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Foreword

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

The suitability of a pendulum impact testing machine for acceptance testing of metallic materials has
usually been based on a calibration of its scale and verification of compliance with specified dimensions,
such as the shape and spacing of the anvils supporting the specimen. The scale calibration is commonly
verified by measuring the mass of the pendulum and its elevation at various scale readings. This
procedure for evaluation of machines had the distinct advantage of requiring only measurements
of quantities that could be traced to national standards. The objective nature of these traceable
measurements minimized the necessity for arbitration regarding the suitability of the machines for

mate

Howd¢
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This

rial acceptance tests.

ct values when testing test pieces of the same material.

Hifference was commercially important when values obtained using one miachine met

bver, sometimes two machines that had been evaluated by the direct-verification| procedures
ibed above, and which met all dimensional requirements, were found to give significantly different

the material

specification, while the values obtained using the other machine did not. To'avoid such digagreements,

sSome

for a

pieces supplied by them. A machine was considered acceptable onlyif the values obtain
machine agreed, within specified limits, with the value furnishedwith the reference test p

This

part of ISO 148 describes both the original direct verification and the indirect

procedures.
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bart of [ISO 148 covers the verification of pendulum-type impact testing machines;.in t
ructional elements, their overall performance and the accuracy of the results they j
cable to machines with 2 mm or 8 mm strikers used for pendulum impact,tests cai
nce, in accordance with ISO 148-1.

i

1l be applied to pendulum impact testing machines of various capacities and of differen

ct machines used for industrial, general or research laboratory testing of metallic
dance with this part of ISO 148 are referred to as industrial maehines. Those with mq
rements are referred to as reference machines. Specifications for the verification
ines are found in ISO 148-3.

1

part of ISO 148 describes two methods of verification,

]
1]
'

he direct method, which is static in nature, involves measurement of the critical
hachine to ensure that it meets the requirements of this part of ISO 148. Instruments
erification and calibration are traceable toinational or international standards.

The indirect method, which is dynamic’iir nature, uses reference test pieces to verify j
heasuring scale for absorbed energy,The requirements for the reference test pieces

50 148-3.

—

1dulum impact testing maehine is not in compliance with this part of ISO 148 unti
ed by both the direct and(indirect methods and meets the requirements of Clause 6 a

brms of their
roduce. It is
ried out, for

t design.

materials in
re stringent
of reference

parts of the

used for the

oints on the
are found in

it has been
nd Clause 7.

part of ISO 148 desctibes how to assess the different components of the total energy|
iring a test piece.This total absorbed energy consists of

the energy needed to fracture the test piece itself, and

ond

he internal‘energy losses of the pendulum impact testing machine performing the fij

gwing frem the initial position.

2 Internal energy losses are due to the following:

absorbed in

st half-cycle

air resistance, friction of the bearings of the rotation axis and of the indicating pointer of the pendulum which

can be determined by the direct method (see 6.4.5);

shock of the foundation, vibration of the frame and pendulum for which no suitable measuring
apparatus have been developed.

Normative references

methods and

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

ISO

148-1, Metallic materials — Charpy pendulum impact test — Part 1: Test method

© ISO 2016 - All rights reserved
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ISO 148-3, Metallic materials — Charpy pendulum impact test — Part 3: Preparation and characterization
of Charpy V-notch test pieces for indirect verification of pendulum impact machines

3 Terms

and definitions

For the purposes of this document, the following terms and definitions apply.

3.1 Defin

3.1.1
anvil
portion of t
striker and {

3.1.2
base
part of the f1

3.1.3

centre of pe
pointinabo
body were ¢

Note 1 to ent

itions pertaining to the machine

]Ile machine that serves to properly position the test piece for impact with respecty

he test piece supports, and supports the test piece under the force of the strike

amework of the machine located below the horizontal plane of the supports

rcussion
dy at which, on striking a blow, the percussive action is the same as if the whole mass
pncentrated at the point

Fy: When a simple pendulum delivers a blow along a horizontal line passing through the cen

percussion, there is no resulting horizontal reaction at the axis of rotation.

Note 2 to ent]

3.14

centre of st
point on the
vertical edg

y: See Figure 4.

rike
striking edge of the pendulum at which; in the free hanging position of the pendulun
e of the striker meets the upper horizontal plane of a test piece of half standard thicl

(i.e. 5 mm) of equivalent gauge bar resting oh the test piece supports

Note 1 to ent

3.1.5
industrial n
pendulum ix
materials

Note 1 to en
requirementg

Note 2 to ent]

3.1.6

y: See Figure 4.

nachine
hpact machine used-for industrial, general or most research-laboratory testing of mq

fry: Industfijal* machines are not used to establish reference values, unless they also me
of a refefence pendulum (see ISO 148-3).

y: lndustrial machines are verified using the procedures described in this part of ISO 148.

o the

bf the

tre of

h, the
kness

tallic

bt the

reference machine
pendulum impact testing machine used to determine certified values for batches of reference test

pieces (3.3.4

)

Note 1 to entry: Reference machines are verified using the procedures described in ISO 148-3.

3.1.7
striker

portion of the pendulum that contacts the test piece

Note 1 to entry: The edge that actually contacts the test piece has a radius of 2 mm (the 2 mm striker) or a radius
of 8 mm (the 8 mm striker).

Note 2 to entry: See Figure 2.

© ISO 2016 - All rights reserved
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3.1.8

ISO 148

test piece supports
portion of the machine that serves to properly position the test piece for impact with respect to the
centre of percussion (3.1.3) of the pendulum, the striker (3.1.7) and the anvils (3.1.1)

Note 1 to entry: See Figure 2 and Figure 3.

3.2

3.2.1
total

Definitions pertaining to energy

absorbed energy

-2:2016(E)

Kt
total
notc

Note

brrected for any losses of energy

1 to entry: It is equal to the difference in the potential energy (3.2.2) from the starting p

pendylum to the end of the first half swing during which the test piece is broken (see'6:3).

3.2.2

initial potential energy

pote
Kp

htial energy

potential energy of the pendulum hammer prior to its releasé for the impact test, as de

direc
Note

3.2.3
abso
K

energ
fricti

Note
used

3.2.4
calcy

Kcalc
enerdg

3.2.5
nomyj
nom,
KN

enerdg

t verification

[ to entry: See 6.4.2.

rbed energy

'y required to break a test piece with.@pendulum impact testing machine, after cq
pn as defined in 6.4.5

| to entry: The letter V or U is used\to' indicate the notch geometry, which is KV or KU. The nu
hs a subscript to indicate striker radius, for example KV>.

lated energy

'y calculated from.values of angle, length and force measured during direct verificatid

nal initial\potential energy
inal enérgy

ry-assigned by the manufacturer of the pendulum impact testing machine

absorbed energy required to break a test piece with a pendulum impact testing machline, which is

pbsition of the

termined by

rrection for

mber 2 or 8 is

n

3.2.6

indicated absorbed energy

Ks

energy indicated by the display/dial of the testing machine, which may or may not need to be corrected

for fr

3.2.7

iction and air resistance to determine the absorbed energy, K (3.2.3)

reference absorbed energy

Kr

certified value of absorbed energy (3.2.3) assigned to the reference test pieces (3.3.4) used to verify the
performance of pendulum impact machines

© ISO
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3.3 Definitions pertaining to test pieces

3.3.1
width
w

distance between the notched face and the opposite face

Note 1 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 ISO 148-2 consistent
with the terminology used in other ISO fracture standards.

