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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Metallic materials — Charpy pendulum impact test —

Part 1:
Test method

1 §
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COUPpPT

part of ISO 148 specifies the Charpy (V-notch and U-notch) pendulum impact-test
mining the energy absorbed in an impact test of metallic materials. This part'of ISO
instrumented impact testing, which is specified in ISO 14556.

Harbor Drive, P.O. Box C700, West Conshohocken, PA 19428-2959, USA}

2 Normative references

The f
and
cited
amer

ISO 1
ISO 2
Part
3

For t]

3.1
3.11

pllowing referenced documents, in whole or in part, are@ormatively referenced in th
hire indispensable for the application of this document. For dated references, only
applies. For undated references, the latest edition\ef the referenced document (i
dments) applies.

48-2, Metallic materials — Charpy pendulum jmpact test — Part 2: Verification of testing
86-1, Geometrical product specifications-(GPS) — 1SO code system for tolerances on li
[: Basis of tolerances, deviations and fits

‘erms and definitions

e purposes of this docunient, the following terms and definitions apply.

Definitions pertaining to energy

initial potentialenergy

pote
Kp

ntial energy

potential énergy of the pendulum hammer prior to its release for the impact test, as de

direca

t werification

method for
148 does not

xes B and C are based on ASTM E23 and are used with the permission 6fASTM International, 100

is document
the edition
icluding any

) machines

near sizes —

termined by

3.1.2

absorbed energy

K

energy required to break a test piece with a pendulum impact testing machine, after correction for
friction

Note 1 to entry: The letter V or U is used to indicate the notch geometry, that is: KV or KU. The number 2 or 8 is
used as a subscript to indicate the radius of the striker, for example KV.

3.1.3

nominal initial potential energy
nominal energy

KN

energy assigned by the manufacturer of the pendulum impact testing machine
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3.2 Definitions pertaining to test piece

3.2.1
width
w

distance between the notched face and the opposite face

Note 1 to entry: See Figure 1.

Note 2 to entry: In previous versions of the ISO 148 series (prior to 2016), the distance between the notched face
and the opposite face was specified as “height”. Changing this dimension to “width” makes this part of ISO 148
consistent with the terminology used in other ISO fracture standards.

3.2.2
thickness
B
dimension p

Note 1 to ent]

Note 2 to ent
width that is

3.2.3
length
L
largest dime

Note 1 to ent]

4 Symbag
The symbols

erpendicular to the width and parallel to the notch

y: See Figure 1.

nsion perpendicular to the notch

y: See Figure 1.

Is and abbreviated terms

'y: In previous versions of the ISO 148 series (prior to 2016), the dimension perpendicular to the
parallel to the notch was specified as “width”. Changing this dimension to “thickness” makgs this
part of ISO 148 consistent with the terminology used in other ISO fracture standards.

and designations applicable to this part of ISO 148 are indicated in Tables 1 and 2, and are
illustrated in Figure 2.

Table 1 —Symbols and their unit and designation

Symbol Unit Designation
B mm thickneéss of test piece
a ° angle of fall of the pendulum
1 or angle of rise when the machine is operated in the normal manner without a tes
° gle of ri hen th hine is operated in th 1 ithout a tesf

piece in position

B2 ]are angle of rise when the machine is operated in the normal manner without a test
piece in position and without resetting the indication mechanism

L mm length of test piece

LE mm lateral expansion

K J absorbed energy (expressed as KV7, KVg, KU, KUg, to identify specific notch geome-
tries and the radius of the striking edge)

Ky Jor® indicated absorbed energy when the machine is operated in the normal manner
without a test piece in position

K> Jor® indicated absorbed energy when the machine is operated in the normal manner
without a test piece in position and without resetting the indication mechanism

KN Jor® nominal initial potential energy

Kp ] initial potential energy (potential energy)

KV; | absorbed energy for a V-notch test piece using a 2 mm striker
2 © IS0 2016 - All rights reserved
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Table 1 (continued)
Symbol Unit Designation
KVg ] absorbed energy for a V-notch test piece using a 8 mm striker
KU, ] absorbed energy for a U-notch test piece using a 2 mm striker
KUg ] absorbed energy for a U-notch test piece using an 8 mm striker
N-m moment equal to the product F-I»
p ] absorbed energy loss caused by pointer friction
p’ ] absorbed energy loss caused by bearing friction and air resistance
P J correction of absorbed energy losses for an angle of rise 8
SFA % shear fracture appearance
Tt °C transition temperature
|74 mm width of test piece
Tirr oC Eransition temperature defined at a specific value of absotbed energy;
or example, 27 ]
Tesh opus oC transition temperature defined at a particular pereentage of the absorhed energy of
the upper shelf; for example, 50 %
Tysh ossia oC ';ransition temperature defined at a particular proportion of shear fracfure;
or example, 50 %
Thoo oC transition temperature defined at a particular amount of lateral expangion;
’ for example, 0,9 mm

5 Principles of the test

This test consists of breaking a notched test piecewith a single blow from a swinging pend
the cpnditions defined in Clauses 6, 7 and 8The notch in the test piece has a specified g
is logated in the middle between two supports, opposite to the location which is impacte
The ¢nergy absorbed in the impact test\the lateral expansion and the shear fracture apy
normally determined.

