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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
Commissipn (TEC) 0N all matters o1 electrotechnical standardization.

Internationjal Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart 3

Draft Interpational Standards adopted by the technical committees are circulated to the member bodies for voting.
Publicatiop as an International Standard requires approval by at least 75 % of the member®odies casting a vote.

Internationjal Standard 1SO 13802 was prepared by Technical Committee ISO/TC 61,)Plastics, Subconpmittee SC 2,
Mechanicql properties.

Annexes A to E of this International Standard are for information only.
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Plastics — Verification of pendulum impact-testing
machines — Charpy, lzod and tensile impact-testing

1 Scope

This Interrn

Charpy impact test, 1zod impact test and tensile impact test described in 1SO 179-1+1S0 180 an

respective

The test 1
3.12) absq
E (see 3.1
energy is

Methods 4
machine.
therefore
reference

These mg
undergoin

hachines covered by this International Standard are of the pendulum, type. The impact ef

The verification of some geometrical properties is difficult\to perform on the assembled ing
hssumed that the manufacturer is responsible for thg, verification of such properties and
blanes on the instrument that enable proper verification’in accordance with this International

ational Standard specifies methods for the verification of pendulum impact-testingmachines

y.

used for the
d ISO 8256,

ergy W (see

rbed in impacting a test specimen is taken as being equal to the difference between the potential energy

1) of the pendulum and the energy remaining in the pendulum after~impacting the specime
orrected for friction and air-resistance losses (see Table 2 and 5.6).

re described for verification of the geometrical and physicak properties of the different pan

thods are for use when the machine is being installed, is being repaired, has been
) periodic checking.

. The impact

ts of the test
trument. It is
for providing
Standard.

moved or is

This Interpational Standard is applicable to pendulum-type impact-testing machines, of different capacities and/or

designs, W

A penduly
satisfactor

Annex A d
the mome

Annex B €
energy.

Annex C d
impact en
capacity h

ith the geometrical and physical properties defined in clause 5.

m impact-testing machine verified in accordance with this International Standard, and

assessed as

y, is considered suitable forimpact testing with unnotched and notched test specimens of different types.

escribes the relationships between the various characteristic pendulum lengths, the potentid
nt of inertia of the pendulum.

Xplains how to €alculate the ratio of frame mass to pendulum mass required to avoid errors
escribes; for Charpy impact testing, the changes in pendulum velocity just after impact as

brgy. @and gives the ranges of impact energies for the measurement of which pendulums
hye to be used.

| energy and

in the impact

a function of
of specified

Annex D discusses the stiffness of the base of the frame necessary to avoid resonant oscillations in the frame due
to reaction forces caused by the moving pendulum.

Annex E gives the dimensions of a gauge plate suitable for the verification of Charpy impact-testing machines.

2 Normative references

The following normative documents contain provisions which, through reference in this text, constitute provisions of this
International Standard. For dated references, subsequent amendments to, or revisions of, any of these publications do
not apply. However, parties to agreements based on this International Standard are encouraged to investigate the
possibility of applying the most recent editions of the normative documents indicated below. For undated references,
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the latest edition of the normative document referred to applies. Members of ISO and IEC maintain registers of
currently valid International Standards.

ISO 179-1:—1), Plastics — Determination of Charpy impact properties — Part 1: Non-instrumented impact test.

ISO 179-2:1997, Plastics — Determination of Charpy impact properties — Part 2. Instrumented impact test.

ISO 180:—2)

, Plastics — Determination of Izod impact strength.

ISO 8256:1990, Plastics — Determination of tensile-impact strength.

3 Definitions

For the purpgses of this International Standard, the following definitions apply.

3.1

verification
proof, with th
acceptable

3.2

calibration
set of opera
measuring i
derived from

3.3
period of 0sc
Tp
period, expre
oscillation of

3.4

centre of per
point on a pé
axis of rotatig

3.5

pendulum lepgth

Lp
distance, exf
the length of
oscillation wi

3.6
gravity length

e use of calibrated standards or standard reference materials, that the calibration of an ing

tions that establish, under specified conditions, the relationShip between values indic
strument or measuring system and values corresponding:to appropriate standards or kng
standards

llation of the pendulum

ssed in seconds, of a single complete oscillation (to and fro) of the pendulum, oscillating al
less that 5° to each side of the vertical

Cussion
endulum at which a perpendieular impact in the plane of swing does not cause reaction fo
n of the pendulum

ressed in metres; between the axis of rotation of the pendulum and the centre of percussior
an equivalent theoretical pendulum mass concentrated at the point which gives the samg
hits Tp (3.3) as the actual pendulum

trument is

ted by a
wn values

angles of

ces at the

(3.4); itis
period of

L

distance, expressed in metres, between the axis of rotation of the pendulum and the centre of gravity of the

pendulum

3.7

gyration length

e

distance, expressed in metres, between the axis of rotation of the pendulum and the point at which the pendulum
mass mp would have to be concentrated to give the same moment of inertia as the pendulum

1) To be published. (Revision of ISO 179:1993)
2) To be published. (Revision of ISO 180:1993)
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3.8
impact len
Ly
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gth

distance, expressed in metres, between the axis of the rotation of the pendulum and the point of impact of the

striking ed

3.9

ge at the centre of the specimen face

starting angle

0o

angle, expressed in degrees, relative to the vertical, from which the pendulum is released

Usually the test specimen is impacted at the lowest point of the pendulum swing (a; = 0°). In this case, the starting

NOTE
angle will &
3.10
impact vel
i
velocity, e
3.11
potential €
E
potential
3.12
impact eng
W
energy, ex
3.13
frame
that part g
instrumen
kilograms
3.14
period of g
TF .
period, eX
oscillation
foundation
3.15
mass of th
mP,max
mass, exp|

so be the angle of fall [see Figure 1b)].