3.3.2

thickness
B
dimension p

Note 1 to en
the width thd
ISO 148-2 con

3.3.3
length

L

largest dime

3.3.4

reference t¢
impact test |
indicated ab}
associated W

Note 1 to ent]

4 Symbag

erpendicular to the width (3.3.1) and parallel to the notch

t is parallel to the notch was specified as “width”. Changing this dimension jto*thickness” 1
sistent with the terminology used in other ISO fracture standards.

nsion perpendicular to the notch

st piece

piece used to verify the suitability of a pendulum‘impact testing machine by comparin
borbed energy (3.2.3) measured by that machine with the reference absorbed energy (3}
rith the test pieces

y: Reference test pieces are prepared in a¢cordance with ISO 148-3.

Is and abbreviated terms

Table 1 — Symbols/abbreviated terms and their designations and units

ry: In previous versions of the ISO 148 series (prior to 2016), the dimension)perpendicullar to

nakes

g the
.2.7)

Symbol
abbreviated Unit Designation
terma
Bias of the pendulum impact machine as determined through indirect veri-
By ) fication
b ] Repeatability
F N Force exerted by the pendulum when measured at a distance I
Fg N Force exerted by the pendulum due to gravity
g m/s?2 Acceleration due to gravity
GUM — Guide to the expression of uncertainty in measurement(ll
h m Height of fall of pendulum
H1 m Height of rise of pendulum
K i Absorbed energy (expressed as KV, KVg, KU, KUg, to identify specific notch
geometries and the radius of the striking edge)
Kt ] Total absorbed energy
Ks ] Indicated absorbed energy
Kcalc ] Calculated energy
KVRr ] Certified KV value of the reference material used in the indirect verification
a  SeeFigure 4.

© ISO 2016 - All rights reserved
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Table 1 (continued)
Symbol/
abbreviated Unit Designation
terma
K_Vv ] Mean KV value of the reference test pieces tested for indirect verification
KN J Nominal initial potential energy (nominal energy)
Kp ] Initial potential energy (potential energy)
KR ] Reference absorbed energy of a set of Charpy reference test pieces
Indicatad-absorbad anarauv ogr anala of ricavwhan tha maching ic Ana i
Kot P Tor™ | the normal manner withouta test piece in position e
Indicated absorbed energy or angle of rise when the machide‘is operated in
Ky or 3 Jor® the normal manner without a test piece in position and without r¢setting the
indication mechanism
Indicated absorbed energy or angle of rise after 11 half swings when the
K3 or 33 Jor® machine is operated in the normal manner withouta test piece in|position and
without resetting the indication mechanism
) m Distance to centre of test piece (centre of strike) from the axis of fjotation
(length of pendulum)
Ih m Distance to the centre of percussionfrom the axis of rotation
Ip m Distance to the point of applicatioriof the force F from the axis of yotation
M N-m Moment equal to the productif:lp
ny . Number of ljeference_samples tested for the indirect verification of a pendulum
impact testing machine
p ] Absorbed energy loss caused by pointer friction
p’ ] Absorbed energy loss caused by bearing friction and air resistance
pg ] Correction of absorbed energy losses for an angle of rise 8
r ] Resolutionof the pendulum scale
RM — Reference material
Sy ] Standard deviation of the KV values obtained on ny reference samples
S ] Bias in the scale mechanism
t S Period of the pendulum
T S Total time for 100 swings of the pendulum
Tmax S Maximum value of T
Tiin S Minimum value of T
u — Standard uncertainty
¢ (KVV ) J Standard uncertainty of KVvy
u(By) ] Standard uncertainty contribution from bias
u(F) ] Standard uncertainty of the measured force, F
u(Frq) ] Standard uncertainty of the force transducer
u(r) J Standard uncertainty contribution from resolution
URM ] tS}'iaenrilggli‘rclelé?‘cltee;it?iicr;tt)i/oc;f the certified value of the reference material used for
uy ] Standard uncertainty of the indirect verification result
a ° Angle of fall of the pendulum
B ° Angle of rise of the pendulum
a  SeeFigure 4.

© IS0 2016 - All rights reserved 5
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Table 1 (continued)

Symbol/
abbreviated Unit Designation
terma
Up — Degrees of freedom corresponding to u(By)
vy — Degrees of freedom corresponding to uy
URM — Degrees of freedom corresponding to ugm
a  SeeFigure 4.

5 Testing machine

A pendulum
a) foundat
b) maching
<)
d) anvilsa
e) indicatil
device).
6 Direct
6.1 Genel
Direct verifi
Uncertainty

the accuracy
related to pr

The uncerta
the direct vd

Uncertainty
validation. (
same metho

pendulum, including the hammer;

impact testing machine consists of the following parts (see Figure 1 to Figure 3);
on/installation;

framework: the structure supporting the pendulum, excluding the foundation;

hd supports (see Figure 2 and Figure 3);

g equipment for the absorbed energy (e.g. scale and friétion pointer or electronic re

verification

ral
Cation of the machine involves the inspection of the items a) to e) listed in Clause 5.

estimates are required under Clause 6 for direct verification measurements to harm
of the applied verification procedures. Uncertainty estimates required in Clause 6 ar
oduct standards or material\property databases in any way.

nty of dial gauges, mierometres, callipers, and other commercial instrumentation use
rification measurements shall be estimated once, by the producer.

of a method t¢ measure a direct verification parameter is assessed as part of the m¢
nce method\walidation is completed, the uncertainty can be routinely used (provide
d is followed, the same instrumentation is used, and the operators are trained).

6.2 Foun11ation /installation

hdout

bnize
e not

ed for

bthod
d the

6.2.1 The foundation to which the machine is fixed and the method(s) of fixing the machine to the
foundation are of the utmost importance.

6.2.2

Inspection of the machine foundation can usually not be made once the machine has been

installed; thus, documentation made at the time of installation shall be produced to provide assurance

that the mas

6.2.3
a)

s of the foundation is not less than 40 times that of the pendulum.

Inspection of the installed machine shall consist of the following.

Ensuring that the bolts are torqued to the value specified by the machine manufacturer. The

torque value shall be noted in the document provided by the manufacturer of the machine (see
6.2.1). If other mounting arrangements are used or selected by an end user, equivalency shall be
demonstrated.

© ISO 2016 - All rights re

served
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b) Ensuring that the machine is not subject to external vibrations transmitted through the foundation
at the time of the impact test.

NOTE This can be accomplished, for example, by placing a small container of water on any convenient

location on the machine framework. The absence of ripples on the water surface during an impact test indicates
that this requirement has been met.

6.3 Machine framework

6.3.1 Inspection of the machine framework (see Figure 1) shall consist of determining the following
items:

a) ffree position of the pendulum;

b) lpcation of the pendulum in relation to the supports;
c) transverse and radial play of the pendulum bearings;
d) dlearance between the hammer and the framework.
Machines manufactured after 1998 shall have a reference plane from which measurements fan be made.