Becatise the impact values of many metallic materials vary with temperature, tests shall b
at a specified temperature. When this temperature is other than ambient, the test piece sh
or copled to that temperature; under controlled conditions.

The (Charpy pendulum impact test is often used in routine, high-throughput pass/fail acce
in industrial settings,-For these tests, it may not be important whether the test sample i
broken, partially<broken, or simply plastically deformed and dragged through the anvils.
design, or academic settings, the measured energy values are studied in more detail, in v

ulum, under
bometry and
1 in the test.
earance are

b carried out
h11 be heated

ptance tests
5 completely
In research,
vhich case it

mpared. For

ith different

test piece shapes Tests performed with different strikers can give different results [Z] and test results
obtained with differently shaped test pieces can as well. This is why not only the adherence to ISO 148
but also a clear and complete reporting of the type of instrument, the test piece and the details of the
post-test test pieces are crucial for comparability of results.

6 Test pieces

6.1 General

The standard test piece shall be 55 mm long and of square section, with 10 mm sides. In the centre of
the length, there shall be either a V-notch or a U-notch, as described in 6.2.1 and 6.2.2, respectively.

© ISO 2016 - All rights reserved
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If the standard test piece cannot be obtained from the material, one of the subsize test pieces, having a
thickness of 7,5 mm, 5 mm or 2,5 mm (see Figure 2 and Table 2), shall be used, if not otherwise specified.

NOTE1 Direct comparison of results is only of significance when made between test pieces of the same form
and dimensions.

NOTE 2  For low energies, the use of shims to better position subsize test pieces relative to the centre of
strike is important to avoid excess energy absorption by the pendulum. For high energies, this might not be as
important. Shims can be placed on or under the test piece supports, with the result that the mid-thickness of
the specimen is 5 mm above the 10 mm supports. Shims can be temporarily fixed to the supports using tape or
another means.

When a heaf-treated matertat 15 being evatuated, the test piece stiatt be finfstrmactimedamd otched
after the final heat treatment, unless it can be demonstrated that machining before heat treatmen{ does
not affect test results.

6.2 Notch geometry

The notch shall be carefully prepared so that the root radius of the notch is free\of machining marks
which could|affect the absorbed energy.

The plane of symmetry of the notch shall be perpendicular to the longitudinal axis of the test ppiece
(see Figure 2).

6.2.1 V-ngtch

The V-notcH shall have an included angle of 45° a depth.ef2 mm and a root radius of 0,2§ mm
[see Figure 2 a) and Table 2].

6.2.2 U-notch

The U-notch shall have a depth of 5 mm (unless otherwise specified) and a root radius of § mm

[see Figure 2
6.3 Toler

The tolerand

6.4 Prepg

Preparation
heating or ¢

6.5 Mark

! b) and Table 2].

Ance of the test pieces

es on the specified test'piece and notch dimensions are shown in Figure 2 and Table 2.

iration of the testpieces

1d workingy is minimized.

ingof the test pieces

shall be exéeuted in such a way that any alteration of the test piece, for example due to

The test pie

€Ay De Marked on any face notin contact wititSUpports, anvits or strikerand ata position

where plastic deformation and surface discontinuities caused by marking do not affect the absorbed
energy (see 8.8).

7 Test equipment

7.1 General

The measurements of the instrument and test piece details shall be traceable to national or international
standards. Equipment used for measurements shall be calibrated within suitable intervals.

© ISO 2016 - All rights reserved
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Installation and verification

esting machine shall be installed and verified in accordance with ISO 148-2.

Striker

The striker geometry shall be specified as being either the 2 mm striker or the 8 mm striker. It is
recommended that the radius on the striker be shown as a subscript as follows: KV; or KVg and KU or

KUsg.

Reference shall be made to the product specification for striker geometry guidance.

