applications.

- General machinery, case fittings, and components where manufacturing cost and ease are
considerations.

- Situations where a slightly looser fit simplifies assembly without compromising function.

Design Considerations

- Selecting the appropriate tolerance class involves balancing manufacturing costs, assembly
requirements, and operational performance.

- For high-precision assemblies, ISO 5H provides the necessary tight fits, but may increase
manufacturing complexity and cost.

- Conversely, ISO 6H offers more manufacturing flexibility, reducing costs and assembly effort but
possibly affecting the fit's precision.

Impact on Assembly and Maintenance



Iso 5h 6h Tolerance Class Online PDF Vol. 2025, Issue 6

- Tighter tolerances (like 5H) generally lead to:

- More difficult assembly due to reduced clearance.

- Higher manufacturing precision requirements.

- Potential for increased wear if fits are too tight.

- Looser tolerances (like 6H) facilitate:

- Easier assembly and disassembly.

- Reduced manufacturing costs.

- Slightly increased risk of unwanted movement or play if not properly designed.

Manufacturing Aspects and Tolerance Control

Manufacturing Processes Suitable for ISO 5H and 6H Tolerances

- Turning and Boring:
- Commonly used for producing precise holes within these tolerance classes.
- Use of high-precision CNC machines ensures adherence to specified tolerances.

- Drilling:
- Suitable for larger sizes with subsequent reaming or honing to achieve ISO 5H or 6H tolerances.

- Reaming and Honing:
- Critical for achieving tight tolerances, especially for ISO 5H.
- Improves surface finish and dimensional accuracy.

- Grinding:

- Used for high-precision applications requiring minimal deviations.
Measurement and Inspection Techniques

- Use of coordinate measuring machines (CMM) for high accuracy.

- Pin gauges and plug gauges for quick checks.

- Optical comparators and surface profilometers for surface finish and dimensional verification.
- Regular calibration of measurement tools ensures compliance with ISO standards.

Design and Engineering Considerations
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Choosing Between 5H and 6H

- Factors influencing choice:

- Functional requirements: Does the application demand high precision?

- Assembly ease: Will looser fits facilitate quicker assembly?

- Manufacturing capability: Can the production process consistently achieve the desired
tolerance?

- Cost constraints: Are tighter tolerances economically feasible?

- Common practice:

- Use ISO 5H in applications where dimensional accuracy is critical, such as bearing seats or
precision gear hubs.

- Use ISO 6H for general-purpose components where moderate fit is acceptable.

Compatibility with Shaft Tolerances

- The fit between the hole (ISO 5H/6H) and the corresponding shaft tolerance class determines
the overall fit type:

- Clearance fit: When the shaft is smaller than the hole, allowing free movement.

- Interference fit: When the shatft is larger, requiring force for assembly.

- Matching these classes ensures the desired fit type, affecting performance and lifespan.

Standards and Regulatory Compliance

- ISO 286-1 defines the standard tolerances for holes and shafts, including classes 5H and 6H.
- Compliance ensures interchangeability and quality across international manufacturing facilities.
- Manufacturers must document and verify tolerances during production and quality control.

Conclusion and Final Thoughts

The ISO 5H and 6H tolerance classes represent essential standards for defining the permissible
dimensional deviations of holes in mechanical components. Their careful selection influences
manufacturing accuracy, assembly ease, operational performance, and cost-effectiveness. While
ISO 5H offers tighter tolerances suitable for high-precision applications, ISO 6H provides a more
lenient standard that simplifies manufacturing and assembly processes.
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In practice, understanding the nuanced differences and appropriate application scenarios of these
classes empowers engineers and manufacturers to optimize designs, improve product quality, and
reduce costs. As the manufacturing landscape evolves with advances in machining technology and
measurement systems, adherence to ISO standards like 5H and 6H remains a cornerstone for
achieving consistent, reliable, and high-quality mechanical assembilies.

In summary:

- ISO 5H: Tighter tolerance, high precision, used for critical fits.

- ISO 6H: Looser tolerance, suitable for general applications.

- Both are fundamental in ensuring that mechanical components fit correctly and function as
intended across diverse industries.

By mastering these standards, professionals can design better products, streamline manufacturing,
and maintain high quality in their engineering projects.

