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LLE R 2 - a4

The preparation of test specimens by machining nfluen¢es the finished
surfaces and, in some cases, even the internal structure of the specimens.
Since test results are strongly dependent on koth of th¢se parameters,
exact definitions of tools and machining conditions are required for repro-
ducible test results with machined specimens.



https://standardsiso.com/api/?name=146c69369170cc062039fc48d97aaf2b

This page intentionally left-blank



https://standardsiso.com/api/?name=146c69369170cc062039fc48d97aaf2b

INTERNATIONAL STANDARD © ISO

ISO 2818:1994(E)

Plastics — Preparation of test specimens by machining

1 Scdpe

This Intg¢rnational Standard establishes the general
principle$ and procedures to be followed when ma-
chining | and notching test specimens from
compresfsion-moulded and injection-moulded plastics,
extruded sheets, plates and partially finished or wholly
finished products.

In order [to establish a basis for reproducible machin-
ing and|notching conditions, the following general
standardjzed conditions should be applied. It is as-
sumed, however, that the exact procedures to be
used wi|l be selected or specified by the relevant
material [specification or by the standards on the_par-
ticular test methods. If sufficiently detailed _pro-
cedures jare not thus specified, it is essentiahthat the
interestdd parties agree on the conditions to/be used.

2 Nofmative references

The follpwing standards,contain provisions which,
through |reference in this “text, constitute provisions
of this International Standard. At the time of publi-
cation, the editions.ndicated were valid. All standards
are subject to.revision, and parties to agreements
based of this\International Standard are encouraged
to investigate' the possibility of applying the most re-

ISO 6104:1979, Abrasive preducts — Diamond or cu-
bic boron nitride grindingiwheels and saws — General
survey, designation and imultilingual nomenclature.

ISO 6106:1979,, Abrasive products — Grain sizes of
diamond or cubi¢ boron nitride.

ISO 6168:1980, Abrasive products —| Diamond or cu-
bic baron nitride grinding wheels — Dimensions.
3 Definitions

For the purposes of this Internationgl Standard, the
following definitions apply:

3.1 Milling

In this machining operation, the toql has a circular

primary motion and the workpiece
motion. The axis of rotation of the pr
tains its position with respect to th
dently of the feed motion (see ISO
dumb-bell and rectangular test specin
notches in finished specimens, may

a suitable feed
mary motion re-
b tool, indepen-
855). Complete
nens, as well as
be prepared by

milling.

3.1.1 Geometry (see 3002-1 and figure 1)

cent editions—of—the—standards—indicated—belows
Members of IEC and ISO maintain registers of cur-
rently valid International Standards.

ISO 3002-1:1982, Basic quantities in cutting and
grinding — Part 1: Geometry of the active part of
cutting tools — General terms, reference systems,
tool and working angles, chip breakers.

ISO 3017:1981, Abrasive discs — Designation, di-
mensions and tolerances — Selection of disc outside
diameter/centre hole diameter combinations.

ISO 3855:1977, Milling cutters — Nomenclature.

Only a few details of the exact geometrical conditions
of the milling tool and its position with respect to the
workpiece given in ISO 3002-1 are relevant to this
standard, as follows:

3.1.1.1 tool-cutting-edge angle, o.: The angle be-
tween the tool-cutting-edge plane Pg and the as-
sumed working plane Ps, measured in the tool back
plane P,.

3.1.1.2 tool back clearance, o: The angle between
the flank A, of the cutter and the tool-cutting-edge
plane Pg, measured in the tool back plane Pp.
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3.1.1.3 tool side clearance, «: The angle between
the flank A, of the cutter and the tool-cutting-edge

plane Pg, measured in the assumed working plane
Ps.

3.1.1.4 tool radius, R: The distance between the
axis of the circular primary motion of the tool and its
cutting edge.

3.1.1.5 number of cutting teeth, z: The number of
cutting edges on the outer periphery of the rotating

© SO

3.2.1.2 number of cutting teeth, z: The number of
cutting teeth on the periphery of a circular saw.

3.2.2 Tool and workpiece motions

3.2.2.1 rotational speed of tool, n: The speed of
rotation, in revolutions per minute, of a circular saw
or an abrasive disc.

3.2.2.2 cutting speed, v The instantaneous vel-
ocity, in metres per minute, of the cutting tip of a saw

milling tool.

