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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document will be in the Introduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and
expressions related to conformity assessment, as well as information about ISO's adherence to the
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see www.iso
.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 61, Plastics.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

In comparison to metal materials, significantly larger deviations with respect to dimension, form and
location are expected when manufacturing moulded parts. Based on particular properties, such as
high deformability and low stiffness, the functional accuracy requirements in order to economically
manufacture moulded parts are much lower for plastics than for metals.

The physical and chemical properties as well as the material modification options of plastics are vastly
different from those of metals. Properties of plastics relevant to dimensional accuracy in the moulding
application and during processing by the original mould method (injection moulding, compression
moulding, rotational moulding) require a different evaluation and quantification of geometrical
tolerances in comparison to metal materials. The tolerance standards applicable for metal parts,
therefore, cannot be adopted for plastic structures or can only be applied to a very limited extent which
led to the development of this document.

The unique properties of plastics mean that three different dimensional reference levels defined in
Annex A and characterized in respect to the main influential factors are taken into consideration.

The following is the preferred sequence of steps to ensure effective cooperation in the effective design
and development of moulded parts.

a) The part designer specifies the functionally required tolerances based on the application
requirements including, part functionality, use environment, and any assembly requirements.

b) The moulded part manufacturer confirms that the functionally required tolerance is greater
than or equal to the tolerance capability of the manufacturing technology to be used. This is to
avoid impractical tolerances which cannot be achieved without incurring adverse economic or
productivity effects. The functionally required tolerances should always be defined in the design
documentation.

c) The functionally required tolerances should always be defined in the design documentation in
order to establish the basis for determining the moulding shrinkage. This is to prevent situations
in which the functionally required tolerances cannot be achieved, if at all, without excessive
scrap generation and excessive cost. After order placement, calculated values with respect to
the moulding shrinkage should be agreed between the part manufacturer and toolmaker or tool
designer, with consultation with the material supplier as necessary.

Dimensional control of the moulded part is primarily affected by the material specified, the part design
and tool layout, and the processing conditions.

In addition to the factors affecting dimensional control, there are other factors which influence
dimensions, part integrity and mechanical properties. These factors include anisotropic behaviour,
warpage and distortion due to non-uniform thicknesses and resulting non-uniform cooling rates, and
fill profiles. These factors and the basic complexity of polymer systems make standardization much
more difficult in comparison to conventional materials such as metals.

Because of the unavoidable process-induced factors, deviations are therefore expected in the moulded
part. The procedure in case of deviations depends on the function of the moulded part and is subject to
mandatory contractual agreement.

— eliminate deviation by design measures (strengthening ribs, optimized material thickness,
optimized fill profiles, etc.);

— correct deviation by specified retention in the tool, i.e. extended cooling cycles;

— acceptance of non-conformance.
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The acceptance of non-conformance requires appropriate documentations including drawing
corrections, production deviation documentations or updated reference parts.

NOTE1 Process-induced deviations can be reduced both by effective design of the moulded part and by
optimization of the production process.

NOTE 2  The conventional tolerance chain calculation presupposes rigid bodies and is therefore primarily
unsuitable for plastic parts.
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Plastics moulded parts — Tolerances and acceptance
conditions

1 Scope
This document specifies possible manufacturing tolerances for plastic moulded parts.

This document specifies all integral features with general tolerances with surface profile tolerance
within a specified datum system. It allows for additional specifications in case of functional needs and
requirements using the ISO-GPS-tools for dimensional and geometrical tolerating.

This document addresses injection moulding, injection compression moulding, transfer moulding,
compression moulding and rotational moulding of non-porous moulded parts made from thermoplastics,
thermoplastic elastomers and thermosets of thermoplastics. This document is applicable to other
plastic processes if agreed to by the contractual parties.

Moulded part surface imperfections such as sink marks, undesired flow structures and roughness, as
well as joint lines are not addressed in this document.

This document is not intended to supplant, replace or in any way interfere with requirements for
tolerances found in product standards.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 286-1, Geometrical product specifications (GPS) — ISO code system for tolerances on linear sizes —
Part 1: Basis of tolerances, deviations and fits

ISO 286-2, Geometrical product specifications (GPS) — ISO code system for tolerances on linear sizes —
Part 2: Tables of standard tolerance classes and limit deviations for holes and shafts

[SO 291:2008, Plastics — Standard atmospheres for conditioning and testing

ISO 294-4, Plastics — Injection moulding of test specimens of thermoplastic materials — Part 4:
Determination of moulding shrinkage

[SO 2577, Plastics — Thermosetting moulding materials — Determination of shrinkage
ISO 8015, Geometrical product specifications (GPS) — Fundamentals — Concepts, principles and rules

ISO 10135, Geometrical product specifications (GPS) — Drawing indications for moulded parts in technical
product documentation (TPD)

ISO 14405-1, Geometrical product specifications (GPS) — Dimensional tolerancing — Part 1: Linear sizes

3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 8015 and the following apply.
ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

© ISO 2018 - All rights reserved 1
Este documento ha sido adquirido por DOGA GESTIO.

Para uso en red interna o en cualquier plataforma corporativa se requiere de autorizacion previa de AENOR


https://www.iso.org/obp

ISO 20457:2018(E)

— IEC Electropedia: available at http://www.electropedia.org/

31

design documentation

documents and data necessary for complete structural description of components, assemblies or
machines and devices

Note 1 to entry: These are initially 3D data records and drawings as well as partlists. They might be supplemented
by measuring and test specifications. 3D data records or drawings alone only fully describe plastic moulded
parts in rare exceptional cases.

Note 2 to entry: For further information, see ISO 17450-1, ISO 17450-2 and ISO 17450-3.

