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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.
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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
moukeinre—retatioral—moetdding quire—a—different—evaluation—and—quantifieation—efqgeometrical
tolerpnces in comparison to metal materials. The tolerance standards applicable for inetal parts,

thersg xtent which

led t

fore, cannot be adopted for plastic structures or can only be applied to a very lintited ¢
b the development of this document.

5 defined in
ration.

The
Annd

Linique properties of plastics mean that three different dimensional referéence level
X A and characterized in respect to the main influential factors are takenrinto considg

The following is the preferred sequence of steps to ensure effective coopéeration in the effe
and dlevelopment of moulded parts.

ctive design

.

a)

b)

Dime

and

In adldition to the“factors affecting dimensional control, there are other factors whig
dimd
warf
fill profiles,.~These factors and the basic complexity of polymer systems make standardi
more

[he part designer specifies the functionally required tolerances based on the

fequirements including, part functionality, use environmént;, and any assembly requirg

The moulded part manufacturer confirms that the functionally required toleranc
than or equal to the tolerance capability of the manufacturing technology to be use
qvoid impractical tolerances which cannot be ‘aghieved without incurring adverse ¢

roductivity effects. The functionally required*tolerances should always be defined i
ﬁocumentation.

.

[he functionally required tolerances should always be defined in the design docun

h

in which the functionally required tolerances cannot be achieved, if at all, witho
q

the moulding shrinkage should be agreed between the part manufacturer and toolm
designer, with consultatienwith the material supplier as necessary.

nsional control of the moulded part is primarily affected by the material specified, thg

ool layout, and the.processing conditions.

nsions, patt-integrity and mechanical properties. These factors include anisotropi
age and distortion due to non-uniform thicknesses and resulting non-uniform coolin

difficult in comparison to conventional materials such as metals.

application
ments.

aY

is greater
d. This is to
bconomic or
h the design

hentation in

der to establish the basis for determining the moulding shrinkage. This is to prevent situations

It excessive

crap generation and excessive cost. After order placement, calculated values with respect to

aker or tool

part design

h influence
t behaviour,
g rates, and
ration much

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.

© ISO 2018 - All rights reserved
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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.

vi © ISO 2018 - All rights reserved
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Plastics moulded parts — Tolerances and acceptance
conditions

1 Scope

This

document specifies possible manufacturing tolerances for plastic moulded parts.

This
with
requ

This
com
ther
plast

Moul
well

This

toler

2

The
cons
unda

ISO ]
Part

ISO 14
Part

ISO 4

ISO
Dete

ISO 4

document specifies all integral features with general tolerances with surface prefi
n a specified datum system. It allows for additional specifications in case of functionj
rements using the [SO-GPS-tools for dimensional and geometrical tolerating,

document addresses injection moulding, injection compression moulding, transfe
ession moulding and rotational moulding of non-porous moulded partsmade from the

r
i‘loplastic elastomers and thermosets of thermoplastics. This dogiiment is applical

ic processes if agreed to by the contractual parties.

ded part surface imperfections such as sink marks, undesired-flow structures and rq
hs joint lines are not addressed in this document.

document is not intended to supplant, replace or indany way interfere with requi
ances found in product standards.

Normative references

following documents are referred to in.the text in such a way that some or all of t
fitutes requirements of this document.For dated references, only the edition cited
ted references, the latest edition of the referenced document (including any amendme

86-1, Geometrical product specifications (GPS) — ISO code system for tolerances on lif
1: Basis of tolerances, deviations and fits

D: Tables of standard tolerance classes and limit deviations for holes and shafts
91:2008, Plastics~* Standard atmospheres for conditioning and testing

P94-4, Plastics — Injection moulding of test specimens of thermoplastic materials
rminatiomof moulding shrinkage

577, Plastics — Thermosetting moulding materials — Determination of shrinkage

ISO §

le tolerance
] needs and

r moulding,
rmoplastics,
ble to other

ughness, as

rements for

heir content
applies. For
hts) applies.

vear sizes —

86-2, Geometrical product specifications (GPS) — ISO code system for tolerances on linear sizes —

— Part 4:

1015, 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:

|
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3.1

:2018(E)

[EC Electropedia: available at http://www.electropedia.org/

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 inrare

exceptional cases.

