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GPS, i.e. geometric product specification, is a 
graphical system consisting of symbols, rules, and 
definitions that describe the requirements for 
dimensions, shapes, profiles, directions, and 
positioning and milling of a finished product in a 
three-dimensional space. The paper focuses on the 
group of tolerances within the product shape, taking 
into account the so-called free tolerance. For the 
purposes of this work, a 3D model of the cylinder 
described using the functional dependencies, has 
been created, which is used to illustrate the concept 
of GPS in three-dimensional space. The CATIA 
engineering environment has been applied for this 
purpose and a suitable numerical parameters have 
been assigned to each of the dimensions and 
tolerances. The use of a self-generating 3D model 
makes it easier to illustrate the GPS concept by 
graphically displaying the resulting tolerance field. 
The autogenerating model has been used to verify the 
correctness of the piston gauge. 
KEYWORDS: GPS, geometrical tolerance, free 
tolerancing, autogenerating 3D model 

 
When designing a product, the type of technological 

process, in which the item is to be produced, is often 
overlooked. However, it is important to remember that the 
final product or the actual element is always different from 
the nominal element designed by a designer. The 
determination of the acceptable form of this difference is 
determined by GPS. The specification is thus in 
agreement between the constructor, the technologist and 
the metrologist as to the tolerance of the dimensions and 
the quality of the product [2]. 

A number of dimensional tolerances, including shape 
tolerances, are used in structural design. The constructors 
also use the so-called free tolerance. In situations where 
the tolerance values in documentation are high, it is 
difficult to accurately represent the tolerance field. For the 
purposes of this paper, an auto-generating shaft model 
was developed to summarize all the deviations 
introduced, and then to calculate the dimensions of both 
the lower maximum and upper maximum deviations [4]. 
Due to these calculations, the software can model the 
shaft and dimension tolerance field [3]. In addition, the 
auto-generating model was enriched with a knowledge 
database containing the most commonly used tolerances 
[7]. 

 

 

Subsequent parts present an example of the use of a 
parametric model. 
 
Evaluation of the accepted tolerances of the piston 
check using an auto-generating model 

 
Properly prepared auto-generating model can be used 

not only for didactic purposes – illustration of GPS issues 
– but also in everyday engineering practice. For the 
purpose of this paper, the 3D model of the double-sided 
piston check (fig. 1) was designed to verify the conformity 
of the tolerated hole in the finished product after the final 
machining with the assumptions. Diameter of the checked 
hole is: 
 
 

 

 
 

The transient side of the test is marked with green 
paint, while the non-transient side with the red. This is a 
practical solution, because it allows the operator to 
immediately recognize which end of the test is being 
applied at the moment to the hole. The drawing tolerance 
of the hole forces the values of both diameters at the ends 
of the test. The diameter of the end of the test on the non- 
-transient side must therefore have a maximum value of 
⌀20.15, while on transient side, the diameter value should 

be at least ⌀19.85. 

 

 

Fig. 1. Two-sided piston check 
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As already mentioned, according to the GPS concept, 
the tolerance of its execution must be taken into account 
in the executive drawing of a properly designed check. It 
is also important to consider the tribological wear of the 
instrument. 

One of the piston gauges encountered has a tolerance 
in the upper deviation (fig. 2). The prepared auto- 
-generating model makes it easy to determine whether the 
tolerances applied meet the diameter requirements of the 
hole. 
 

 

Fig. 2. Diameter values at the end of the check 

 
It is immediately clear that the tolerance of both sides 

is incorrect, since it is possible to make a cross-sectional 
check with a lower limit deviation of 0. Thus, the check is 
not taken into account in its daily work, since the diameter 
value equal to ⌀19.85 is actually the total consumption 

limit of the instrument. In practice, so-called instructions 
for the use of the control and measurement means are 
applied, which accurately determines the frequency of the 
control of indicated dimensions, but does not allow for the 
possibility of capturing early check wear between 
consecutive tests. 

The standard PN-M-02140:1972 [5, 6] and ICAD 
tolerance calculator available on the Internet were used to 
generate the appropriate diameters at both ends of the 
check and corresponding tolerances. 
 

 

Fig. 3. Diameter values at the ends of the piston check generated by 
ICAD 

After entering the hole diameter data with limit 
tolerances, the program returned the following diameter 
values (fig. 3): 

 for the transition side – ⌀19.886 ± 0.0115, 

 for the non-transition side – ⌀20.15 ± 0.0115. 

As it can be seen, the generated diameter values differ 
from those currently used. For better visualization of this 
difference, a prepared auto-generating model was used. 
Fig. 4 clearly shows that the tolerance range currently 
used is below the normal tolerance range. This proves that 
the values of deviations are correct and that the two-sided 
piston check is to be modified. 
 

 

Fig. 4. Comparison of the check tolerance field 

 
Conclusions 

 

In today's engineering world, it is difficult to imagine a 
properly designed mechanical construction without 
providing adequate tolerance values when dimensioning 
the finished product. The use of the proposed auto-
generating model allows for a very easy and clear way to 
illustrate the field of permissible dimensional tolerance in 
a three-dimensional space. However, it is essential to 
know the dimensions and tolerances of the GPS system. 

Proposed solution cannot only be useful for teaching, 
but also – as shown in the example of the piston check – 
allows for the verification of correct tolerances in everyday 
engineering practice. 

In future, it is planned to create more developed auto- 
-generating models that allow for the application and 
visualization of direction, positioning and beating 
tolerances for more complex cases. 
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