DCity

Kpressed in metres per second, of the pendulum at the moment of impact

nergy

nergy, expressed in joules, of the pendulum in its starting positiony relative to its position at in

ergy

pressed in joules, required to deform, break and push-away the test specimen

s and the mechanism for holding and releasing the pendulum; the mass of the frame, m, is

scillation of the frame

pressed in seconds, (of the freely decaying, horizontal oscillation of the frame; it char
of the frame vibrating~against the stiffness of the (resilient) mounting, e.g. a test ben
(which may include damping material for instance) (see annex D)

e pendulum

ressed’in kilograms, of the heaviest pendulum used

hpact

f the machine carrying the pendulum beatings, the supports, the vice and/or clamps, the measurement

expressed in

hcterizes the
ch and/or its

4 Measurement instruments

The verification methods described in this International Standard call for the use of straight edges, vernier calipers,
set squares, levels and dynamometers, load cells or scales and timing devices to check if the geometrical and
physical properties of the components of the test machine conform to the requirements given in this International

Standard.

These measurement instruments shall be accurate enough to measure the parameters within the tolerance limits
given in clause 5.
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Ly
w
g

NN
\

a) Quantities necessary to determine the hotizontal moment

b) Quantities necessary for scale calibration and for potential-energy calculations

Key
1 Axis of rotation 4 Angle of rise, ar
2 Vertical force, Fy 5 Starting angle, o

3 Centre of percussion

Figure 1 — Quantities necessary for energy verification
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5 Verification of test machines

5.1 Com

ponents of test machines

The essential components are as follows:

5.1.1 Pendulum

1)

n nTp, of n

s results in a

5.1.1.1 Pendulum rod .
5.1.1.2 Striker, with striking edge for bending impact tests (see ISO 179 and 1SO 180) or with striking surfaces or
clamps forrterisitempact testing-{seetSO-8256:1996testmethodsAand Brespectivety):
5.1.2 Frame
5.1.2.1 Tpst specimen supports , for Charpy impact testing (see ISO 179);
5.1.2.2 Vjce, for Izod impact testing (see 1ISO 180);
5.1.2.3 CJamps or stops, for tensile impact testing (see 1ISO 8256, methods A and, B);
5.1.2.4 Mechanism for holding and releasing the pendulum
5.1.3 Engrgy indicating device
5.1.4 Crogsheads for tensile impact testing
5.2 Pendulum
5.2.1 Per|dulum length, Lp
Determingl the pendulum length Ly from the period of.escillation Tp of the pendulum using the equation
AT
where
g i9the local acceleratiomdue to gravity, in metres per second squared;
Tp i the period of.@scillation of the pendulum, in seconds.
The valueof Tp shalloe determined to a precision of 0,2 %.
Determingl the period of oscillation Tp as the mean value of four determinations, of total duratig
co_n:'secuti\e oscillations tq an accuracy of 0,1 s. Together with the precision demanded above of L, th
minimum rromber Trofoscifatiomrgiverr by T="1667T5:

The use of a timing device accurate to better than 0,1 s allows the number of oscillations to be reduced accordingly
(see Table 1).
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Table 1 — Examples of minimum number of oscillations for determination of Tp
Lp o Accuracy of time Minimum ngmber
measurement of oscillations
m s s n
0,225 0,95 0,1 105
0,01 11
0,390 1,25 0,1 80
0,01 8

©1SO

5.2.2 Impac

The impact
oscillation Ty

| length, L,

ength L, (3.8) shall be within 1% of the pendulum length Lp, as determined from the|
of the pendulum [see equation (1) and Figure 1a)].

5.2.3 Potential energy, E

The potentia
Table 2.

Determine th
potential ene

a) Support
that the

b) Measurg

c) Calculat

equatior:

My

d) Measurg
1/400th
of 140°,
e) Calculat
E =

where

E

energy E shall not differ by more than +1 % from the nominal value given in the first

e potential energy by the following procedure, or by any other.method capable of determinin
rgy of the pendulum to within the precision specified above,

ine from the axis of rotation to the centre of gravity of the pendulum is horizontal [see Figure
the vertical force Fyy, in newtons, at L, and theJength Ly, in metres, to a precision of + 0,2 9

e the horizontal moment My, of the pendulum about the axis of rotation, in newton metres

=FRyly
the starting angle a, [see(Figure 1b)] to a precision Aag which corresponds to a relative p
150° and 160°, A, is;89°, 0,54° and 0,81°, respectively.
b the potential enérgy E of the pendulum from the equation:

My(cosa| =cosayg)

is-the potential energy of the pendulum, in joules;

period of

column of

 the initial

the pendulum at an arbitrary length L, from the axis of rotation, on a balance or dynamomefer. Ensure

1a)].

using the

)

recision of

pf the potential energy E and, if applicable, the impact angle a, to within 0,25°. Thus, for star{ing angles

3

My

Qo

a
NOTE 1

NOTE 2
method descri

is the horizontal moment of the pendulum [see equation (2)], in newton metres;
is the starting angle, in degrees;

is the impact angle, in degrees.

Most pendulum impact-testing machines use an impact angle of 0°, for which cos a | = 1.

bed.

In certain cases, it may be necessary to remove the pendulum from the machine to determine its moment M, by the
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Table 2 — Basic characteristics of Charpy, tensile and 1zod impact-testing machines

Potential energy Type of test Impact velocity Maximum permissible losses
due to friction without test
E % specimen
J m/s % of E
0,5 Charpy 4
1,0 Charpy 2
2,0 Tensile 2,9 (+10 %) 1
4,0 Tensile 0,5
5,0 Charpy 0,5
7,5 Tensile
15 Tensile 3,8 (+ 10 %)
25 Tensile 0,5
50 Tensile
1,0 Izod 2
2,75 Izod 1
55 Izod 3,5 (£10 %) 0,5
11 Izod 0,5
22 Izod 0,5

5.2.4 Impact velocity, v

5.2.4.1 Value

The impadt velocity v, shall have the value given in Table 2 for Charpy, Izod and tensile impact testing,

5.2.4.2 Dgtermination

Determing the impact velocity using the equation:

Vi =,[29L (cose —cosag)

where

v, ip the impact velocity-in-metres per second,
g ip the local acceleration due to gravity, in metres per second squared;

L, ipthe impactlength (see 5.2.2), in metres;

0y ip the starting angle, in degrees;

o, ipthe impact angle, in degrees (see note 1 to 5.2.3).

