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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-governm

ental, in _liaison _with ISO, also take part in the work.

ISO_collaborates closely wit
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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 guantities that could be
tracedl to national standards. The objective nature of these traceable measurements minimized the necessity
for arpitration regarding the suitability of the machines for material acceptance tests.

Howgver, sometimes two machines that had been evaluated by the direct-verification procedufes described
above, and which met all dimensional requirements, were found to give significantlyydifferent impact values
when| testing test pieces of the same material. This difference was commercially important [when values
obtained using one machine met the material specification, while the values obtained using the gther machine
did n¢t. To avoid such disagreements, some purchasers of materials added the tequirement that|all pendulum
impagt testing machines used for acceptance testing of material sold totthem must be indirec{ly verified by
testing reference test pieces supplied by them. A machine was considered acceptable only |if the values
obtaimed using the machine agreed, within specified limits, with the Vvalue furnished with the reference test
piecep.

© 1SO 2008 — All rights reserved \
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Metallic materials — Charpy pendulum impact test —

Par

t 2:

Verification of testing machines

1 §

This
mach
forin

It car
desig

bcope

part of ISO 148 covers the verification of the constructional elements of pendulum-type i
nes. It is applicable to machines with 2 mm or 8 mm strikers used for penduldm-impact tes
stance, in accordance with 1ISO 148-1.

analogously be applied to pendulum impact testing machines of various capacities an
n.

Impa
with

referred to as reference machines. Specifications for the veljfication of reference machines
ISO 148-3.

This part of ISO 148 describes two methods of verification.

a)

installed or repaired, or if the indireet method gives a non-conforming result.

b) T
n

A per
both {

Ther

This
meth

—  t

tt machines used for industrial, general or research laboratory testing of metallic materials i

mpact testing
s carried out,

d of different

h accordance

is part of ISO 148 are referred to as industrial machines. Those with more stringent requirements are

he direct method, which is static in nature, involves measurement of the critical parts of th
nsure that it meets the requirements of ‘this part of 1ISO 148. Instruments used for the ve

are found in

e machine to
rification and

alibration are traceable to national standards. Direct methods are used when a machine is being

neasuring scale.

dulum impact testing machine is not in compliance with this part of ISO 148 until it has be
he direct and indirect.methods and meets the requirements of Clauses 6 and 7.

bquirements for the reference test pieces are found in ISO 148-3.

part of IS@~148 takes into account the total energy absorbed in fracturing the test piece usi
pd. This-tetal absorbed energy consists of

ne_energy needed to break the test piece itself, and

he indirect method, which istdynamic in nature, uses reference test pieces to verify points on the

en verified by

g an indirect

— the internal energy losses of the pendulum impact testing machine performing the first half-cycle swing
from the initial position.

NOTE Internal energy losses are due to

©I1SO

be determined by the direct method (see 6.4.5), and

apparatus have been developed.

2008 — Al rights reserved
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2 Normative references

The following referenced documents are indispensable for the application of this document. 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 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 purpdses of this document, the following terms and definitions apply.

3.1 Definitions pertaining to the machine

3141
anvil
portion of thg machine that serves to properly position the test piece for impact with respect to the strikgr and
the test piecq supports, and supports the test piece under the force of the strike

3.1.2
base
that part of the framework of the machine located below the horizental plane of the supports

313
centre of percussion
that point in @ body at which, on striking a blow, the percussive action is the same as if the whole mass pf the
body were cgncentrated at the point

NOTE When a simple pendulum delivers a blow/along a horizontal line passing through the centre of percyssion,
there is no resplting horizontal reaction at the axis of.rotation.

See Figure 4

314
centre of strjke
that point on|the striking edge “of the pendulum at which, in the free hanging position of the pendulum, the
vertical edge|of the striker\meets the upper horizontal plane of a test piece of half standard height (i.e. % mm)
or equivalent|gauge barresting on the test piece supports

See Figure 4

3.1.5
industrial machine

pendulum impact machine used for industrial, general, or most research-laboratory testing of metallic
materials

NOTE 1 These machines are not used to establish reference values.
NOTE 2 Industrial machines are verified using the procedures described in this part of ISO 148.
3.1.6

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

2 © 1SO 2008 — All rights reserved
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striker
portion of the pendulum that contacts the test piece

NOTE

8 mm

striker).

See Figure 2.

3.1.8

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

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

See Higures 2 and 3.

3.2 |Definitions pertaining to energy

3.21

total pbsorbed energy

Ky

total absorbed energy required to break a test piece with a pendulum impact testing machine,
corre¢ted for any losses of energy

NOTE It is equal to the difference in the potential energy from the starting position of the pendulum to

first half swing during which the test piece is broken (see 6.3).

3.2.2
initia

potential energy

potential energy

Kp
differ
the p

ence between the potential energy of the ‘péndulum hammer prior to its release for the im
ptential energy of the pendulum hammer-at the position of impact, as determined by direct v

NOTE See 6.4.2.

