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INTERNATIONAL STANDARD

1SO 180-1982 (E)

Plastics — Determination of l1zod impact strength of

rigid materials

1 Scope jand field of application

1.1 This Infernational Standard specifies a method for the
determinatior] of the Izod impact strength of rigid plastics.

Different test|parameters are specified according to the type of
test specimen and the type of notch (see 6.1, table 3 and
figures 2 and|3).

1.2 The mgthod is used for investigating the behaviour of
specified spefimens under specified impact stresses, and for
estimating th¢ brittleness or the toughness of specimens within
the limitationg inherent in the test conditions.

1.3 It is applicable, inter alia, to the following materials:

— rigid thermoplastic moulding and extrusion materials,
including ffilled and reinforced compounds, and rigid ther-
moplastic|sheet;

—  rigid thermosetting moulding materials, including filled
and reinfqrced compounds;

— rigid fhermosetting sheet, including laminates;

— fibre [reinforced materials {composites), incorporating
mat, woyen fabric, woven rovings,- chopped strands,
chopped fovings, rovings, and miilled fibres, including pre-
impregna]ed materials (prepregs)y

— unidifectional fibre feinforced materials (composites),
including [pre-impregnated materials {prepregs).

NOTE — The |use of notched specimens is unsuitable for some rein-
forced plastics} Théumethod may not be suitable for foamed materials.

1.5 The results obtained by testing speciméns of different
dimensions and specimens cut from moulded prioducts may not
necessarily be the same.

1.6 The method should not be Used as a solirce of data for
design calculations on components. Information on the typical
behaviour of a material can.be obtained, howgver, by testing
different types of test specimens prepared under different con-
ditions, varying the notch radius, and testing at different
temperatures.

2 References

ISO 29%, Plastics — Standard atmospheres for conditioning
and.testing.

ISO 293, Plastics — Recommended practice flor compression
moulding test specimens of thermoplastic matprials.V

ISO 294, Plastics — Recommended practide for injection
moulding test specimens of thermoplastic matgrials.?

ISO 295, Plastics — Recommended practice for compression
moulding test specimens of thermosetting materials. 3

1SO 1268, Plastics — Recommended practice for preparation of
glass fibre reinforced, resin bonded, low pressure laminated
plates or panels for test purposes.®

I1SO 2557, Plastics — Amorphous thermopfastic moulding
materials — Preparation of test specimens with a defined level
of shrinkage —
Part 1: Test specimens in the form of pardllelepipedic bars
(Injection moulding and compression moulfling).
Part 2: Test specimens in the form of rectapgular plates (In-
jection moulding).?’

1.4 The method is applied to specimens prepared from
moulding materials or to specimens taken from finished and
semi-finished products {for example mouldings, laminates, ex-
truded or cast sheets). The method is suitable for production
control as well as for the acceptance and rejection of materials
according to specifications for moulding materials and
products.

1) At present at the stage of draft. (Revision of 1SO 293-1974.)
2) At present at the stage of draft. {(Revision of ISO 294-1975.)
3) At present at the stage of draft. (Revision of 1SO 295-1974.)
4) At present at the stage of draft. (Revision of 1ISO 1268-1974.)

ISO 2818, Plastics — Preparation of test specimens by machin-
ing.

ISO 3167, Plastics — Recommended practice for preparation
and use of multipurpose specimens of thermoplastic
materials.,

) At present at the stage of draft. (Revisions of 1ISO 2557/1-1976 and 1SO 2657/2-1979.)

6) At present at the stage of draft. (Revision of ISO 3167-1975.)
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3 Definitions

3.1 lzod impact strength of notched specimens : The im-
pact energy absorbed in breaking a notched specimen, referred
to the original cross-sectional area of the specimen at the
notch.

It is expressed in kilojoules per square metre (kJ/m?).

3.2 lzod impact strength of reversed notch specimens:
The impact energy absorbed in breaking a reversed notch
specimen, referred to the original cross-sectional area of the

the initial potential energy in the pendulum and the energy re-
maining in the pendulum after breaking the test specimen. The
energy scale shall be accurately corrected for friction and air-
resistance losses and scale errors.

5.1.2 The machine shall have the characteristics shown in
table 1 (see the notes). These characteristics shall be
periodically checked.