Annex C is provided for information.

6.3.2 The axis of rotation of the pendulum shall be parallel*to the reference plane to within 2/1 000.
This shall be certified by the manufacturer.

6.3.3] The machine shall be installed so that the reference plane is horizontal to within 2/1 000.

For pendulum impact testing machines without a reference plane, the axis of rotatjon shall be
estahlished to be horizontal to within 4/1 000 directly or a reference plane shall be established from
which the horizontality of the axis of rotation can be verified as described above.

6.3.4 When hanging free, the pendulum shall hang so that the striking edge is within 2,5 mm of the
positjon where it would just touch:the test specimen.

NOTH This condition can.be“determined using a gauge in the form of a bar that is approximately 55 mm in
length and of rectangular seetion 7,5 mm by 12,5 mm (see Figure 3).

6.3.5 The plane of swing of the pendulum shall be 90,0° + 0,1° to the axis of rotation (u < (,05°).

6.3.6) The striker shall make contact over the full thickness of the test piece.

One method of verifying this is to use a test piece having dimensions of 55 mm x 10 mm » 10 mm that
is tiﬁztly wrapped in thin paper (e.g. by means of adhesive tape) and a striking edge that is tightly
wrapped in carbon paper with the carbon side outermost (i.e. not facing the striker). From its position
of equilibrium, the pendulum is raised a few degrees, released so that it contacts the test piece, and
prevented from contacting the test piece a second time. The mark made by the carbon paper on the
paper covering the test piece should extend completely across the paper. This verification can be
performed concurrently with that of checking the angle of contact between the striker and the test
piece (see 6.4.8).

6.3.7 The pendulum shall be located so that the centre of the striker and the centre of the gap between
the anvils are coincident to within 0,5 mm (u < 0,1 mm).

6.3.8 Axial play in the pendulum bearings shall not exceed 0,25 mm (u < 0,05 mm) measured at the
centre-of-rotation under a transverse force of approximately 4 % of the effective weight of the pendulum,
Fg [see Figure 4 b)], applied at the centre of strike.

© IS0 2016 - All rights reserved 7
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6.3.9 Radial play of the shaft in the pendulum bearings shall not exceed 0,08 mm (u < 0,02 mm) when
aforce of 150 N + 10 N is applied at a distance I perpendicular to the plane of swing of the pendulum.

NOTE

The radial play can be measured, for example, by a dial gauge mounted on the machine frame at the

bearing housing in order to indicate movement at the end of the shaft (in the bearings) when a force of about

150 N is appli

ed to the pendulum perpendicularly to the plane of the swing.

6.3.10 Itis recommended that the mass of the base of the machine framework be at least 12 times that

of the pendulum.
6.4 Pendulum
6.4.1 The perification of the pendulum (including striker) shall consist of determining thefollqwing
quantities:
a) potentidl energy, Kp;
b) errorinfthe indicated absorbed energy, Ks;
c) velocity|of the pendulum at the instant of impact;
d) energy dbsorbed by friction;
e) position of the centre of percussion (i.e. distance from the.gentre of percussion to the axis of
rotation));
f) radius of the striking edge of the striker;
g) angle bdtween the line of contact of the striker and the horizontal axis of the test piece.
6.4.2 The potential energy, Kp, shall not differ from the nominal energy, KN, by more than #1 %. The
potential eng¢rgy, Kp, shall be determined as follows:
The moment of the pendulum is determined by supporting the pendulum at a chosen distance, I,|from
the axis of rptation by means of a knife.edge on a balance or dynamometer in such a manner that the
line through the axis of rotation that{joins the centre of gravity of the pendulum is horizontal within
15/1 000 [sde Figure 4 a)] (u < 5/1.000).
The force, F,[and the length, I,;shiall each be determined to an accuracy of 0,2 %. The moment, M, |s the
product of Fl- I.
NOTE Lejngth I can belequal to length L
The angle offfall, a;shall be measured to an accuracy of £0,2°; this angle can be greater than 90°.
The potentiglenergy, Kp, is then calculated by Formula (1):
Kp =M (1-cosa) 1)

6.4.3 The graduation marks on the scale corresponding approximately to values of absorbed energy of

0%, 10 %, 2

0 %, 30 %, 50 % and 80 % of the nominal energy shall be verified.

For each of these graduation marks, the pendulum shall be supported so that the graduation mark is
indicated by the pointer, and the angle of rise, 8, then determined to #0,2°. The calculated energy is

given by Formula (2):

K

calc

= M(cosﬂ - cosa)

(2)

© ISO 2016 - All rights reserved
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NOTE1 The measurementuncertainty of I, Fand f3, as specified, yields a mean total measurement uncertainty
of Kcalc of approximately +0,3 % of the full-scale value.

The difference between the indicated absorbed energy, Ks, and the calculated energy from the measured
values shall not be greater than +1 % of the energy reading or £0,5 % of the nominal energy, Kn. In each
case, the greater value is permitted, i.e.

K -K
Cal;{ S1.100 < 1 % at between 50 % and 80 % of the nominal energy, Ky (3)
S
K e — K
] K ~T00 0,5 % atless than 50 % ol the nominal energy, KN 4)
N

NOTH2  Attention is drawn to the fact that the accuracy of the absorbed energy.reading is inversely
propdrtional to its value, and this is important when K is small in comparison with K.

NOTHE3  For machines with scales and readout devices that are corrected for energy losses, K}a1c should be
correfted in order to compare the results properly.

6.4.4 The velocity at impact can be determined from Formula (5):

= ./2gl(1-cosa) (5)

wherle

d isthelocal acceleration of gravity known to +partin 1 000 or better, in m/s2.

The yvelocity at impact shall be 5 m/s to 5,5 my/s (u < 0,1 m/s); however, for machines mfanufactured
prior|to 1998, any value within the range of*4;3 m/s to 7 m/s is permissible and the value sHall be stated
in the report.

6.4.5( The energy absorbed by friction includes, but is not limited to, air resistance, bearing friction and
the fijiction of the indicating pointer: These losses shall be estimated as follows.

6.4.5/11 To determine theloss caused by pointer friction, the machine is operated in the noimal manner,
but without a test piecednyposition, and the angle of rise, 51, or energy reading, Kj, is noted|as indicated
by the pointer. A secand test is then carried out without resetting the indication pointer and the new
angle of rise, 52, orenergy reading, K», is noted. Thus, the loss due to friction in the indicating pointer
durirlg the rise is-€qual to as given by Formula (6):

=

= M {03, —cosp, ) (6)

h £l50 alaic gradiiarad 1 Ao o0 racgivan hyy Dosens 1o (70
Wwhner—tne-seareis Sl autaatCtU T GCETCCS; UT a5 gIveIT Uy r oot (7 .

b= Kl - Kz (7)
when the scale is graduated in energy units.

6.4.5.2 Determination of the losses caused by bearing friction and air resistance for one half swing is
performed as follows.

After determining f2 or K, in accordance with 6.4.5.1, the pendulum is put into 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 eleventh half swing, move the indicating
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mechanism to about 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 as given by Formula (8):

p = 1/10M(cosﬁ3 - cos,Bz)

when the scale is graduated in degrees, or as given by Formula (9):

p'=1/10(K; - K,)

when the scale is graduated in energy units.

