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A product’s geometrical specification is the result of so-called tolerancing activity. A product specification represents

the information contained in the technical product documentation (TPD) stating the product requirements.
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| 1. Introduction

A product’s geometrical specification L2 is the result of so-called tolerancing activity Bl. A product specification
represents the information contained in the technical product documentation (TPD) stating the product
requirements 4. The geometrical specification is created during the product development phase, and it allows to
transpose definite functional requirements into geometrical requirements assigned to actual product features BI8I7,
The information incorporated in the geometrical specification is shared between departments involved in product
development via technical engineering documentation (2D drawings). Alternatively, model-based definition (MBD)
is a tool that allows one to represent technical product documentation contents, including geometrical specification,
directly into a 3D annotated CAD model B8], Both are possible forms for TPD 29,

In the ISO standard system on geometrical product specifications (ISO-GPS, managed by ISO/TC213), the
concepts recalled above are presented in ISO/TS 21619:2018, which lists the basic types of documents relating to
geometrical product specifications: functional specification, manufacturing specification, and verification
specification 111, This document, a technical specification, inherits an ambiguous use for “specification” already
existing in ISO publications: it is defined both as a “document stating requirement” 3, using the definition from 1ISO
9000:2015 ¥ and as “expressing the field of permissible deviation of a characteristic of a workpiece as permissible
limits” in I1SO 17450-1:2011 12 within ISO-TPD (technical product documentation, as managed by ISO/TC10),
different types of specifications (e.g., general specification, performance specification, process specification,

requirement specification, etc.) are considered as documents 19,

| 2. Responsibilities in Tolerancing Management

In the current product development cycle, three different key actors can be identified: design, manufacturing, and

quality control departments.

2.1. Design Department
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In the context of this work, the design department (Figure 1) has the responsibility to develop a geometric model

for parts and assemblies that fulfils the functional requirements stated in the product requirements document (PRD)
[13),
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Figure 1. Input/output diagram that describes the functional tolerancing activity that takes place inside the design

department. Other tasks performed by the design department are omitted.

However, the product geometry description is not limited to the nominal shape and architecture. In the design
department, functional tolerancing activity studies the assembly relationships among the parts and, therefore,
defines the deviations from nominal geometry that can be allowed while desired functionality remains assured. If
needed, experimental tests or simulations may also be performed to assess the allowable deviations (i.e.,

dimensional and geometric tolerances).

2.2. Manufacturing Department

The manufacturing department (Figure 2) is responsible for producing parts and assemblies as defined in the TPD.
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Figure 2. Input/output diagram that describes the manufacturing tolerancing activity taking place inside the

manufacturing department. Other tasks performed by the manufacturing department are omitted.

The input for this activity is the functional specification. The goal is to design and implement a manufacturing

process able to produce any part in conformity with the functional specifications.
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Therefore, two sequential phases are needed: the engineering phase and the production phase.

Engineering aims to design and tune the process. This activity involves the use of dedicated software packages,
such as CAM (computer-aided manufacturing)/CAPP (computer-aided process planning), and it is referred to as
process planning. All the TPD created in this phase convey manufacturing specifications that are based on the
considered process’ characteristics and needs. Usually, manufacturing specifications describe a fixturing and/or
tooling setup, depending on the process planning. As an example, in a specific manufacturing step, a datum
system change may be required because the functional datum features have not been produced yet, and the
process considers different manufacturing datum features, as discussed, e.g., in ISO/TS 8062-2:2013 14l The
manufacturing specifications need to be defined according to the specific manufacturing process requirements, so
that if a part complies with the manufacturing specification, it automatically complies with the functional
specification. Tolerance stack-ups can be used to establish a connection between functional and manufacturing
specifications. As stated in ISO/TS 21619:2018, the ambiguity resulting from the transformation between the
functional and manufacturing specifications needs to be taken into consideration. Consequently, manufacturing
specifications are often tighter than functional specifications because a combination of more tolerances and/or

transformation ambiguity needs to be considered.

Production deals with the actual fabrication of parts/assemblies according to manufacturing specifications: the input

is the manufacturing specification.

2.3. Quality Control Department

The quality control department (Figure 3) is mainly responsible for the acceptance or rejection of the production

batches and may also support the manufacturing department in statistical process control.
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Figure 3. Input/output diagram that describes the verification tolerancing activity taking place inside the quality

control department. Other tasks performed by the quality control department are omitted.
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The inputs for this department are the produced parts and the functional and/or manufacturing specifications. The

goal is to define and perform a metrological inspection procedure to assess conformance.
Two phases can be identified: the inspection planning and the inspection itself.

Geometrical inspection can be used for many different purposes such as manufacturing process tuning, product
certification or first batch approval, production process control, etc. All these different aims could have very different
time and cost requirements. The number of items to be inspected can also vary drastically, from tens in total to
thousands per day. Moreover, the type of information (i.e., quantity) to be assessed could be different. Therefore,
the quality control department is responsible for selecting the appropriate measurement method and
implementation. This phase is referred to as inspection planning. A verification specification, which is represented
inside the TPD, may be generated if functional/manufacturing specifications are to be integrated to drive the
verification procedure, reducing verification uncertainty and/or achieving agreement on measuring uncertainty

statements.

Once the verification specification is defined, any qualified operator can perform the inspection by strictly following

the specification itself, assuring the estimated (budgeted) measurement uncertainty.

Since two distinct inputs are possible—the functional and manufacturing specifications—a clear distinction shall be

made between functional inspection and manufacturing inspection, as shown in 23],

2.3.1. Functional Inspection

Functional inspection is based solely on functional specifications and is the only inspection that should be used to
verify conformity, particularly in a supplier—customer relationship. Emphasis should be devoted to ISO 14253-
1:2017 to define conformity 18, The focus of the metrological check is ensuring the parts can perform the intended
function and ensuring their interchangeability. Geometric functional inspection may be used to qualify a new
supplier, to approve an incoming batch of parts, for selective assembly, etc. The definition of critical-to-quality
(CTQ) tolerances and/or the use of functional gauges to speed up inspection may be beneficial, particularly for
inbound batch approval 13, The study of the correlation among different characteristics can be used to define CTQ
tolerances and to estimate the value of unmeasured quantities 7. Selective assembly allows the creation of
functional assemblies when the manufacturing process is not capable of guaranteeing interchangeability 28, Parts

can be clustered into different groups, and, once paired together, these groups guarantee assemblability.

2.3.2. Manufacturing Inspection

Inspection based on manufacturing specifications plays a significant but different role. In this case, the scope goes
beyond checking for conformity to the specification. Here, the emphasis is on process monitoring, e.g., statistical
process control (SPC), process tuning, in-line checks, etc. When performing SPC, the aim is to check whether the
manufacturing process remains stable. At the beginning of the manufacturing process, fine-tuning of the process

allows one to determine appropriate process parameters. Geometric inspections are crucial to assess actual
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deviations of the manufacturing process in order to perform corrective actions. The directionality of deviations is
crucial to determine possible corrective actions; however, directional information is lost when reporting geometrical
error according to the 1ISO GPS standard 12119 |n a verification specification dedicated to process tuning and/or
SPC, directional information should be defined (23], At the same time, conformity of intermediate stages of the
workpiece to the corresponding manufacturing specification might be considered. The economic benefit of such

metrological checks can be evaluated according to the procedure presented by Savio et al. 22,
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