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

3.2

size
dimensiona
feature or o

Note 1 to ent
parallel oppd
of size, the te

Note 2 to ent|
deals with lin

Note 3 to ent

[SOURCE: I§
document” ¢

3.3
general tolg

parameter considered variable for a feature of size that can be defined“on"a norx
N an associated feature

ry: In this document, the size is linear, e.g. the diameter of a cylinder or the distance betwee
site planes, two opposing lines, and two concentric circles. Depending on the type of linear fe
Fms “diameter”, “width”, and “thickness” are synonyms for size.

ry: A size is angular (e.g. angle of a cone) or linear (e.g. diameter of a*cylinder). This documen
ear size.

Fy: For further information on linear size, see ISO 17450.

0 17450-1:2011, 3.4, modified — References to 1SO 14405 have been replaced with
ind a Note 3 to entry has been added.]

erance

tolerance on geometrical elements used as default,if the element has no direct tolerance (indiv|

tolerance)

4 Symbg

4.1 Gene

The symbol
abbreviated

4.2 Symb

c td

)ls and abbreviated terms

ral

5 and abbreviated terms according to ISO 1043, ISO 18064 and the following symbol$

terms apply forthe application of this document.

ols

lerance mean dimension

ninal

h two
ature

F only

“this

idual

and

tolerance mean dimension for moulded part application
tolerance mean dimension for moulded part production

tolerance mean dimension for tool contour production

datum system used for this positional tolerancing

Lg
Lw

Ng

moulded part dimension
tool contour dimension

nominal dimension for moulded part drawings

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

© ISO 2018 - All rights reserved
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Ta

T

total number of points

point evaluation of the individual influences
tolerance

form and location tolerance

moulded part application tolerance

moulded part production tolerance

ISO 20457:2018(E)

Tw
VS
VS
VS
VSmalx
VSmih
VSr
AL

ALp
ALy
AS

AVS

4.3

ABF
ABW
GA
IRHI

tool contour production tolerance
moulding shrinkage

moulding shrinkage transverse to the melt flow direction

moulding shrinkage parallel to the melt flow direction
maximum moulding shrinkage

minimum moulding shrinkage

average calculated value for the moulding shrinkage
dimensional shift

application-induced dimensional shift
moulding-induced dimensional shift

distribution of the moulding.shrinkage

difference between VSl and VSy;

Abbreviated terms

acceptancecoiiditions for moulded part production
acceptanee conditions for tool production
maximum permissible deviation

International Rubber Hardness Degree

IT
NW
TG
W

standard tolerance
non-tool-specific dimensions
tolerance grade

tool-specific dimensions

5 Tolerancing of plastic moulded parts

5.1

General

The independency principle according to ISO 8015 applies when using this document.

© ISO 2018 - All rights reserved
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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

symmetrica

1 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 othe
not met, do

Certain par
their define
the manufag

Functionally

In the case
datum systq

For the oriel
of datum fed

NOTE
system is sta

Inthe case o
component
each materi

A standard
defined in I

5.2

This docum
tolerances. ]
as for direct]

Figure 1 giv|

"wise defined or by agreement, plastic moulded parts, in which the general tolerange
hot have to be automatically rejected if the functionality of the part is not compremise

[s, when removed from their manufacturing environment, can deform sigrificantly
H limits owing to their weight, flexibility or the release of internal stressés resulting
turing processes.

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

bf non-rigid parts, the measuring concept is of special importanee (functional orientg
m and overdetermination, gravitational influence, pretension, etc.). See also ISO 1057

ntation of the part, datum target points or small datum.tatget areas have to be used inj
tures (e.g. complete planes).

The datum system reflects the orientation of the partinthe assembly. It is important that the d

ble.

f parts moulded from dissimilar materials_(e.g. over-moulding) or assemblies using mu
parts moulded from different materials,)a separate tolerance grade shall be specifie]
h| used.

S are
d.

from

from

tion,

tead

atum

tiple
d for

atmosphere in the plastic rangé is' 23 °C + 2 K and 50 % * 10 % relative air humidity as

0 291.

Intenftion

ent has two intentions. One intention is to give the part designer a guideline for prody
he other is to s€rve as a standard for general tolerances for all geometrical features af
tolerances (individual tolerances).

es an overview about the intentions and about the composition of tolerance.

