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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

The preparation of test specimens by machining influences the finished surfaces and, in some cases,
even the internal structure of the specimens. Since test results are strongly dependent on both of these
parameters, exact definitions of tools and machining conditions are required for reproducible test
results with machined specimens.
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Plastics — Preparation of test specimens by machining

1 Scope

This document establishes the general principles and procedures to be followed when machining and
notching test specimens from compression-moulded and injection-moulded plastics, extruded sheets,
plates and partially finished or wholly finished products.

In order to establish a basis for reproducible machining and notching conditions, the following general
standardized conditions are applied. It is assumed, however, that the exact procedures used are selected
or spé¢cified by the relevant material specification or by the standards on the particular tegt methods. If
suffidiently detailed procedures are not thus specified, the interested parties agree upon the conditions
to be psed.

2 Normative references

Therg are no normative references in this document.

3 Terms and definitions
For the purposes of this document, the following terms$.and definitions apply.
ISO apd IEC maintain terminological databases foruise in standardization at the following pddresses:

— 1$0 Online browsing platform: available.abhttps://www.iso.org/obp

]

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

3.1 [Milling

NOTE In this machining opgération, the tool has a circular primary motion and the workpiece & suitable feed
motioh. The axis of rotationsof the primary motion retains its position with respect to the tool, Independently
of the|feed motion (see 1SO-3855). Complete dumb-bell and rectangular test specimens, as wellfas notches in
finished specimens, may he prepared by milling.

3.1.1| Geometry{see ISO 3002-1 and Figure 1)

NOTE Onlyra few details of the exact geometrical conditions of the milling tool and its position with respect
to the|workpiéece given in ISO 3002-1 are relevant to this document.

3.1.14
tool-cutting-edge angle

Qar

angle between the tool-cutting-edge plane, Pg, and the assumed working plane, Pf, measured in the tool
back plane, P,

3.1.1.2

tool back clearance

@p

angle between the flank, A, of the cutter and the tool-cutting-edge plane, Ps, measured in the tool back
plane, Py

© ISO 2018 - All rights reserved 1
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3.1.1.3

tool side clearance

afg

angle between the flank A, of the cutter and the tool-cutting-edge plane Ps, measured in the assumed
working plane, Ps

3.1.1.4
tool radius
R

distance between the axis of the circular primary motion of the tool and its cutting edge

3.1.1.5

number of ¢
VA
number of cu

3.1.2 Tool

3.1.21
rotational s
n

speed of the

Note 1 to entr]

3.1.2.2

cutting speed

Ve

utting teeth

tting edges on the outer periphery of the rotating milling tool

and workpiece motions (see ISO 3002-1 and Figure 2)

peed of tool

circular primary motion of the tool

y: The rotational speed of tool is expressed in revolutions pér minute (r/min).

instantaneoys velocity of the primary motion of a sele¢ted point on the cutting edge relative

workpiece
Note 1 to entr]
Note 2 to entr]

3.1.2.3
feed speed
vt

y: The relationship between v¢ and n isgiven by the formula v¢ = n-2nR.

y: The cutting speed is expressed in-metres per minute.

instantaneoys velocity of the feed motion of a selected point on the cutting edge relative t

workpiece
Note 1 to entr

3.1.24
feed path
A

y: The feed speed is expressed in metres per minute.

n nt on +ho avara

o the

o the

distance at

P

N glvan. anal
Iy Stvollr poThrc Ut oIc

successive cutting operations

Note 1 to entry: The feed path is given by the formula A = v¢/z:n.

Note 2 to entry: The feed path is expressed in millimetres.

3.1.2.5

cutting depth

a

n two

<mean> distance between the surfaces of the workpiece before and after one complete milling run

Note 1 to entry: The cutting depth is expressed in millimetres.
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3.2 Cutting of rectangular test specimens

NOTE In this machining operation, rectangular test specimens are cut by means of a circular or band saw,
made from hardened steel or coated with diamond or cubic boron nitride powder, or cut with the aid of an
abrasive disc of which the cutting edge may be coated with diamond or boron nitride powder. For further details
on abrasive discs and abrasive products, see ISO 21950 and ISO 6104.

3.2.1 Geometry

3.211

tool radius
R
distafce between the rotary axis of a circular saw or an abrasive disc and the cutting edggs of the tool

Note 1 to entry: The tool radius is expressed in millimetres.

3.2.1J2
number of cutting teeth
z
numbler of cutting teeth on the periphery of a circular saw

3.2.2| Tool and workpiece motions

3.2.211
rotatjonal speed of tool
n
speed of rotation of a circular saw or an abrasive disc

Note 1 to entry: Rotational speed of tool is expressed.ityrevolutions per minute (r/min).