5.2.5 Types of pendulum impact-testing machine

Three different types of test machine are covered by this International Standard.

Figure 2 shows a typical example of a Charpy test machine. Important values to be verified are listed in Table 3.

Figure 3 shows a typical example of an Izod test machine. Important values to be verified are listed in Table 4.

respectively.

(4)

Figures 4 and 5 show typical examples of tensile impact-testing machines. Important values to be verified are listed

in Table 5.

There are several pendulum designs available, and they are acceptable if they meet the requirements of this

International Standard.
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Table 3 — Properties of Charpy machines

Parameter Symbol used in Figure 2 Unit Value
Pendulum
Angle of striker tip 61 degrees 301
Radius of striking edge Ry mm 2+05
Frame/pendulum position
Parallelism between long axis of test specimen and reference o] O +4/1000
plane (if present)
Distance between striking edge and centre of gravity of striker
Position of midplane between supports, relative to striking edge D4 mm +0,5

D2 mm +0,5
Test specimgn supports
Radius of cugvature of supports R, mm 1+0,1
Angle of tapqgr of supports 6, degrees 101
Angle of slope of supports 63 degrees 5x1
Angle of supports 6, degrees 00 £0,1
Table 4 — Properties of 1zod machines

Parameter Symbolused in Figure 3 Unit Vhlue
Striking edgs
Radius Ry mm D,8 +0,2
Angle relativég to long axis of test specimen 61 degrees 902
Parallelism with face of test specimen (over full width) o] mm + 0,025
Frame/pendylum position
Horizontality jof top surface of vice P O 4 3/1000
Angle betwe¢n locating groove and top surface of vice 6, degrees D0 £ 0,5
Location of sjriking edge above top surface of support D4 mm P2 £0,2
Vice faces
Parallelism ir} horizontal and vertical direction P3 mm + 0,025
Radius of tog edge of support about whi¢h bending takes place R, mm D,2 +0,1

Table 5 — Properties of tensile impact machines
Parameter Symbol used in Unit Value
Figures 4 and 5

Pendulum
Parallelism of striker/anvil faces with crosshead face o 0 +4/1000
Angle between striker/anvil faces and plane of swing Py degrees 90+1
Symmetry of striker/anvil faces with respect to plane of swing S mm +0,5
Test specimen position
Symmetry with respect to plane of swing S, mm +0,5
Angle relative to plane of swing p3 degrees +0,2
Crossheads
For mass of crosshead, see ISO 8256:1990, Table 1

NOTE The properties of pendulum impact-testing machines which depend on the test specimen position can only be
measured using metallic gauge specimens which are exactly rectangular. Injection-moulded specimens are not suitable due to
their draft angles.
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Dimensions in millimetres

. \
Y| ™=
N ittt
AN
10—
9 80
91 - DW
! 8
(S 16
| SR 15 7
ol A /
= | 3
M =9
lD2 7
T
R, A 1
0, v 18
|
T
20

Key
1 Scale 8 Striking edge 15 Standard test specimen
2 Machine frame 9 Test specimen supports 16 Centre of gravity of striker
3 Axis of rotation 10 Foundation 17 Axis of test specimen
4 Pendulum bearings 11 Included angle of striker, 61 18 Parallelism, p1
5 Friction pointer 12 Width of striker 19 Test specimen
6 Pendulum rod 13 Plane of symmetry of supports 20 Reference plane
7 Striker 14 Support

Figure 2 — Details of Charpy test machine

(for dimensions, see Table 3)
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v oA

*
| A-A
A 13 X' 9
10
[ -—— 15 o/ S
3 p—
16 ]
6
1 / / 4 [~ !
1 N
}Q \lﬂ a1 TWw
R; 6, / /
| / /
14 — ‘ 12 7 /
| / ol
N |
\\ [ / f 12
NN SN
18j\ \F
A,I
41+ |19
o= |
4= N 12
18
Key
1 Pendulum bearings 8 Pendulum arm 15 Direction of impact
2 Scale 9 Striker 16 Top surface of vice
3 Frame 10 Striking edge 17 Horizontality, p2
4 Test specimen 11 Foundation 18 Parallelism, p3
5 Test specimen supports 12 Clamping block 19 Parallelism, p1
6 Axis of rotation 13 Radius of curvature of striking edge 20 Locating groove
7 Friction pointer 14 Support block

NOTE The support and clamping block together form a vice.

Figure 3 — Details of the 1zod-test device  (for dimensions, see Table 4)

10
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|
+—f 9
! - 10 ~
| e
Q 11 Q
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Q — ! %)
" ~ | -
v .
+ N T 112
N - 1 e —
Sy e i i
S ; P o N )
} [ 1! Q
1
- ~ 14
5 3
6 J | \ 4
|
3 i 15
Key
1 Frame 6 Crosshead 11 Axis of rotation
2 Pendulum rod 7 Coplanarity, p3 12 Vice jaw
3 Striker 8 Striker face 13 Plane of swing
4 Test specimen 9 Parallelism, pp 14 Direction of blow
5 Support for crosshead 10 Parallelism, po 15 Crosshead face

Figure 4 — Diagrams showing relationship of pendulum to test specimen clamps in tensile impact test
(for dimensions, see Table 5)

machines for use in method A of ISO 8256:1990

11
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D,-D,
-D
~J

482:
-1
ﬁ

i)
Dy
A~

!