QuestionAnswer What is the ISO 5H 6H tolerance class used for? The 1ISO 5H 6H tolerance
class is used to specify the dimensional tolerances for holes and shafts, ensuring proper fit and
function in mechanical assemblies. How does the ISO 5H tolerance class differ from 6H? ISO 5H
generally indicates a tighter tolerance for holes than 6H, resulting in a closer fit, which is suitable for
precision components, whereas 6H allows slightly more clearance. What applications typically
require 1ISO 5H or 6H tolerance classes? High-precision machinery, aerospace components, and
automotive parts often use ISO 5H or 6H tolerances to ensure accurate fit and reliable performance.
How are ISO tolerance classes like 5H and 6H specified in technical drawings? They are indicated
next to the dimension, for example, '@20H6," where 'H6' specifies the tolerance grade for the hole
according to ISO standards. What factors influence the choice between ISO 5H and 6H tolerances?
Factors include the desired fit type (e.g., clearance, transition, interference), manufacturing
capabilities, and the functional requirements of the assembled parts. Are ISO 5H and 6H tolerances
interchangeable? No, they are not interchangeable; each provides different tolerance limits suitable
for specific fits and applications, so selection depends on the design requirements. How do
manufacturing processes impact achieving 1ISO 5H or 6H tolerances? Processes like precision
machining, grinding, and honing are necessary to achieve these tight tolerances, and manufacturing
capabilities directly affect the feasibility and cost. Can | specify both ISO 5H and 6H in a single part
for different features? Yes, different features of a part can have different ISO tolerance classes
based on their functional requirements, with appropriate specifications provided in technical
drawings. What standards govern the ISO 5H 6H tolerance classes? They are governed by ISO
286-1, which provides the international standards for tolerances and fits for holes and shatfts.

Related keywords: 1ISO 5H, ISO 6H, tolerance class, fit tolerance, clearance fit, interference fit,
machine tolerance, dimensional accuracy, precision engineering, engineering standards



Iso 5h 6h Tolerance Class Online PDF Vol. 2025, Issue 6

metric hole and shaft tolerance chart

Metric hole and shaft tolerance chart is an essential reference tool in mechanical engineering,
manufacturing, and quality control processes. It provides vital information about the permissible
limits of size variations between holes and shafts to ensure proper fit, functionality, and longevity of
assembled components. Understanding how to interpret and utilize these tolerance charts is crucial
for engineers, machinists, and quality inspectors aiming to achieve precise assembly, reduce wear,
and optimize performance.

Understanding Metric Hole and Shaft Tolerance Chart

A metric hole and shaft tolerance chart visually represents the allowable deviations from the nominal
(design) size of holes and shafts. These deviations are categorized into two main types: tolerance
and fit.

- Tolerance: The permissible variation in dimension from the nominal size.

- Fit: The resulting relationship between the hole and shaft after tolerances are applied,
determining whether the assembly is loose, sliding, or tight.
The chart typically displays standard tolerances, which are internationally recognized and
standardized, such as those provided by ISO (International Organization for Standardization). These

standards include a series of tolerance grades and fundamental deviations that help in selecting the
appropriate tolerances for specific applications.

Key Components of a Metric Tolerance Chart

A comprehensive metric hole and shaft tolerance chart includes several critical components:

1. Nominal Size

- The basic dimension or 'design size' of the hole or shaft.
- Expressed in millimeters (mm), e.g., 10 mm, 20 mm.

2. Tolerance Grade

- Designates the precision level, usually indicated by a letter or number.
- Common ISO tolerance grades include: ITO1, ITO, IT1, IT2, IT3, IT4, IT5, IT6, etc.



Iso 5h 6h Tolerance Class Online PDF Vol. 2025, Issue 6

- Lower numbers or tighter grades (e.g., ITO1) represent higher precision with narrower tolerance
zones.
- Higher numbers (e.g., IT6, IT7) are for less critical applications with larger tolerated deviations.

3. Fundamental Deviations

- The basic shift of the tolerance zone relative to the nominal size.
- Indicate whether the tolerance zone is positioned above or below the basic size.
- For example, 'plus’ deviations increase the size, while 'minus’ deviations decrease it.

4. Tolerance Zones

- The range within which the actual dimension of the part must lie.
- Usually expressed as a difference between the upper and lower limits, e.g., +0.025 mm / 0.000
mm.

5. Fit Types

- The chart helps determine the type of fit, such as:

- Clearance fit: always leaves a gap.

- Interference fit: always overlaps.

- Transition fit: may either have clearance or interference.

How to Read and Use a Metric Hole and Shaft Tolerance Chart

Interpreting the chart involves understanding the relationship between the hole and shaft tolerances
to achieve the desired fit.

Step-by-Step Guide:

- Identify the Nominal Size: Determine the basic dimension required for your component.

