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Gauge blocks are materialized dimensions that are used
exclusively for the calibration of length gauges. Every measuring
workplace where length dimensions are measured should have
its own gauge block set for internal calibration and verification
of its length gauges. But even these gauge blocks must be
calibrated using a suitable methodology. This article attempts a
methodology for the internal calibration of such a gauge block
set.
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1 INTRODUCTION

Gage blocks (Fig. 1) are high-precision length standards. They
serve as the basic standard for measuring length in mechanical
engineering, manufacturing and metrology. They are essential
for calibrating measuring instruments, setting up precise
measuring systems and verifying manufacturing tolerances.
They are mainly used for calibrating micrometers, calipers and
dial indicators; for setting up measuring instruments, height
gauges, calipers and length sensors; for verifying manufacturing
tolerances and geometric accuracy of parts; for setting up CNC
machines and workpieces before machining [Bozek 2016,
Kelemen 2021, Kelemenova 2021b, Klarak 2021, Machac 2023,
Malik 2025, Trojanova 2021, Peterka 2020, Stejskal 2016].

Figure 1. Gauge blocks

They are rectangular prisms (Fig. 1) made of high-quality steel,
ceramics, tungsten carbide or other stable materials. Their size
is given by the distance between the end surfaces. The
measuring surfaces of the gauges are obtained through a
complex technological process, have a minimal deviation of
flatness and parallelism while maintaining a relatively small
surface roughness value. By combining different blocks,
thousands of different lengths can be obtained with extreme
precision [ISO 3650: 1998, EA-4/02 1999, JCGM 100 2008].
Gauge blocks are sold in sets (Fig. 2), such as 81-piece, 47-piece,
or 103-piece sets, which cover the range from a few tenths of a
mm to several centimetres. Each set is assembled to allow for
the most combinations possible with the minimum number of
blocks.

Gauge blocks are manufactured in different accuracy classes
according to their intended use [ISO 3650: 1998, EA-4/02 1999,
JCGM 100 2008]:

Grade "K" — are blocks with highest class of accuracy. They
are the length standards in a calibration laboratory and other
calibration values are derived from these gauges (Typical
tolerance (+0.05 to +0.1um);

Grade "0"— are intended for use by measuring technicians in
environmentally controlled inspection rooms for example to
calibrate measuring equipment because of their high accuracy
(Typical tolerance (+0.1 to +0.2um);

Grade "1" — are used as working standards in inspection
rooms within the production to set and calibrate measuring
instruments and equipment as well as to inspect tools, fixtures
and machines (Typical tolerance (+0.2 to +0.5um);

Grade "2"— are intended for general workshop use by skilled
workers to set up, for example measuring instruments (Typical
tolerance (+0.5 to +1um).

Gauge blocks calibration is the process of accurately determining
their actual length and verifying compliance with metrological
requirements (e.g. according to 1SO 3650 or national standards).
The aim is to ensure that gauges provide a reliable and traceable
reference dimension for measurements, calibrations and
adjustments [ISO 3650:1998].

Calibration methods can be divided into the following groups:

1. Comparative method (Comparative) - Comparison of the
tested gauge with a standard gauge using an interference
microscope or mechanical comparator. It is used for calibrations
of lower accuracy classes (e.g. class 1 or 2).

2. Interferometric method (Optical Interferometry) - The most
accurate calibration method, using the principle of optical
interference of light. It determines the actual length of the gauge
in vacuum (so-called absolute length) with nanometer accuracy.
It is used in national metrological institutes (e.g. PTB, NPL, SMU).
3. Mechanical comparison in air (Comparison in Air) -
Comparison of scale lengths in laboratory conditions under
defined laboratory conditions (temperature, pressure,
humidity). Suitable for industrial calibration laboratories.

Figure 2. Gauge block set in wooden case (47-pieces)

In order for the calibration results to be accurate and repeatable,
strict conditions must be met: Temperature: exactly
20.0 °C + 0.5 °C, as the coefficient of thermal expansion
significantly affects the length. Cleanliness of surfaces: surfaces
must be perfectly clean and dry. Air pressure and humidity:
correction for the refractive index of air is necessary for optical
calibration. Stabilization: both the scales and the instruments
must be thermally stabilized for at least 2-4 hours before
calibration [JCGM 104 2009, JCGM 200 2012].

The calibration output is a calibration protocol or certificate that
contains:

- The actual measured length of each gauge block (e.g.
20.00007 mm). Or it is possible to specify deviation of
gage block length (e.g. -0.1 um).

- The measurement uncertainty (e.g. +0.05 um).

- Measurement conditions (temperature, pressure).
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- Traceability to the standard.

- Date and signature of the metrologist / responsible
person.

- The mark of the calibration laboratory (accredited
according to ISO/IEC 17025).

2 MATERIALS, METHODS AND DEVICES

Ceramic gauge block set made of Zirconia ceramics has been
subjected to a calibration process (Fig. 2). These gauge blocks are
highly durable, corrosion proof and completely stable for long-
term use. Hardness is in the range of 88 - 90 HRC. The coefficient
of thermal expansion is relatively low with a value of
(9.2+1)-10¢ /°C. The gauge blocks cross-section is 30x9 mm (for
gauge blocks with a nominal value in the range of 0.5 - 10 mm)
and for larger gauge blocks the cross-section is 35x9 mm (for
gauge blocks with a nominal value greater than 10 mm). There
are 47 gauge blocks in the set.

A reference gauge block set of grade "0" was used as a reference
for comparative measurements during calibration. A calibration
certificate is available for this set.

Gauge block

Figure 3. Central length of gauge block

The main parameter of gauge blocks that must be measured is
the length of gauge block, which can be measured at different
points of the gauge block.