D

D
D,

Key

1 Coplanarity, p3 9 Crosshead clamp 16 Hardened striker pad (if necessary to
2 Direction of blow 10 Plane of swing prevent permanent deformation)

3 Pendulum head 11 Crosshead face 17 Unsecured crosshead/specimen clamp
4 Test specimen 12 Anvil face 18 Pendulum head

5 Anvil 13 Unsecured specimen clamp 19 Base

6 Axis of rotation 14 Pin for other devices for holding unsecured

7 Parallelism, p1 crosshead during downward travel

8 Parallelism, pp 15 Broken specimen

Figure 5 — Diagrams showing relationship of pendulum to test specimen clamps after test specimen
rupture, for tensile impact test machines for use in method B of ISO 8256:1990 (for dimensions, see Table 5)

12
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5.3 Basic properties of the frame
5.3.1 Construction
The frame shall be of rigid construction (see Table 6). Pendulum impact machines designed for use with this

International Standard shall have the rotation shaft (upper part) free of obstructions to allow a direct level check
using a proper level on the reference plane (see 5.3.2). The centre of gravity of the frame shall be at the same

height as the centre of percussion of the pendulum at impact and in the plane of swing of the pendulum.

Table 6 — General characteristics of frame

Parametet Ynit atte
Horizontality of axis of rotation of pendulum
a) Machine|with reference planel) d + 2/1000 relative tothe reference plane
b) Machine|without reference plane ad +4/1 000
Longitudingl play of bearings mm 0,25
Radial play|of bearings mm 0,05
1) To be ceftified by the manufacturer.

5.3.2 LeV|

The frame|

is either horizontal to within 4/1000 or parallel to the reference plané-to within 2/1000. In order to maint

in position

5.3.3 Ma{

elling the frame
shall be installed so that the reference plane is horizontal to,within 2/1 000 and so that the a
and the stiffness of the mounting (see 5.3.3), the adjustment screws shall be fixed after level

s of frame and pendulum and stiffness of mounting

is of rotation
ain the frame

ing.

After an inppact on a test specimen for which the work.to break is greater than the potential energy of the pendulum,

there shall be no visible displacement of the frame, on'the test bench.

Unless thg ratio mg/mp o, Of the mass of the frame to the mass of the heaviest pendulum used is at|least 40, the
frame shall be fixed to a rigid test bench.

The minimum value of the ratio mg/Mp)y,,« Of the mass of the frame to the mass of the heaviest pehdulum used
depends dn the maximum relative impact energy W, ./Enax Measured (see Table 7 and annex B).

Table 7 4+ Minimum ratio of:mass of frame to mass of pendulum as a function of maximum relative impact

energy Wi, ./ Efameasured, allowing a relative-energy error  AW/E,,,,, of, at the most, 0,3 %

Winax!Emay: in percent 40 50 60 70 80

Me/Mp, max 10 18 28 42 62

NOTE 1 It is recommended that a mass ratio mg/mp max Of 40 is used, which is suitable for the measurement of impact

energies which are up to 70 % of the potential energy of the heaviest pendulum, e.g. Wpax < 35 J for Eqax = 50 J.

In order to avoid resonant transmission of energy from the pendulum to the frame during a single swing without a
test specimen, the period of oscillation of the frame T shall satisfy the following inequality (see also annex D):

Te<Tp/7 (5)
where
Te  is the period of oscillation of the frame, in seconds;

Tp

is the period of oscillation of the pendulum, in seconds.

13
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NOTE 2

have a sufficiently stiff mounting for their period of oscillation Tg to be less than 0,13 s and 0,19 s, respectively.

The stiffness

S =

of the mounting S- shall satisfy the following inequality:

2
_ AnTme
2
TF

©1SO

Commonly used pendulums have periods of oscillation Tp between 0,9 s and 1,3 s. Their frames, therefore, have to

(6)

Using the recommended mass ratio mg/mp 5, of 40 and combining inequality (5) with inequality (6) gives

7 x104 XMp

=

S

where

S

mP,max
Tp

NOTE3 Th
horizontal forg
oscillation of t
and monitored

5.4 Bearing

The end play
and the total

The radial pl
in order to in
perpendicula|
magnitude a
5.5 Energy
55.1 Types|

The maching
being related

7

s the stiffness of the mounting, in newtons per metre;
s the mass of the heaviest pendulum, in kilograms;

s the period of oscillation of the pendulum, in seconds.

e Fg (S = Fg/9) acting on the frame in the direction of impact (sé€e Figure D.3). Alternatively, th
he frame Tg may be deduced from the resonant vibration excited\by an impulse acting in the directid
by a suitable recording device.

in the axial direction in the bearings (see Table6) of the pendulum spindle shall not exceeq
play in the radial direction shall not exceed.Q,05 mm.

dicate movement in the bearingsat\the end of the spindle when a force is applied to the
rly to the plane of swing. It is recommended that this perpendicular force is of the sam|
b the weight of the heaviest pendulum used.

indicator

of scale

by the equation

COS o Cos )

()

b stiffness of the mounting S¢ may be determined, for instance, from the displacement s caused ly a known

e period of
n of impact

0,25 mm,

hy can be measured, for example, by a dial gauge mounted on the frame close to the bearipg housing

pendulum
e order of

may be graduated either in angle of rise ag [see Figure 1b)] or in impact energy W absorbgd, the two

8

W= My
where

W s

My is

ag is

ar is
NOTE

the impact energy, in joules;
the horizontal moment of the pendulum, as given by equation (2), in newton metres;
the starting angle, expressed in degrees;

the angle of rise, in degrees.

It may be useful to have the scale graduated both in joules of absorbed energy and in degrees. Also, for the

installation and calibration of the machine and the measurement of friction losses, it is useful to be able to change the starting

angle.