3.2.3
abso
K

rbed energy

enerdy required to break a-test piece with a pendulum impact testing machine, after correction fo

NOTE The letter ¥/ or U is used to indicate the notch geometry, that is K or KU. The number 2 or

subsc

3.24

[ipt to indicate Striker radius, for example K7,.

calculated\energy

Kcalc

ener

3.25
nomi
nomi
KN

which is not

the end of the

pact test, and
brification

friction

8 is used as a

] lotad £ 1 £ ] ] 41 a £ a ol H A H 4 H 'H
y vaiibuiaicu 1mmullt vdiucTo Ul di IHIU, ICIIHLII7 dlTu TUTUC 111ICdadourcyu uunlly uncotl voritimoaturt

nal initial potential energy
nal energy

energy assigned by the manufacturer of the pendulum impact testing machine

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

frictio

©I1SO

n to determine absorbed energy, K
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3.2.7

reference absorbed energy

Kr

certified value of absorbed energy assigned to the test pieces used to verify the performance of pendulum

impact machines

3.3 Definitions pertaining to test pieces

3.31
height

distance between the notched face and the opposite face

3.3.2
width

dimension pgrpendicular to the height that is parallel to the notch

3.33
length

largest dimerjsion perpendicular to the notch

3.34

reference test piece

impact test piece used to verify the suitability of pendulum impact testing machines by comparing the
indicated abqorbed energy measured by that machine to the reference.absorbed energy associated with the

test pieces

NOTE Rdference test pieces are prepared in accordance with ISO.148-3.

4 Symbals and abbreviated terms

For the purpdses of this document, the symbols and abbreviated terms given in Table 1 are applicable.

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

Symbol
abbreviated Unit Designation
term 2
By J Bjas of the pendulum impact machine as determined through indirect verification
b J Repeatability
F N Force exerted by the pendulum when measured at a distance of /,
Fyq N Force exerted by the pendulum due to gravity
g m/s? Acceleration due to gravity
GUM = Guidetotheexpressiomof uncertainty immeasurement
h m Height of fall of pendulum
Hj m Height of rise of pendulum
ISO — International Organization for Standardization
KV J Absorbed energy as measured in accordance with ISO 148 on a V-notched sample
KV J Certified KV value of the reference material used in the indirect verification
K_Vv J Mean KV value of the reference test pieces tested for indirect verification
KN J Nominal initial potential energy (nominal energy)
Kp J Initial potential energy (potential energy)
KR J Reference absorbed energy of a set of Charpy reference test pieces

© 1SO 2008 — All rights reserved
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Table 1 (continued)

Symbol/
abbreviated Unit Designation
term @
e J Absorbeq energy .(expreslsed as KV,, KVg, KU,, KUg, to identify specific notch
geometries and striker radii)
Kt J Total absorbed energy
Kg J Indicated absorbed energy
Kealc J Calculated energy
K1 or B Jordegree | o o without a test piece in positon G in the normal
k., or B, J or degree Indicated fabsorbed energy or anglgl of rise when the machine is gpgratgd in the normal
manner without a test piece in position and without resetting the-indicatioh mechanism
Indicated absorbed energy or angle of rise after 11 half swings when the machine is
K3 or f3 J or degree | operated in the normal manner without a test piece in pagsition and without resetting the
indication mechanism
/ m Distance to centre of test piece (centre of striker) ffonrthe axis of rotation| (length of
pendulum)
14 m Distance to the centre of percussion from the axis of rotation
I m Distance to the point of application of thé.force F from the axis of rotation
M N-m Moment equal to the product Fi,
ny o {\lumber of reference samples tested for the indirect verification of a pendulum impact
esting machine
P J Absorbed energy loss caused by pointer friction
p' J Absorbed energy loss:caused by bearing friction and air resistance
Pg J Correction of absorbed energy losses for an angle of swing S
r J Resolution of the pendulum scale
RM — Reference-material
sy J Standard deviation of the KV values obtained on ny, reference samples
S J Biasiin 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
Tmin S Minimum value of T
u(ﬁv) J Standard uncertainty of KVy
u(By) J Standard uncertainty contribution from bias
u(F) J Standard uncertainty of the measured force, F
1stq) J Standard uncertainty of the force transducer
u(r) J Standard uncertainty contribution from resolution
.y J Stqndard u'n'cert.ainty of the certified value of the reference material used for the
indirect verification
uy J Standard uncertainty of the indirect verification result
o degree [ Angle of fall of the pendulum
yij degree |Angle of rise of the pendulum
Vg — Degrees of freedom corresponding to u(By)
W — Degrees of freedom corresponding to uy
VRM — Degrees of freedom corresponding to ugy
2@  See Figure 4.

© 1SO 2008 — All rights reserved
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5 Testing machine

A pendulum impact testing machine consists of the following parts (see Figures 1 to 3):

a) foundation/installation;

b) machine framework — the structure supporting the pendulum, excluding the foundation;

c) pendulum, including the hammer;

d) anvils and supports (see Figures 2 and 3);

e) indicating-eqtipmentfor-the-absorbed-energy{e-g—scaleandfrictionpointeror-etectronic readout-deyice).
6 Direct yerification

6.1 General

Direct verificgtion of the machine involves the inspection of the following items:

a) foundatign/installation;

b) machine|framework;

¢) pendulum, including the hammer and the striker;

d) anvils and supports;

e) indicating equipment.