NOTES

1 In order to apply the test to the full range of materials specified in

specimen at the n

tch.

It is expressed in kflojoules per square metre {kJ/m?).

NOTE — The revers
strength of unnotch

3.3 relative im

notch test gives an indication of the lzod impact
d specimens.

bact strength: The ratio of the impact

strengths of nothed to reversed notch specimens with the

same notch baser:
notch base radii, f

4 Principle
The test specimen

broken by a single
at a fixed distanc

dius, or of hotched specimens with different
Dr test specimens of the same type.

supported as a vertical cantilever beam, is
swing of a pendulum, with the line of impact
e from the specimen clamp and from the

centre line of the fotch.

For determination

of the lIzod impact strength of notched

specimens, the pendulum strikes the face containing the notch.

For determination

f the |Izod impact strength of reversed notch

specimens, the pendulum strikes the face opposite to that con-

taining the notch.

5 Apparatus

5.1 Testing machine

5.1.1 Thetesting

machine shalfbe'of the pendulum type and

shall be of rigid copstruction:\It)shall be capable of measuring

the impact energy

expendedin breaking a test specimen, the

value of which shall be takén as equal to the difference between

1.3, it may be necessary 10 use more than one machine or to use a set
of interchangeable pendulums. It is not advisable to compare results
obtained with different pendulums.

2 Other pendulums may be used, if necesSary, by|agreement
between the interested parties.

6.1.3 The machine shall be securely fixed to a foundation
having a mass of at least 40 times that of the heaviest|pendufum
in use. It shall be adjusted so that the orientations of|the striker
and vice are as specified in(5,1.4 and 5.1.6.

5.1.4 The striking€dge of the pendulum shall be of hardened
steel and shall have a cylindrical surface having a radius of cur-
vature of 0,8 ¢t 0,2 mm, with its axis horizontal ar{d perpen-
dicular to the plane of motion of the pendulum. |t shall be
aligned so(that it makes contact across the full width of rec-
tangular test specimens. The line of contact shall[be within
+.2% of perpendicular to the longitudinal axis of the test
specimen.

5.1.56 The distance between the axis of rotation and|the centre
of percussion of the pendulum shall be within £ 1 % of the
distance from the axis of rotation to the point of congact of the
striking edge with the test specimen.

5.1.6 The test specimen support shall comprise a| vice con-
sisting of a fixed and movable jaw. The clamping surfaces of
the jaws shall be parallel to within 0,025 mm. The vige shall be
so arranged that it holds the test specimen vertically|in respect
to its long axis and at right angles to the top plane ¢f the vice
(see figure 1}. The top edges of the vice jaws shall hgve radii of
0,2 + 0,1 mm. Means shall be provided to ensure that when
the test specimen is clamped in the vice, the top plpne of the
vice is within 0,2 mm of the plane bisecting the arlgle of the
notch.

Table 1 — Characteristics of pendulum impact testing machines

. . Maxi_mt_:m Permissible error
Impact energy Velocity at impact permissible after correction
: frictional loss
J m/s % J
1,0 3,6 (% 10 %) 2 0,01
2,75 35(x 10 %) 1 0,01
55 3,6(% 10 %) 0,5» 0,02
11,0 3,56(x 10 %) 0,5 0,05
22,0 3,5(x 10 %) 0,5 0,10

1) Falling weight type machines may be used if they can be shown to give the same results as pendulum type machines.
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The vice shall be positioned so that the test specimen is central,
to within + 0,5 mm, to the striking edge and so that the centre
of the striking edge is 22,0 + 0,2 mm above the top plane of
the vice (see figure 1}. The vice shall be designed to prevent the
clamped portion of the test specimen from moving during the
clamping or testing operations.

5.1.7 Some plastics are sensitive to clamping pressure. When
testing such materials, some means of standardizing the clamp-
ing force shall be used and the ciamping force shall be recorded
in the test report. One way of measuring clamping force is to
use a calibrated torgue wrench on the vice clamping screw.

1SO 180-1982 (E)

The preferred type of test specimen is type 1, and the preferred
type of notch is type A. However, the type of specimen and the
type of notch will be indicated in the specification, if any, for
the material being tested. Test specimen types 2, 3 and 4 differ
only in width (dimension x). The type of notch will also depend
on the information required from the test.