3.2

size

dimensional parameter considered variable for a feature of size that can be defined on a nominal
feature or on an associated feature

Note 1 to entry: In this document, the size is linear, e.g. the diameter of a cylinder or the distance between two
parallel opposite planes, two opposing lines, and two concentric circles. Depending on the type of linear feature
of size, the terms “diameter”, “width”, and “thickness” are synonyms for size.

Note 2 to entry: A size is angular (e.g. angle of a cone) or linear (e.g. diameter of a cylinder). This document only
deals with linear size.

Note 3 to entry: For further information on linear size, see ISO 17450.

[SOURCE: ISO 17450-1:2011, 3.4, modified — References to ISO 14405 have been replaced with “this
document” and a Note 3 to entry has been added.]

3.3

general tolerance

tolerance on geometrical elements used as default, if the element has no direct tolerance (individual
tolerance)

4 Symbols and abbreviated terms

4.1 General

The symbols and abbreviated terms according to ISO 1043, ISO 18064 and the following symbols and
abbreviated terms apply for the application of this document.

4.2 Symbols

C tolerance mean dimension

Ca tolerance mean dimension for moulded part application

Cr tolerance mean dimension for moulded part production

Cw tolerance mean dimension for tool contour production

Dp furthest distance in the space between the element to be toleranced and the origin of the

datum system used for this positional tolerancing

Ly moulded part dimension

Lw tool contour dimension

Np nominal dimension for moulded part drawings
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Pg total number of points

P; point evaluation of the individual influences

T tolerance

t form and location tolerance

Ta moulded part application tolerance

Tk moulded part production tolerance

Tw tool contour production tolerance

Vs moulding shrinkage

Vs, moulding shrinkage transverse to the melt flow direction
A0 moulding shrinkage parallel to the melt flow direction

VSmax maximum moulding shrinkage

VSmin minimum moulding shrinkage

VSR average calculated value for the moulding shrinkage
AL dimensional shift

ALp application-induced dimensional shift

ALy moulding-induced dimensional shift

AS distribution of the moulding shrinkage

AVS

difference between A0 and VSy;

4.3 Abbreviated terms

ABF acceptance conditions for moulded part production
ABW acceptance conditions for tool production
GA maximum permissible deviation

IRHD International Rubber Hardness Degree

IT standard tolerance

NW non-tool-specific dimensions
TG tolerance grade

W tool-specific dimensions

5 Tolerancing of plastic moulded parts

5.1 General

The independency principle according to ISO 8015 applies when using this document.
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Change of the default specification operator for size shall be indicated on the drawing in or near the
title block according to ISO 14405-1, e.g. “Linear size ISO 14405 E” for the envelope principle.

Moulded part drawings or CAD data records correspond to the nominal geometry. The tolerances are
symmetrical to the nominal geometry.

The procedure for the verification of tolerances shall be unambiguously defined and shall be a part
of the contract. It is recommended to separate between ISIR (Initial Sample Inspection Report) and
running production report (requalification). This may include or exclude the individual tolerances and
general tolerances or specified functional tests (e.g. tightness, dielectric strength). If nothing has been
stated in the contract, only individually indicated tolerances are subject for verification.

Unless otherwise defined or by agreement, plastic moulded parts, in which the general tolerances are
not met, do not have to be automatically rejected if the functionality of the part is not compromised.

Certain parts, when removed from their manufacturing environment, can deform significantly from
their defined limits owing to their weight, flexibility or the release of internal stresses resulting from
the manufacturing processes.

Functionally reasonable references with adequate form stiffness have to be specified.

In the case of non-rigid parts, the measuring concept is of special importance (functional orientation,
datum system and overdetermination, gravitational influence, pretension, etc.). See also ISO 10579.

For the orientation of the part, datum target points or small datum target areas have to be used instead
of datum features (e.g. complete planes).

NOTE The datum system reflects the orientation of the part in the assembly. It is important that the datum
system is stable.

In the case of parts moulded from dissimilar materials (e.g. over-moulding) or assemblies using multiple
component parts moulded from different materials, a separate tolerance grade shall be specified for
each material used.

A standard atmosphere in the plastic range is 23 °C + 2 K and 50 % * 10 % relative air humidity as
defined in ISO 291.

5.2 Intention

This document has two intentions. One intention is to give the part designer a guideline for producible
tolerances. The other is to serve as a standard for general tolerances for all geometrical features as well
as for direct tolerances (individual tolerances).

Figure 1 gives an overview about the intentions and about the composition of tolerance.
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ISO 20457

Guidlines for limits
for direct tolerances general tolerances
(individual tolerances)

1

Agreement size position surface profile
between supplier
and customer

necessary if table 2 table 9 table 10
required tolerance
is smaller than

general tolerance tolerance group TG (fig. 4)

Figure 1 — Determination of tolerances for plastic moulded parts

Tolerances of features with functional requirements shall be directly specified. General tolerances
apply to non-functional features (e.g. surface profiles, line profiles) and can be as large as practically
possible.

5.3 General tolerances

Only series 1 (simple production) according to Table 8 applies for general tolerances. General tolerances
shall be indicated in or near the title block.

EXAMPLE General tolerances ISO 20457:]]]] - TGé6.

General tolerances for size apply only on explicitly drawn dimensions on the drawing indicated without
direct tolerances (individual tolerances). General tolerances for positions apply to features of sizes with
respect to the master datum system only.

Profile tolerances of a surface shall be applied as general tolerances, specified in detail in the drawing,
restricting all 6 degrees of freedom.

General tolerances for features of linear size apply only on explicitly drawn nominal dimensions in the
drawing.