6.2 Foundation/installation

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

6.2.2 Inspgction of the machine foundation. can usually not be made once the machine has been insfalled;

thus, docums

the foundatio

n is not less than 40 times_that of the pendulum.

6.2.3 Inspgction of the installed-machine shall consist of the following:

a) ensuring|that the bolts.are torqued to the value specified by the machine manufacturer. The torque
shall be| noted in the{document provided by the manufacturer of the machine (see 6.2.1). If
mounting arrangements are used or selected by an end user, equivalency shall be demonstrated;

b) ensuring| that the machine is not subject to external vibrations transmitted through the foundation

ntation made at the time of installation shall be produced to provide assurance that the mass of

value
other

at the

time of ﬂre impact test.

NOTE
the machine fr.

6.3 Machi
6.3.1
a) free posi
b)
c)

d) clearanc

amework. The absence of ripples on the water surface indicates that this requirement has been met.

ne framework

tion of the pendulum;

location of the pendulum in relation to the supports;

transverse and radial play of the pendulum bearings;

e between the hammer and the framework.

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

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

© 1SO 2008 — All rights reserved


https://standardsiso.com/api/?name=690464bcea361a5e4c22bf49475e8396

ISO 14

8-2:2008(E)

Machines manufactured after the original publication date of this part of ISO 148 shall have a reference plane
from which measurements can be made. Annex C, based on EN 10045-2, 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 rotation shall be established 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.

NOTE

rectan
and th

6.3.5
6.3.6

NOTH

6.3.7
anvils

6.3.8
trans

the cgntre of strike.

6.3.9
150

NOTE

f the position

This condition can be determined using a gauge in the form of a bar, approximately 55/mm in length and of

gular section, 9,5 mm in height and approximately 10 mm in width (see Figure 3). The distance betw
e bar is then measured.

The plane of the swing of the pendulum shall be 90° + 0,1° to the axis Ofyotation.

The striker shall make contact over the full width of the test piece.
One method of verifying this is as follows.

A test piece having dimensions of 55 mm x 10 mm x 10 mm is tightly wrapped in thin paper (e.
adhesive tape), and the test piece is placed in the test-piece supports. Similarly, the striker
wrapped in carbon paper with the carbon side outermost (i.e. not facing the striker). From
equilibrium, the pendulum is raised a few degreesjreleased so that it contacts the test piece,
from contacting the test piece a second time. The mark made by the carbon paper on the pap
test piece should extend completely across the~paper. This test may be performed concurrer]
checking the angle of contact between the striker and the test piece (see 6.4.8).

The pendulum shall be located so that the centre of the striker and the centre of the gap
are coincident to within 0,5 mm.

Axial play in the pendulum bearings shall not exceed 0,25 mm measured at the st

erse force of approximately 4 % of the effective weight of the pendulum, Fy [see Figure 4

Radial play of the(shaft in the pendulum bearings shall not exceed 0,08 mm whe
+ 10 N is applied at a’distance / perpendicular to the plane of swing of the pendulum.

The radiakplay can be measured, for example, by a dial gauge mounted on the machine framg

housi

the pgndulum perpendicularly to the plane of the swing.

g in order to.indicate movement at the end of the shaft (in the bearings) when a force of about 150

een the striker

j. by means of
edge is tightly
its position of
and prevented
br covering the
tly with that of

between the

iker under a
)], applied at

n a force of

at the bearing
N is applied to

6.3.10 Fofnew machines, it is recommended that the mass of the base of the machine framewqrk be at least
12 times_that of the pendulum.

NOTE The base of the machine is that portion of the framework located below the plane(s) of the supports.

6.4 Pendulum

6.4.1 The verification of the pendulum (including striker) shall consist of determining the following quantities:
a) potential energy, Kp;

b) errorin the indicated absorbed energy, Kg;

c) velocity of the pendulum at instant of impact;

d) energy absorbed by friction;

© 1SO 2008 — All rights reserved
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e)

f)

g) angle between the line of contact of the striker and the horizontal axis of the test piece.

position of centre of percussion (i.e. distance from centre of percussion to axis of rotation);

striker radius;

6.4.2 The potential energy, Kp, shall not differ from the nominal energy, Ky, by more than +1 %. The
potential energy, Kp, shall be determined as follows.

The moment of the pendulum is determined by supporting the pendulum at a chosen distance, /,, from the
axis of rotation 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 [see

Figure 4 a)].