NOTH

8 1

8.1

The
of th¢
plane

8.2

The 4
losse

NOTE
fricti

8.2.1
but V
test i

p

wher]

p

wher]

Tests carried out with 2 mm and 8 mm strikers can give different results.[Z]

‘est procedure

General

e notch within 0,5 mm of the mid-plane between the anvils. It shall be struck by the 4
of symmetry of the notch and on the side opposite the notch((see Figure 1).

Friction measurement

nergy absorbed by friction shall be checked on every testing day prior to the first test
5 may be estimated as explained below, but othér'methods may also be applied.

The energy absorbed by friction includes,"but is not limited to, air resistance, bearing fr
n of the indicating pointer. Increases in friction on a machine can influence the measure of abs

To determine the loss caused by-pointer friction the machine is operated in the nof
Fithout a test piece in position, and the angle of rise, 1, or energy reading, K1, is not

= M(cos 1 - cos f32)

the scale is graduated in degrees, or

=K1 -Kp

the s¢ale is graduated in energy units.

est piece shall lie squarely against the anvils of the testing machine, with the plane ¢f symmetry

triker in the

The friction

ction and the
orbed energy.

mal manner;
pd. A second

5 then carried out without resetting the indication pointer and the new angle of rise, ff2, or energy
reading, K>, is noted. Thus, the loss'due to friction in the indicating pointer during the rise ig

equal to

)

(2)

NOT

Eormachineswithguta pninfnr’ this friction measurementis not necessary

8.2.2 The procedure to determine the losses caused by bearing friction and air resistance for one half
swing is as follows.

After determining 2 or K3, the pendulum is returned to its initial position. Without resetting the
indicating mechanism, release the pendulum without shock and vibration and permit it to swing 10
half swings. After the pendulum starts its 11th half swing, move the indicating mechanism to about

© ISO
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5 % of the scale-range capacity and record the value as 3 or K3. The losses by bearing friction and air
resistance for one half swing are equal to

p' =1/10 M(cos B3 - cos 32) (3)
when the scale is graduated in degrees, or

p'=1/10 (K3 - K2) (4)
when the scale is graduated in energy units.

The number|of swings can be changed at the discretion of machine users, and p’ should be correeted on
account of the applied number of swings.
NOTE1 Ifftisrequired to take into account these losses in an actual test giving an angle of rise)\3,,the quantity
can be subtracted from the value of the absorbed energy.
o+ p
p,=p A v (5)
ﬂl o + ﬂz
Because f1 and 32 are nearly equal to «, the angle of fall, for practical’purposes Formula (5) can be
reduced to:
a+f
p,=p L{ (6)
o 20
For machines graduated in energy units, the value of 5 canibe calculated as follows:

[ =arccqs[1 - 1/M(Kp - KT)] (7)
The total friction loss, p + p’, so measured, shall.not exceed 0,5 % of the nominal energy, Ky. If it [does,
and it is notpossible to bring the friction loss within the tolerance by reducing the pointer friction, the
bearings shdll be cleaned or replaced.

8.3 Test temperature

8.3.1 Unless otherwise specified, tests shall be carried out at 23 °C £ 5 °C (ambient temperature]). If a
temperature is specified, the'test piece shall be conditioned to a temperature within +2 °C.

8.3.2 For ¢onditioning (heating or cooling) using a liquid medium, the test piece shall be positloned
in a containgr on a'grid that is at least 25 mm above the bottom of the container and covered by af]least
25 mm of liquids.ahd be at least 10 mm from the sides of the container. The medium shall be constantly
agitated and bpought to the specified temperature by any convenient method. The device usgd to

measure the temperature of the medium should be placed in the centre of the group of test pieces. The
temperature of the medium shall be held at the specified temperature within +1 °C for at least 5 min.

NOTE

temperature of the test piece during the interval between removal from the liquid and fracture.[8]

When a liquid medium is near its boiling point, evaporative cooling can dramatically lower the

8.3.3 For conditioning (heating or cooling) using a gaseous medium, the test piece shall be positioned
in a chamber at least 50 mm from the nearest surface. Individual test pieces shall be separated by at
least 10 mm. The medium shall be constantly circulated and brought to the specified temperature by
any convenient method. The device used to measure the temperature of the medium should be placed
in the centre of the group of test pieces. The temperature of the gaseous medium shall be held at the
specified temperature within 1 °C for at least 30 min before the test piece is removed from the medium
for testing.

© ISO 2016 - All rights reserved
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8.3.4 Other methods for heating or cooling are allowed, if the other pertinent requirements of 8.3 are
fulfilled.