3.2.2{2
cutting speed
Ve
instantaneous velocity of the cutting tip of a saw tooth, or of a selected point on the cutting edge of an
abrasjive disc, relative to the workpiece

Note 1 to entry: For a circular saw or an abrasive disc, the relationship between v. and n is given lyy the formula
Ve =nRnR.

Note 7 to entry: The cuttingspeed is expressed in metres per minute.

3.2.2{3

feed $peed
vt
instaptaneous velocity of the tool feed parallel to the saw or disc plane and perpendicular fo the cutting
directipn relative to the workpiece

Note 1 to entry: The feed speed is expressed in metres per minute.

3.3 Cutting of disc-shaped test specimens (see Figure 4)

NOTE In this machining operation, disc-shaped test specimens are cut from sheet material with the aid
of a circular cutter with a saw-toothed edge of hardened steel or which may be coated with diamond or cubic
boron nitride powder. The test specimens may also be cut by means of a milling cutter with one or more teeth, as
described in 3.1, which moves in a circular orbit. Furthermore, the test specimens may also be cut from a roughly
preshaped pack of individual sheets with the aid of a turning lathe.

© ISO 2018 - All rights reserved 3
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3.3.1 Geometry

3.3.1.1
tool radius
R

distance between the rotary axis of the circular cutter and the inner limit of the cutting edge

Note 1 to entry: The tool radius is equal to the radius of the finished test specimen. It is expressed in millimetres.

3.3.1.2
number of ¢
z

number of te|

Note 1 to enty
tool are the sg

3.3.2 Tool

3.3.21
rotational s
n

speed of rotd

Note 1 to entr]

3.3.2.2

cutting speed

Ve

instantaneous velocity of a selected point on the cutting'edge relative to the workpiece.

Note 1 to entr]

Note 2 to entr]

3.3.2.3
feed speed
143

instantaneoys velocity, in metres\per minute, of the tool feed parallel to the rotary axis of the cil

cutter and p¢

3.4 Planing of rectangular bars and planing or broaching of notches in finished test specin

NOTE In
finished speci

utting teeth

eth on the sawtooth cutting edge of a circular cutter

y: If a lathe is used for cutting circular test specimens, the geometrical definitionsofthe d
me as those given in 3.1.

and workpiece motions

peed of tool

tion of a circular cutter

y: The rotational speed of tool is expressed in revolutions perrminute.

y: The relationship between v¢ and n is given by the formula v¢ = n-2nR.

y: The cutting speed is expressed i metres per minute.

brpendicular to the eutting direction relative to the workpiece

his machining operation, sawed or sliced rectangular bars are finished by planing. Also, notd
Imens‘cah be cut by planing or broaching.

utting

rcular

nens

hes in

3.4.1 Geor

NOTE

=
Icuy

the tool side clearance is defined, respectively, in 3.1.1.1,3.1.1.2 and 3.1.1.3.

3.4.2 Tool
3.4.2.1

and workpiece motions

cutting speed

Ve

For this machining operation, the geometry of the tool-cutting-edge angle, the tool back clearance and

instantaneous velocity of the primary motion of a selected point on the cutting edge relative to the

workpiece

Note 1 to entr

y: The cutting speed is expressed in metres per minute.
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3.4.2.2

cutting depth

a

<mean> distance between the surfaces of the workpiece before and after one planing run

Note 1 to entry: The cutting depth is expressed in millimetres.

3.5 Stamping of arbitrarily shaped test specimens fabricated from thin sheets

NOTE In this operation, arbitrarily shaped test specimens are stamped under high pressure from thin
sheets by means of a tool with a sharp edge made from hardened steel and located in a plane parallel to the plane
of the sheet

3.5.1| Geometry

3.5.111
shape of the stamping tool
geomptric shape of the stamping edge in a plane parallel to the sheet plane

Note 1 to entry: The shape of the stamping tool depends on the shape of the test specimen to be spamped, along
with ifs required dimensions and tolerances.

3.5.2| Forces on the tool and tool motion

3.5.211
contdct force
Fe
force ppplied to the stamping tool in the direction perpendicular to the sheet plane

Note 1 to entry: Contact force is expressed in newtons.

3.5.2)2
feed $speed
143
instaptaneous velocity of the feed motion of the edge plane of the stamping tool inf a direction
perpgndicular to the sheet planie

Note 1 to entry: The feed speed is expressed in metres per minute.

4 Test speciméns

4.1 |Shape'and state of the test specimens

The fpllowing types of test specimen can be prepared by the machining processes desdribed in this
document:

— rectangular bars;

— notched rectangular bars;

— rectangular plates;

— curvilinear test specimens (e.g. dumb-bells);
— discs.