The force, F,
product of F

NOTE Le
The angle of

The potential

and the length, I,, shall each be determined to an accuracy of = 0,2 %. The momegnt) 1,
I.

hgth /, can be equal to length /.

fall, o, shall be measured to an accuracy of + 0,2°; this angle can be greater than 90°.

energy, Kp, is then calculated by Equation (1):

is the

Kp = M(] — cosa) (1)
6.4.3 The graduation marks on the scale corresponding approximately to values of absorbed energy of 0 %,
10 %, 20 %, 80 %, 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, £, then determined’ to +0,2°. The calculated energy is giveén by
Equation (2):

Keaic = M(cosf— cosa) (2)
NOTE 1  The degree of inaccuracy of measurement of /5, F and f, as specified, yields a mean total efror of
measurement pf K, . of approximately + 0,3 % ofthe full-scale value.

The differendg
values shall
case, the gre

e between the indicated\absorbed energy, Kg, and the calculated energy from the mea
not be greater than £'1.% of the energy reading or £ 0,5 % of the nominal energy, K. In
bter value is permitted; i.e.:

sured
each

K —-|K .
%—S x 10071 % at between 80 % and 50 % of the nominal energy, Ky (3)
S
K —-|K .
°3'1°< —S4 X100 < 0,5 % at less than 50 % of the nominal energy, Ky (4)
N
NOTE 2  Attention is drawn to the fact that the accuracy of the absorbed energy reading varies inversely to its value,

and this is important when K is small in comparison with K.

NOTE 3

corrected in order to compare the results properly.

For machines with scales and readout devices that are corrected for energy losses, Ky Will need to be

Absorbed energy values greater than 80 % of the potential energy are inaccurate and should be reported as

approximate.

NOTE 4

This requirement serves to ensure that all tests are conducted at strain rates that vary by less than a factor of

2. The strain rate is a function of the velocity of the pendulum while the striker is in contact with the specimen; for a
pendulum impact testing machine, the velocity decreases as the fracture progresses. The change in the velocity of the
pendulum can be calculated by first determining the velocity at impact using Equation (5) and, after impact, by using the
same formula except that the cosine of f is substituted for the cosine of « (see Figure 4).

© 1SO 2008 — All rights reserved
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6.4.4 The velocity at impact shall be determined for instance from Equation (5):

v=42gl(1-cosa) (5)
where g may be taken as 9,81 m/s? (to save measurement at the site of each testing machine).

The velocity at impact shall be 5 m/s to 5,5 m/s; however, for machines manufactured 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
friction of the indicating pointer. These losses shall be estimated as follows.

6.4.511 To determine the loss caused by pointer friction, the machine is operated in thé nofmal manner,
but wjthout a test piece in position, and the angle of rise, ;, or energy reading, K4, noted)as ingicated by the
pointgr. A second test is then carried out without resetting the indication pointer and the)new angle of rise, f,,
or energy reading, K,, noted. Thus, the loss due to friction in the indicating pointer duririg the riselis equal to

A = M(cosp; — cosp,) (6)
when|the scale is graduated in degrees, or
A=K - Ky (7)
when|the scale is graduated in energy units.

The vialues of #; and S, or of K and K, shall be the mean.Values of four determinations.

6.4.5{2 Determination of the losses caused bytbearing friction and air resistance for one |half swing is
perfofmed as follows.

After |determining B, or K, in accordance with 6.4.5.1, the pendulum is put into its initial posjtion. Without
resetfing 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 5 % of

the s¢ale-range capacity and record'the value as S5 or K5. The losses by bearing friction and air fesistance for
one half swing are equal to

A = 1/10 M(cosf; — coSfy) (8)
when|the scale is graduated in degrees, or
4’ =110 (K35K5) (9)

when|the scale:is graduated in energy units.

NOTE If it is required to take into account these losses in an actual test giving an angle of rise, g, the quantity
B, a+p
Pp=p—_+Pp (10)
B4 o+ fo

can be subtracted from the value of the absorbed energy.

Because f4 and S, are nearly equal to «, for practical purposes, it can be reduced to an approximate equation for p; as
follows:

g a+p (11)

+p—

Pp=p 2a
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For machines graduated in energy units, the value of £ can be calculated as follows:

B =arccos[1 - 1/M(Kp — K7)] (12)
6.4.5.3 The total friction loss p + p’, so measured, shall not exceed 0,5 % of the nominal energy, Ky. If it
does, and it is not possible to bring the friction loss within the tolerance by reducing the pointer friction, the
bearings shall be cleaned or replaced.

6.4.6 The distance from the centre of percussion to the axis of rotation, /;, is derived from the period (time
of swing) of the pendulum, and it shall be 0,995 / + 0,005 /. The accuracy of the calculated value of /; shall be

+ 0,5 mm.