5.4 Direct tolerancing (individual tolerancing)

Tolerances (dimensional or geometrical) for functional elements/dimensions shall be explicitly
specified.

The dimensional tolerance shall be indicated directly by dimensions for moulded parts with justifiably
high dimensional stability requirements. When doing so, it shall be noted that the dimensional boundary
lines or points represent inspection dimensions (reference dimensions, acceptance dimensions). The
number of directly toleranced functional elements/dimensions per moulded part shall be kept as low as
possible for economic reasons.

5.5 Tolerancing of draft angles

Drafts (also draft angles) are production-induced inclinations on the moulded part in the demoulding
orientation of moving tool parts (e.g. punches, gate valves, jaws), which are specified as an integral
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component of the moulded part drawings or the CAD data records of the moulded part manufacturer
for tool design and tool making as well as parts production. Inclination dimension differences specified
in terms of design are not a component of dimensional tolerances or form and location deviations.

Measuring points shall be defined at suitable areas for functional dimensions in the specification in
order to allow for comparable measuring results.

5.6 Dimensioning, tolerancing and measuring of radii
Minimum 90° of the circle segment shall be provided as a measurable contour for the specification of radii.

NOTE Radii can alternatively be toleranced by profile forms.

5.7 Specification of freeform surfaces

Functional free form surfaces shall be specified with a surface profile tolerance. The verification shall
be fixed in the contract between producer and costumer.

6 Moulding compound properties

6.1 General

This document does not contain any type lists for moulding compounds or their assignment to
attainable production accuracies. Accuracy-relevant properties shall be considered in order to indicate
a general assignment scheme for the large number and variety of moulding compounds.

6.2 Moulding shrinkage and shrinkage anisotropies

The moulding shrinkage (VS) is the relative difference between the tool contour dimension Ly at
23 °C * 2 K and the corresponding moulded part dimensions Lg 16 h to 24 h after production, stored
until measurement and measured according to 1ISO 291:2008, Table 1, unless otherwise specified by
contract or the relevant ISO-material specification. It is calculated according to Formula (1).

L
A :[1_—FJ><100% €y
Ly

where
L is the moulded part dimension;

Lw  isthe tool contour dimension.

The relative moulding shrinkage for thermoplastics and thermoplastic elastomers is determined
(e.g. test panels) according to ISO 294-4 and for thermosets according to ISO 2577 on standard test
specimens. Physical causes of the moulding shrinkage and the effect of influencing factors are indicated
in Annex B and Annex E.
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Shrinkage anisotropy is quantified by the absolute difference AVS from moulding shrinkage transverse
to the melt flow direction VS, and the moulding shrinkage parallel to the melt flow direction VSj. See

Formula (2).
AVS=IVSJ_—VSHI (2)

Primary causes for anisotropicity include:

— moulding impediments as a result of different thermal contraction by solidified boundary layers,
material concentrations and locally different tool contour temperatures as well as by the effect of
the moulded part design;

— shrinkage differences due to over-moulded parts for example metal inserts;

— orientation of fillers and reinforcements, and molecular orientation as aresult of shear and elongation
flows. In particular, particle shape and aspect ratio (length-thickness ratio or side-thickness ratio)
of the fillers and reinforcements affect the anisotropy characteristics.

It can be derived from the variety of influences on the moulding shrinkage and shrinkage anisotropy that
numerical values are only realistic as range data. The resultant distribution of the moulding shrinkage
AS is derived from the extreme values VSpnax and VSpin [t is calculated according to Formula (3).

AS=VS__ -VS . (3)

The degree and uniformity of the shrinkage distribution can be affected by many factors including
production conditions (process optimization), batch-relevant moulding compound differences, moulded
part shape and sprue technology.

Average calculated values of the moulding shrinkage VSg are specifications for tool design, construction
and sampling of the tools. It is calculated according to Formula (4).

VSR =0,5(VS max + VS min ) (4)

This calculated value, which is a basis for the tool design, is primarily expected from the moulded part
manufacturer, as the latter can actively influence the shrinkage in limits and usually has corresponding
data. They can be generated as a by-product from dimensional check measurements. In special cases,
the shrinkage values are to be made more precise by sampling with similar tools. In addition, the
moulded part manufacturer can use corresponding data and experience of the moulding compound
manufacturer. In the case of distinct shrinkage anisotropy, the shrinkage differences can be considered
to a limited extent by dimensional provisions in the tool. Computer-assisted shrinkage and deformation
statements might be able to provide information in respect to this.

The shrinkage distribution is also of major significance for the attainable production accuracy. This
value range is to be estimated according to experience of the moulded part manufacturer.

NOTE If the shrinkage anisotropy cannot be considered adequately in the contour calculation, a larger
shrinkage distribution and, hence, deformation is to be expected. A timely coordination between the customer
and moulded part manufacturer is necessary in respect to this.
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6.3 Moulded material stiffness or hardness

The elastic recovery (relaxation) of the moulding material after removal of the part has a significant
effect on the linear and angular sizes and dimensions. The required data shall be provided in the
specifications of the raw material suppliers.

NOTE The main cause for this is the different stiffness or hardness of the moulding material directly after
removal from the mould. It is related to the original modulus of elasticity from the short-term test according to
ISO 527 as well as by the Shore indentation hardness according to ISO 868:2003, method A and method D or by
the ball indentation hardness for elastomers according to ISO 48 (International Rubber Hardness Degree). All
tests refer to 23 °C and normally conditioned test specimens.