- Select the Tolerance Grade: Choose the appropriate tolerance grade based on the application's
precision requirements.

- Determine Fundamental Deviations: Decide if you need a standard, loose, or tight fit.

- Consult the Chart: Find the corresponding upper and lower limits for both the hole and shaft.

- Calculate the Tolerance Zone: Evaluate the permissible size variation.

- Determine the Fit: Based on the limits, establish whether the fit will be clearance, transition, or
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interference.

Standard ISO Tolerance Classes for Holes and Shafts

ISO standards define a set of tolerance classes to standardize the manufacturing process:

| Tolerance Class | Description | Typical Applications |

e e oo |

| ITO1 ? 1TO2 | Very high precision | Aerospace, instrument parts |

| ITO3 ? ITO4 | High precision | Precision machinery |

| ITO5 ? ITO6 | Medium precision | General engineering |

| ITO7 ? 1TO9 | Low precision | Light-duty applications |

Note: The exact limits for each class depend on the nominal size and are specified in ISO 286-1.
Common Fit Types and Their Applications

Choosing the appropriate fit is vital to ensure the proper functioning of assembled parts. Here are

common fit types derived from the tolerance chart:

- Clearance Fit: The hole is always slightly larger than the shaft, allowing easy assembly and
disassembly. Used in bearings, pulleys, and sliding mechanisms.

- Interference Fit: The shatft is larger than the hole, requiring force or heat to assemble. Suitable
for gears, hubs, and press-fitted parts.

- Transition Fit: Provides a precise fit that can be either clearance or interference, used where
accuracy is critical but some movement is acceptable.

Factors Influencing Tolerance Selection

When selecting tolerances from the metric hole and shaft tolerance chart, consider the following
factors:

1. Functionality
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- Determine whether the assembled parts need to move freely, be tightly secured, or allow for
some play.

2. Manufacturing Capabilities

- The precision of the manufacturing process impacts the achievable tolerances.

3. Environmental Conditions

- Temperature variations, corrosion, and wear can influence the choice of tolerances.

4. Cost Considerations

- Tighter tolerances generally increase manufacturing costs.

5. Standardization

- Use standardized tolerance classes to ensure compatibility and interchangeability.

Practical Example: Using a Metric Hole and Shaft Tolerance Chart

Suppose you need to design a shaft and hole assembly with a nominal size of 20 mm, requiring a
moderate fit.

Step 1: Determine the required fit type; for example, a transition fit.
Step 2: Choose ISO tolerance grades, such as IT6 for the shaft and IT7 for the hole.
Step 3: Consult the I1SO tolerance chart for 20 mm:

- Shaft (IT6): Upper limit +0.021 mm, Lower limit 0.000 mm.

- Hole (IT7): Upper limit +0.035 mm, Lower limit +0.015 mm.

Step 4: Calculate the maximum and minimum sizes:
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- Shaft: 20.021 mm (max), 20.000 mm (min).
- Hole: 20.035 mm (max), 20.015 mm (min).

Step 5: Determine the fit:

- Max clearance = 20.035 mm - 20.021 mm = 0.014 mm.
- Min clearance = 20.015 mm - 20.000 mm = 0.015 mm.

Since the clearance is positive in both cases, the assembly will have a clearance fit with a small gap,
suitable for precise movement.

Benefits of Using a Metric Hole and Shaft Tolerance Chart

Implementing standardized tolerance charts offers numerous advantages:

- Ensures Compatibility: Parts manufactured in different locations or by different suppliers fit
together seamlessly.

- Reduces Manufacturing Errors: Clear tolerance standards minimize the risk of oversized or
undersized components.

- Enhances Product Quality: Consistent tolerances lead to reliable and durable products.

- Optimizes Cost: Proper tolerance selection balances manufacturing costs with functional
requirements.

- Facilitates Communication: Standardized charts improve clarity among designers,
manufacturers, and inspectors.

Conclusion

A metric hole and shaft tolerance chart is an indispensable tool for achieving precise and reliable
mechanical assemblies. By understanding the standard tolerances, fit types, and how to interpret
the chart effectively, engineers and machinists can make informed decisions that optimize
performance while controlling costs. Whether designing high-precision instruments or
general-purpose machinery, mastering the use of these charts ensures components work
harmoniously, reducing wear, preventing failure, and extending the lifespan of mechanical systems.