8.4

Specimen transfer

When testing is performed at other than ambient temperature, not more than 5 s shall elapse between
the time the test piece is removed from the heating or cooling medium and the time it is impacted by
the striker. An exception is made if the difference between the ambient or instrument temperature and
the test piece temperature is less than 25 °C, in which case the time for specimen transfer shall be less

than

10 s.

The

The |
shall

Care
the f1
This
that
porti

rebofinding into the pendulum during the test.

NOTH
trans
naturf
fixed

8.5

The
energ
in thd

NOTH
veloc

the p{
aren

8.6
Test |

For

tt‘anster device shall be designed and used 1n such a way that the temperature of the
mainkained within the permitted temperature range.

arts of the device in contact with the specimen during transfer from the medium to
be conditioned with the specimens.

should be taken to ensure that the device used to centre the test piece onrthe anvils dg
actured ends of low-energy, high-strength test pieces to rebound offithe device into th
pendulum/test piece interaction results in erroneously high indicated energy. It has
clearance between the end of a test piece in the test position and the centring devig
pn of the machine, shall be equal to or greater than 13 mm’to avoid the ends of th

Self-centring tongs, similar to those shown in AnnexA for V-notched test pieces, are
fer the test piece from the temperature-conditioning medium to the proper test position.

centring device.

Exceeding machine capacity

hbsorbed energy, K, should not excegd 80 % of the initial potential energy, Kp. If t
'y exceeds this value, the absorbed energy shall be reported as approximate and it s}
 test report as exceeding 80 % of the machine capacity.

Ideally, an impact test(would be conducted at a constant impact velocity. In a pendulum
ty decreases as the fracture progresses. For specimens with impact energies approaching t

endulum, the velocity of the pendulum decreases during fracture to the point that accurate in
longer obtained.

Incomplete fracture
bieces donot always break into two pieces during the test.

latetial acceptance testing, itis notrequired to report information concerning incompl

test piece is

the machine

es not cause
e pendulum.
been shown
e, or a fixed
P test pieces

pften used to
Tongs of this

e eliminate potential clearance problems due to interference between the fractured specimen halves and a

he absorbed
1all be noted

type test, the
he capacity of
pact energies

ete fracture.

Fort

NOTE

5135, other than matertal acceptance testing, itis Tequired that unbroken test pieces a

1

identified as broken or unbroken.

NOTE 2

e reported.

In the case where individual specimens are not identified within test records, the group can be

A test piece that is not fully separated in two half test pieces upon impact can be considered broken if

the two halves can be separated by pushing the hinged halves together without the aid of mechanical tools and
without fatiguing the specimen.

NOTE 3

© ISO
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8.7 Test piece jamming

If a test piece jams in the machine, the results shall be disregarded and the machine thoroughly checked
for damage that would affect its state of calibration.

NOTE Jamming occurs when a broken test piece is caught between moving and non-moving parts of the

testing machine. It can result in significant energy absorption. Jamming can be differentiated from secondary
strike marks, because jamming is associated with a pair of opposing marks on the specimen.

8.8 Post-fracture inspection

If post-fracty ws-that-any-pertienof-thetest specimenidentificationmarkingis in a
portion of the test piece which is visibly deformed, the test result might not be representative of the
material and this shall be noted in the test report.

9 Testregport

9.1 Mandatory information

The test regort shall contain the following information or, when agreed by the customer, it shall be
possible to retrieve this information based on a traceable coding of the teStreport by the testlabordtory:

a) referende to this part of ISO 148, i.e. ISO 148-1;

b) identifidation of the test piece (e.g. type of steel and cast number);

c) size of the test piece, if other than the standard test piece;

d) temperdture of the test or the conditioning temperature of the test specimens;
e) absorbed energy, KV;, KVg, KU, or KUg, as appropriate;

f) whether the specimen, or the majority of'specimens in a group of specimens were broker (not
required for material acceptance tests);

g) any abnprmalities that could have affected the test.

9.2 Optional information
The test repprt may optionally’include, in addition to the information in 9.1:
a) testpiege orientation'(see ISO 3785);

b) initial pptentiakénergy of the testing machine, in joules;

c) lateral gxpansion (see Annex B);

d) shear fracture appearance (see Annex C);

e) absorbed energy/temperature curve (see D.1);

f) lateral expansion/temperature curve;

g) shear fracture appearance/temperature curve;

h) transition temperature(s) and the criteria used for its (their) determination (see D.2);
i) number of test pieces which were not completely broken in the test;

j) date (month and year) of the most recent full direct and indirect verifications;

k) measurement uncertainty of the absorbed energy (see Annex E).

8 © IS0 2016 - All rights reserved
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standardized test piece
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shroud

width of test piece, W
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r the symbols L, W, B and the @bers 1to 5, refer to Table 2.