7 Dimensional and geometrical tolerancing
7.1 Dimensional tolerancing

7.1.1 Tolerance grades for features of sizes

In order to approximately adapt the distribution of the production tolerances resulting from the
moulding compound and process, and their particular nominal dimensional relation for plastic
moulded parts to the ISO system for limit dimensions and fits according to ISO 286-1 and ISO 286-2,
nine tolerance grades (TG1 to TG9) in three nominal dimension ranges were assigned to the I1SO basic
tolerance grades (IT) for tool-specific dimensions in Table 1.

Table 1 — Tolerance grades (TG) with associated ISO standard tolerance grades (IT) according

to ISO 286-1
Nominal dimension ISO standard tolerance grades (IT) for tool-specific dimensions
mm TG1 TG2 TG3 TG4 TG5 TG6 TG7 TG8 TGOY
1to6 8 9 10 11 12 13 14 15 16
>6to 120 9 10 11 12 13 14 15 16 17
>120to 1000 — 11 12 13 14 15 16 17 18
The tolerances are subject to mandatory agreement as a rule for nominal dimensions below 1 mm and above 1 000 mm.

NOTE1 Table 1 serves as information for the basic layout and content of Table 2. Further usage is not required.

NOTE 2  Features of sizes cover inner and outer cylinders (hole/shafts), inner and outer parallel, opposite
planes (slot/keys) (see ISO 17450-1).

The permissible limit dimensions for plastic moulded parts are summarized for the practical application
in Table 2.

The manufacturing method rotational moulding is classified into tolerance grade 9.

Different deformations and deviations of location of tool parts caused during the pressure load taken
into account by the differentiation of tool-specific and non-tool-specific moulded part dimensions,
as the different types of tool contour fixations result in different degrees of accuracy. Tool-specific
dimensions are dimensions in the same tool part, while non-tool-specific dimensions are derived from
the interaction of different tool parts and which hence tend to cause larger dimensional distributions
(Figure 2 and Figure 3).
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Figure 2 — Tool-specific dimensions
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Figure 3 — Non-tool-specific dimensions
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7.1.2 Determination of the tolerance grades

7.1.2.1 General

The required degree of accuracy of the moulded part production is defined with the corresponding
tolerance grade according to Table 3. An oriented assignment scheme using point evaluation of five
individual influences P; with the total number of points Pg yields the tolerance grade according to
Table 3 (exception is the rotational moulding which always equals TG9):

Pg=P1+P2+P3+P4+P5 (5)
where

Pg  is the total number of points;

P;  isthe point evaluation of the individual influences.

Table 3 — Point assignment of the tolerance grades

TG TG1 TG2 TG3 TG4 TGS TG6 TG7 TG8 TG9
Py 1 2 3 4 5 6 7 8 >9

In the process of determining, Pg, [as shown in Formula (5)] inputs from the moulded part manufacturer
might be necessary.

Figure 4 shows an overview of the process to determine the tolerance grade.
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Production processes P;
(Table 4)

Moulded material stiffness or
hardness P, (Table 5)

Moulded shrinkage
(calculated value) P; (Table 6)

Shrinkage differences due to
geometry and process P, (Table 7)

l

Can the structurally
required tolerance be
attained technologically
with simple
productiona?

no

Evaluation of the production
expense P; (Table 8b)

yes
(Ps=0)

Determination of the tolerance group TG (Table 3)

a  Simple production = Production realized with general tolerances. Dimensional stability requirements that do
not form any special quality focus (see Table 8, Series 1).

b Exemplary selection criteria are listed in Annex C to assist the series assignment.

Figure 4 — Procedure to determine the tolerance grade TG

7.1.2.2 Evaluation of the production process and moulding compound properties (P1 to P4)

The point assignment is conducted with the following evaluation matrices (see Table 4, Table 5, Table 6
and Table 7), whereby the evaluation is at the user’s discretion for limit ranges of the properties (P2 to P4).

Table 4 — Evaluation matrices 1

Production process P1

Injection moulding, injection compression moulding, transfer moulding

Compression moulding, impact extrusion
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Table 5 — Evaluation matrices 2

Moulded material stiffness or hardnessa
Modulus of elasticity Shore D Shore A; IRHD Py
N/mm?2
above 1 200 above 75 — 1
above 30 to 1 200 above 35 to 75 — 2
3to 30 — 50to 90 3
below 3 — below 50 4
a  Modulus of elasticity: dry as moulded.

Table 6 — Evaluation matrices 3

Moulding shrinkage (calculated value) P3
below 0,5 %
0,5%tol1%

above 1% to 2%
above 2 %

The maximum shrinkage characteristic value is definitive for the assignment in the case of shrinkage anisotropy.

WIN|[-|O

Table 7 — Evaluation matrices 4

Consideration of the shrinkage differences due to geometry and process Py

Precisely possible:

Calculated values of the VS are known. (For example from experience, systematic measurements, com- 1
puter simulations.) Shrinkage anisotropy is meaningless or can be considered sufficiently accurately
in the relevant dimensional orientation. Possible deviations from the calculated value are max. +10 %.

Precisely possible with limitations:

Calculated values of the VS are known in ranges max. to 20 %.

Only imprecisely possible:

Calculated values of the VS are only known as rough guide values ranges. Shrinkage anisotropy cannot 3
be considered or can only be considered inadequately. Practical experience for estimating relevant
calculated values is not available. Possible deviations from the calculated value are above +20 %.

In general, it is assumed that the shrinkage fluctuations due to variations in the processing conditions and differences in
the moulding compound properties can be approximately +30 % of the calculated value of the VS. The selection P4 = 3 is to
be made if no other information is available.

After determining Pq to P4 and their addition, it should be checked whether the structurally required
tolerance can be attained technologically with series 1 (simple production). If this is fulfilled, all further
considerations will be sufficient. The increase in the production expense contained in Ps only has to be
considered if the functionally required tolerance is not attained.