14
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5.5.2 Scale resolution

The resolution AW of the scale for the impact energy W, which may be analogue or digital, shall be at least 1/400th
of the potential energy E, corresponding to the resolution Aag of the angle of rise ag, as given, in degrees, by the
equation

o _180(1-cosag)
R™ n(400sinag)

(9)

NOTE For a starting angle ag of e.g. 145°, Aar = 0,26° at the most critical range near ar = 90°. The values of the
resolutions AW and Aag indicated above include uncertainties influencing the readings like parallax and/or thickness of the
pointer and-fustuations-ef-digital-scales:

5.5.3 Callbration of energy/angle of rise scale

The gradugtion marks on the scale, corresponding to approximately 10 %, 20 %, 30 %, 50 % and 70 % of the range
of the scalg shall be checked as follows, measuring angle of rise to the precision specifiediin-5.5.2:

a) Operate the machine normally, but without a test specimen in position, and pbtain a zero read|ng (Ws ;) as
indicated by the pointer. Record this reading, which shall not exceed * 2,5 % ©f,the potential energly E.

b) Suppg¢rt the pendulum so that the zero reading (Wg,) is indicated) by the pointer and [neasure the
corregponding angle of rise ag ;.

c) Support the pendulum so that the mark for each of the above calibration positions is indicated by the pointer,
and njeasure the corresponding angle of rise ag | for each position.

d) Calculate the absorbed energy W, using the following equation:

W = My(cosag, —cosag 1) (10)

NOTE The precision specified for L and Ey (see 5.2.3) and for ag 1 and ag | enables W, to be determined to a
precisfon of approximately 0,3 % of full-scale deflection. ' '

e) Repeat steps a) to d) twice.
f) Calculate the mean of the three determinations. The difference between the individual values and their mean
shall jnot exceed 1 % of the ‘energy corresponding to the indicated value or 1% of the fullfscale value,
whichver is the greater.
5.6 Losses due to friction
5.6.1 Types of loss

Energy is| absarbed by friction, including in the pointer (if the machine has one) or in electrgnic angular-
displacementtransducers, air resistance and friction in the pendulum bearings.

5.6.2 Determination of the Toss due to friction in the pointer
If the machine has a pointer, determine the loss due to friction in the pointer W p using the following procedure:
a) Operate the machine normally, but without a test specimen, to obtain a first reading W ;.

b) Without resetting the pointer, again release the pendulum from the initial position and obtain a second reading
W 2

c) Repeat steps a) and b) twice.

d) Calculate the means of the three determination of W; ; and W .

15
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e) Calculate the loss due to friction in the pointer W;p for one swing by subtracting the mean of the second
readings W , from the mean of the first readings W; 4, i.e.

Wip = W1— W (11)
5.6.3 Determination of losses due to air resistance and friction in the pendulum bearings
Determine the losses due to air resistance and friction in the pendulum bearings using the following procedure:
a) If the machine has a pointer, operate the machine as described in 5.6.2 to obtain a reading W, ,. Allow the
pendulum to contrnue to swrng freely. At the begrnnrng of the tenth forward swrng after measurrng W 5,

repositigrthe S Tcomg v C C e S the scale.
Record

b) Repeat $tep a) twice.
c) Calculate the means of the three determinations of W; , and W 5.

d) Calculate the energy lost due to air resistance and pendulum bearing friction W;g for one swing using the

equation
Wiz —Wo
12
Wids = 20 (12)
NOTE Electronic angular-displacement transducers are frequentlys used to measure pendulum motion. These

devices dre either frictionless optoelectronic devices or their frictional losses are included in W; 5p.
5.6.4 Calculgation of the total energy lost due to friction

Calculate the total energy lost due to friction W; using the egtiation:

_1
%3

i

t
W g +Z—R( Wag *+2 WP)D (13)
0 u

5.6.5 Maximjum permissible losses due ta.friction

The total losges due to friction for one (swing shall not exceed the applicable value(s) given in Table 2.
The total engrgy lost W; calculatga-from equation (13), shall be subtracted from the impact energy measured with a
test specimep, but only in cases 'when W; exceeds 0,5 % of the potential energy E, i.e. only for pendulyms with a
potential energy less than 4,9 (see Table 2).

5.7 Test sgecimensupports, clamps and crossheads

5.7.1 Suppdrts.in Charpy test machines

The test specimensupportsinmCharpy machines(see Figure2)shatrconfornrtoatrof the-fottowingrequirements:
5.7.1.1 Arrangement of supports

The test specimen supports shall be located one on each side of the plane of swing of the pendulum and shall each
consist of two mutually perpendicular surfaces normal to the plane of swing of the pendulum. Essentially, one of
these two surfaces supports the specimen and the other takes the reaction from the impact on the specimen. The
corresponding surfaces on each of the two supports shall be coplanar.

A recess shall be provided at the junction between the two surfaces, to accommodate flash along one edge of the
specimen, for instance.

16
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5.7.1.2 Orientation of supports

When a specimen measuring (80 mm + 0,2 mm) x (10 mm + 0,2 mm) x (4 mm £ 0,2 mm) is used, the supports shall
conform to the following requirements:

a) thelong axis shall be parallel, to within 4/1 000, to the reference plane of the machine;

b) the surfaces shall be parallel, to within 4/1 000, to the corresponding faces of the specimen,;

c) when the striking edge of the pendulum is in contact with the specimen, the striking edge and the face of the
specimen shall be coincident to within 0,025 mm over the full length of the striking edge, and the line of contact
shall be perpendicular, to within 2°, to the longitudinal axis of the specimen.

NOTE
tape)
not faq
the sp
coveri
concu

5713 A
When che
5714 D
This may
5715 S

The slope

One method of verifying this is as follows: A specimen is tightly wrapped in thin paper (.91
ind placed in the supports. Similarly, the striker edge is tightly wrapped in carbon paper with the‘¢carb
ing the striker). From its position of equilibrium, the pendulum is raised a few degrees, released so

pcimen, but prevented from contacting the specimen a second time. The mark made by\the carbor]
ng round the specimen should extend across the whole width of the specimen. This test may

rently with that to check the angle of contact between the striker and the specimen (see’5.8.1).

ngle between support surfaces

Cked by a gauge, the angle between the two surfaces of each suppart shall be 90° + 0,1°.
stance between supports

ary (see ISO 179-1).

ope of supports

(see Figure 2) of the supports, as checked by-aZgauge, shall be 5° + 1°.