Figure 2 e Charpy pendulum impact test piece
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Table 2 — Tolerances on specified test piece dimensions

V-notch test piece

U-notch test piece

. . Symbol . Machining tolerance . Machining tolerance
Designation and Nominal Nominal
no. dimension Tolerance | 4imension Tolerance
classa classa
Length L 55 mm +0,60 mm js15 55 mm +0,60 mm js15
Width w 10 mm +0,075 mm js12 10 mm +0,11 mm js13
Thicknessc B 10 mm +0,11 mm js13 10 mm +0,11 mm js13
— standard test 10 mm +0,11 mm js13 10 mm +0,11 mm js13
piecd 7,5 mm +0,11 mm js13 7,5 mm +0,11 mm —
— sulbsize test piece 5 mm +0,06 mm js12 5 mm +0,06 mum —
— sulbsize test piece 2,5 mm +0,05 mm js12 — — —
— sulbsize test piece
Angle of notch 1 45° *2° — — — —
Liganent 2 8 mm +0,075 mm js12 5 mm +0,09 mm js13
Notch radius 3 0,25mm | £0,025 mm — 1'mm +0,07 mm js12
Notch position 4 275mm |+0,42 mmd js15 275 mm | 0,42 mmd js15
(centlering)
Angle between plane 90° +2° — 90° +2° —
of symmetry of notch
and lpngitudinal axis
of tegt piece
Angle between 5 90° *2° — 90° +2° —
adjadent longitudinal
faced of test piece
Surfgce roughnessb NA <5 um <5 um

a 1
b T
c 1

d R
inste

d of +0,42 mm.

h accordance with ISO 286-1.

he test pieces shall have a surface roughtiess better than Ra 5 pm except for the ends.

another thickness (2 mm or 3 mm) is spécified, the corresponding tolerances shall also be specified.

or machines with automatic positioning of the test piece, it is recommended that the tolerance be taken|

as +0,165 mm

© ISO 2016 - All rights reserved
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Annex A
(informative)

Self-centring tongs

Tongs similar to the example shown in Figure A.1 are often used to transfer the test piece and properly
position it in the pendulum impact testing machine.

Dimensions in milliIJletres

o
X
- 3
o~ x "
P y
| =
! 0
39,93 -0,051
it
/
19,96
Y : ) 19,96
2 1,94 pilg X
2 L,76 /
A - @ (
m
U'\_
r
17,46 45°
- - L4°
a  Steel pieces silver soldered to tongs parallel to each other.
Specimen thickness A B
10 1,60 to 1,70 1,52t0 1,65
0,74 to 0,80 0,69 to 0,81
0,45 to 0,51 0,36 to 0,48

Figure A.1 — Centring tongs for V-notched Charpy specimens
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Annex B
(informative)

Lateral expansion

General

A md
as th
this |
defor
custd

B.2

The
seld
piece
used

obtained for each side, by measuring the two halves separately. The amount of expansion
'h half shall be measured relative to the plane defined by the undeformed portion of the side of the

of ea
test

Later
Meas
to en
shall
meas
that {
(see |
gaug
ensu
the t¢
large
Ag). 1

If ond
surfal

b

asure of the ability of the material to resist fracture when subjected to triaxial ‘st
pse at the root of the notch in a Charpy test piece, is the amount of deformation tH
pcation. The deformation in this case is contraction. Because of the difficultiesin mq
mation, even after fracture, the expansion that occurs at the opposite endyof the frac
marily measured and used as a proxy for the contraction.

Procedure

thod of measuring lateral expansion should take into ac€ount the fact that the fr
bisects the point of maximum expansion on both sides;efa test piece. One half of 3
might include the maximum expansion for both sides, one side only, or neither. Th
should therefore provide an expansion value, equalto the sum of the higher of the

iece (see Figure B.1). Contact and non-contactimethods can be used for these measurs

al expansion may be measured by using-a gauge similar to that shown in Figures
ure the two broken halves individually~First, however, check the sides perpendicular
sure that no burrs were formed on;these sides during impact testing; if such burr
be removed, for example by rubbing with an emery cloth, making sure that the protr
ured are not rubbed during the removal of the burr. Next, place the half-specimeng
he surfaces originally oppesite the notch are facing one another. Take one of the ha
Figure B.1) and press itficmly against the reference supports, with the protrusions
e anvil. Note the reading;and then repeat this step with the other half-specimen (seg
[ing that the same sjde is measured. The larger of the two values is the expansion o
st piece. Repeat/this’procedure to measure the protrusions on the opposite side, and
r values obtaiedfor each side. For example if A1 > A and A3 = A4, consequently LE
f A1 > Ay and'43> A4, consequently, LE = A1 + A3.

or more protrusions of a test piece have been damaged by contacting the anvil, machi
ce, etCsrthe test piece shall not be measured and the condition shall be indicated in th{

1:2016(E)

resses, such
at occurs at
asuring this
ture plane is

hcture plane
broken test
e techniques
» two values
on each side

bments.