The exact shape, dimensions and tolerances of the test specimens shall conform to the standard for the
particular test method in question. The machined surfaces and edges of the finished specimens shall be
free of visible flaws, scratches or other imperfections when viewed with a low-power magnifying glass
(approximately x5 magnification).

© IS0 2018 - All rights reserved 5
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Rectangular bars shall be free of twist and shall have perpendicular pairs of parallel surfaces. The
surfaces and edges shall be free from scratches, pits, sink marks and flashes. Each specimen shall be
checked for conformity with these requirements by visual observation against straight-edges, squares
and flat plates, and by measuring with micrometer callipers.

The requirements on the quality of the edges of disc-shaped specimens used for impact-penetration
tests are less rigorous than those for tensile-test specimens.

Any specimen showing a measurable or observable departure from the requirements given above shall

be rejected o

4.2 Preparationoftestspeetmens——m—————m———————————————————————

The test spe
compression
operations t
from finishe
test specime
cases, the ex
specimens w
described in

NOTE Th
properties of

5 Machir

5.1 Gener

For preparir
machines meq
for various s
preparation
preparation
The conditio
for numerou

r machined to proper size and shape before testing.

rimens shall be machined from plates or sheets made from the material to be\test
moulding, injection moulding, casting, polymerizing in situ, extrusion or othern,proce

produce semi-finished products. Plates may also be obtained in an appropriate m
l products. If the sample from which the specimens are prepared is not,isSotropic, pr
ns with their main axis parallel to and perpendicular to the main erientation axis.
act conditions for producing the test specimens, and the position-ard orientation
ithin the samples, shall be agreed upon by the interested parties, and such details sh
the test report.

e room temperature and the temperature of the material during’the machining can influen
he specimen.

jery and tools

al

ed by
bSssing
anner
epare
In all
bf the
all be

ce the

g test specimens from plastics materials and for notching of finished specimen
ntioned in 5.2 to 5.6 can be used (see also Clause 3). Recommended machining con

pf test specimens and determination of properties of the appropriate ISO material star
hs given in Table 1 for ntfachining notches have also been found to give satisfactory r
5 materials; howeverybecause of the wide variety of materials tested, other condition

also be apprgpriate.

5.2 Milli

cutters

s, the

itions
pecimen shapes and specimen rhaterials are given in Table 1. Any required conditigEs for
bf test specimens by machining will be specified for each material in the specificatiopns for

dard.
bsults
S may

These can b¢ used tg\prepare dumb-bell test specimens and rectangular bars. They may contain one
tooth or a nymber-of teeth arranged in a manner described in ISO 3855 and may cut at variable s
(at high speefds/for instance, in the case of copy milling machines). They can also be used to cut ng
in rectangulprispecimens. In this case, more than one tooth shall be used only if the notches ¢

pbeeds
tches

an be

made with the same quality as with one tooth.

5.3 Slicing or sawing machines

These may be used to prepare rectangular bar or plate test specimens. They can be equipped with a
circular or a band saw, or with a circular disc, the edge of which is coated with an abrasive material
such as diamond or cubic boron nitride.

5.4 Tubular cutting machines

These are used to prepare disc test specimens from flat plates or sheet material. The cutting edge of

this kind of t

ool may be saw-toothed or coated with an abrasive material.
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Lathes

These can be used for the same purpose as indicated in 5.4, i.e. for cutting disc test specimens from
roughly pre-shaped packs of individual sheets.

5.6

Planing machines

These can be used to cut finished sawed or sliced rectangular bars and to cut notches.

5.7

Stamping tools

Stamj
matel

5.8
Thesq

6 P

6.1

The n

bing tools are suitable for preparing test specimens of any shape from thin shd
ials of adequate ductility.

Broaching tools

can be used for notching. They may be hand-operated or machine-driven.

rocedure

General

nachining speed is dependent on the material being:tested and shall be such that oy

the m
ofac

and determination of properties of the appropriat&ISO material standard. The use of a ¢
shall have no deleterious effect on the material being machined (see also Table 1). Fine a
be uspd to achieve a smooth finish. In the case of tools with edges coated with diamond

nitri
Whern

may ¢

6.2

Prepa
high-

ana
cuttiy
proje

Examt)ne the milléd-surfaces and edges of the finished test specimens with a magnifying
p

aterial is avoided. This is particularly important inwvthe case of thermoplastic materi
oling agent is necessary, this will be stated in the.specifications for preparation of te

e or another abrasive material, ISO 21950, ISO 6104, and ISO 6106 should be conside

machining specimens, care shatild be taken to avoid skin contact and inhalation of
ause irritation.