(8)

(9)

NOTE If
as given by F(
bPp =P

Because 31 3

pﬂ =P

For maching

B = arc(

6.4.5.3 Th

tis required to take into account these losses in an actual test giving an angle of rise, 3, the gu

rmula (10) can be subtracted from the value of the absorbed energy.

g, oathB

B, a+p,

nd 7 are nearly equal to a, Formula (10) can be reduced to Formuta:{11):
B a+ B

| + p’

" 20

s graduated in energy units, the value of § can be calculated as given in Formula (12):

1

os| ——mmmmM8M8M8 —
M(KP—KT)

e values of 1, 52, and 3, and the values-of K1, K2, and K3 shall be the mean values fr

least two determinations. The total friction loss p*p’, so measured, shall not exceed 0,5 % of the no

energy, Kn. |
pointer frict

6.4.6 The
(time of swi
calculated va4

The distanc
measuring t

1 is derived

f it does, and it is not possible to/bring the friction loss within the tolerance by reducir
on, the bearings shall be cleaned or replaced.

distance from the centre-0f percussion to the axis of rotation, I, is derived from the p|

lue of I1 shall be <@;5-mm.

e can be determined by swinging the pendulum through an angle not exceeding 5
he time, ¢, of@*eomplete swing in seconds.

from Formula (13):

L 2

hntity

(10)

(11)

(12)

bm at
minal
g the

eriod

hg) of the pendulum, and’it shall be 0,995 [ + 0,005 L. The measurement uncertainty ¢f the

o

and

(13)

g .
I1 ==
4r
where
g is
w2 s

2

the acceleration of gravity, taken as equal to 9,81 m/s2;

taken as equal to 9,87.

Therefore, in metres, [; = 0,2485 - t2.

The value of

t shall be determined to within 0,1 %.

With a pendulum having a period of approximately 2 s, this accuracy may be achieved as follows.
Determine the time, 7, of 100 complete swings, three times. An accurate measure of ¢ is the average

10
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of the three values of T divided by 100, provided the quantity (Tmax — Tmin), Which represents the
repeatability, is not more than 0,2 s.

6.4.7 The dimensions of the striker shall be checked. Either of two types of striker may be used, the
2 mm striker or the 8 mm striker. The values for the radius of curvature and the angle of the tip for both
types are shown in Table 3.

The maximum width of that portion of the striker passing between the anvils shall be at least 10 mm
but not greater than 18 mm (u < 0,2 mm).

NOTE An example of a method of verifying the geometry of the striker is to make a replica for examination.

6.4.81 The angle between the line of contact of the striker and the horizontal axis of the.test piece shall
be 9(° + 2° (see 6.3.6) (u < 0,2°).

6.4.9] The mechanism for releasing the pendulum from its initial positionyshall operate freely and
perniit release of the pendulum without initial impulse, retardation or side vibration.

6.4.10 If the machine has a brake mechanism, means shall be provided\to prevent the brake from being
accidentally engaged. In addition, there shall be provision to disengagéthe brake mechanism| for example
durirlg the measurement of period and friction losses.

6.4.11 Machines with automated lifting devices shall be constructed so that direct verifidation can be
perfogrmed.

6.5 | Anvil and supports

6.5.1] Inspection of the anvils and supportsyshould consist of determining the following items (see
Figuile 2 and Figure 3 and Table 3):

L
o

onfiguration of the supports;
b) donfiguration of the anvils;

c) distance between the anvils;
d) thper of the anvils;

e) radius of the anwvils;

f) dlearancefor the broken test piece to exit the machine.

6.5.2] Thé planes containing the support surfaces shall be parallel and the distance betwegn them shall
not ekeeed 0,1 mm (u < 0,05 mm). Supports shall be such that the axis of the test piece is pprallel to the
axis of rotation of the pendulum within 3/1 000 (u <1/1 000).

6.5.3 The planes containing the anvil surfaces facing the test piece shall be parallel and the distance
between them shall not exceed 0,1 mm (u < 0,05 mm). The two planes containing the supports and the
anvils shall be 90° + 0,1° relative to each other (u < 0,05°). Additional requirements for the configuration
of the anvils are given in Table 3.

6.5.4 Sufficient clearance shall be provided to ensure that fractured test pieces are free to leave
the machine with a minimum of interference and not rebound into the hammer before the pendulum

© IS0 2016 - All rights reserved 11
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completes its swing. No part of the pendulum that passes between the anvils shall exceed 18 mm in

width (u <0,

2 mm).

Hammers are often of one of two basic designs (see Figure 1). When using the C-type hammer, the
broken test pieces will not rebound into the hammer if the clearance at each end of the test piece is
greater than 13 mm. If end stops are used to position test pieces, they shall be retracted prior to the
instant of impact. When using the U-type hammer, means shall be provided to prevent the broken
test pieces from rebounding into the hammer. In most machines using U-type hammers, shrouds (see
Figure 3) should be designed and installed with the following requirements:

a) athickness of approximately 1,5 mm;

b) a minimlum hardness of 45 HRC;

c) aradius|of atleast 1,5 mm at the underside corners;

d) apositian in which the clearance between them and the hammer overhang does natexceed 1,4 mm.
In machines|where the opening within the hammer permits a clearance between the ends of the test
piece (resting in position ready to test) and the shrouds of at least 13 mm, the requirements of a) ajnd d)
need not apply.

6.6 Indicating equipment

6.6.1 The yerification of the analogue indicating equipment shall.consist of the following examinations:
a) examingtion of the scale graduations;

b) examingtion of the indicating pointer.

The scale shpll be graduated in units of angle or of energy.

The thickness of the graduation marks on the s€ale shall be uniform and the width of the pointer{shall
be approximately equal to the width of a graduation mark. The indicating pointer shall permit a repding
free from pafrallax.

The resolution, r, of the indicator is'‘obtained from the ratio between the width of the pointer and
the centre-to-centre distance between two adjacent scale-graduation marks (scale interval)| The
recommended ratios are 1:4, 1:5,'or 1:10; a spacing of 2,5 mm or greater is required to estimate a fenth
of a division|on the scale.

The scale inferval shall be.at most 1 % of the nominal energy and shall permit an estimation of efergy
in increments of less thanor equal to 0,25 % of the nominal energy.

6.6.2 The verification of digital indicating equipment shall ensure that the following requirements
are met.

The scale shall be graduated in units of angle or of energy.

The resolution of the scale is considered to be one increment of the last active number of the digital

indicator provided that the indication does not fluctuate by more than one increment. When the
readings fluctuate by more than one increment, the resolution is taken to be equal to half the range
of fluctuation.