The distancg can be determined by swinging the pendulum through an angle not exceeding /&°} and
measuring the time, ¢, of a complete swing in seconds.
14 is derived from Equation (13):
D
-t
=21 (13)
4nt

where

g s tgken as equal to 9,81 m/s2; however, if the local acceleration of gravity is known or is belieyed to

be dignificantly different from 9,81 m/s2, the local acceleration of'gravity shall be used;

n2 is taken as equal to 9,87.
Therefore, in|metres, 7, = 0,248 5¢2.
The value of f shall be determined to within 0,1 %.
NOTE With a pendulum having a period of approximately 2 s, this accuracy may be achieved as follows. Detg¢rmine
the time, T, of [100 complete swings, three times. An accurate measure of 7 is the average of the three T'g divided by 100,
provided the qpiantity (7i,ax — Tmin), Which representsithe repeatability, is not more than 0,2 s.
6.4.7 The @dimensions of the striker shallkbe checked. Either of two types of striker may be used, the R mm
striker or the|8 mm striker. The values-for the radius of curvature and the angle of the tip for both typgs are
shown in Table 3.
The maximum width of that pertien of the striker passing between the anvils shall be at least 10 mm bt not
greater than |8 mm.
NOTE 1  An example of\aimethod of verifying the geometry of the striker is to make a replica for examination.
NOTE 2  Tegts carried out with the 2 mm and 8 mm strikers usually give different results.
6.4.8 The angln hetween the line of cantact of the striker and the harizontal axis of the test Ir\ir:r‘r: shiall be

90° £ 2° (see

6.3.6).

6.4.9 The mechanism for releasing the pendulum from its initial position shall operate freely and permit
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 disengage the brake mechanism, for example
during the measurement of period and friction losses.

6.4.11 Machines with automated lifting devices shall be constructed so that direct verification can be

performed.

10
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ISO 148-2:2008(E)

Anvil and supports

Inspection of the anvils and supports should consist of determining the following items (see Figures 2
and 3 and Table 3):

configuration of the supports;
configuration of the anvils;
distance between the anvils;

taper of the anvils;

r
f) g

6.5.2
exceg

adius of the anvils;
learance for the broken test piece to exit the machine.

The planes containing the support surfaces shall be parallel and the distance-between t
d 0,17 mm. Supports shall be such that the axis of the test piece is parallel)to’the axis of 1

penddilum within 3/1 000.

6.5.3
0,1m
Addit

6.5.4
mach
swing

Hamr
test ¢

The planes containing the anvils shall be parallel and the distance between them sha
m. The two planes containing the supports and the anvils shall be 90° + 0,1° relative tq
onal requirements for the configuration of the anvils are given.inyFable 3.

Sufficient clearance shall be provided to ensure that.fractured test pieces are free
ne with a minimum of interference and not rebound into\the hammer before the pendulum
. No part of the pendulum that passes between the anvils shall exceed 18 mm in width.

hers are often of one of two basic designs (see-Figure 1). When using the C-type hamme
ieces will not rebound into the hammer if the -Clearance at each end of the test piece is

13 min. If end stops are used to locate test pieces, they shall be retracted prior to the instant of i

using

the U-type hammer, means shall be provided to prevent the broken test pieces from rebou

hammer. In most machines using U-type.hammers, shrouds (see Figure 3) should be designed

with |
g
g
g
g

In m3

he following requirements:

thickness of approximately4;5*mm;
minimum hardness of 45-HRC;
radius of at least 1,5 mm at the underside corners;

position in whieh'the clearance between them and the hammer overhang does not exceed

nem shall not
ptation of the

| not exceed
each other.

to leave the
completes its

r, the broken
greater than
mpact. When
nding into the
and installed

1,5 mm.

chines where the opening within the hammer permits a clearance between the ends of

(resting in pesition ready to test) and the shrouds of at least 13 mm, the requirements of a) an

apply|

6.6
6.6.1

a)

b)

e test piece
d) need not

Indicating equipment

The verification of the analogue indicating equipment shall consist of the following examinations:

examination of the scale graduations;

examination of the indicating pointer.

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

The thickness of the graduation marks on the scale 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 reading free from
parallax.

© 1SO 2008 — All rights reserved
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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 tenth of a division on the scale.

The scale interval shall be at most 1 % of the nominal energy and shall permit an estimation of energy in
increments of better than 0,25 % of the nominal energy.

6.6.2

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

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

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

indicator]

fluctuate
— Theresa
7 Indireg
71

Indirect verifi

Reference test pieces used

provided that the indication does not fluctuate by more than one increment. VWhen the reg
by more than one increment, the resolution is taken to be equal to half the range of fluctuat

lution shall be better than 0,25 % of the nominal energy.

t verification by use of reference test pieces

cation consists of verifying points on the measuring scale using reference test pieces.

reference te

a) for co
obtained
K value;
b) to monitq
7.2 Absorn
The indirect
use of the

reference-te
range of use

When more

distributed as
test pieces.

7.3 Requi

The requiren

7.4 Limite

i

rJlachine. A set for each energy level shall consist of at least five reference test pieces|

pieces are used:

arison between test results obtained with the machineyunder consideration and test r
with a particular reference machine or set of referenge machines, or with an ISO 148 trag

r the performance of a machine over a period of;time, without reference to any other machi

bed energy levels
erification shall be performed at a-minimum of two absorbed energy levels within the rar

-piece absorbed energy levelsishall be as close as possible to the upper and lower limits
subject to the availability ofreference test pieces for these absorbed energy levels.

than two reference-test-piece absorbed energy levels are used, the other level(s) shou
uniformly as possible between the upper and lower limits subject to the availability of refe

rements forreference test pieces

ents for-theé reference test pieces are found in ISO 148-3.

d_direct verification

dings
on.