Preparation of dumb-bell specimens

speed copy milling using the conditions given in Table 1.

roximately x5 magnification for the presence of flaws, scratches and other imperfe
g a maximum of 500 specimens, examine the cutting edge with the aid of a microscq
Ctorwith a x50 to x100 magnification.

ets made of

rerheating of
hls. If the use
st specimens
ooling agent
brasives may
cubic boron
ed.

dust, as dust

re such specimens-by low-speed milling with a hand-controlled milling tool or, preferably, by

glass having
ctions. After
pe or profile

6.3

Preparation of rectangular test specimens by sawing or cutting with an abrasive disc

The detailed conditions used in these methods are given in Table 1. Prepare the test specimens by
sawing only if there are no particular requirements regarding the quality of the specimen surfaces, or if
the surfaces are to be subsequently finished by another method such as milling or planing. In the latter
case, examine the surfaces as specified in 6.2.

6.4

Preparation of disc-shaped test specimens

In general, disc specimens are used to perform impact-penetration tests. In such cases, imperfections
in the machined surfaces have no serious influence on the test results. Prepare such specimens using
the conditions given in Table 1 and ensure that the plane surfaces of the specimens are smooth and free
from flaws.
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6.5 Stamping out test specimens of any shape

Use this method for the preparation of test specimens only if the material in question is sufficiently soft
and the specimens are to be made from sufficiently thin sheets. The specimen is stamped from the sheet
using a single stroke of a knife-edged punch of appropriate shape and dimensions. The cutting edge of
the punch shall be sufficiently sharp and free from notches. The sheet shall be supported on a slightly
yielding material with a smooth surface (for example leather, rubber or good-quality cardboard) on a
flat, rigid base.

The criterion for the applicability of this method is the quality of the specimen edges and surfaces as
revealed by examination using the method outlined in 6.2.

6.6 Notchjing finished test specimens by milling or broaching

r with
bel or
tches
hdary

be carried out with the aid of a milling or broaching machine or a lathe, preferably
h cutter. Use a tool having a cutting edge made of high-speed steel, hdardened st
e a multi-tooth cutter only if notches can be prepared having the same quality as nd
single-tooth cutter. For specimens prepared by stamping, machine themotch in a seco
. the notch shall not be stamped).

Notching mal
a single-toot
diamond. Us
made with a
operation (i.
In preparing|notches, the use of abrasives is not permissible.

hoose the feed rate so that the thickness ds of the shavings/is from 0,003 mm to 0,0
D and 3). The thickness ds is given, in millimetres, by Formula (1):

o

is th[
is th

is th

For milling,
(see Figures

2

M

dS =Vg

where

V§ feed speed, in millimetres per minute;

n rotary speed of the tool, in revolutions per minute;

R E distance, in millimetres, between the axis of the milling machine and the tip of the dutter.

It is essentia
parameters

reproducible
nicks and bu

Before the fj

that close tolerances afe established on the contour and radius of the notch because
argely determine the degree of stress concentration at the base of the notch. To ¢
results, carefully.grind and hone the cutting edge to ensure sharpness and freedom
[TS.

st use and-after cutting about 500 notches, or more often if the cutter has been uj

these
btain
from

ed to

s and
ter by

notch a hard
correct tip c(
a newly shar

abrasive{material, inspect the cutter for sharpness, absence of nicks, correct tip radiy
ntourIfthe radius and contour do not fall within the specified limits, replace the cut
pened and honed one.

A microscopeor profite projector witira x50 to x100 Tmagnification {ssuitabte for chiecking the cutter
and the notch. In the case of single-tooth cutters, the contour of the tip of the cutting tool may be checked
instead of the contour of the notch in the specimen, provided that, for the type of notch produced,
the two correspond or that a definite relationship exists between them. There is some evidence that
notches cut by the same cutter in widely differing materials may differ in contour.

In the case of transparent materials, it is often possible to detect undesirable changes in the specimen
by means of photoelastic effects. For example, undesirable heating or melting caused by machining,
especially of injection-moulded specimens, becomes visible by virtue of distinct changes in coloured
interference lines or areas within the zone near the machined surface.

Experience using notched specimens has shown that there are materials (e.g. PMMA, PC) for which the
measured values obtained in tests using such specimens decrease gradually in spite of the fact that
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the cutter is optically satisfactory. In such cases, it is recommended that the cutter be checked using a
reference material.

7 Testreport
The test report shall include the following information:

a) areference to this document, i.e. ISO 2818:2018;

b) adescription of the material tested and of the sample from which the test specimens were machined
(shape, method of preparation, orientation, etc.);

c) a|precise description of the position and orientation of the test specimens as takewfrom a semi-
finished or finished product;

d) the dimensions of the test specimens;
e) the method of machining used;

f) the machining conditions used (see Table 1);

g) ahy other relevant details.

© ISO 2018 - All rights reserved 9
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Figure 1 — Geometry of the active part of cutting tools
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Figure 2 — Shape of milling chips
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