For best results, always refer to the latest ISO standards and manufacturer specifications, and
consider the specific requirements of your application when selecting tolerances. Proper utilization
of metric hole and shaft tolerance charts ultimately leads to better product quality and manufacturing
efficiency.
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Metric hole and shaft tolerance chart: An Essential Guide for Precision Engineering and
Manufacturing

In the realm of mechanical engineering and manufacturing, precision is paramount. Whether
designing a simple gear or assembling complex machinery, the fit between mating parts?particularly
holes and shafts?determines the performance, durability, and safety of the final product. At the heart
of ensuring this precision lies the metric hole and shaft tolerance chart, a vital tool that provides
standardized guidelines for permissible variations in dimensions. This article offers an in-depth
exploration of the metric hole and shaft tolerance chart, its significance, structure, and practical
applications in modern engineering.

Understanding the Fundamentals of Tolerance in Mechanical
Components

What is Tolerance?

Tolerance is the permissible limit of variation in a physical dimension. In manufacturing, no part can
be produced with absolute perfection due to process limitations, material inconsistencies, and
measurement uncertainties. Tolerance defines the acceptable range within which a part's dimension
can vary while still fulfilling its intended function.

For example, a shaft intended to fit into a hole of 10 mm diameter might have a tolerance of £0.01
mm. This means the shaft could be anywhere from 9.99 mm to 10.01 mm in diameter and still be
considered acceptable for assembly.

The Importance of Tolerance in Fit and Functionality
The way parts fit together is classified into different types of fits:

- Clearance Fit: Always allows free movement between parts.

- Interference Fit: Parts are designed to be pressed or forced together, resulting in slight
deformation to ensure a tight fit.

- Transition Fit: Can either result in a clearance or interference, depending on the actual
measurement.
Selecting the correct tolerance is crucial because:

- It influences assembly ease and manufacturing cost.
- It impacts the operational performance and lifespan.
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- It ensures safety and reliability.

The Standardization of Tolerances: ISO System
Why Standardize?
Standardization simplifies manufacturing processes, reduces costs, and enhances

interchangeability. The International Organization for Standardization (ISO) has established a
comprehensive system for tolerances, especially relevant for metric dimensions.

ISO Tolerance System Overview

The 1SO system employs two main designations:

- IT Grades (International Tolerance Grades): Ranging from ITO1 (extremely precise) to IT18
(coarse). These grades specify the degree of tolerance for a given dimension.

- Fundamental Deviations: Indicate the deviation from the nominal dimension and help define the
upper and lower limits.

This systematic approach allows engineers and manufacturers to communicate precisely and
produce interchangeable parts efficiently.

Structure and Components of the Metric Hole and Shaft Tolerance
Chart

What Is a Tolerance Chart?
A metric hole and shaft tolerance chart visually displays the permissible dimensions for various sizes

of holes and shafts, categorized by tolerance classes and grades. It serves as a quick reference to
determine allowable deviations based on the nominal size and application requirements.

Key Components of the Chart

A typical metric hole and shaft tolerance chart includes:

- Nominal Dimensions: The basic size of the component (e.g., 10 mm, 25 mm).

- Tolerance Class: Designations like h, k, H, g, etc., indicating the position of the tolerance zone
relative to the nominal size.

- Tolerance Grade (IT Grade): Numerical grade indicating the precision level.



Iso 5h 6h Tolerance Class Online PDF Vol. 2025, Issue 6

- Upper and Lower Limits: The maximum and minimum permissible dimensions.
- Deviation Values: The difference between the basic size and the limits.

Standard Tolerance Classes for Holes and Shafts
- Holes: Usually have tolerance classes such as H7, H8, H9, etc., where the letter indicates the
tolerance zone position relative to the basic size.
- Shafts: Use classes like h6, h7, g6, etc.
For instance:
- H7 hole tolerance might have a tolerance of +0.000 mm /-0.015 mm at a certain size.
- h6 shaft tolerance might have a tolerance of -0.002 mm / 0 mm.
The combination of these tolerances dictates the type of fit achieved when mating shafts and holes.
Interpreting the Tolerance Chart: Practical Examples
Example 1: Selecting a Clearance Fit
Suppose an engineer needs a clearance fit for a 20 mm diameter shaft. The engineer chooses:
- Hole tolerance: H7
- Shatft tolerance: h6
Referring to the ISO tolerance chart:
- H7 for 20 mm: +0.021 mm /0 mm
- h6 for 20 mm: -0.009 mm / 0 mm
Resulting Dimensions:
- Hole: 20.000 mm to 20.021 mm
- Shaft: 19.991 mm to 20.000 mm