5.7.1.6 Taper of supports

The taper
57.1.7 R

The radiug

see Figure 2) of the supports, as checked by a gauge, shall be 10° + 1°.
hdius of curvature of supports

of curvature of the suppertsy’as checked by a gauge, shall be 1 mm + 0,1 mm.

5.7.1.8 L¢@cation of notch

If means i
within + 0,

NOTE
edge is shd

5
b mm of the cehtre of the gap between the specimen supports.

A gaugethat can be used to check the distance between the supports and their alignment relative
wn inannex E.

5.7.2 Vicqes for 1zod test machines

sing adhesive
n outside (i.e.
hat it contacts
paper on the
be performed

provided for locating the test specimen, this shall ensure that the plane of symmetry of the notch lies

to the striking

Vices designed to hold the test specimen in Izod machines (see Figure 3) shall conform to all of the following
requirements:

5.7.2.1 Locating groove for specimen

The specimen-locating groove in the support blocks (if fitted) shall be checked with a gauge and shall conform to
the dimensional requirements specified in Table 4.

The locating groove shall enable the specimen to be fully supported at the face about which bending takes place.

The top edge of the support about which bending takes place shall be rounded to a radius of 0,2 mm £ 0,1 mm.

17
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When a specimen having the dimensions given in 5.7.1.2 is located in the vice and clamped so that it is attached
rigidly to the frame, the following requirements shall be conformed to:

the top surface of the support block shall be parallel, to within 3/1 000, to the reference plane of the machine;

the longitudinal axis of the specimen shall be perpendicular, to within = 0,5°, to the top surface of the support

the notch, which shall face the striker, shall be perpendicular to the plane of swing of the pendulum, and the

plane of symmetry of the notch shall coincide with the top surface of the support block, both within = 0,1 mm;

a)

b)
block;

c)

d) whenit g
the speq
within 0,

5.7.2.3 Vice

With a speci

vertical direc
5.7.3 Clamg
5.7.3.1 Gen
For §pecin_1e
specimen is

the clamps al
they do not ¢

Jaws may hd
the hardness
proximity to t

5.7.3.2 Spe

ontacts the specimen, the striking edge, which shall be sufficiently wide to extend beyond\bg
imen, shall be perpendicular, to within *+ 2°, to the longitudinal axis of the specimen-and
D25 mm (= 0,36°), to the face of the specimen, over the full width of the specimen.

faces

men clamped in place, the vice faces shall be parallel, to within 4/1000, imboth the horizon
ion.

s for tensile impact testing
eral

h types 1, 2, 3 and 4 (see ISO 8256:1990, Table 2 and)Figure 3), the surfaces between
Clamped shall be such that there is no slippage when the blow is struck. This applies to the jg

pntribute to the failure of the specimen.
and toughness of the specimen material:and its thickness. The edges of the serrated jay
he test region shall have a radius such-that they cut across the edges of the first serrations.

Cial clamps (jaws)

For type 5 s

of different heights is necessary. The pair of jaws chosen for the test shall have a height which is greats
thickness of the specimen but less than™120 % of its thickness.

5.7.3.3 Alig

When clamp
5.7.4 Cross

5.7.4.1 Mas|

ecimens (see ISO 8256:1990; Table 2 and Figure 3), held only by embedding, a pair of no

ment

bd in place, thie-specimen shall lie the plane of swing of the pendulum to within £ 0,5 mm.
neads for tehsile impact testing

5 of ‘erosshead

th sides of
pbarallel, to

al and the

which the
w faces of

ftached to the frame or striker, as well as to the crossheads. The clamps shall be of such a glesign that

ve file-like serrations, and the size of the serrations shall be selected, according to experiefce, to suit

s in close

ched jaws
r than the

Depending on the energy of the pendulum used, crossheads of different masses have to be used. Ensure, by
weighing, that the crosshead mass conforms to the limits given in Table 1 of ISO 8256:1990.

NOTE

In order to reduce bouncing due to the impact of the metal striker on metal crossheads, it is recommended that a

material is used for the crosshead which gives an essentially inelastic impact. Ductile aluminium has been found satisfactory.

5.7.4.2 Alignment of crossheads

Means shall be provided to ensure conformity to the following requirements after clamping the specimen in place:

a)

pendulum;

b)

pendulum.

18

the impacted faces of the crosshead shall be coplanar and parallel, to within 2/100, to the axis of rotation of the
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5.8 Striker
5.8.1 Striker for Charpy test machines

The striking edge of the pendulum shall be hardened steel tapered to an included angle of 30° £ 1° and shall be
rounded to the radius R; of 2 mm + 0,5 mm. These dimensions can be checked with gauges (see annex E). The
striking edge shall pass midway, to within = 0,2 mm, between the specimen supports, and shall be aligned so that it
makes contact across the full width or thickness of rectangular specimens. The line of contact shall be within + 2° of
perpendicular to the longitudinal axis of the specimen [see Figure 2 and the note to 5.7.1.2 ¢)].

The clearance between the supports and the striker, or any adjacent part of the pendulum which passes between
the SUPPOHS, shall be sufficient to ensure that the broken Qppr‘impn is free ta leave the machine with the minimum

of interfergnce, thus preventing the possibility of the specimen rebounding into the pendulum.

Any end stop used for locating the test specimen in the supports shall not impede the movement of the specimen
during theltest.

5.8.2 Striker for 1zod test machines
The striking edge of the pendulum shall be hardened steel and have a cylindrical-surface with a radiug of curvature
R, of 0,8 mm + 0,2 mm, with its axis horizontal and perpendicular to the plane ef'motion of the pendulym. It shall be
aligned solthat it makes contact across the full width or thickness of rectangulanspecimens. The line of|contact shall
be within 4 2° of the perpendicular to the longitudinal axis of the specimen,Sand shall be 22 mm + 0,2 npm above the
top surface of the vice (see Figure 3).

5.8.3 Striker for tensile impact test machines
See I1SO 8256:1990.

5.8.3.1 Striker for method A

The strikef for method A shall be made of steel. It shall have two surfaces coplanar to within 4/1000 apd parallel, to
within 5/1 D00, to the axis of rotation of the pendulum.