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

1

Toler

apply
poss

5.3

Only
shall

EXAN

Geng
dired
resp

Profi
resty

Geng
draw

5.4

Agreement size position surfagepi

rofile

between supplier
and customer

necessary if table 2 table 9 table 1
required tolerance

is smaller than
general tolerance tolerance group TG (fig. 4)

Figure 1 — Determination of tolerances for pldastic moulded parts

ances of features with functional requirements shallvbe directly specified. Genera
 to non-functional features (e.g. surface profiles, line profiles) and can be as large a
ble.

General tolerances

series 1 (simple production) accordingto Table 8 applies for general tolerances. Gener:
be indicated in or near the title block:

(PLE General tolerances ISO 20457:]]]] - TGé6.

ral tolerances for size appty,only on explicitly drawn dimensions on the drawing indicz
t tolerances (individualtolerances). General tolerances for positions apply to features
bct to the master datam system only.

le tolerances of asurface shall be applied as general tolerances, specified in detail in t
icting all 6 degrees of freedom.

ral tolerandes for features of linear size apply only on explicitly drawn nominal dimer
ing.

| tolerances
5 practically

1] tolerances

ted without
bf sizes with

he drawing,

Isions in the

Birect 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

© ISO

2018 - All rights reserved

5


https://standardsiso.com/api/?name=b77941bf7c0ae563a85387c3a3f4c7c0

ISO 20457:2018(E)

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

5.7 Specification of freeform surfaces

Functional free form surfaces shall be specified with a surface profile tolerance. The y€rification

be fixed in t

6 Mould

6.1 Gene

This docun]

attainable p
a general as

6.2 Moul

The mouldi
23°C+2K

until measurement and measured accordingte-1SO 291:2008, Table 1, unless otherwise specifig
contract or

Lg
VS=|1+—— [x100%
Ly
where
L i the moulded/pdrt dimension;
Lw  idthe toolksentour dimension.

The relativq

(e.g. test pa

RyattTam altermativety be toleranced by profite forms:

he contract between producer and costumer.

ing compound properties

ral
ent does not contain any type lists for moulding cempounds or their assignme

roduction accuracies. Accuracy-relevant properties shall be considered in order to ind
cignment scheme for the large number and variety‘of moulding compounds.

ding shrinkage and shrinkage anisotropies

hg shrinkage (VS) is the relative differtence between the tool contour dimension I
and the corresponding moulded part-dimensions Lr 16 h to 24 h after production, st

he relevant ISO-material specifieation. It is calculated according to Formula (1).

. moeulding shrinkage for thermoplastics and thermoplastic elastomers is detern|

shall

ht to
icate

w at
ored
d by

M

1ined
test

nels) according to ISO 294-4 and for thermosets according to ISO 2577 on standard

specimens. Physical causes of the moulding shrinkage and the effect of influencing factors are indicated
in Annex B and Annex E.

© ISO 2018 - All rights reserved
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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 =1VS | —VS, I

Primary causes for anisotropicity include:

(2)

— 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

ne moulded pdrtdesign,

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

rientation offillersand reinforcements,and molecular orientation as aresultof'shearanid elongation

lows. In particular, particle shape and aspect ratio (length-thickness ratig er side-thid
f the fillers and reinforcements affect the anisotropy characteristics.

[t can be derived from the variety of influences on the moulding shrinkage-and shrinkage ani

num
ASis

The
prod
part

Aver

and s

This

mant

data

the 3

mou

mant

toal

state

The

valug

NOTE

erical values are only realistic as range data. The resultant distribution of the mouldin
derived from the extreme values VSmax and VSnmin It is calculated according to Formul

NS = VSmax - VSmin

Hegree and uniformity of the shrinkage distribution can be affected by many facto
uction conditions (process optimization), batch-relevant moulding compound differend
shape and sprue technology.

hge calculated values of the moulding shrintkage VSR are specifications for tool design, g
ampling of the tools. It is calculated according to Formula (4).

SR =0,5(VS max + VS min )

calculated value, which is-a'basis for the tool design, is primarily expected from the n
hfacturer, as the latter canactively influence the shrinkage in limits and usually has co
They can be generated-as a by-product from dimensional check measurements. In s]
hrinkage values ate,to be made more precise by sampling with similar tools. In g
ded part manufacturer can use corresponding data and experience of the mouldin
ifacturer. In the case of distinct shrinkage anisotropy, the shrinkage differences can b
imited extent\by dimensional provisions in the tool. Computer-assisted shrinkage and

ments might be able to provide information in respect to this.

chrinkage distribution is also of major significance for the attainable production ac

kness ratio)

sotropy that
g shrinkage
h (3).