3.1.2 Tool and|workpiece motions (see
ISO 3002-1 and figure 2)

3.1.2.1 rotational speed of tool, n: The speed, in
revolutions per minute, of the circular primary motion

of the tool.

3.1.2.2 cutting| speed, v.: The instantaneous vel-

ocity, in metres
a selected point
workpiece. The 1
by the equation

3.1.2.3 feed sq
in metres per mi
point on the cutt

ber minute, of the primary motion of
on the cutting edge relative to the
elationship between v, and n is given
o = n-2nR.

eed, v;: The instantaneous velocity,
hute, of the feed motion of a selected
ng edge relative to the workpiece.

3.1.2.4 feed path, i: The distance, in millimetres;

at any given po
covered during
cutting operatio
equation 1 = vz

3.1.2.5 cutting
millimetres, bety
before and after

nt on the surface of the workpiece
the time between two successive
ps. The feed path is giveny by the
n.

depth, a: The (mean) distance, in
veen the surfaces”of the workpiece
one completesmilling run.

3.2 Cutting

rectangular test specimens

In this machiningCeperation, rectangular test speci-

tooth, or of a selected point on the cutting edge of an
abrasive disc, relative to the workpiece. Fora circular
saw or an abrasive disc, the relationship-betyveen v,
and n is given by the equation v, = #;2nR.

3.2.2.3 feed speed, vi: The instantaneous Yelocity,
in metres per minute, of thé_tool feed parallgl to the
saw or disc plane and pgrpendicular to the cutting di-
rection relative to the werkpiece.

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

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

3.3.1 Geometry

3.3.1.1 tool radius, R: The distance, in millimetres,
between the rotary axis of the circular cutter jand the
inner limit of the cutting edge. The tool radius |is equal
to the radius of the finished test specimen.

3.3.1.2 number of cutting teeth, z: The number of

mens are cut by means of g citcular 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 pro-
ducts, see ISO 3017 and ISO 6104.

3.2.1 Geometry

3.2.1.1 tool radius, R: The distance, in millimetres,
between the rotary axis of a circular saw or an abras-
ive disc and the cutting edges of the tool.

teeth on the sawtooth cutting edge of a circular cut-
ter. If a lathe is used for cutting circular test speci-
mens, the geometrical definitions of the cutting tool
are the same as those given in 3.1.

3.3.2 Tool and workpiece motions

3.3.2.1 rotational speed of tool, n: The speed of
rotation, in revolutions per minute, of a circular cutter.

3.3.2.2 cutting speed, v The instantaneous vel-
ocity, in metres per minute, of a selected point on the
cutting edge relative to the workpiece. The relation-
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ship between v, and n is given by the equation
v, = n-2nR.

3.3.2.3 feed speed, v;: The instantaneous velocity,
in metres per minute, of the tool feed parallel to the
rotary axis of the circular cutter and perpendicular to
the cutting direction relative to the workpiece.

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

ISO 2818:1994(E)

3.5.2 Forces on the tool and tool motion

3.5.2.1 contact force, F: The force, in newtons,
applied to the stamping tool in the direction perpen-
dicular to the sheet plane.

3.5.2.2 feed speed, v: The instantaneous velocity,
in metres per minute, of the feed motion of the edge
plane of the stamping tool in a direction perpendicular
to the sheet plane.

specim

In this Ivn::hining operation, sawed or sliced rec-
tangular pars are finished by planing. Also, notches in
finished | specimens can be cut by planing or
broaching.

3.4.1 Geometry

3.4.1.1 fool-cutting-edge angle, «: As defined in
3.1.1.1.
3.4.1.2 [tool back clearance, «,: As defined in
3.1.1.2.

o

3.4.1.3 [tool side clearance, «: As defined in
3.1.1.3.

3.4.2 Tool and workpiece motions

3.4.2.1 [cutting speed, v The instantaheous vel-
ocity, in metres per minute, of the primary motion of
a selectdd point on the cutting edgerelative to the
workpiece.

3.4.2.2 [cutting depth, a: The' (mean) distance, in
millimetres, between the(surfaces of the workpiece
before and after one planing run.

3.5 Stamping of arbitrarily shaped test
specimens fabricated from thin sheets

4 Test specimens

4.1 Shape and state of the test specimens
The following types of test specimen fan be prepared
by the machining processes describgd in this Inter-
national Standard:

— rectangular bars;

“= notched rectangular bars;
— rectangular plates;

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

— discs.