When using a specimen measuring (80 mm£'2 mm) x (10 mm = 0,2 mm) x (4 mm = 0,2 mm), the centres of the
contact argas on the crossheads (see 5.%.4:2) and on the striker shall lie in a plane which is horizontal to within 2°
and within[+ 0,5 mm of the plane of swing of the pendulum.
5.8.3.2 Striker for method B

The strikef for method B shall.be made of steel. It shall be designed so that specimens can be securely clamped in
it (see 5.7]3.1).

When clammped in placg, the specimen shall lie in the plane of swing of the pendulum to within + 0,5 mnj.

The contdct suffaces on the crosshead, mounted on a rectangular reference specimen, shall be ¢oplanar and
parallel, to within 5/1 000, to the axis of rotation of the pendulum.

For this purpose, the reference test specimen (made e.g. from stainless steel) shall be clamped in the striker in
such a way that its longitudinal axis is parallel, to within 4/1000, to the plane of swing of the pendulum.

6 Time interval between verifications

All impact-testing machines shall be reverified at suitable intervals, depending on their design and the nature and
extent of their use.

NOTE 1 An interval of 2 years is recommended for a machine which is in good order and is used under favourable
conditions of service.

NOTE 2 During the period between successive verifications, partial verifications are recommended at intervals of 1 year for a
machine which is in good order and is used under favourable conditions of service.
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A machine shall be reverified if it is moved to a new location, or is subject to major repairs or adjustments, or if there
is any reason to doubt the accuracy of the results it gives. The decision as to whether a complete or partial
verification is to be carried out shall rest with the verifying authority.

For a partial verification, compliance with clauses 5.2, 5.4, 5.6 and 5.8. is required.

7 Verification report

On completion of a complete verification, a report shall be issued. The report shall include the following information:

a) the nam
b) the nam
c) adescri
1) the
2) the
3) the
4) the
5) the
d)
e) the date
f)
g) detailso
h) the mea
i) astatem
j) the date
In addition,
included in th

20

e-and-address-of-the-verifyingauthority;

e and address of the client;

btion of the machine, including, where relevant
maker,

type or model,

serial number,

fype or types of test,

hominal potential energy of each pendulum;

the location of the machine;

of verification

a referefce to this International Standard;

f any repairs and adjustments made;
n values of W; 1, W, , and W, 5. (see 5.6);
ent of conformity or otherwise to the requirements of clause 5;

of the report.

e report.

h report numbér_jand the recommended date for the next verification,

complete or partig

|, shall be
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Annex A
(informative)

Relationship between the various pendulum lengths

Three pendulum lengths are defined in 3.5 to 3.7. They are the distance from the axis of rotation to:

the ce
the ce
the ce

The pendy
@1

The gyrati

-

The distarn
moment M

My

where gis

ntre ot gravity ot the pendulum (L,,);
ntre of percussion (Lp);
ntre of inertia (Lg).

lum length Ly can be determined by measuring the period of oscillation of thespendulum Tp, |

bn length L cannot be measured directly. It is given, in metres, mathematically by the equat

J/me

s the pendulum mass, in kilograms (determined by=weighing),

s the moment of inertia, in kilograms metre squared, of the pendulum, given by
mp

= Irz dm
0

being the distance, in metfes; from the axis of rotation.

see equation

[=]

n

Py

Since the

LM:

(A.1)

(A.2)

(A.3)

(A.4)

ce from the axis of rotatien to the centre of gravity L, can be determined by measuring the horizontal

» IN Nnewton metres,required to support the pendulum in a horizontal position. This is given
nmp

g DI rdm
0

the local acceleration due to gravity, in metres per second squared.

1rn\/ih}/ Inngfh | - IS gi\/nn h\]/
mp

1
— Ir dm
e 0

it follows from equation (A.3) that

My

LM:_

gmp

(A.5)
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As an alternative to equation (1), the pendulum length Lp can be described by the equation

J
=— A6
| (A.6)

Lp

From equations (A.1) and (A.6), it follows that the gyration length represents the geometric mean of the gravity
length and the pendulum length

LM- (A.7)

It can also bg shown that

LysLdsLp (A.8)
where the identities are for the case of a mathematical pendulum. Since the height-of fall Hy, =Ly, (L — cos ag)

where oy is the starting angle [see (Figure 1b)], the potential energy E = Hy,-mp-g can be calculated in t¢rms of L,
and ay. Insefting equation (A.5) gives equation (3).
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(informative)

Ratio of frame mass to pendulum mass

The maximum value of the energy W transferred to the frame during impact can be estimated assuming that during
the impact the elastically mounted frame can move freely. The period of impact is short compared with the period of

oscillation

Neglecting

M\
where

Mg

Mp

VF

i

Va

g of the frame.

the momentum of the broken specimen, the principle of conservation of momentum gives

=mp(y-w)

is the mass of the frame, in kilograms;

is the mass of the pendulum, in kilograms;

is the maximum velocity of the frame just after impact, in metres per second;
is the impact velocity, in metres per second;

is the velocity of the pendulum just after impact,.ifsmetres per second.

Squaring ¢quation (B.1) and inserting the potential energy:

2
E:Ebl

and the erj

V\{::

gives

e
mp

2

ergy uptake by the frame:

me 2

2

0 va &
- YAGE
U, vwtd

=

The principle of conservation of energy gives

E:%\é+w+\/\#

which, on rearrangement, gives

Va _ 1—(W+ W:)

Vi

E

where W is the impact energy.

(B.1)

(B.2)

(B.3)

(B.4)
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Inserting equation (B.4) into (B.2) gives the ratio of the frame mass to the pendulum mass expressed in terms of the
relative impact energy of the specimen and the relative energy uptake of the frame:

0 [2 ?
M _Q- (Wew) g E (B.5)
L E 0w

The energy absorbed by the frame shall not exceed 0,5 % of E. The mass ratio mg/mp is shown in Figure B.1 for
W/E = 0,005 and 0,01, i.e. for an energy uptake by the frame of 0,5 % and 1 % of E (see also Table 7).