(3

rs including
es, moulded

onstruction

(4)

oulded part
rresponding
becial cases,
ddition, the
b compound
e considered
Heformation

turacy. This

 fange is to be estimated according to experience of the moulded part manufacturer.

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 Tol¢rance grades for features of sizes

In order to|approximately adapt the distribution of the production toleranees resulting from the
moulding cpmpound and process, and their particular nominal dimensional relation for plastic
moulded pafts to the ISO system for limit dimensions and fits according to ISO 286-1 and ISO 2B6-2,
nine tolerance grades (TG1 to TGY) in three nominal dimension ranges were assigned to the 1SO pasic
tolerance grjades (IT) for tool-specific dimensions in Table 1.

Table 1 — [Folerance grades (TG) with associated ISO staridard tolerance grades (IT) accorgling

to ISO 286-1
Nominal dimension ISO standard tolerancegrades (IT) for tool-specific dimensions
mm TG1 TG2 TG3 TG4 TG5 TG6 TG7 TG8 TGO
1to6 8 9 10 11 12 13 14 15 16
>6to 120 9 10 N 12 13 14 15 16 17
>12040 1 000 — 11 12 13 14 15 16 17 |8
The tolerancef are subject to mandatory agrgement as a rule for nominal dimensions below 1 mm and above 1 000 min.

NOTE1 Tdble 1 serves as information for the basiclayout and content of Table 2. Further usage is not reqiiired.

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

The permisgible limit dimensions for plastic moulded parts are summarized for the practical applicption
in Table 2.

The manufafctuting 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

© ISO 2018 - All rights reserved 9


https://standardsiso.com/api/?name=b77941bf7c0ae563a85387c3a3f4c7c0

:2018(E)