7.1.2.3 Evaluation of the production expense (Ps)

The expense necessary for the moulded part manufacturer for production and quality assurance
is definitive for the level of the production accuracy. The differentiation is made by the application/
utilization of the tolerance rows (see Table 8).
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Table 8 — Evaluation of the production expense

Tolerance series Ps
Series 1 (simple production)
Production realized with general tolerances. Dimensional stability requirements that do not form any 0
special quality focus.
Series 2 (accurate production)
Production and quality assurance are oriented to higher dimensional stability requirements. N
Series 3 (precision production)
Full alignment of production and quality assurance to the very high dimensional stability requirements. K
Series 4 (precision special production)
As series 3, but with more intensive process monitoring. -3
The tolerance Series 3 (precision production) and Series 4 (precision special production) are always subject to mandatory
agreement.

Exemplary selection criteria are listed in Annex C to assist the series assignment.

NOTE If a higher accuracy level (Series 2, Series 3 and Series 4) is necessary for directly toleranced
dimensions, the rows assignment are to be performed after evaluation of the necessary fulfilment degree of the
questions below:

— Are the moulded parts optimally designed and dimensioned in respect to dimensional stability?
— Are the moulds functionally reliable and consistent in respect to mechanical and thermal control?
— For complex or multi-cavity moldings, are fill patterns uniform throughout the mould or between cavities?

— Are adequate systems in place to monitor and document material handling, moulding, and quality control
systems?

— Areoperatingand quality control personnel adequately trained to ensure quality assurance and conformance?

— Are corresponding terms of delivery agreed in respect to the dimensionally-relevant properties level of the
moulding compounds, in particular the shrinkage fluctuations, and are these checked?

The actual effort to realizethe part by the moulded part manufacturer is derived from the required
dimensional tolerances. Precision productions (Series 3 and Series 4) are special cases whose realization
might require special agreements between the buyer and manufacturer of the moulded parts from an
economic operational viewpoint (e.g. price surcharges) as well. It should therefore be expressly noted
that unnecessarily high tolerance requirements lead to unnecessarily high moulded part costs.

7.2 Geometrical tolerancing

ISO 1101 and ISO 5458 in a datum system according to ISO 5459 apply for surface profile and line profile
and position tolerances.

A component can have one or more datum systems. The furthest distance of the toleranced element
to the origin of the datum system used for the position tolerance Dp shall be applied to determine the
position tolerance. This does not have to correspond to the coordinate system of the component or from
the assembly. The Dp dimension is the nominal dimension for determination of the position tolerance
according to Table 9. The same also applies to profile form tolerances according to Table 10.
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The prerequisites P2 = 1 and P3 + P4 < 3 should apply for the toleraces “profile any line” and “profile any
surface” (see Table 5, 6 and 7) for consideration of the moulded part properties.

The empirical tolerance values, ¢, from Table 10 in relation to the nominal dimension, Dp, shall only be
used for general tolerances for surface profile tolerances specified in the drawing,.

Table 10 — General tolerances for surface profiles

Dimensions in millimetres

Nominal dimension
D <30 >30to 100 >100 to 250 >250 to 400 >400to 1 000
p
Tolerance value
0,5 1 2 4 6
t

7.3 Parting line/Tool offset

Visible parting lines are unavoidable in the production of plastic parts in the original moulding process.
The location of the parting lines shall be agreed upon between the producer and costumer. A distinction
shall be made between a parting line and a parting offset. See Figure 5.

The essential influencing factors for the parting line are:
— mould quality of the design;
— viscosity of the plastics in the processing state;

— processing parameters (essentially melt temperature, tool contour temperature, injection speed,
tool inside pressure, tool retaining force and location of the changeover point);

— quality of the mould release in the tool (accuracy of the mechanical processing, hardness of the
contour-giving component parts, service life of the tool).

In contrast, the dimension of the visible mould offset is affected by the precision during production of
the tools and the centering precision of the processing machine.
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2 2 2

a) Parting line b) Offset c) Combination
Key
1 toolelement1
2 tool element 2
3  parting line
4 offset
5 parting line + offset

Figure 5 — Parting line/Tool offset

Generally, combinations of both parting faults occur [see Figure 5 c]].
A distinction shall be made into functional and non-functional relevant areas here.

As arule, the required mould parting conditions shall be defined in size and location for functional and
subordinate areas. ISO 10135 shall be used for the applicable symbols.

7.4 Tolerancing of angular dimensions

Directly toleranced angles and edges are subject to mandatory agreement.

All angles and edges not directly toleranced are negligible for verification.

8 Acceptance conditions for moulded part production (ABF)

The test dimensions are regarded as acceptance values for normative acceptance conditions, if the
moulded parts are stored according to ISO 291:2008, Table 1, unless otherwise specified by contract
or the relevant ISO-material specification after production until acceptance as well as tested no earlier
than 16 h and no later than 72 h after production.

NOTE Reference conditions: 23 °C and 50 %RH.

If deviations from the above acceptance conditions are accepted by the parts producer, the acceptance
parameters shall be agreed separately between the producer and costumer, and documented (e.g. in
or on the labelling field with the note: Tolerancing ISO 8015 AD - “Agreement document number xxx").
Exemplary feasible acceptance parameters are listed in Annex G.
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Annex A
(informative)

Dimensional reference levels for application and production of the
moulded parts

A.1 Sizes and dimensional relations

Dimensional reference levels for application and production of the moulded parts for identification
of the position (tolerance mean dimension, C), the shift (dimensional shift, AL) and the distribution
(tolerance, T) for the dimensional levels are illustrated in Figure A.1.

tA L,

=3 4
<
+
2
s L.
TCW 6
Key
1 parts application (application conditon)
2 moulded part application tolerance (total tolerance)
3 parts production (ABF)
4 moulded part production tolerance
5  tool production (ABW)
6  tool contour production tolerance

Figure A.1 — Dimensional reference levels for application and production of the moulded parts

A.2 Application conditions

Application conditions are all utilization and storage conditions of the parts during the application time
period after production, insofar as they effect the dimensional stability and functional performance of
the products.
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Application-induced dimensional shifts, ALa, result from the application conditions as situation-
dependent overlapping of various individual influences with variations in time. Anisotropy effects can
be of major significance in this respect.