NOTES

1 It has been found necessary to retain four types of test specimen to
cover current national usage, but it is hoped that more widespread
adoption of the type 1 specimen will aliow the number to be reduced in
the future.

5.2 Micrometers and gauges
Micrometers pnd gauges suitable for measuring the essential

dimensions of test specimens to an accuracy of 0,02 mm are
required.

6 Test sgecimens

6.1 Dimensions and notches

6.1.1 Four types of test specimen with two different types of
notch may b used as specified in tabies 2 and 3, and shown in
figures 2 and|3.

Table 2 — Specimen types and dimensions !

mination of lzod impact strength. Carrying ouf test$ with both notch
types A and B {i.e. at two well-dsfined notch base ragii) over a range of
temperatures may provide valuable information o] the variation of
notch sensitivity of the material with temperature (dlictile/brittle tran-
sitions).

2 Notch type A has been adopted as the preferred Jype for the deter-

6.1.2 Specimens taken from sheet thicker thah 12,7 mm shalil
be milled uniformly on<both surfaces to achigve a thickness
12,7 £ 0,2 mm.

When testing/sheet materials in the edgewis¢ direction, test
specimens .shall be cut so that the thickness|of the sheet is
dimension X (see figure 2}. When testing sheet| materials in the
flatwise, direction, the test specimens shall be|cut so that the
thickness of the sheet is dimension y (see figures 2 to 5).

Dimensions in millimetres

. P
Specimen Length, / Dimension y vl;?;r:f
type dimension x
1 80,0 %, 2 10,0 £ 0,2 40 £+ 0,2
2 63,5t 2 12,7 £ 0,2 127 £ 0,6
3 635 + 2 12,7 £ 0,2 64 £ 0,3
4 6356 + 2 12,7 £ 0,2 32102

used in ISO/R 180.

and notch dimensions?

1) Attention is drawn t0the changes in the specimen type numbers and the method designation from those

Table 3 — Method designations, specimen types, notch types

N!ethosi Specimen Notch Notch dimensions, mm

designation type type

1SO_180..1A, 1 A Y= 80+ 01
1ISO 180/1B 1 B Y= 80101
1SO 180/1C 1 Reversed Y= 8001
ISO 180/2A 2 A Y = 10,2 £ 0,1
ISO 180/2B 2 B Y =102+ 0,1
ISO 180/2C 2 Reversed Y= 10,2 £ 0,1
1ISO 180/3A 3 A Y =102 £ 01
1SO 180/3B 3 B » =102+ 0,1
1SO 180/3C 3 Reversed Yo=10,2 1+ 0,1
1SO 180/4A [ ) A J =102 £ 0,1
1SO 180/4B 4 B Y =102 1% 0,1
1SO 180/4C 4 Reversed Y =102 £ 0,1

1) Attention is drawn to the changes in the specimen type numbers and the method designation from those

used in ISO/R 180.
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6.1.3 Notches shall always be cut so that the dimension x is
the length of the notch (see figures 2 and 3).

6.2 Preparation

6.2.1 Moulding or extrusion compounds

Specimens shall be prepared in accordance with the relevant
material specification. When none exists, or unless otherwise
specified, specimens shall be either directly compression or in-
jection moulded from the material in accordance with ISO 293,

6.3 Notched specimens

6.3.1 Notches shall be machined on unnotched specimens
prepared in accordance with 6.2. Notching shall be carried out
on a milling machine or lathe, with a cutter which may be of the
single-tooth or mutlti-tooth variety. The single-tooth cutter is
preferred because it is more readily ground to the desired con-
tour. The cutting edge shall be carefully. ground and honed to
ensure sharpness and freedom from nicks and burrs. Tools with
no rake and a work relief angle of 15 to 20° have been found to
be satisfactory.

ISO 294, 1S0O 295, |ISO 2557/1 or ISO 2557/2, as appropriate,
or machined in acdordance with 1SO 2818 from sheet that has
been compression for injection moulded from the compound.

Type 1 specimens fnay be cut from the standard multipurpose
specimen (see 1SO|3167).

6.2.2 Sheets

Specimens shall bg machined from sheets in accordance with
1SO 2818.