ISO 20457

T xouty oos Amraedesssooopd pue saulyoew jo uonepijea.lod 8 4.LON
‘991 - WIN-([[[:£5%0Z OSI :o[dwexd ‘Smo[[0j Sk Uoljejuawndop ugIisap ay3 ul pajedrpul a1e sadueIa[ol [elausay / qLON
...—EQEQQLMN \rOumﬁ:mE 0} HUGHLSW 9.€ SoSFaUJIY] [ellajell .10 Sadue.da[0], 9 . LON
'S90UE.I9[0] [B19USS 10J pasn a.le Suolsuawlip d1j109ds-[po3-uou .10 sanjea yywi] ayl A[uQ S A.LON
"Juswea.1de A1olepuew 03 303(gns aae ww )00 T 2APqe pue wuwl T Japun suoisuswlq ¥ .LON
"9ZIS([elIWOU SB Pasn SIUaWNI0P SIY3 JO 77 03 SUIp.10ddk uoisuawip d@g ay3 “1ayjoue auo pi paijIys padue.Lie a.le inq A[30911p 1930
[OBd 90BJ J0U Op ey} sadejIns [gffeded usamiaq adueisip,dayl jo Surueaaol 1oy ‘(dy = dy) sGuimeap 31ed papnout 1oj sazis [eurwiou se A[flde suorsuawip ueaw adueId[0], € ALON
'6D.L, 10J A1eSS929U J0U ST UOISUSWIP J1j109dS-[003-uou pue d1J109ds-[003 Jo UOIIeIIUSISJIIP 9L, Z ALON
‘Suoisuauwip UCUOQmAOOu-EOZ MN umﬁo_mﬁmgzu U_m_umn_m;ooﬁ ‘M T HLON
0S'8¥ OTL¥ | 02'9% | P¥'S* | 06'%F | SY¥F | SOF® | 09'¢c* ST'e* GZ'z¥ | 0S'T+ GZ'T+ SOT+F 6'0F | SL'0F | 8¥%0F 69.L
0g‘s* 0Sv+ | 00%+ DS'CF | ST'CF | S8CF | 09CF /) 0ECF | 00°CF 071+ G6'0F | 080F | S9°0F ES'0F | SP'0F | 0€0F | MN 891
05V 00%+ | 0S'€* | EI'€* | S8CF | 09CF | 0€C+ | 00z~ 0v'1+ G6'0F | 080F | S90F | SS0F E7'0F | 0€°0F | 0Z0F | M
0g‘er 08ZF | 0SZF | pZ'z+ | 002+ | 08'TF | 09'TF | S¥'TI+ ST+ 06'0F | 09°0F | 0S'0F | Z¥OF LE0F | 62'0F | 0207 | MN 51
08CF 0S‘ZF | 02CF | po'z¥ | 08TF | 09T# | S¥T1+ | SC'I+ 0607 090F | 0S'0F¥ | Z¥0F | SE0F | 620F | 0Z'0F | €T0F | M
)4 08T+ | 09T+ DYT+ | SZTF | STT+ | SO'TF | €607 080+ LS0F | LEOF | TE0F | 9207 rZ'0F | 81°0F | ZT'0F | MN 9oL
08T+ 09TF | 0¥'T* GZT+ | ST'T+ | SOT+ | €6'0F | 08°0F | LS'0¥ LE0F | TE0F | 92°0F | 2Z'0F BT'0F | ZT°0F | LO00OF | M
0ETF ST'T* | 00T+ B3'0F | 840F | 0L0% | S9'0F | 850F | 0S'0F 9¢'0F | €20 | 0Z'0F | LT'0% 107 | TT°0F | 80°0F | MN <O
ST'TF 00TF | 880F | BLOF | 0L0F | S90F | 850F | 0S'0F 9€°0%F €c0¥ | 0Z'0F | LT'0F YL0F [T'0F | 80°0F | SO0F | M
€807 0L0F | €9°0F ES0F | 6%'0F | SY'0F | T¥'0F | SE0F rANIES €T0F | /ST0F €r'oF IT'0F | $0°0F | 80°0F | SO0'0F | MN
0L0%F €9°0F | SS0F bV'0F | SY'0F | T¥'0F | SE0F | ZE0F €207 ST'0% ero+ 1T°0% 60°0F | $0°0F | SO0F | €0°0F | M voL
€5°0F SY'0F | 0%'0F GE0F | ZE0F | 62°0F | 92°0F | €707 0Z'0% ST0% 0T‘'0F )| 800F | LO0OF D0‘0F | 0S0°0F | 0€0°0F | MN el
SY0F 0%'0¥ | SE€0% LE'0F | 62°0F | 92°0F | €2°0F | 0Z'0F ST'0F 0T'0F | 800F Y Z0'0F | 90°0F E0'0F | 0€0°0F | 0200F | M
— — — ZZ'0F | 02°0F | 8T°0F | 9T'0% | ST'0F ET'0F | 060°0F | 090°0F | 0SO0DF | Z¥00F | Y€0°0F | 620°0F | 6T00F | MN 7oL
— — — DZ0F | 8T0F | 9T'0F | ST'0F | E€I'0F | 060°0F | 090°0F | 0S0°0F | ZVO'OF A _SE00F | €20'0F | 6TO0F | ET00F | M
- - - - - - - - GS0'0F | ¥¥0°0F | LEO'OF | TE00F |\920°0F | dz0‘0F | 8T0'0F | ZT0'0F | MN 9L
— — — — — — — — ¥¥0°0F | LEO'OF | TEO'0F | 920°0F | 2Z0/0+ | H00F | ZTO'0F | LOO0OF | M
000T 008 0€9 00S 00% STE 0S¢ 08T 0¢t1 08 0§ 0€ 81 (1]8 9 €
031 008< |03 0€9<|0300S< | OFOOV=<TOFSTES|OFOSC< [ OF08T=< 03 0CT< 0¥ 08< [ 03 0S< [ 03 0¢E< ] O3 8T= | OF¥01< 19< 03 €< 0171 wuw_ﬂwwwoh
sogue. 9ZISs [eulwiou 10J (YD) suoISuawiIp Jwi']

SOI}WI[[W Ul SUOISUaWI(J

SIZIS JO S9.IN)EedJ .10J SUOISUIWIP JIWI] [BILIIIWWAS Sk S3dueI3[0) }.1ed pap[now dnse[d — Z d[qeL

© ISO 2018 - All rights reserved

10


https://standardsiso.com/api/?name=b77941bf7c0ae563a85387c3a3f4c7c0

7.1.2 Determination of the tolerance grades

7.1.2.1 General

ISO 20457:2018(E)

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 TG5 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.
© ISO 2018 - All rights reserved 11
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a  Simple p
not form

b Exemplal

7.1.2.2 Ey

Production processes P;

(Table 4)

Moulded material stiffness or
hardness P, (Table 5)

(calculated value) P; (Table 6)

Moulded shrinkage

The Olnt a sitgnmant ic canductad wath tha follavang aualiation matricac (cag Tahla 4 Tohla T
p dsi with-the folowing evaluation matrices {see Table 4 Table 5.