The exact shape, dimensions and to
test specimens shall conform to the {
particular test method in question.
surfaces and edges of the finished s
be free of visible flaws, scrato
imperfections when viewed with a loy
fying glass (approximately x5 magnifig

Rectangular bars shall be free of twis
perpendicular pairs of parallel surface
and edges shall be free from scrat

erances of the
tandard for the
The machined
pecimens shall
hes or other
v-power magni-
ation).

and shall have
5. The surfaces
thes, pits, sink

marks and flashes Fach specimen s

nall be checked

In this o Faten; Glb;tlal;:y ohapcd test Opcb;lllcl 1S—are
stamped under high pressure from thin sheets by
means of a tool with a sharp edge made from hard-
ened steel and located in a plane parallel to the plane
of the sheet.

3.5.1 Geometry

3.5.1.1 shape of the stamping tool: The geometric
shape of the stamping edge in a plane parallel to the
sheet plane. The shape of the stamping tool depends
on the shape of the test specimen to be stamped,
along with its required dimensions and tolerances.

for conformity with these requirements by visual ob-
servation 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 speci-
mens.

Any specimen showing a measurable or observable
departure from the requirements given above shall be
rejected or machined to proper size and shape before
testing.
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4.2 Preparation of test specimens

The test specimens shall be machined from plates or
sheets made from the material to be tested by com-

pression

moulding,

injection moulding, casting,

polymerizing in situ, extrusion or other processing
operations to produce semifinished products. Plates
may also be obtained in an appropriate manner from
finished products. If the sample from which the
specimens are prepared is not isotropic, prepare test

specimens with their main axis parallel to and per-
pendicular to the—mainorientation axis.—In all cases,

© 1SO

5.3 Tubular cutting machines

These are used to prepare disc test specimens from
flat plates or sheet material. The cutting edge of this
kind of tool may be saw-toothed or coated with an
abrasive material.

5.4 Lathes

These can be used for the same purpose as indicated
in 5.3, i.e. for cutting disc test specimens from

the exact condittons for producing the test speci-

mens, and the p
mens within the §
interested parties
in the test report

NOTE 1  Attentio
temperature and th

Dsition and orientation of the speci-
amples, shall be agreed upon by the
and such details shall be described

N is drawn to the fact that the room
e temperature of the material during the

machining may infllience the properties of the specimen.

5 Machinery

and tools

For preparing test specimens from plastics materials

and for notching

mentioned in 5,
clause 3). Recor
various specimen
given in table1.
aration of test sp
fied for each mat
material standard
machining notche
isfactory results
because of the w
conditions may a

bf finished specimens, the machines
1 to 5.5 can be used (see also
hmended machining conditions for
shapes and specimen materials are
Any required conditions for prep-
ecimens by machining will be speci-
erial in part 2 of the appropriate ISO
. The conditions given in table 1, for
s have also been found to give, sat-
for numerous materials; however,
ide variety of materials tésted, other
S0 be appropriate.

5.1 Milling cuftters

These can be us
mens and rectar
tooth or a numbsdg
scribed in ISO 38§

ed to prepare dumb-bell test speci-
gular bats/ They may contain one
r of teeth arranged in a manner de-
56 _and may cut at variable speeds

(at high speeds,
milling machines
notches in rectan

rougnly pre-shaped packs ot individual sheets.

5.5 Planing machines

These can be used to cut finisHed sawed of sliced
rectangular bars and to cut notches.

5.6 Stamping tools

Stamping tools ar€_suitable for preparing tes{ speci-
mens of any shape from thin sheets made |of ma-
terials of adequate ductility.

5.7 Broaching tools

These can be used for notching. They may b¢ hand-
gperated or machine-driven.

6 Procedure

The machining speed is dependent on the raterial
being tested and shall be such that overheating of the
material is avoided. This is particularly important in the
case of thermoplastic materials. If the use of a cooling
agent is necessary, this will be stated in part 4 of the
appropriate ISO material standard. The use of|a cool-
ing agent shall have no deleterious effect on the ma-
terial being machined (see also table 1). Fine abfasives
may be used to achieve a smooth finish. In the case
of tools with edges coated with diamond, cubi¢ boron
nitride or another abrasive material, 1SQ 3017,

for inefnnnm’ —thecase—of copY
). They can also be used to cut
gular specimens. In this case, more

than one tooth shall be used only if the notches can
be made with the same quality as with one tooth.

5.2 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
diamond or cubic

with an abrasive material such as
boron nitride.