12

The resolution shall be less than or equal to 0,25 % of the nominal energy.
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7 Indirect verification by use of reference test pieces

7.1

Reference test pieces used

2:2016(E)

Indirect verification consists of verifying points on the measuring scale using reference test pieces. The
following reference test pieces are used:

a)

for comparison between test results obtained with the machine under consideration and test

results obtained with a particular reference machine or set of reference machines, or with an SI
traceable KR value obtained in full accordance with ISO 148-1;

b) 4

I}

7.2

0 MONItor the performarnce of a Mmachine over a period of TiMe, WIthout Telerence
hachine.

Absorbed energy levels

The indirect verification shall be performed at a minimum of two absorbed '€nergy level

rangg
The 1
of thd

e of use of the machine. A set for each energy level shall consist of at least five referenc
eference test piece absorbed energy levels shall be as close as possible to the upper and
range of use, subject to the availability of reference test pieces for these absorbed ene

Whein more than two reference test piece absorbed energy levelsfare used, the other level

distr
refer

7.3

Refer
piece
the c

7.4

A lim
verif

a)

i
V

b)
‘)
d)

i
1]

A\
4

buted as uniformly as possible between the upper anddower limits subject to the a
bnce test pieces.

Requirements for reference test pieces

ence test pieces shall be obtained from a reférence material producer who has prep:
s as specified in [SO 148-3. Whether or nottest pieces that do not break shall be taken
hlculation of pendulum bias and repeatability is decided by the reference material prog

Limited direct verification

ited direct verification shall\be performed before each indirect verification. This li
cation includes the following:

Fo any other

s within the
b test pieces.
lower limits
gy levels.

s) should be
vailability of

ired the test
nto account,
ducer.

mited direct

hspection of the machine in accordance with 6.2.3 a) and of the machine framework inn accordance

vith 6.3.4 and 6.3.6;

hspection (visual at least) of the striker and anvils for excessive wear (see Table 3);

heasurement of the distance between the anvils (see Table 3);

,6.3.7,6.4.7,

vhen the striker or supports or anvils are changed: measurement of items 6.3.4, 6.3.4
48,6.5.2,6.5.3 and 6.5.4;

e)
f)

7.5

7.5.1

KV,

measurement of the losses due to bearing friction and air resistance;

measurement of the loss due to pointer friction.

Bias and repeatability

Repeatability

KVo, ..., KVn are the absorbed energies of the ny reference test pieces used for
'

the indirect

verification at a particular energy level. The repeatability of the machine under the particular controlled

© ISO

2016 - All rights reserved
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conditions is characterized by b, the difference between the highest and lowest of the ny KV values, as

given by Formula (14):
b= KVmaX - KVmin

The maximum allowed repeatability values are given in Table 2.

7.5.2 Bias

(14)

The bias of the machine under the particular controlled conditions is characterized by the number, as

given by For,

= K|

where

KVy =

wla{15).:
e —r

'y - KV

D KV +..+ KV,

The maximu

8 Frequg

8.1 A full
installation 4

8.2 Indire
exceeding 12

8.3 When
the affected

ny

m allowed bias values are given in Table 2.

Table 2 — Maximum allowed values for repeatability and bias

Dimensions in joules

Absorbed energy Repeatability Bias
level b |Bv|
<40 <6 <4
=40 <15 %KVR <10 % KVgr

ency of verification

ind after moving the machine.

ct verifications, imcluding a limited direct verification, shall be performed at interval
months. More\frequent indirect verifications may be necessary based on the wear obsg

anvils and/or striker are replaced, a direct verification in accordance with clauses descy
bart(s)-shall be performed. An indirect verification shall also be performed.

(15)

(16)

direct verification followed by an indirect verification shall be performed at the time of

s not
rved.

ibing

8.4 Ifther

esutts of afirstimdirect verificatiomare unsatisfactory amd if timmited corrective imterver

tions

on the instrument fail to lead to a satisfactory result of the repeated indirect verification, then a full direct
verification shall be performed.

9 Verific

ation report

9.1 General

The verification report shall include at least the following information:

a)
b)

14

reference to this part of ISO 148, i.e. ISO 148-2;

identification of the machine: manufacturer’s name, model and serial number;
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adius of the striking edge;

d) name of owner and address of place of installation;

e) name or mark of organization performing the verification;

f) date of the verification.

9.2

Direct verification

The following information on the direct verification of the machine shall be included:

a) 1

b)

10

A md
Anne
occul

iflentification of the reference test pieces used in the indirect verification, including t

ominal energy of the pendulum;
elocity of pendulum at impact;

bsorbed energy lost due to air resistance and friction.

Indirect verification

pllowing information on indirect verification of the machine shall be included:

alues and the actual observed absorbed energy values fopthese test pieces;
esults of the indirect verification:

) repeatability;

) bias;

) a statement that the machine does©r does not conform to the requirements of
ISO 148.

Incertainty

thod for establishing the-uncertainty of the indirect verification results is given
x B gives methods fer calculating measurement uncertainty for several of the m¢
'ring in the direct verification.

he reference

this part of

in Annex A.
basurements

© ISO

2016 - All rights reserved

15


https://standardsiso.com/api/?name=ca6d7384e0290afd2a0950c1f62d111e

ISO 148-2:2016(E)

Key

O N O U1 W N

16

o

a) C-type hammer

- il

b) U-type hammer

scale
pendulu
friction p
pendulu
machine
base

anvil

test piecq

c) Test machine

9
h bearings 10
ointer 11
h rod 12
framework 13

a

b

test-piece supports
foundation

C-type hammer

edge of striker

striker

Angle of striker.

Radius of striking edge.
Axis of rotation.

Figure t—Parts of a penrdulum=type impact test mrachime
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X
aj 2 mm striker b) 8 mm striker
13
11
o

1

7

hY

o (ON
7w 3
9 Z ) x 9
7
1 [] 8 10
c) Overview
NOTH See Table 3for'geometrical characteristics.
Figure 2 —<Strikers, test-piece supports and anvils of pendulum-type impact test machines
Table 3 — Geometrical characteristics

Numbera Designation Dimension
1 Length of test piece see SO 148-1
2 Width of test piece see ISO 148-1
3 Thickness of test piece see [SO 148-1
4 Width of test piece minus depth of notch (ligament) see [SO 148-1
5 Angle of notch see ISO 148-1
6 Depth of notch see [SO 148-1
7 Notch root radius see [SO 148-1
a  SeeFigure 2.
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Table 3 (continued)

Numbera Designation Dimension
+0,20 mm
8 Distance between anvils 40,00 mm ——
—0,00 mm
+0,50 mm
9 Radius of anvils 1,00 mm ——
—0,00 mm
10 Allsl\, Ufta}l\,l Uf allV;l 110 i 10
11 Angle of striker 30°+1°
12 Radius of striking edge
+0,50 mm
12A 2 mm striker 2,00 pn ——
—0,00 mm
12B 8 mm striker 8,00 mm * 0,05 mm
+0,50 m
12C Radius of shoulder of 8 mm striker 0,25 mm %
-0,05m
12D Width of edge of 8 mm striker 4,00 mm * 0,05 mm
13 Width of striker 10 mm to 18 mm
a  See Figure 2.
18 © IS0 2016 - All rights reserved
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o e "‘D

w

Key

1 anvils 6 length of the test piece, L

2 standard size test piece 7  thickness of test piece, B

3 tpstpiece supports 8 direction of pendulum swing
4  shroud 9  centre of strike

5  width of test piece, W

Figure 3 — Canfiguration of test piece supports and anvils of an industrial pendulum-type
impact test machine
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20

centre of|percussion

centre offtest piece

centre ofstrike of pendulum
centre offstandard-size/fest piece

Angle of tise, S.