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

l

Can the structurally

required tolerance be
attained technologically

no

with simple
productiona?

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

yes
(Ps=0)

Determination of the tolerance group TG (Table 3)

y selection criteria arélisted in Annex C to assist the series assignment.

Figure-4 — Procedure to determine the tolerance grade TG

foduction = Production realized with general tolerances. Dimensional stability requirements tH
any special quality focus(see Table 8, Series 1).

aluation of the production process and moulding compound properties (P1 to P4]

at do

Table 6

TITIrrCTrc o totr

oot

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

Py

Injection moulding, injection compression moulding, transfer moulding

Compression moulding, impact extrusion

12
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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?
above 1 200 above 75 — 1
above 30 to 1 200 above 35 to 75 — 2
3to 30 — 50 to 90 3
below 3 — below 50 4
a  Nodutusofetasticity dry as mourded:
Table 6 — Evaluation matrices 3
Moulding shrinkage (calculated value) P3
below 0,5 % 0
0,5%tol1% 1
above1%to 2 % 2
above 2 % 3
The thaximum shrinkage characteristic value is definitive for the assignmentin the case of shrinkage anisotropy.
Table 7 — Evaluation matrices 4
Consideration of the shrinkage differences dué’to geometry and process Py
Pregisely possible:
Calcuilated values of the VS are known. (For example from experience, systematic measurements, com 1
putef simulations.) Shrinkage anisotropy is meaningless or can be considered sufficiently accuratelyj
in the relevant dimensional orientation. Possible'deviations from the calculated value are max. 10 %
Pregisely possible with limitations:
Calculated values of the VS are known.inranges max. to 20 %. 2
Only imprecisely possible:
Calcylated values of the VS are gnilyknown as rough guide values ranges. Shrinkage anisotropy cannof 3
be c:‘fnsidered or can only be-considered inadequately. Practical experience for estimating relevant
calcylated values is not ayailable. Possible deviations from the calculated value are above +20 %.
In geperal, it is assumed(that the shrinkage fluctuations due to variations in the processing conditions and [differences in
the npoulding compound properties can be approximately +30 % of the calculated value of the VS. The selectjon P4 = 3 is to
be made if no other ffformation is available.
After determiining Pq to P4 and their addition, it should be checked whether the structurallly required
tolerpnce €an be attained technologically with series 1 (simple production). If this is fulfillegl, all further
cons derati(_)ns will be _sufficient. The increase in '_che produc.tion expense contained in Ps only has to be
cons MM&W&@!@F&%d—AI

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).

© ISO

2018 - All rights reserved
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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) N
Production and quality assurance are oriented to higher dimensional stability requirements.
Series 3 (precision production) 5
Full alignmentofproductiomramdquatity assurarce tothe very highrdinrerrstomratstabitity requirenrents:
Series 4 (prjecision special production) 2
As series 3, hut with more intensive process monitoring.
The tolerance|Series 3 (precision production) and Series 4 (precision special production) are always subject to mandptory
agreement.

Exemplary gelection 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 tolergnced
dimensions, the rows assignment are to be performed after evaluation of the necéssary fulfilment degree pf the

questions below:

— Arethe Ioulded parts optimally designed and dimensioned in respectto dimensional stability?

— Arethe

oulds functionally reliable and consistent in respect to méchanical 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 documernt/material handling, moulding, and quality cantrol

systems

— Areoperjatingand quality control personnel adequately trained to ensure quality assurance and conformpnce?

— Are corresponding terms of delivery agreed in'respect to the dimensionally-relevant properties level pf the

moulding compounds, in particular the shrinkage fluctuations, and are these checked?

The actual ¢ffort to realizethe part-by/the moulded part manufacturer is derived from the required
dimensional] tolerances. Precision preductions (Series 3 and Series 4) are special cases whose realization
might requife special agreements-between the buyer and manufacturer of the moulded parts from an
economic operational viewpeint’(e.g. price surcharges) as well. It should therefore be expressly noted

that unnecefpsarily high tolégahce requirements lead to unnecessarily high moulded part costs.