The types and orientation of action are defined as follows:

— thermal expansion (+) or contraction (-): Dimensional change caused by temperature change, which
ensues with little time delay to the temperature change of the parts and hence should always be
considered.

— swelling (+) and/or post-moulding shrinkage (-): Dimensional change caused by molecular and
micro-morphological structural processes as well as by diffusion and migration processes,
which ensues with large time delay to the change of the relevant active factors and should hence
be considered as a complex variable in relation to situation and time. After-shrinkage results
from molecular short-range order effects (e.g. post-crystallization, readjustment of molecular
orientations), chemical reactions (e.g. post curing), dissipation of volatile components or drying out
(e.g. water, condensation products, solvents and thinners, plasticisers), migration of liquid and solid
components (e.g. plasticiser migration, chalking) as well as by relaxation (compensation) of elastic
tensions. Swelling is caused by media absorption, in particular also water absorption.

— wear of internal dimensions (+) or external dimensions (-): Dimensional change caused by material
abrasion, which is to be considered in relation to the type, size duration of the wear load (friction,
cavitation, erosion).

— mechanical deformation as expansion (+) or compression (-): Part deformation caused by external
forces and/or moments.

A.3 Moulding-induced dimensional shift, ALy

Moulding-induced dimension shift, ALy, results from dimensional decrease (-) due to the moulding
shrinkage and possibly from partial dimensional increase (+) as a result of dimensional corrections for
dead compression areas (crushing areas), loose enclosures and jaws. The designation contour allowance
is also normal for ALy.
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Annex B
(informative)

Causes and influential factors on the moulding shrinkage of non-

porous plastics

The causes and influential factors on the moulding shrinkage of non-porous plastics are shown in

Table B.1.

Table B.1 — Causes and influential factors on the moulding shrinkage of non-porous plastics

Causes

Effect on the moulding shrinkage

reducing

increasing

Density increase as a result
of thermal contraction due
to cooling from demoulding
temperature to room tem-
perature and the compres-
sion due to the effects of
pressure

High effective pressure on moulding
compound until demoulding and
contour until demoulding (after-
pressure)

Low demoulding temperature (long
cooling time and/or low contour
temperature)

Low  coefficient of  thermal
expansion (hard-elastic polymers)

Low or premature withdrawn
after-pressure until demoulding

High demoulding temperature
(short cooling time and/or high
contour temperature)

High  coefficient of thermal
expansion (soft-elastic or rubber-
elastic polymers)

Density increase as a result
of thermodynamically in-
duced structural arrange-
ment processes (crystalli-
zation; gelation)

Amorphous polymers

Low degree of crystallinity of semi-
crystalline polymers due to rapid
solidification (supercooling due to
low contour temperature and/or
thin-walled parts)

High degree of gelation of polymers
containing plasticisers

Semi-crystalline polymers

High degree of crystallinity due to
slow solidification (high contour
temperature and/or thick-walled
parts) as well as by improved
nucleation (nucleation additives)

Low degree of gelation of polymers
containing plasticisers

Density increase as a result
of molecular structural

and cross-linking process-
es (curing; vulcanization;
polyreaction)

High degree of cross-linking
and hence lower coefficient of
thermal expansion (long curing
or vulcanisation time and/or high
mass temperature)

Moulding compounds essentially
preformed or cross-linked
materially (e.g. prepolymers)

Low degree of cross-linking
and hence higher coefficient of
thermal expansion (short curing or
vulcanisation time and/or low mass
temperature)

Non-cross-linked preproducts
(oligomers) or monomers as
moulding compounds

Stiffness or curing change
due to additives (e.g. filling
and strengthening agents;
plasticisers)

Additives with low coefficient of
thermal expansion (e.g. inorganic
filling and strengthening agents)

No or low plasticiser additives

Additives with high coefficient of
thermal expansion (e.g. organic
filling and strengthening agents)

Plasticiser additives
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Annex C
(informative)

Evaluation of the production expense

The evaluation criteria listed in Table C.1 for the production expense for classification of the tolerance
series are to be understood as an orientation aid. According to the current experience of the user, they
can be supplemented and weighted differently.

© ISO 2018 - All rights reserved 21
Este documento ha sido adquirido por DOGA GESTIO.