Angle of
Axis of rq

all, a.

tation:

b) Designation of terms used to determine energy

Figure 4 — Determination of the initial potential energy
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Annex A
(informative)

-2:2016(E)

Measurement uncertainty of the result of the indirect verification

of a Charpy pendulum impact machine

A.1 | Overview and general requirements

A.1.1 General

This
verif
of th
Refer]

Annex provides a method for determining the uncertainty associated with’the resulf
cation tests of a Charpy pendulum impact machine. Other methods for'assessing the

ence [1]).

This
and {
requi
pend

Annex proposes a systematic approach, which leads to estimates for By (the bias of {
v (the uncertainty of the overall indirect verification result): The values of these par
red for the calculation of the measurement uncertainty of the results of tests perforn
plum impact testing machine after the verification, as described in ISO 148-1.

NOTH
absor]

ISO 148-1:2016, Annex E, also provides a generalscheme of the metrological chain used t
bed energy scales through indirect verification using'reference test pieces.

)

A.1.2 Uncertainty disclaimer

Meas|
meas

urement uncertainty analysis is useful for identifying major sources of inconsi
ured results.

Prod
[SO 1
apply
For t
only,

ict standards and material property databases based on this and earlier versions o
48 have an inherent contribution from measurement uncertainty. It is therefore inap

further adjustments f@t measurement uncertainty and thereby risk failing product
his reason, the estimates of uncertainty derived by following this procedure are for
unless specificallynstructed otherwise by the customer.

The {
unce
meas

est conditionsé@and limits defined in this part of ISO 148 should not be adjusted to taK
tainties of méasurement, unless specifically instructed otherwise by the customer. T}
urement uncertainties should not be combined with measured results to assess c(
prodyict speeifications, unless specifically instructed otherwise by the customer. Instead, {
tolerances\are to be interpreted as acceptance intervals.[2] This approach assumes that me

s of indirect
uncertainty

bse tests can be developed and are acceptable, if they meet the requirements of the GUM (see

he machine)
ameters are
hed with the

b disseminate

stencies for

F this part of
propriate to
compliance.
information

te account of
e estimated
mpliance to
he indicated
basurements

are mpdde with a tacitly accepted maximum measurement uncertainty. Where possible, t
measurerr Oncer Nty Nas ST T OTTer rSion of the 1SO 3 Ser
uncertainties of the measured values should be smaller than the indicated values.

aYo a =70 a a U0 ra

O .V
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A.2 Contributions to the uncertainty of the indirect verification result

A.2.1 Bias

The primary result of an indirect verification is the estimate of the instrument bias, By, as given by
Formula (A.1):

By = KVv — KV, (A1)
where

KVvy i the mean value of the reference test pieces broken during the indirect verification;

KVgr  ip the certified KV value of the reference test pieces.
The absolutg value of By should meet the criteria set in Clause 7.
A.2.2 Uncprtainty of the bias value
The standard uncertainty of the bias value is equal to the combined. standard uncertainties of th¢ two
terms in Formula (A.1).
urM, the standard uncertainty of the certified reference value, KVg, is calculated from the expgnded
uncertainty,| Urm, indicated on the certificate of the reference test pieces, by dividing Urm by the
appropriate|coverage factor (also indicated on the certifieate).
The uncertajnty associated with KVv is calculated as given by Formula (A.2):

_ sy
u(Kvvy)= (A.2)
\y

where

sy istHe standard deviatien of the results of the ny reference test pieces.
7.2 prescribgs the use ofatléast five reference test pieces for the indirect verification.
NOTE Formula (A%2) 'shows that choosing a larger number ny can be used to reduce the measur¢ment
uncertainty.
Therefore, u[ By), the standard uncertainty of By, is calculated as given by Formula (A.3):

2
B v 2 A3
u(By) + URy (A.3)

A.3 Determining the combined uncertainty of the indirect verification result, uy

As a general rule, bias should be corrected for. However, due to wear of the anvils and hammer parts,
it is difficult to obtain a perfectly stable bias value throughout the period between two indirect
verifications. This is why the measured bias value is often considered an uncertainty contribution, to

22 © IS0 2016 - All rights reserved
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be combined with its own uncertainty to obtain the uncertainty of the indirect verification result, uy, as

given by Formula (A.4):

2 2
uy = Ju’ (By )+ By (A4)
To correct the absorbed energy values measured with a pendulum impact testing machine, add a term
equal to By. This requires that the bias value be firmly established and stable. Such a level of knowledge
on the performance of a particular pendulum impact testing machine can only be achieved after a series
of indirect verification and control chart tests, which should provide the required evidence about the

stability of the instrument bias. Therefore, the practice is likely to be limited to reference pendulum

impal

A4

The |
unce
unce
freed

The ¥

The
insig
usea

A5

This
verif
levels
KVR Y
from

CT testing machines.

Expanding the combined uncertainty

alue of uy is used in ISO 148-1:2016, Annex E, as one of the contributions to-the total
tainty. To expand a combined standard uncertainty, the degrees of freedom of th|
tainty contributions need to be combined into effective degrees.of freedom. Thg
om of uy are calculated using the Welch-Satterthwaite approximatien, as given by For

4
\'

ut (KVV) y
+
\%

u

v =

4 4
B
RM+ Vv

\% %

B B
alue of vp equals ny - 1; the value of vy is takenfrom the reference materials’ certifi

humber of verification test pieces is at least five, but the heterogeneity of the sa
hificant. This is why the number of effective degrees of freedom is most often not lar

Examples of By and uy calculation and reporting

subclause presents an examiple of an indirect verification result and its analysis.
cation is executed afteradirect verification, using reference test pieces of three diff
. The results presented in Table A.1 are those obtained on reference test pieces wit]
alue of 123,8 ], and-an expanded uncertainty of 3,4 ], with 30 degrees of freedom (
the RM certificate).

Table A.1 — Example — Results of the indirect verification tests

nLeasurement

respective
e degrees of

mula (A.5):

(A.5)

Cate.

mples is not
e enough to

coverage factor of k equal to 2. Other yalues of k may be used if interested parties are i agreement.

Fhe indirect
brent energy
h a certified
yalues taken

Calculation of bias

Test results and data from certificates .
uncertainty value

hnd
bS

Sample 1

123,1] KV,

\

119,4 ]

Sample 2

116,1] Sv

4,7]

Sample 3

112,8] ny

Sample 4

123,6] |From Formula (A.2): u(KVV)

2,1]

Sample 5

121,3]

From certificate: degrees of freedom, vpm

30 From Formula (A.1): By

—4.4]
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Table A.1 (continued)

Test results and data from certificates

Calculation of bias and
uncertainty values

From certificate: expanded uncertainty at a confidence

) .3): ,
level of about 95 %, Uy 3,4] From Formula (A.3): u(By) 2,7]
Since vgMm > 10, urpym, the standard uncertainty, can be

) (A.4): ,
calculated as Upy/2 1,7] From Formula (A.4): uy 52]
Degrees of freedom for five samples, vp 4 From Formula (A.5): vy 7

The primary result of the indirect verification is good: the absolute value of the bias (By = -4,4 ]) is

below the upper threshold set in Clause 7. The value of By needs to be combined with its uncertainty
to obtain uy unless its value is well established, which we do not consider to be the case héxe/From
Formula (AJ5), the number of degrees of freedom corresponding to uy is calculated to‘be 7 The
verification fesults can be reported as shown in Table A.2.