7.2 Geometrical€olerancing

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

and positior] 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.

14 © ISO 2018 - All rights reserved
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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 gen

eral tolerances for surface profile tolerances specified in the drawing.

Table 10 — General tolerances for surface profiles

Dimensions in millimetres

Nominal dimension
5 <30 >30 to 100 >100 to 250 >250 to 400 >400to 1000
I i»)
Tolerache value
0,5 1 2 4 6
t
7.3 Parting line/Tool offset

Visible part
The location
shall be mag

The essentid
mould d
viscosit]

process
tool ins

quality
contour

In contrast,
the tools an

ng lines are unavoidable in the production of plastic parts in the original moulding prg
of the parting lines shall be agreed upon between the producer and-¢ostumer. A distin
le between a parting line and a parting offset. See Figure 5.

1l influencing factors for the parting line are:
uality of the design;
y of the plastics in the processing state;

ing parameters (essentially melt temperaturej tool contour temperature, injection sj
de pressure, tool retaining force and locatiof;of the changeover point);

of the mould release in the tool (accuraty of the mechanical processing, hardness o
-giving component parts, service life.bf the tool).

the dimension of the visible mould offset is affected by the precision during producti
 the centering precision of the processing machine.

cess.
ction

beed,

f the

on of

16

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=b77941bf7c0ae563a85387c3a3f4c7c0

ISO 20457:2018(E)

1 1
—»—4-‘3
4 <
/ ¥
\. ? | —
/]
2 2 2
a) Parting line b) Offset c) Combinatjon
Key
1  tool element 1
2 tool element 2
3  parting line
4 qffset
5 parting line + offset

Figure 5 — Parting line/Tool offset

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

As afule, the required mould parting conditions shall be defined in size and location for fuhctional and
subofdinate areas. ISO 10135 shall be used for the applicable symbols.

7.4 | Tolerancing of anigular dimensions
Dire¢tly 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 act dimancione ara ragardad Ac accantanca ualiiac for marativug Nccantancn cand tlons lf the
ST O S To o o O T o o r Gt st e prantt—v arat oo oty E o tee prante—Contr )

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.

© ISO 2018 - All rights reserved 17
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Annex A
(informative)

Dimensional reference levels for application and production of the
moulded parts

A.1 Sized and dimensional relations
Dimensional reference levels for application and production of the moulded parts for identifichtion

of the positjon (tolerance mean dimension, C), the shift (dimensional shift, AL) and the distribfition
(tolerance, T) for the dimensional levels are illustrated in Figure A.1.

1—————— % >

tA L,

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.

18 © ISO 2018 - All rights reserved
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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.

— swelllng +) and/or post—mouldmg shrlnkage (): Dlmensmnal change caused by molecular and

e.g. water, condensation products, solvents and thinners, plasticisers), mjgration of liquiid and solid
¢omponents (e.g. plasticiser migration, chalking) as well as by relaxation (compensatign) of elastic
lensions. Swelling is caused by media absorption, in particular also water absorption.

— yvear of internal dimensions (+) or external dimensions (-): Dimensional change caused by material
dbrasion, which is to be considered in relation to the type, size'duration of the wear Idad (friction,
¢avitation, erosion).

— jnechanical deformation as expansion (+) or compression (-): Part deformation caused| by external
orces and/or moments.

A.3 | Moulding-induced dimensional shift; ALy

Moulding-induced dimension shift, ALy, results from dimensional decrease (-) due to tlhe moulding
shrinkage and possibly from partial dimensional increase (+) as a result of dimensional cofrections for
dead|compression areas (crushing areas); Joose enclosures and jaws. The designation contoyr allowance
is aldo normal for ALy.

© ISO 2018 - All rights reserved 19
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Annex B
(informative)

Causes and influential factors on the moulding shrinkage of non-

The causes

porous plastics

Table B.1.

Table B.1

rorrrrrrorerreroT

TrCToOT Ot rrrotror it
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— Causes and influential factors on the moulding shrinkage of non-poreus-plastlics

Ca

uses

Effect on the moulding shrinkage

reducing

increasing

Density incr;
of thermal c
to cooling fr
temperaturg
perature ang
siondueto t
pressure

pase as a result
ntraction due
bm demoulding
to room tem-
the compres-
he effects of

High effective pressure on moulding
compound until demoulding and
contour until demoulding (after-
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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 lje supplemented and weighted differently.
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