B.2 and B.3.
to the notch
s exist, they
usions to be
together so
f-specimens
against the
Figure B.1),
F that side of
then add the
= A+ (Ag or

ne mounting
e test report.
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A || B 1 A
7
N\
P
,r\ .
DO
A B As O
o R g\\%
Key
1 side one of fractured test piece OQ
2 side two of fractured test piece Q
B thickness of test piece, mm g\Q\\
A1, Az, A3, Ag,| distance measured, mm (%)
D)

Figure B.1 — Halves of broken Charpy V-no@%d impact specimen, illustrating
the measurement of lateral expansion

xO

Figure B.2 — Lateral expansion gauge for Charpy specimens showing both halves of a Charpy
specimens being measured on one side, rather than each half individually

14
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Dimensions in millimetres

Key

DA W N R

o

pad made of rubber
indicator, 10 mm range, graduations in 1/100 mm

base plate made of stainless steel or chrome-plated steel

dial mount made of stainless steel or chrome-plated steel
For 1/4-20 UNC screw with 7/8” long socket head to mount the indicator.

For M6 x 1 screw with 25 mm socket head.

Lap at assembly.

Figure B.3 — Assembly and details for lateral expansion gauge
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Annex C
(informative)

Fracture appearance

C.1 General

The fractur¢ surface of Charpy test pieces is often rated by the percentage of shear fracturéy
occurs. The [greater the percentage of shear fracture, the greater the notch toughness of the mat
The fracturg¢ surface of most Charpy specimens exhibits a mixture of shear and flat fractufe reg
The shear rggions are assumed to be fully ductile, but the flat fracture regions can be ductile, britt
a combinati
that it is not

NOTE TH
terms cleavag

C.2 Procq

The percent

a)

b)

c)

d)

16

measurf
region, 4

compar
as that g

magnify
the per
(as 100

photogr
fracturd
fracturd

measurij

n of these fracture modes. Because the rating is extremely subjective; itiS recommsg
to be used in specifications.

e term fibrous-fracture appearance is often used as a synonym for shearfracture appearanc
e fracture appearance and crystallinity are often used to express the-gpposite of shear fracty

rdures
hge of shear fracture is commonly determined by any one of the following methods:

ng the length and width of the cleavage portion(the “shiny” portion) of the flat fra
is given in Figure C.1, and determining the pereent shear from Table C.1;

ng the appearance of the fracture of thetest piece with a fracture appearance chart
iven in Figure C.2;

ing the fracture surface and comparing it to a precalibrated overlay chart, or meas
cent cleavage fracture by means of a planimeter, then calculating per cent shear fra
o cleavage fracture);

aphing the fracture surface at a suitable magnification and measuring the per cent cle;
by means of a planimeter, then calculating per cent shear fracture (as 100 % cle:
).

ng the per centshear fracture by image analysis techniques.

<

vhich
erial.
rions.
le, or
nded

b. The
re.

cture

such

uring
cture

lvage
\vage
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otch

NOTH1

NOTH 2

hear area (dull)

leavage area (brittle)

1
C
S
dimension measured to estimate the cleavage area
dimension measured to estimate the cleavage area

Measure dimensions 4 and B to the nearest 0,5 mm.

Determine the per cent shear fracture using Table Gd.