Table A.2 — Summary table of the result with expanded measurement uncertainty, U (K

By is not firmly established

KVRr By u(BV) uy
] J J v j
-4.,4 2,7
123,8 7 5,2

B v

a  This summary table contains one row for each of the energy levels at
which the pendulum was indirectly verified:

~ 1
~——

A graphical [representation of the example is given-in Figure A.1, together with the results obtained
if the measyred absorbed energy values are corrected for the measured bias. The uncertainty ¢f the
indirect verification is relatively large (uy = 5,2 J).as it consists of the combination of u(By) and By. [lf the
bias value had been better established, and the measured value corrected for its value, a considerably
smaller uncgrtainty could have been obtained [u(By) = 2,7 ]].

130

128
126
124

7

122
120

X

kV (J)

118

116

—ertified value

114 =

® measured value

112
absorbed energy not correct for bias

absorbed energy corrected for bias

Figure A.1 — Graphical representation of the default approach (left) with an uncorrected
absorbed energy and the associated uncertainty, uy, as well as the case where the measured
value is corrected for the bias (right), giving a smaller uncertainty, u(By)
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Annex B
(informative)

Measurement uncertainty of the results of the direct verification
of a Charpy pendulum impact testing machine

B.1 | General

Diredt verification consists of a series of checks of geometrical and mechanical features ofia pendulum
impaft testing machine. Deviation from the nominal values of these features contributes tfo the bias in
the ipstrument with respect to the expected behaviour of a pendulum impact testing machfine fulfilling
the requirements of Clause 6.

In theory, one can use a formula such as Formula (B.1) for the .éstimation of z, the combined
instrument bias:

4=R+A+C+E+V+(-1;)+H+S (B.1)
wherje

R is the bias in K (in energy units) due to bias in the radius of the edge of the striker;

A is the bias in K (in energy units) dueto’bias in anvil and supports geometry;

( is the bias in K (in energy units) due to bias of the centre of strike;

H is the bias in K (in energyunits) due to the energy calculation from measured gngles;

' is the bias in K (in energy units) due to bias in the impact velocity;

(I - I1) isthe bias in K (i énergy units) due to bias in the difference between penduluin length and
centre of percussion;

H is the biasdn K (in energy units) due to the correction for friction loss;

§ is thebias in K (in energy units) due to the bias in the energy read from an analogue or
digital scale.

The ¢ffects of the factors (R, 4, C, E, V, I - 11, H, §) on the absorbed energy are assumed to be small

if thgyCare within the tolerances required for direct verification of the machine (see Clalise 6) and if
the pwml—rmmmw—rﬂn—mmﬁmmﬁo—@nﬁoweven
there are uncertainties associated with the assessment of the individual factors contributing to z.
Assuming that all quantities are independent, the combined standard uncertainty of z would be as

given by Formula (B.2):

u (z) = \/uz (R)+u?(A) +u?(C) +u®(E) +u* (V) + u?( - 1)) + u* (H) + u*(S) (B.2)

Not all the elements from Formula (B.1) and Formula (B.2) can be reliably and quantitatively assessed.
Instead, indirect verification of the instrument, with reference materials, is used to assess the bias in a
pendulum and the associated uncertainty.

Nevertheless, it remains important to consider the reliability of the different steps in the mandatory
direct verification. This is why this Annex discusses state-of-the-art methods to determine the
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uncertainties associated with the results of a number of measurements performed during the direct
verification of a Charpy pendulum impact machine.

Usually, the uncertainty of a certified value on the certificate of a certified reference material is
specified for a confidence level of about 95 %. Therefore, the standard combined uncertainty, ury, has
to be expanded using an appropriate coverage factor, k. The coverage factor to be used depends on the
number of degrees of freedom associated with the combined uncertainty, which can be computed using
the Welch-Satterthwaite approximation. For a typical case, the number of effective degrees of freedom
is larger than 20 and a coverage factor of k = 2 can be used.

NOTE
meet the reqt

Other methods to assess the measurement uncertainties can be developed and are acceptable if they

The ultimat
verified feaf
measured v4
Clause 6.

Uncertainty
of inconsistd
this and the
uncertainty.
and thereby
by following
customer. T}
account of
The estimat
compliance
Instead, the
assumes thd
Where poss
of the ISO 1
indicated va

B.2 Unce

B.2.1 Cen

The penduly
centre of pet

For the dete

irements of the GUUM (cm: Reference [1])

ures so as to verify whether the sum of the deviation between the nominal’ an
1lue and the measurement uncertainty of this deviation is within the tolerances allow|

disclaimer note: Measurement uncertainty analysis is useful for identifying major so
ncies of measured results. Product standards and material propérty databases bas

risk failing product compliance. For this reason, the estimates of uncertainty de

ncertainties of measurement, unless specifically instructed otherwise by the cust
with product specifications, unless specifically instructed otherwise by the cust
indicated tolerances are to be interpreted’ as acceptance intervals.[2] This app
t measurements are made with a tacitly~accepted maximum measurement uncert

L8 series. Measurement uncertainties-of the measured values should be smaller tha
lues.

rtainty for particularinstrument parameters

tre of percussion

cussion and.the‘axis of rotation, /1.

rmination of /1, Formula (B.3) is valid:

e aim is to achieve a reliable estimate of the measurement uncertainty for the diy

previous version of this part of ISO 148 have an inherent contribution from measurg
It is therefore inappropriate to apply further adjustments for-measurement uncert

this procedure are for information only, unless specifieally instructed otherwise b
ne test conditions and limits defined in this part of 1SQ.148 should not be adjusted td

ed measurement uncertainties should not be cenibined with measured results to a

ble, this maximum measurement uncertainty has been specified in the current ve

m is constructedin a way that makes pendulum length, /, equal to the distance betwes

ectly
1l the
ed by

Lirces
bd on
ment
inty
rived
y the
take
bmer.
ssess
bmer.
foach
hinty.
rsion
n the

n the

(B.3)

gt]
I1 =<
47
where
I is

the distance between the position of the centre of percussion and the axis of rotation

(reduced pendulum length), in metres;

is

the average period of swing of pendulum from three measurements at 100, 50 or

25 swings.
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The time measurement T, e.g. for 50 swings, is carried out manually or by a calibrated time-measuring
device. In this example, a realistic measurement uncertainty of u(7) = 0,1 s will be used. The uncertainty
of I1 can then be calculated as given by Formula (B.4):

2gT
l,)=——<" . y(T (B.4)
u( 1) (41(2).502 U( )

The pendulum length, I, is measured with callipers. Because I can often not be measured directly, it is
determined by three partial measurements L1, Lz and L3, which means:

ul) = /112(1 Vo u? (L) +u? (L) (B.5)
V 1 Z 5)

Callipers for smaller lengths (e.g. L1 and L3) usually have a measurement uncertainty] of 0,1 mm.
Calliiers for the larger length (here Ly) typically have a measurement uncertainty.'of 0,3 mm. In this
case,|the combined uncertainty u(/) = 0,3 mm.