Para uso en red interna o en cualquier plataforma corporativa se requiere de autorizacion previa de AENOR



:2018(E)

ISO 20457

'SUOISUSWIP PadueIa[0) A[9S0[d MaJ A[uQ

‘urtadwa) snouadowoy ajqeus prnoys ugdisap 3.1ed papnop

ugisap
"UOIIB[NI[ED UOIIBWLIOJOP PUE Uone[nuIIs Sulf[lj Y3m ugisap a[qredwod onsed u3isap a[qrredwod o11se[d 11ed papnop
ardwrs
‘y31y A19a Ao€IN20€ UOIINPO.1J [93eIaAE AdBINIOE UOIONPOId| AJEINIIE U0IdNpo.Id
‘sjusuoduwiod [003 SurAOW 33 JO dduepINgG JJ13s pue asidaad Appuatoyng
‘s1red uo13oa(ur 9yl Jo SS9.13S [EITURYIIUW MO[ Y3IM Surp[nowa( 'seljlaed [[e
- I9A0 yum parjdwod aq ued
100 313 U1 SUOLIPUOD [EULISYI PIOUBIEY | 1011 so5ue10[03 oY) 3091 A1)
"SIIIABD [[B J9A0 YIIm parjduiod aq ued [-awo0ad ay3 jo Ayxajdwod ay3
Je1[} S9OUR.IS[0] 93 109)Je A13ow0aS a3 JOo A}Xa[dWO0I 3 PUE SIIIAED JO J9qUINU dY,[,| PUE SIIIIABD JO JoquINU 3y ],
(‘uorsoJa YyMm paurelje aq J0UUED JNOIUOD
puno.sd e jo Aoeandoe ay3 ‘ajdwexs 10,) "Adeandoe paainbal ay3 sa[qeus p[noys Sjuawa[a
A139wW098 paoue.a[0l A[329.11p 913 .10J IN03U0I [003 33 .10J poyraw uondnpo.ad ay], aqqusstuetad 30| -oqqissiuriad syasur
‘(s1003 apead) s[o03 A[1wiej ON 'S11asul 93ueyd JNOYIIM S[00], -u1 a3ueyd Maj Yi3im S[o0o], a3ueyd yim s[oo], o0y,
‘(uonzesoniserd 8-9) pajensul A[jeroads A(qissod sauryoew urpnow uonoa(uj SUOmp SUORIPUOD
"SWO00.I PAUOI}IPUOI-IIE U I0 SUOIIPUOD 9JBWI[D WOO.I PAIILIISAI [HIM UOIINPOIJ| -UO0D JudwuodiAua doysiom ajdwis ur uoronpo.ad [e3usWUO.IIAUY
‘[eaowal [13un sired uorda(ul ay3 10J SUOIIIAS SUI00I pauya(
‘spunodwod uipnow 2171ydoapAy 10j I1oA1p Iie-A1Qq
's11ed uor3oa(ur ay3 jo [eaowal a3 J10j siled UOILISUI JO UOILIDSUL 10J SII1AIP SUI[pUBH
‘(1ouunu 30y) aanietadwal ssew a3 Jo SULI0}IUOW d)BINIIE A[JUIIJIJINS
"3uI8priq INOYIIM UOTIB[NDIID PIIIO0Y
M (§‘Z 03 G‘T) "Xew wan3a.l — MoJj,[y Surloduia) paj[o.13uo) A1oyduiag
‘(31 T¥) pajo1auod aanjeradwal mofj - eipawt Surtadwa], "[003-}J0 paonpo.d aq ued sired uor3oafug /aan3jonaiseqjuj
aqissod
"JUsWUSISSE aUIYdBW AIBUOIIBIS YIM SIUIYIBW palj10ads Uuo uoonpodd | Juswugdisse auryoew AIeUO0IE1S INOYIIM U01IONPO.Id
'91N30N.13S JJ13S A[[e109dSa YIM SUIYIR
. T3 g ‘SI919Wel
(uonye.aqrrea) saurydew ay3 jo asuadxa Suriojruow [erads paseatou] -ed ssa001d ay3 jo
“Te[IwIs .10 [0.13U0D 3YFIoM 10 [013U0D ‘s1ojowreted ssaooad ay3| SurIo}IUOW INOYIM A1auryoew

e1owed olyderSouwIayy 10 SI0suds aanjeladua) 10 SI0suas a.Inssa.ld [euonippe 10j suon
-do Suriojruow papuaiIxa YIm saulydew Surp[now uodaur pajjoluod uo uonaINpo.dd

Jo uLIojIUOW YIIM SUlYdew
Surpnow uonoaa(ul piepuels

saulyoeW Juiprnow
uo13da(ur paepueis

/auryoew 3ul
-pnow uonaafuf

uonodnpo.ad [eads uoisa.Ig uononpo.ad uoisa.ad

uonodnpo.ad ajeandy

uononpo.ad ajdwig

UOLIdILI)

asuadxa paambau 1o suonndo uonenuaIdjjiq — 1) dqel

22

© ISO 2018 - All rights reserved

Este documento ha sido adquirido por DOGA GESTIO.
Para uso en red interna o en cualquier plataforma corporativa se requiere de autorizacion previa de AENOR



:2018(E)

ISO 20457

‘'suonpuod age.lols pue y1odsuery
pauijap Ajjeroads ‘Tertajew uo gurpuada(

‘uonyesnafed/s1ahe]
/sAexy ul uideped [enpiaipul £1eSS939U
J1 21ed ay3 03 pardepe uideyoed [eroads

"31ed a3 03 pardepe uidexoed [eroadsg

JuswaaIde 19y

durdeyoed syaeq

juswadeuerW Yd3eq YIIM JUISAIJ

JuasSa.dd

uonel
-U2WINd0Pp SSad0.dd

"SSE[d
Adeandoe 1ay31y Jo walsAs Surinseawl (¢

waISAs urinseaw (s

"SUOISUaWIP 9SaY3 JO uon
-dadsut 9, 00T 2Y3 10j 3uswdinba 03 ysnoaya
SUOISUSWIP paduetajol A[[e1oads a3 JO S35}
Ayenb paysaw-A[aso[d pa.ojiuow-ssadoad
M uondadsul Surpnpouod pue dniyaeis

's3s93 £311enb paysaw £[aso[d
y3m uorzdadsur Surpnpuod pue dniieis

'$1S9] WILIdUI
payoads yam uonpoadsur
Surpnpuod pue dniiels

uonoadsur 3ur
-pnpouod pue dniiels

gur
-10yuouwr Ayfeng)