"hese

bsults
eable

ge of
. The
pf the

Id be
rence

A limited direct verification shall be performed before each indirect verification. This limited direct verification

includes:
a)
b)

c)

inspection of the machine in accordance with 6.2.3 a);

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

measurement of the angularity, only when the striker or supports are changed (see Table 3);
measurement of the losses due to bearing friction and air resistance;

measurement of the loss due to pointer friction.
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7.5 Bias and repeatability

7.5.1 Repeatability

Kvy, KV,, ..., KV, are the absorbed energies at rupture of the n,, reference test pieces of a set numbered in
order of increasing value. The repeatability of the machine under the particular controlled conditions is
characterized by the number

b=KV,y—KVy,i.e. KViay — KViin (14)
The maximum allowed repeatability values are given in Table 2.
7.5.2| Bias
The Hias of the machine under the particular controlled conditions is characterized bysthe’number

By =KVv -KVg (15)
wher¢

1 KV, +...+ KV,

kvv = LK, il (16)

ny

The maximum allowed bias values are given in Table 2.

Table 2 — Maximum allowed values for repeatability and bias values

Values in joulgs

Repeatabilit Bias
Absorbed energy level P y
b 1By
<40 <6 <4
> 40 §15°/0KVR §10°/0KVR

8 FKrequencyof verification

8.1 | An indirect verification including a limited direct verification shall be performed at the time [of installation
or after moving the machine.

8.2 When parts. which are Qllhjnf"f to wear are rnplar‘nd, a_direct verification in accordancel with clauses

describing the affected part(s) shall be performed. An indirect verification shall also be performed.
8.3 Indirect verifications shall be performed at intervals not exceeding 12 months.
8.3.1  More frequent indirect verifications may be necessary based on one or more of the following:

a) alarge number of tests have been performed;

b) the absorbed energy required to fracture the individual test pieces is large compared to the nominal
energy;

c) the quality management system established by the test house requires more frequent indirect verification.
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8.3.2 Indirect verification shall be performed after changing the strikers.

8.4 Direct verification shall be performed when the machine is new and when the results of an indirect
verification are unsatisfactory (see Clause 1). A limited direct verification shall be performed prior to
performing an indirect verification (see 7.4).

8.5 The procedures given in 6.4.5.1 and 6.4.5.2 should be performed at the beginning of each day during
which the machine is used because they provide a quick indication as to whether the performance of the

machine has

been impaired, e.g. by dirt in the bearings.

9 Verific

9.1 Gener
The report of]
a) referenc
b) identifica
c) radius of
d) name of

€) name or

r e -
aUoOI Teport

al

verification shall include at least the following information:

p to this part of ISO 148, i.e. ISO 148-2:2008;

tion of the machine: manufacturer's name, model and serial number;
striker;

owner and address of place of installation;

mark of organization performing the verification;

f) date of tJve verification.

9.2 Direc
The following

a) nominal

b) velocity

verification
information on the direct verification of the'machine shall be included:

energy of the pendulum;

bf pendulum at impact;

c) absorbed energy lost due to air resistance and friction.

9.3 Indire
The following

a) identificg

ct verification
information en_indirect verification of the machine shall be included:

tion of the reference test pieces used in the indirect verification, including the reference V

and the actual.observed absorbed energy values for these test pieces;

b) results o

f the indirect verification:

1) repeatability;

2) bias

alues

3) a statement that the machine does or does not conform to the requirements of this part of ISO 148.

10 Uncertainty

A method for

14

calculating uncertainty is given in Annex A.
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a) C-type hammer b) U-type hammer
1
C
2
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N
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12
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A
O___ ; !
| N
4
10
¢) Test machine
Key
1 scale 7 anvil 13 striker
2 pendulum bearings 8 test piece
3 friction pointer 9 test-piece supports a8  Angle of striker.
4 pendulum rod 10 foundation b Radius of curvature of edge of striker.
5 machine framework 11 C-type hammer ¢ Axis of rotation.
6 base 12 edge of striker

Figure 1 — Parts of a pendulum-type impact test machine
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a) 2 mm striker b) 8 mm striker
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c) Overview

NOTE See Table 3 for geometrical characteristics.