NOTE These values are typically included on the calibration certificate of the.instrument used

The measurement uncertainty of the deviation of the position of the eentre of percussion from the
meagured pendulum length, (I - I1), is calculated with the abovesgiven uncertainties [as given by

Formula (B.6):
U(l-1;) = Ju (1) +u?(l;) (B.6)

EXAMPLE See also Table B.1.

For § measured pendulum length [ = 800,0. mm, a measured T (50 swings) = 89,7 s, and the
resulting calculated value for /1 = 799,75 mm;-and using the above uncertainties for length and time
meagurements, an uncertainty u(l - 1) of 107 mm is obtained. This shows that the measufed (I - 1) is
within the allowed tolerance (0,5 %), alsp'taking into account measurement uncertainty.

Table B.1 — Measurement uncertainty of position of centre of percussion

Qudntity Estimated Uncertainty Standard Sensitivity tgz[:lt;?;:;g?y
value Value Distribution type | uncertainty | coefficient bt (1 - 1)
I 800,0 mm 0,3 mm Normal 0,3 mm 1 mm/mm 0,3 mm
T 89,7 0,1s Rectangular 0,058 s 17,83 mm/s 1,03 mm
Combined measurement uncertainty u(l-1,) 1,07 mm
Expanded measurement uncertainty using k = 2 for a 95 % confidence level P, 14 mm

s : 4 1 Cy.
B.Z. IIIPdall VC1ULIly

The impact velocity is calculated from the pendulum length and the fall angle and is a typical parameter
of the testing machine. The permissible errors specified in this part of ISO 148 for the direct verification
are relatively large. Since the relative uncertainties of the measurements needed to calculate impact
velocity are very small, a specific calculation of the uncertainty of its value is not required.
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B.2.3 Absorbed energy calculation

For the calculation of the absorbed energy, Formula (B.7) measurement formulae is valid:

KV =Fxl, x(cosﬂ —cosoc)

where
KV s
F is
fo
1) is
B is
a is
The above p

: L. i) 1) A | 1 lotad £ Jd £.11 A aas 1 H o 1
LIICT AUSUTI UTU TI1ITT sy do LAdILUIdilTU TTUIIT ITICTasurcu I4dll diifu 1 15T auslco, I JUUICD,

the force exerted by the pendulum in the horizontal position on the force-proving,dey

 distance I, in newtons;
the distance between the point of application of force F and the axis of rotation, in me
the angle of fall, in degrees;

the angle of rise, in degrees.

Arameters are not bound by certain nominal values or ranges in the standard. Ther

(B.7)

ice

fres;

bfore,

there is no bjias associated with these parameters, only a measurementincertainty. The uncertainty of

the energy c

plculated from the measured values is expressed as given in Formula (B.8):

2 2 2 2
2 [ OKV 2 oKV 2 oKV 2 oKV 2
lll _(_CF_J u (F)+[$] u (12)4‘(% u (ﬂ)+ E u (a) (B8)
From Formula (B.7), the following can be derived:
OKV
—=F-1, -sina B.9
. 2 (B.9)
OKV
—— =+F -1, -sin B.10
5 o *Sinf (B.10)
OKV
a_F_IZ -(cosﬁ—cosa) B.11)
KV =F- (cosﬂ N cosa) (B.12)
al,
With respecf tothe individual uncertainty contributions:
u(F) = Ju? (Fyg) +u? () + u? (5) + u? (D) (B.13)
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where
d-a
u(t) = ——="= (B.14)
V3
where
1) is the temperature coefficient of the working standard (given by the manufacturer);
aremp is the deviation from the reference temperature.
Tstab
u(s)= (B.15)
N
wherje
dstab  is the long-term stability of the working standard;
U(D) = a1, ey (B.16)
wherje
dint-dev 1S the interpolation deviation of the working standard;
Al
u(lz):—z (B.17)
l
wherje
Al is the uncertainty of the distance-imeasurement between the point of application of the force
and the axis of rotation.
NOTEH A minimum estimate foryAl; can be taken from the certificate of the instrument used to measure I5.
EXAMPLE See also TableB.2.
a) FKorce
Measurementuiicertainty of the force transducer: Ugqg = 0,12 % (k = 2)
[long-terin stability of the force transducer: asiap = 0,05 %
Temperature coefficient of the force transducer: § = 0,01 %
eviation from the reference temperature: deemp = 9,0 -G
Measurement uncertainty due to linear interpolation of the force exerted by the pendulum on the
force-proving device: aint-dev = 0,05 %
Force exerted by the pendulum on the force-proving device at a 750,1 mm length of the pendulum:
F=206,70N
The combined contributions to the force uncertainty reach 0,1 %. For a force F of 206,70 N, the
combined standard uncertainty, u(F), is therefore 0,21 N.
b) Pendulum length

Uncertainty of the distance measurement: I = 0,3 mm

© ISO 2016 - All rights reserved
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Length of the pendulum: [/ =l = 750,1 mm

The uncertainty of the distance I, over which the force measurement is carried out, can be applied
with Al = £0,3 mm for careful use.

c) Angles
Uncertainty of the angle measurement: Aa = Af = 0,2°; rise angle: f = 120°; fall angle: @ = 160°

Care should be taken to convert degrees into radians and millimetres into metres prior to applying
the formulae.

Table [B.2 — Budget of measurement uncertainty for the absorbed energy calculation

. Uncertainty . Contributio)
Quantty | Btimated | tion| Sandard | Sty | ictraingy

type of KV

F 206,7 N 0,21N Normal 0,21N 0,33]/N 0,07 ]

L 750,1 mm 0,3 mm Rectangular 0,17 mm 91]/m 0,016 ]

B 120° 0,2° Rectangular 0,12° 134 ]/tad 0,27]

a 160° 0,2° Rectangular 0,12° 53)/rad 0,11]
Combined measurementuncertainty 0,30]

Expanded measurement uncertainty using k = 2 for a 95 %-confidence level 0,6]

B.2.4 Absprbed energy readings from an analog or a-digital scale

S is the bias
energy from

given by Forjmula (B.18):

in the scale mechanism; it indicates the difference between the reading of an absq
the instrument analog scale or a digital\value displayed on the instrument PC, an
calculated energy. S can be deduced for a particular pendulum using the results of direct verificati

rbed

d the
b, as

S=Ks1 K. (B.18)
where

S istHe deviation of the indicated energy;

Ks 1is friom the calculated‘energy, Kcalc, both in joules.
The effective uncertainty; u(S), is calculated as given by Formula (B.19) and Formula (20):

2 2

u(S) = \[u* (Kg) + u*(K . ) (B.19)

where
a
ulK. )= (B.20)
S
(K5)=5"5

where

a isthe resolution of the scale (i.e. the smallest distinguishable difference between two meas-
ured values).

EXAMPLE See also Table B.3.

Value read from analog scale: Ks = 68,0 ]
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