Figure C.1 — Determination of per cent shear fracture

Table C.1 — Per cent shear for measurements in millimetres

A
B mm
mm |1,0]1,5]2,0]2,5/8:0(3,5[40[45/50[55[60[65/70|75[80[85[90[9F]10
Per cent shear
1,0 {9998 [98 )97 |96 |96 |95|94|94(93[92|92[91|91|90|89|89|8B|88
1,5 |98 |97["96|95|94[93|92(92|91|90(89|88|87|86|85|84|83|8p |81
2,0 |98.196195[94|92|91(90|89|88|86|85[84|82(81|80|79|77|76|75
2,5 (97495194 (92|91|89(88|86(84(83|81|80|78|77|75|73|72|7p |69
3,0 N6 (9492|9189 |87|85(83|81|79|77|76|74|72|70|68|66| 64|62
35~ 19619391 |89(87|85(82|80|78|76|74|72|69|67|65|63|61|58|56
4,0 (95(92|90(88|85|82(80|77|75|72|70|67|65|62|60|57|55]|5R |50
4,5 194192898683 [80|77|75|72|69|66|63|61|58|55|52|49 |46 |44
50 |94(91|88|85[81|78|75|72|69|66|62|59|56|53|50|47 |44 |41 |37
55 |193(90(86|83[79|76|72|69|66|62|59|55|52|48|45|42|38|35]31
6,0 |92(89(85|81|77|74|70|66|62|59|55|51|47|44|40|36|33|29|25
6,5 |92|88|84(80|76|72|67|63|59|55|51|47|43(39|35|31(27|23(19
70 191|187 |82|78|74|69|65|61|56|52|47 |43 (393430262117 |12
75 191|86|81|77|72|67|62|58[53|48|44|39|34(30|25|20|16|11|6
80 |90(85|80|75|70|65|60|55|50|45|40(35|30|25|20|15(10| 5 |0
NOTE 100 % shear shall be reported when A and B are zero.

© ISO 2016 - All rights reserved
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a) Fracture appearance charts and per cent shear fracturéomparator

”U';'U\@

10 20 30
b) Guide for estimating frac@re appearance

Figure C.2 — Fra{61$e appearance
O
&
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Annex D
(informative)

Absorbed energy vs. temperature curve and the transition
temperature

D.1 | Absorbed energy/temperature curve

The absorbed energy/temperature curve (K/T curve) shows the energy absorbed as;a function of the
test femperature for a given type of test piece (see Figure D.1). In general, the'curve is|obtained by
drawling a fitted curve through the individual values. The shape of the curve and the scattgr of the test
valuds are dependent on the material, the specimen shape and the impact velocity. In the calse of a curve
with fa ductile-to-brittle transition zone, a distinction is made between the upper-shelf zone, transition
zone fand the lower-shelf zone.

KV ) 1\
Z W, "Wl 7
P
2
T
Key
T temperature
K  absorbed energy
1 UJpper-shelf zone
2  transition.zone
3  lpwer=shelf zone
NOTE Transition curves for shear fracture area and for lateral expansion are also common, but are not
shown here.

Figure D.1 — Absorbed energy/temperature curve shown schematically

D.2 Transition temperatures

The transition temperature, T;, characterizes the position of the steep rise in the absorbed
energy/temperature curve. Since the steep rise usually extends over a fairly wide temperature range,

© IS0 2016 - All rights reserved 19
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there can be no generally applicable definition of the transition temperature. The following criteria
have, among others, been found useful for determining the transition temperature:

a) Ty, corresponding to a specific value of absorbed energy, e.g. KVg = 27 J;

b) Tts509us, corresponding to a particular percentage of the absorbed energy of the upper-shelf value,
e.g. 50 %;

c) Tts50 %sFa, corresponding to a particular proportion of shear fracture, e.g. 50 %;

d) Tt corresponding to a particular amount of lateral expansion, e.g. 0,9 mm.

The method[used to define the transition temperature stoutd be specified 1 the product standard or
specificatior, or established by agreement.

NOTE The most commonly used fitting model for transition curves is the hyperbolic tangent fitting m¢del.
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Annex E
(informative)

Measurement uncertainty of an absorbed energy value, K

E.1 Symbols and units

The yymbols and units used in this annex are given in Table E.1. KV is used for example pyrposes only,
wherje the letter V or U indicates notch geometry.
Table E.1 — Symbols and units
Symbol Unit Definition
By ] bias of the pendulum impact testing machine;as determined thrpugh indi-
rect verification
k coverage factor
KV J absorbed energy as measured inaccordance with this Internatidnal Stand-
ard on V-notched sample
XV J reported average KV value 6f@’set of samples from a test materigl
KVR ] certified KV value of thé reference material used in the indirect yerification
X J mean KV value of thereference test pieces tested for indirect veyjification
\%
n number of tested samples
r J instrumentiseale resolution
Sy J standard-deviation of the values obtained on the n test samples
Tx ] error.of measured KV value due to temperature effects
u (1;/) ] standard uncertainty of KV
U(KV) J expanded uncertainty of KV with a confidence level of about 95(%
u(r) standard uncertainty due to machine resolution
ur K standard uncertainty of the test temperature
uy ] standard uncertainty of the indirect verification result
u (§> J standard uncertainty of x
X ] observed average KV value of a set of n samples from a test material without
correction for bias
Vv degrees of freedom corresponding with u (KV)
vy degrees of freedom corresponding with uy
Ve degrees of freedom corresponding with u ()?)