WedE=0.005

———  W{/E= 0,01

mF/mp

W/E

Figure B.1 —+ Ratio of mass of-frame to mass of pendulum plotted against the relative energy uptake by the
specimen WI/E for two values of the relative energy uptake by the frame We/E
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Annex C
(informative)

Deceleration of pendulum during impact

The tangential velocity v,, in metres per second, of the pendulum, at the impact length, just after impact can be
written as in equation (B.4) but without W:

Figure C.1
impact tes

The velod|
particular

In addition
always be

This requi
velocities
impacting

This requi
approxima

= /| 1,:I._%

is the impact velocity, in metres per second;
is the impact energy, in joules;

is the potential energy of the pendulum, in joules.

shows v, plotted as function of impact energy, impact strength and notched impact stre
{ ISO 179-1/1eU and ISO 179-1/1eA) for the different pendulums used.

ties after impact are given for 10 % to 80 % ofsthe potential energy E that may be ab
pendulum (20 % to 80 % for tensile impact tests —\see 1SO 8256).

, within the energy range given above, the pendulum with the highest possible potential
used.

fement is indicated by the bold lineNin Figure C.1. As a consequence of this requirement,
bceurring in Charpy impact testing-is considerably reduced. The deceleration due to the
the specimen is effectively restricted to 5 % to 10 % of the impact velocity.

Fement ensures that impact tests employing pendulums of different potential energy are
tely the same velocity(

(C.1)

ngth (Charpy

sorbed for a

energy shall

the range of
vork spent in

performed at
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Figure C.1 1
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impact strength for Charpy impact testing

— Pendulum velocity after impact as a function of impact energy, impact strength and notche
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Annex D
(informative)

Interrelationship between the movement of the pendulum and that of the

frame

D.1 Ge

As it movs
stiffness,

heral

s, the pendulum exerts forces on the frame. The frame, which has a finite mass and.a mounting of finite
eacts to these forces in the form of forced oscillations involving both potential‘and kinetic| energy. The

loss of engrgy of the pendulum cannot therefore be attributed solely to the impact test and.attendant fri¢tional losses

but includ
that of the
increase i

errors memtioned above remain below an acceptable limit throughout the working range of the machin

makes req
frame and

Figure D.1

ommendations for the design of the machine, derived from numerical analysis of the moy
the pendulum.

shows the model of machine used. It will be assumed that‘the frame can move horizontall

only its stiffness S in the horizontal direction has to be considered.

Figure D.2
(dashed li
effective W

The dot a|
different s

shows curves of the normalized horizontal force f; (= F,/Gp) (solid lines) and angle of t
nes) versus normalized time t/Tp, Tp being the,period of oscillation of the pendulum and
eight of the pendulum. Since t/Tp tends to infinity at a = 180°, the time scale is centred on a

arting angle ay. It shows that the peried of oscillation increases with increasing starting ang

a=0°ist

e period of oscillation independent.of the starting angle and tends towards the limit Tp/4.

One impottant fact is that the horizontalforce f;, forms a double pulse, the peaks of which have a relativ

time inter
the small

| of At/Tp = 0,16 for ap 3180°. This is about one-third of the corresponding time interval (At
mplitude limit. It can be seen from Figure D.2 that the positions of the peaks in the horizo

almost constant from ag = 180¢-dewn to ag = 90°.

Hence, re
oscillation

For the co
frame to th

pardless of thedype of the machine, it can be expected that the frame will vibrate strongly i
is about one-third of that of the pendulum at small amplitudes.

nplete pendulum, the above condition can be checked by using the ratio of the period of 0s¢
at of the pendulum. The ratio of these two periods of oscillation is given by

bs as an additional error the energy transferred to the frame. Depending on\the mass of tfie frame and
pendulum, and on the stiffness of the mounting, resonant effects may) occur which legd to a large
h the energy absorbed by the frame. The design of the pendulum impact machine must ensure that the

. This annex
ement of the

y only. Thus,

ne pendulum
Gp being the
= 0°.

nd dashed line is the locus of the points representing one-quarter of the period of oscillation for each

le. Only near

e normalized
Tp = 0,5) for
ntal force are

its period of

illation of the

2

T _
T

where

[
x

h
V]

2g HE(1-cosa)

is the period of oscillation of the pendulum, in seconds;
is the period of oscillation of the frame, in seconds;
is the impact velocity, in metres per second,;

(= mg/mp) is the ratio of the mass of the frame to that of the pendulum;

(D.1)

is the horizontal stiffness between the frame and the foundation, in newtons per metre (see Figure D.1);
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E s the potential energy of the pendulum, in joules;
ag is the starting angle, in degrees;

g isthe local acceleration due to gravity, in metres per square second.

@) @)
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Axis of rotation
Frame T
Pendulum
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Foundation

b wN B

Figure D.1 — Model for calculating the movement of the frame
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versus normalized time (t/¥, for different values of the starting angle  ag

e of the experimental determination of S- is shown in Figure D.3.

onless, horizontally freely movable frame, i.e. a frame with a very low stiffness, for which T

stically mounted frame with a very high stiffness, for which T << Tp.

— Normalized horizontal force  f,.(£ F,/Gp) (solid lines) and angle «a (dashed lines) of § pendulum

= 3, the horizontal osCillation of the frame is in resonance with the pendulum oscillation. THe elimination
of this respnance is necessary,but does not suffice. Two limiting cases of machine set-up may occur.

- is therefore

D.2 Case 1: freely movable frame

Figure D.4 shows as an example the relative positions of a frame and pendulum with a mass ratio p of 4 during a

half-swing.

The amplitude of oscillation of the frame is given by s=+L,/4.

Due to the movement of the frame, the impact velocity is not constant, but varies according to the equation

V|Y1:V| 1+%

(D.2)
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