6.2.3 Glass fibre| reinforced resins

A panel shall be pfepared from the compound in accordance
with 1SO 1268 and| specimens shall be machined therefrom in
accordance with 130 2818.

6.2.4 Machining
The parameters df machining are specified in 1S0.2818.

However, additiongl attention shall be given to the following
criteria.

I'he profile of the cutting tool (teeth) shall be such ps to pro-
duce in the specimen, at right angles to its princigal axis, a
notch of the contour and depth shown in figares'2 and 3.

6.3.2 In the case of single-tooth cutters| the contour of the tip
of the cutting tool may be checked.instead of the dontour of
the notch in the specimen, if it can\be shown that th¢ two cor-
respond or that a definitive relationship exists between them for
the specific type of material \being notched. Therg is some
evidence that notches ¢Gt by the same cutter in materials of
widely differing physical\properties may differ in conftour.

The radius of the\notch base shall be 0,25 + 0,06 mm for
type A notches. (see figure 2) and 1,00 + 0,05 mm for type B
notches {see figure 3).

6.3.3- A linear speed of the tip of the cutting tool of about 90
to. \185 m/min, and feed rates in the range frgm 10 to
130 mm/min, have been found to be satisfactory [for some
materials. When unfamiliar materials are to be notchgd, it may
be necessary to determine the effect of variation of the cutting
speed.

6.3.4 After each 500 notches, or more often if har¢l abrasive
materials are notched, the cutter shall be inspected for sharp-
ness, freedom from nicks, tip radius and contour. If the radius
and contour do not fall within their specified limits, the cutter

The speed of mac
tested and shall b
avoided; this is pa
plastic materials.

deleterious effect
machined surfaces

hining is dependent on.the material being
b such that overheating of the material is
fticularly important in the case of thermo-
If a coolant is~used, it shall have no
on the material being machined. All
shall be free’ from visible flaws, scratches

and other imperfdctions: Fine abradants may be used to

achieve a smooth

nish:

shali be replaced by a newly sharpened and honed

A microscope with a camera lucida attachment ()
nification) is suitable for checking the notch base.
close tolerances have to be imposed on the contou

ne.

( 60 mag-
Relatively
r and the

radius of the notch for most materials, because th

NOTE — When machining specimens, care should be taken to avoid
skin contact with and inhalation of dust, as dust causes irritation.

6.2.5 Checking

Each specimen shall be free of twist and shall have mutually -

perpendicular pairs of parallel surfaces, free from scratches,
pits and sink marks. The specimens shall be checked for con-
formity with these requirements by visual observation against
straight-edges, squares and flat plates, and by measuring with
micrometer calipers. Any specimen showing measurable or
observable departure from one or more of these requirements
shall be rejected or machined to proper size and shape before
testing.

defects at the base of the notch can cause large deviations in
the test results. Particular attention shall be given to the ac-
curacy of the dimension y, (see table 3).

6.3.56 Abradants shall not be used in preparing the notch.

6.3.6 Specimens with moulded-in notches may be used if
specified in the specification for the material being tested.

NOTE — Specimens with moulded-in notches do not give the same
results as specimens with machined notches and allowance should be
made for this difference in interpreting the results. Specimens with
machined notches are generally preferred because skin effects and/or
localized anisotropy are minimized.
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6.4 Number

6.4.1 Unless otherwise specified in the specification for the
material being tested, a minimum of ten specimens shall be
tested.

6.4.2 Certain types of sheet materials may show different im-
pact properties according to direction in the plane of the sheet.
In such cases it is customary to cut two groups of test
specimens with -their major axes respectively parallel and
perpendicular to the dlrectlon of some feature of the sheet
which is eith A

method of its|

manufacture.

edgewise dirpction. However, sheets of nominal thickness
12,7 mm or greater may, if specified, be tested in both the
edgewise anf flatwise directions (see 6.1.2 and figures 4
and 5).

6.4.3 LaminEted sheet materials are normally tested in the

6.5 Condif

Unless otherv
being tested,
in accordance

ioning

ise specified in the specification for the material
the specimens shall be preconditioned and tested
with 1SO 291.