Implication:
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- Minimum clearance (shaft max - hole min): 19.991 mm - 20.021 mm = -0.03 mm (interference)
- Maximum clearance (shaft min - hole max): 20.000 mm - 20.000 mm = 0 mm (slight clearance)

This fit ensures easy assembly with some clearance, suitable for parts requiring free movement.
Example 2: Interference Fit for Heavy Duty Applications
For a press fit requiring a tight connection:

- Hole: H7

- Shaft: g6
At 50 mm:

- H7: +0.027 mm /0 mm

- g6:-0.027 mm /0 mm
Resulting Dimensions:

- Hole: 50.000 mm to 50.027 mm

- Shaft: 49.973 mm to 50.000 mm
Implication:

- Minimum interference: 50.000 mm - 50.027 mm = -0.027 mm

- Maximum interference: 50.000 mm - 49.973 mm = 0.027 mm

This tight fit is ideal for transmitting torque or bearing loads, where a secure, interference fit is
necessary.

Significance of the Tolerance Chart in Engineering Design
Ensuring Compatibility and Interchangeability

Standardized tolerance charts allow parts designed by different manufacturers or at different times
to fit together perfectly, ensuring compatibility across a wide range of devices and assemblies.
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Optimizing Manufacturing Processes

By choosing appropriate tolerance classes, engineers can balance manufacturing costs against
performance needs:

- Tighter tolerances (lower IT grades): More expensive, require precise manufacturing.
- Looser tolerances: Cheaper, faster to produce, suitable for less critical applications.

Facilitating Quality Control

Tolerance charts serve as benchmarks during inspection, helping quality assurance teams verify
parts meet specifications and prevent defective components from entering assembly lines.

Reducing Costs and Waste

Proper tolerance selection minimizes rework, scrap, and assembly problems, leading to cost savings
and improved supply chain efficiency.

Modern Tools and Software for Tolerance Analysis
Digital Tolerance Charts and CAD Integration
Today, many engineering teams leverage computer-aided design (CAD) software integrated with

tolerance analysis modules. These tools automate the process of selecting appropriate tolerances
based on design requirements, material properties, and manufacturing capabilities.

Simulation and Finite Element Analysis (FEA)

Advanced software can simulate how tolerances affect stress distribution, wear, and performance
under real-world conditions, enabling more informed decisions and optimized designs.

Conclusion: Mastering the Metric Hole and Shaft Tolerance Chart

The metric hole and shaft tolerance chart remains an indispensable resource in precision
engineering, bridging the gap between ideal designs and practical manufacturing realities. By
understanding the principles behind tolerances, the structure of the charts, and their application in
real-world scenarios, engineers can ensure that their designs meet functional, safety, and cost
objectives.

As manufacturing technology advances and demands for tighter tolerances grow, mastery of these
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charts and the ability to interpret and apply them effectively will continue to be vital. Whether
designing aerospace components, automotive parts, or everyday machinery, leveraging
standardized tolerance systems ensures quality, compatibility, and performance?cornerstones of
successful engineering.

QuestionAnswer What is a metric hole and shaft tolerance chart? A metric hole and shaft
tolerance chart is a graphical tool that defines the allowable dimensional variations and fits between
metric holes and shafts, ensuring proper assembly and function in mechanical engineering
applications. How do | interpret the tolerance zones on the chart? Tolerance zones on the chart
specify the permissible range of sizes for holes and shafts, typically denoted by IT grades (e.g., IT6,
IT7). The zones indicate whether the fit will be clearance, transition, or interference based on the
size differences. What are the common types of fits represented in the chart? Common fits include
clearance fits, transition fits, and interference fits. The chart helps select the right fit type by showing
the size tolerances that correspond to each fit category for specific applications. Why is it important
to use a metric hole and shaft tolerance chart? Using the chart ensures precise dimensional control,
proper fit, and reliable assembly of mechanical components, reducing issues like excessive play or
tightness, and enhancing overall product quality. How are IT grades related to tolerance and fit? IT
(International Tolerance) grades define the tolerance magnitude; lower numbers like IT6 indicate
tighter tolerances suitable for precision applications, while higher numbers like IT10 indicate looser
tolerances for less critical parts. Can | use a metric hole and shaft tolerance chart for imperial
measurements? No, metric tolerance charts are specifically designed for metric dimensions and
standards. For imperial measurements, you should refer to corresponding imperial tolerance charts
to ensure accuracy. Where can | find reliable metric hole and shaft tolerance charts? Reliable charts
are available from standards organizations like ISO, DIN, and ANSI, as well as engineering
handbooks and manufacturer catalogs that provide detailed tolerance data for various applications.
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