According to some standards, it is recommended to measure the
length of gauge block at five points (Fig. 4) [ISO 3650:1998].
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Figure 4. Central length of gauge block

A comparator (Fig. 5) is usable for measurement, which
compares the reference gauge block and the calibrated gauge
block.

The first option is a 5-point measurement strategy (Fig. 4). The
first contact of the comparator is made at point R1 on the
reference gauge block and zero is set on the comparator here
(Fig. 4). This is followed by measurement points C2, C3, C4, C5
and C6. Finally, a control measurement at point R1 is
recommended (Fig. 4) [ISO 3650:1998].

The second option is a 2-point measurement strategy, where
only the central points R1 and C2 are measured and then a
control measurement is made at point R1.

Measurement points R1 and C2 are central points. Points C3, C4,
C5 and C6 are 1.5 mm away from the edge of the gauge block
(Fig. 4). It is recommended to make at least 10 measurements.
In this article, a 2-point measurement strategy will be
implemented at the central points of gauge blocks. In this case it

is the central length of gauge block, which is measured at the
central points of the measuring surfaces. The gauge block is
placed on the measuring base during measurement.

The deviation of the length from the nominal length is what
declares compliance or error with the nominal value. In the case
of the central length, the deviation of the central length will be
assessed.

Variation of length is a controlled parameter and in the case of
the central length it is the variation in central length.

Deviation from flatness is another important parameter that is
assessed and evaluated as the minimum distance between two
parallel planes that cover all points of the gauge block surface.
A linear incremental encoder and a measuring device with a
position display unit were used as a comparator for the
calibration process (Fig. 5).

Figure 5. Linear incremental encoder and position display unit measuring
device

The linear encoder contact is moved to the calibrated gauge
block by means of a motorized displacement and the length of
the gauge block is determined by means of the optical
interference principle. The device was used as a comparator in
combination with a gauge block set that is already calibrated and
has the same or higher grade.

3 RESULTS

The calibrated gauge block set and the reference gauge block set
together with the calibration device are placed in a room with a
stable temperature (20+0.5)°C. Tweezers and gloves are used to
handle the gage blocks. Each gauge block must be cleaned of
preservative and dirt.

Visual inspection of the gauge block surface (Fig. 6) was
performed using an optical microscope. No significant damage
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(scratches, cracks, fractures, and dirt deposits) was detected on
the gauge blocks.

The flatness of the gauge blocks was checked using a reference
ruler. All functional surfaces of the gauge blocks did not have
significant flatness deviations. Visual inspection was performed
using a microscope (Fig. 7).

Figure 7. Checklng the flatness of gauge blocks.

The chamfers of the gauge blocks were measured (Fig. 8) using a
microscope. All chamfers did not exceed the tolerance (0.3 mm)
(defined by standard 1SO3650:1998).

The result of the comparison measurements are the deviations
of the central length of calibrated gauge blocks (Fig. 9). The
values are determined by the arithmetic mean of the tenth
measurements at the central point of the gauge blocks. In the
comparison measurement, a calibrated gauge block and a
reference gauge block with the same nominal value were always
used. The graph (Fig. 9) also indicates the maximum permissible
tolerances for individual gauge blocks of this grade. All detected

deviations are within the limits of the maximum permissible
tolerance (defined by standard 1SO03650:1998).

Figure 8. Measuring chamfer of gauge blocks.

When determining the deviation of the central length, the
deviations of the reference gage blocks were also taken into
account and thus the deviations shown (Fig. 9) are related to the
nominal value of the scale [ISO 3650:1998].
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Figure 9. Central length deviations of calibrated gauge blocks.

The central length of gauge block related to the nominal scale
value can be determined using the equation:

.=+l (1)
where:

le - nominal value of gauge block length,

ol — deviation of gauge block length.

From the determined deviations of the central length of the
gauge blocks, the variations of the deviations were also
determined (Fig. 10) as the difference between the maximum
and minimum deviations. The maximum permissible values of
the variation are indicated in the graph and it follows that all the
determined values of the variations are within the permissible
tolerance limits (Fig. 10) (defined by standard 1SO3650:1998).
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Figure 10. Variations in length of calibrated gauge blocks.
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The combined uncertainty of the gauge block
determination is defined by:

U = JuZ +ude +udg (2)

where

length

Ua — standard uncertainty determined by method A,

Usc — standard uncertainty of comparator determined by
method B from calibration certificate,

use — standard uncertainty of reference gauge block determined
by method B from calibration certificate.

When determining the standard uncertainty by method A, the
relationship for the standard deviation is taken as a basis and it
is recommended to make at least 10 measurements of the
central length of the gage block (see Fig. 11). If the number of
measurements is less than 10, then the standard uncertainty
determined by method A must be multiplied by the correction
factor defined in the standard [ISO3650:1998].
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Figure 11. Combined uncertainty of calibrated gauge blocks.

4 CONCLUSIONS

Gauge blocks are length standards that are used to calibrate
other length measuring instruments. It is therefore crucial that
gauge blocks are calibrated in relation to a superior reference set
of gauge blocks. In this article, we have addressed internal
calibration according to our reference gauge block set. According
to the result of the internal calibration process, the gauge block
set is suitable for use and meets the conditions according to
1SO3650:1998 [ISO 3650:1998, EA-4/02 1999, JCGM 100 2008].

These gauge block sets are also widely used in other
measurements, where distances are determined using sensors,
cameras and other measuring systems [Blatnicky 2020, Brada
2023, Bratan 2023, Duhancik 2024, Duplak 2023, Hortobagyi
2021, Hroncova 2023, Klichova 2025, Koniar 2014, Kuric 2021,
Mascenik 2020, Mikova 2022, Pavlasek 2018, Pivarciova 2021,
Romancik 2024, Semjon 2024, Vagas 2024 & 2025].
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