‘uon

-eziwdo ssao0.d .10 a3pajmouy pajreiap aJow Yim [puuostad parjijenb pue paure.ly,

‘[ouuos.aad [eos
-1uyd93 pauley A[[eayoads

[ouuostad paured],

[ouuos.Iad

‘s3aed UOI1.I9SUI JO UOIISSUI 0] S921A9p Sul[puey

‘SJO1ISLI9ldedeyd

suolsuawip juelrodwl pue padue.a[0l A[9So[d A[[e10adsa Jo }29Yd 9, 0QT ‘AIessadau J|
P puep [03 A[3SOTD A[] Jo ¥do9y 3

'S9OUE.ID[0} padnpal Yum siled paseyodand

‘S9OUE.I9[0} plepuels Yiim siied paseydind

s1aed uonaasuj

‘(punodwod Surpnow
paijioads) saoueuajol A[ddns pajoriysal
yam axem ad £y Ajuo spunodwod Surpnoy

a1em ad A3 Auo spunoduwiod Suipnojpy

'S9AI}IPPE aAlSeI(E JO 9SED Ul S.INn0juod (003 aY3 JO JeaM I3y)

d[qeasn A[a11uljap a1e[ohiay

pasn aq ued 93e[4d9y

punod
-wod uipnop

uononpo.ad [enads uoisaIg

uononpo.ad uorsa.ad

uononpo.d ajeandoy

uononpo.ad ajdwis

UOLIILI)

(panunjuos) 1+ d[qeL

23

Este documento ha sido adquirido por DOGA GESTIO.
Para uso en red interna o en cualquier plataforma corporativa se requiere de autorizacion previa de AENOR

© ISO 2018 - All rights reserved



ISO 20457:2018(E)

Annex D
(informative)

Validation of machine or process capability

The production tolerances indicated in this document are to be regarded as minimum possible
tolerances. No additional scopes for the validation of machine or process capability are calculated
in these tolerances. Many different factors have an effect on the dimensioning, with the result that a
process control in the actual sense of control card systems is not normally possible. Rather, control
cards are used for monitoring and documentation of the injection process, for example. If machine or
process capability validations are required, a broadening of the tolerances is necessary so that sufficient
scope from the tolerance limits to the mean value is established in which the process can move.

In addition to the machine and process capability validations, validation of the measuring
instrumentation capability is often required. The validation of the measuring instrumentation capacity
according to the ANOVA model cannot be applied to the injection moulding process, as the entire process
width cannot be simulated in the injection process and hence the process distribution in relation to the
measuring instrumentation distribution is too low.
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ISO 20457:2018(E)
Annex E
(informative)

Main causes for dimension, form and location deviations in
moulded part production

The main causes for corresponding dimensional deviations are:

moulding compound and moulding-induced distribution of the moulding shrinkage;

uncertainties when determining calculated values of the moulding shrinkage for the tool contour
calculation, in particular in case of large shrinkage values and for shrinkage anisotropy;

different elastic recovery capacity of the parts after demoulding, depending on moulding compound
stiffness or hardness;

tool contour wear;

production-induced dimensional distribution of the tool contours including deformation due to
hardening and surface coating;

deformation of tool parts as a result of pressure loads.

Form, location and angle deviations created due to deformation of the moulded parts as a result of
shrinkage anisotropy and possibly due to the compensation of elastic tensions after demoulding in
interaction with the moulded part design.
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Annex F
(informative)
Example for determining the Dp dimension for application of
Table 9

Dimensions in millimetres

Figure F.1 — Example diagram for determination of the Dp dimension

The Dp dimension is determined according to 7.2 as the furthest distance in the space between the
element to be toleranced and the origin of the datum system used for this position tolerance.

The origin of the datum system is the intersection between the datum plane A and the centre line of
datum B. The slot C is only the rotational stop.

This distance is Dp = 300,92 mm here. The technologically tenable position tolerance is 2 1,26 mm for
TG 4 according to Table 9 (not tool specific).

NOTE If a dimensional tolerance is selected as a length dimension for the dimensioning of the semi shells
instead of the geometrical tolerancing, Table 2 is consulted and the tolerance for the length dimension 30 mm
determined there used for determination of the tolerance for the dimension 30 mm with Dp = 300,92 mm. When
indicating ISO 20457 - TG4 NW, the dimension 30 mm receives the tolerance +0,45 mm in the above example.
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Annex G
(informative)

Feasible acceptance parameters

Feasible acceptance for separate agreements between manufacturer and buyer can be:

dimensional location and dimensional deviations (if necessary, after testing);
dimensional inspection method;
minimum and maximum time period of the dimensional inspection after the parts production;

storage and test conditions until parts acceptance (room air temperature, relative air humidity, if
necessary a special storage regulation).

Such deviations from the usual acceptance conditions can be:

follow-up operations at the parts manufacturer with material application (painting, coating) or
material removal (cutting, grinding, polishing);

parts aftertreatment by tempering (preliminary removal of the after-shrinkage, compensation of
inner tensions, after-hardening) or follow-up operations with significant thermal load (painting,
solder wire treatment, etc.);

parts aftertreatment by conditioning, e.g. by soaking (preliminary removal of the swelling,
increasing toughness);

low dimensional stability of structure and state of mould material for ABF. Examples are structural
changes to the crystalline phase of semi-crystalline polymers (e.g. PB-1) and swelling as well as
plasticisation as a result of water absorption of thin-walled moulded parts (below 2 mm) made from
hydrophilic polymers (e.g. PA6, PA66, PA46; biopolymers).
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