7 Procedure

7.1 Check
energy range
table 1).

The selected

more than 8)

specimen. If
table 1 meet
highest energ

7.2 Adjust
the driving p

that the pendulum machine is of the correct
and that it has the specified striking velocity {see

pendulum shall consume at least 10 %,-but not
%, of its stored energy in breaking the test
more than one of the pendulums described in
these requirements, the pendulum having the
ly shall be used.

the pointer on the energy scale so that it touches
n when the pendulum is in the starting position.

Carry out a blank test (i.e. without a specimen in place) and en-

sure that the
given in tablg

total frictional losses do not exceed the values
1.

7.3 Measufecthe dimension x of the test specimen, to the
nearest 0,02 Lm—cazemuyumeasuu-tbe-dmeasonaqrusmn for

1SO 180-1982 (E)

reversed notch Izod impact strength, specimens shall be posi-
tioned so that the notch is on the opposite side to that to be
struck by the striking edge of the pendulum.

7.5 Carefully release the pendulum. Read from the scale the
impact energy absorbed by the specimen and apply such cor-
rections for frictional losses etc., as may be necessary.

7.6  For calculation of test results, only completely broken
specimens shall be taken into consideration. Certain materials
may, however _exhibit hrnged breaks where the . specimen

acceptable.

8 Calculation and expression of results

8.1 The lzod impact strength of notched s;]ecimens, a, in
kilojoules per square metreis given by the foimula

A
L IRVPTY

XYk
where

ApSis the impact energy, in joules, absorped by the test
specimen;

x is the dimension x, in millimetres, of thTest specimen ;

Y is the dimension yy, in millimetre
specimen.

, of the test

8.2 Thelzod impact strength of reversed notgh specimens, a,
in kilojoules per square metre, is given by the formula

A x 103
XYy
where

A is the impact energy, in joules, absorbed by the test
specimen ;

X is the dimension X, in millimetres, of the test specimen;
P \s_tte_mmawnn_yr,_m_mwa:nj, of the test

example, a micrometer fitted with an anvil of width 2to 3 mm
and of suitable profile to fit the shape of the notch. Carry out
two measurements, one at each end of the notch, and calculate
the mean value.

7.4 Lift and arrest the pendulum, and adjust the pointer in ac-
cordance with 7.2. Place the specimen in the vice and clamp it
in accordance with 5.1.6 and as shown in figure 1. For the
determination of notched Izod impact strength, the notch shall
be positioned on the side that is to be struck by the striking
edge of the pendulum (see figure 1}. For the determination of

specimen.

8.3 Calculate the arithmetic mean, the standard deviation
and the coefficient of variation of the ten results.

8.4 If required, calculate the relative impact strength for any
two notch types as defined in 3.3, and express the result as a
percentage.

8.5 Report all calculated values to two significant figures.

1) Attention is drawn to the change in the method of expression of results from that used in 1ISO/R 180.
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9. Test report

The test report shall include the following information :

a)

b)

a reference to this International Standard;

full identification of the material tested, including

manufacturer's code, grade and form;

c)
d)
e
f)

g}

the designation of the test method used {see table 3) ;

the type or dimensions of test specimens used;

j) details of preconditioning and the test conditions :

k) the maximum energy of the pendulum or apparatus
used;

m) the clamping pressure, if applicable (see 5.1.7);

n) the impact strength of the material, reported as the
arithmetic mean of the results on notched and/or reversed
notched test specimens, and/or relative impact strength, as
applicable;

the type of notch used;
the method of preparing the test specimens;

the directign of testing, i.e. whether in the ‘flatwise’ or

‘edgewise’ direction;

h)

for sheets, |the thickness of the sheet and, if applicable,

the direction of the major axes of the specimens in relation
to some feature of the sheet;

p) the individual test results;

q) if required, the standard deviation.and the coegfficient of
variation of the resulits;

r) the type of fracture exhibited by the test specimens;

s) if required, the relative impact strength for fwo notch
types.

Dimensions in millimetres

Striking edge radius 0,8 £ 0,2

Radius 0,2 £ 0,1

7

22 +0,2

R

Fixed vice jaw

Movable vice jaw

N

Faces C and D,

in contact with the
specimen, and parallel
to within 0,026 mm.

Figure 1 — Vice support and test specimen {notch and striking edge shown in normal position)
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