Figure 2 — Strikers, test-piece supports and anvils of pendulum-type impact test machines
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Number 2 Designation Size

1 Length of test piece see I1SO 148-1

2 Height of test piece see I1SO 148-1

3 Width of test piece see ISO 148-1

4 Height of test piece minus depth of notch (height below notch) see ISO 148-1

5 Angle of notch see I1SO 148-1

6 Depth of notch see |SO 148-1

7 Radius of curvature of base of notch see SO 148-1

8 Distance between anvils (40 s S)mm

9 Radius of anvils (15:5p)mm

10 Angle of taper of anvil 11°1°

11 Angle of striker 30°p1°

12 Radius of curvature of edge of striker:
12A 2 mm striker 2,00 mm tp 2,50 mm
12B 8 mm striker 8 mm £ P,05 mm
12C Radius of shoulder of 8 mm striker 0,25 mm $ 0,05 mm
12D Width of edge of 8 mm striker 4 mm = P,05 mm
13 Width of striker 10 mm tp 18 mm

a8  dee Figure 2.
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90°

1 —

a

Key
anvil
height of tgst piece
width of teEt piece
length of test piece
standard-size test piece
centre of strike

recess

test-piece supports
shroud

© 00 N O g b WON =

Q

Direction of pendulum swing.

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

Y

a) Determination‘of moment, A/

Figuare 4 (continued)
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L%
(5

b) Designation of terms used to determine energy

Key

1 centre of gercussion

2 centre of tgst piece

3 centre of gtrike of pendulum
4  centre of dtandard-size test

jo)

Angle of v|se, S.
b Angle of f3ll, c.
¢ Axis of rotgtion.

Figure 45— Determination of the initial potential energy
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Annex A
(informative)

8-2:2008(E)

Measurement uncertainty of the result of the indirect verification

of a Charpy pendulum impact machine

A.1 Scope-and-generalrequirements

A.1.1 General

This jnformative annex provides a method for determining the uncertainty associated with the results of
indirect verification tests of a Charpy pendulum impact machine. Other methods for’assessing the uncertainty
of th¢se tests can be developed and are acceptable, if they meet the requirements of the GUM (see
Reference [9]).

This annex proposes a systematic approach, which leads to estimates for B, (the bias of the ingtrument) and

uy (the uncertainty of the overall indirect verification result). The valués of these parameters ar
the calculation of the measurement uncertainty of the results of‘tests performed with the pen
testing machine after the verification, as described in ISO 148-1\

A.1.2 Uncertainty disclaimer
Measjurement uncertainty analysis is useful_for identifying major sources of inconsistencies
resul

Prodyct standards and material property databases based on this and earlier versions of this p3
have [an inherent contribution frem:measurement uncertainty. It is therefore inappropriate to
adjusfments for measurement~uncertainty and thereby risk failing compliant product. For thig
estimptes of uncertainty derived by following this procedure are for information only, unles
instructed otherwise by the.customer.

The fest conditions<and limits defined in this part of ISO 148 shall not be adjusted to tak
uncertainties of measurement, unless specifically instructed otherwise by the customer. T
rement uncertainties shall not be combined with measured results to assess complian
specifications,~unless specifically instructed otherwise by the customer.

e required for
julum impact

o disseminate

of measured

rt of ISO 148
apply further

reason, the
s specifically

e account of
he estimated
Le to product

A.2.1 Bias

The primary result of an indirect verification is the estimate of the instrument bias, B,;:

By =KVv -KVg

© 1SO 2008 — All rights reserved
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where
KVv
KVgr

The absolute

is the mean value of the reference test pieces broken during the indirect verification;
is the certified KV value of the reference test pieces.

value of By, shall meet the criteria set in Clause 7.

A.2.2 Uncertainty of the bias value

The standard uncertainty of the bias value is equal to the combined standard uncertainties of the two terms in

Equation (A.

ugm, the stg
uncertainty,
coverage fac

The uncertainty associated with KVv is calculated as:

u(ﬁv)

~

/'=\» iNdicated on the certificate of the reference test pieces, by dividing Ugy withithe'appro
or (also indicated on the certificate).

Sy

Ty

ndard uncertainty of the certified reference value, KVy, is calculated from the. expanded

priate

(A.2)

where sy, is the standard deviation of the results of the ny, reference test\pieces. Subclause 7.2 prescribg¢s the

use of five re

NOTE Eq

Therefore, u(

u(BV):

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

As a genera
difficult to ob
why the me
uncertainty tg

MVZ\/;

erence test pieces for the indirect verification.

uation (A.2) shows that choosing a larger number ny, can‘be used to reduce the measurement uncert

By), the standard uncertainty of By, is calculated as:

rule, bias should:-be corrected for. However, due to wear of the anvil and hammer parts
ain a perfectly<stable bias value throughout the period between two indirect verifications. T
hsured bias “value is considered an uncertainty contribution, to be combined with its
obtain the uncertainty of the indirect verification result, u,,:

inty.

(A.3)

, itis
his is
own

(A.4)

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 level of knowledge on the
performance of a particular pendulum impact testing machine can only be achieved after 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 impact testing machines.