ISO61041SO68106—and—+SO 6168 shoutdbe con-
sidered.

NOTE 2 When machining specimens, care should be
taken to avoid skin contact and inhalation of dust, as dust
may cause irritation.

6.1 Preparation of dumb-bell specimens

Prepare such specimens by low-speed milling with a
hand-controlled milling tool or, preferably, by high-
speed copy milling using the conditions given in
table 1.
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Examine the milled surfaces and edges of the finished
test specimens with a magnifying glass having an
approximately x5 magnification for the presence of
flaws, scratches and other imperfections. After cut-
ting a maximum of 500 specimens, examine the cut-
ting edge with the aid of a microscope or profile
projector with a x50 to x100 magnification.

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

ISO 2818:1994(E)

single-tooth cutter. Use a tool having a cutting edge
made of high-speed steel, hardened steel or diamond.
Use a multi-tooth cutter only if notches can be pre-
pared having the same quality as notches made with
a single-tooth cutter. For specimens prepared by
stamping, machine the notch in a secondary operation
(i.e. the notch shall not be stamped).

In preparing notches, the use of abrasives is not per-
missible.

Eor milling, choose the feed rate sao th

t the thickness

The detajled conditions used in these methods are
given in {able 1. Prepare the test specimens by saw-
ing only |if there are no particular requirements re-
garding the quality of the specimen surfaces, or if the
surfaces jare to be subsequently finished by another
method quch as milling or planing. In the latter case,
examine the surfaces as specified in 6.1.

6.3 Pregparation of disc-shaped test
specimeéns

In generfl, disc specimens are used to perform
impact-pgnetration tests. In such cases, imperfections
in the machined surfaces have no serious influence
on the te$t results. Prepare such specimens using the
conditiong given in table 1 and ensure that the plane
surfaces pf the specimens are smooth and free from
flaws.

6.4 Stagmping out test specimens of any
shape

Use this method for the preparation-of test specimens
only if the material in questign.is’sufficiently soft and
the specimens are to be made from sufficiently thin
sheets. The specimen is_stamped from the sheet us-
ing a single stroke ofd knife-edged punch of appro-
priate shgpe and diménsions. 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

ds of the shavings is from 0,003 mmt
figures 2 and 3). The thickness dy is
metres, by the equation

ds = sz (nz-R)

where
17 is theyfeed speed, in millin
ute;
n is the rotary speed of thg
utions per minute;
R is the distance, in millim

the axis of the milling mac
of the cutter.

It is essential that close tolerances ars
the contour and radius of the notch
parameters largely determine the de
concentration at the base of the notc
producible results, carefully grind and
edge to ensure sharpness and freed
and burrs.

b 0,07 mm (see
given, in milli-

netres per min-

tool, in revol-

ptres, between
nine and the tip

established on
because these
gree of stress
. To obtain re-
one the cutting
om from nicks

Before the first use and after cutfing about 500

notches, or more often if the cutter ha
notch a hard abrasive material, inspeg
sharpness, absence of nicks, correct
correct tip contour. If the radius and
fall within the specified limits, replace

s been used to
t the cutter for
tip radius and
contour do not
the cutter by a

newly sharpened and honed one.

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 re-
vealed by examination using the method outlined in
6.1.

6.5 Notching finished test specimens by
milling or broaching

Notching may be carried out with the aid of a milling
or broaching machine or a lathe, preferably with a

A microscope or profile projector with a x50 to x100
magnification is suitable for checking 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 be-
tween 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 poss-
ible to detect undesirable changes in the specimen
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by means of photoelastic effects. For example, unde-
sirable heating or melting caused by machining, es-
pecially of injection-moulded specimens, becomes
visible by virtue of distinct changes in coloured inter-
ference lines or areas within the zone near the ma-
chined surface.

NOTE 3  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 the cutter is op-
tically satisfactory. In such cases, it is recommended that

© |SO

a) a reference to this International Standard;

b) a description of the material tested and of the
sample from which the test specimens were ma-
chined (shape, method of preparation, orientation,
etc.);

c) a precise description of the position and orien-
tation of the test specimens as taken from a
semifinished or finished product;

d) the dimensions of the test Q'm:nimnnc;

the cutter be chedked using a reference material.

7 Test report

The test report ghall include the following information:

e} the method of machining used;
f)  the machining conditions used.(seé table|l);

g) any other relevant details.
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Figure 1 — Geometry of the active part of cutting tools
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