© ISO 2016 - All rights reserved
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E.2 Determination of measurement uncertainty

E.2.1 Gen

eral

This Annex specifies a robust method for determining the uncertainty, u(KV), associated with the

mean absorbed energy, KV, of a set of specimens of a test material. Other methods of assessing u

can be devel

oped and are acceptable, if they meet the requirements of the GUM.[4]

[

This approach requires input from the “indirect verification” of the Charpy pendulum impact testing

machine, wh
test pieces (§

NOTE1 TH
requirementg
and mechanig

The roles {

ich 1s a normative method of assessing the performance of the instrument with refe
ee [SO 148-2).

e ISO 148 series requires Charpy pendulum impact testing machines to successgfully me
for both indirect and direct verification. The latter consists of a check of all individual geor

al requirements imposed on the construction of the instrument (see ISO 148-2)\

f direct and indirect verification in the metrological traceability chain of C

measurements are given in Figure E.1. The chain starts at the internationahlevel with the defi

of the measy
Global comy
certified val
sets of refer

Calibration
can use thei
laboratories

NOTE2 Uf§
organizationy

NOTE3 Fo
test pieces, sqg

E.2.2 Unc

irand, KV, or absorbed energy, in the standard procedures deseribed in the ISO 148 s
arability relies on international comparisons of Charpy réference machines and d
ies of the certified reference test pieces produced by natienal or international bodies
ence machines.

aboratories use the certified reference test pieces, to verify their reference machin
F pendulum to characterize and produce referencé'test pieces. At the user level, Charp
can verify their pendulum with reference testpieces to obtain reliable KV values.

ers can choose to acquire certified refereénce test pieces from national or interna
, by-passing the calibration laboratory level.

r additional information on the difference between certified reference test pieces and refd
e ISO 148-3:2016, Annex A.

ertainty disclaimer

Measurement uncertainty analysis.isuseful in identifying major sources of inconsistencies in meas

results.

Product staj
contribution
for measure
the estimatg
specifically |

hdards and material property databases based on this part of ISO 148 have an inh|
from measurement uncertainty. It is therefore inappropriate to apply further adjustn
ment uneertainty and thereby risk a product which fails compliance. For this re
s of unceértainty derived from following this procedure are for information only, u
nstrueted otherwise by the customer.

The test co

fence

bt the
hetric

arpy
ition
bries.
f the
using

b and
y test

Fional

rence

ured

erent
hents
ason,
nless

nt of

uncertainties of measurement, unless specifically instructed otherwise by the customer. The estimated
measurement uncertainties should not be combined with measured results to assess compliance to
product specifications, unless specifically instructed otherwise by the customer. Instead, the indicated
tolerances are to be interpreted as acceptance intervals.[2] This approach assumes that measurements
are made with a tacitly accepted maximum measurement uncertainty. Where possible, this maximum
measurement uncertainty has been specified in the current version of the ISO 148 series. Measurement
uncertainties of the measured values should be smaller than the indicated values.
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E.3 General procedure

E.3.1 Factors contributing to uncertainty

The principal factors contributing to uncertainty are associated with
a) machine bias deduced from the indirect verification,

b) homogeneity of the test material and machine repeatability, and

c) testtemperature.

The measurement equation for the mean absorbed energy KV is Formula (E.1):

KV =X-B, T, (E.1)

¥ is the observed mean absorbed energy of n test specimens;

By  istheinstrument bias based on the indirect verification;

Tx  is the bias due to temperature.

E.3.2 Machine bias

As atule (see Reference [5]), measured values should be corrected for known bias. Indirect verification
is on¢ way to establish the value of bias. The macline bias determined by indirect verificatipn is defined

in ISQ) 148-2, as given in Formula (E.2):

B, =KVy —KV, (E.2)

wherle

kv is the mean value.of the reference test pieces broken during the indirect verification;
'
KVr s the certified value of the reference test pieces.

Depending on how-well the value of By is known, different actions are proposed in ISO [148-2 which
dealg with the-uncCertainty associated with the results of indirect verification.

a) By is well known and stable. In this exceptional case, the observed value x is correctpd by a term
dqual‘to By to obtain KV .

b) Most often, there is no firm evidence about the stability of the value of By. In this case, the bias is
not corrected for, but it contributes to uy, the uncertainty of the indirect verification result.

In both cases, an uncertainty, uy, associated with the indirect verification result and the machine bias
is calculated in accordance with procedures described in ISO 148-2. The outcome of the uncertainty
analysis of the indirect verification is the value uy.

If there is a significant difference between the values of KVy and KV , then the values By and uy should
be multiplied by the ratio KV/KVV .
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