22
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A.4 Expanding the combined uncertainty

The value of uy is used in 1SO 148-1:2006/Amd.1:—1), Annex E, as one of the contributions to total
measurement uncertainty. To expand a combined standard uncertainty, the degrees of freedom of the
respective uncertainty contributions need to be combined into effective degrees of freedom. The degrees of
freedom of uy, are calculated using the Welch-Satterthwaite approximation:

4
u
vy == v (A.5)
ut (KVv) 4. B
LURM | By
VB YRM VB

The vialue of v equals ny, — 1; the value of 1), is taken from the reference materials’ certificate.
The number of verification test samples is most often five, and the heterogeneity ‘of ‘the sgmples is not

insigrificant. This is why the number of effective degrees of freedom is most often Aot large enqugh to use a
coverage factor of £ equal to 2. Other values of £ may be used if interested parties\are in agreement.

A.5 [Examples of B, and u,, calculation and reporting

This plause presents an example of an indirect verification result.and its analysis. The presymed indirect
verifigation is executed after a direct verification, using reference'{est pieces of three different energy levels.
The results presented are those obtained on reference test pieces with a certified KV value off 123,8 J, and
an expanded uncertainty of 3,4 J, with 28 degrees of freedom (values taken from the RM certificate).

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

Test results and data from certificates Calculation of bias and uncertainty valups
Sample 1 123,1 J KWy 119,4 J
Sample 2 116,1J Sy 4,7J
Sample 3 112,8 J ny 5
Sample 4 123,6 J From Equation (A.2): u(K_VV) 2,14
Sample 5 121,3J

From certificate:

Hogroes bf freedom, vy 30 From Equation (A.1): By, -4,4J

From certificate:
expanded uncertainty at a confidence 34J From Equation (A.3): u(By,) 27J
level of about 95 %, Uiy,

Since vy, > 10, ugy,, the standard

uncertainty, can be calculated as 1,7J From Equation (A.4): u, 52J
Urm/2
Degrees of freedom for 5 samples, v, 4 From Equation (A.5): w, 7

1) To be published.
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The primary result of the indirect verification is good: the absolute value of the bias (By = —4,4 J) is below the
upper threshold set in Clause 7. The value of B\, needs to be combined with its uncertainty to obtain u,
unless its value is well established, which we do not consider to be the case here. From Equation (A.5), the
number of degrees of freedom corresponding to uy, is calculated to be 7. The verification results can be
reported as shown in Table A.2.

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

KVr By u(By) vy uy
J J J J
4.4 27
123,8 7 5,2

By is not firmly established.

a [his summary table contains one row for each of the energy levels at which the pendulum was indirectly
verified.

A graphical fepresentation of the example is given in Figure A.1, together with the results obtained [if the
measured absorbed energy values are corrected for the measuredi bias. The uncertainty of the indirect
verification i relatively large (1, = 5,2 J) as it consists of the combination of u(B,,) and By,. If the bias |value
had been better established, and the measured value corrected for its value, a considerably sinaller

uncertainty ¢

KV (J)

130

buld have been obtained [u(By/) = 2,7 J].

128 |
126 |-
124 -
122 |-

120
118

116

114

— certified value

112

measured value

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, u,, as well as the case where the measured value is corrected
for the bias (right), giving a smaller uncertainty, u(B\/)
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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 Scope

Direct verification consists of a series of checks of geometrical and mechanical features of a_pendulum impact
testing machine. Deviation from the nominal values of these features contributes to the bias\of the instrument
with respect to the expected behaviour of a pendulum impact testing machine built in perfect acg¢ordance with
Clauge 6.

In theory, one can use an equation such as the following for the estimation of z, the . combined insfrument bias:

J=R+A+C+E+V+(I-1))+H+S (B.1)
wherg

K is the bias in K (in energy units) due to bias of the radius of tup or striker;

A is the bias in K (in energy units) due to bias of anvil and supports geometry;

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

i is the bias in K (in energy units) due to'the energy calculation from measured angles;

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

(f-14) is the bias in K (in energy-'units) due to bias of the difference between pendulum length and
centre of percussion;

H is the bias in K (in energy units) due to the correction for friction loss;
N is the bias in K(in“energy units) due to the bias of the energy read from an analogue or digital
scale.

The gffects the factofs)(R, 4, C, E, V, I - I,, H, S) on the absorbed energy are assumed to be small if they are
withir] the tolerances-required for direct verification of the machine (see Clause 6), and if the pendulum impact
test is performed(according to the standard procedure (see ISO 148-1). However, there are|uncertainties
assogiated withvthe assessment of the individual factors contributing to z. Assuming that all quantities are
independent;-the combined standard uncertainty of z would be

U (2) = \/qu(R)+u2(A)+uz(C)+u2(E)+u2(V)+uz(l—l1)+u2(H)+u2(S) (B.2)

Not all the elements from Equation (B.1) and Equation (B.2) can be reliably and quantitatively assessed.
Instead, indirect verification of the instrument, with reference materials, is used to assess the bias of 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 informative annex discusses state-of-the-art methods to determine the
uncertainties associated with the results of a number of measurements performed during the direct verification
of a Charpy pendulum impact machine.
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Usually, the uncertainty of a certified value on the certificate is specified for a confidence level of about 95 %.
Therefore, the standard combined uncertainty, ugy;, 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 1 Other methods to assess the measurement uncertainties can be developed and are acceptable if they meet
the requirements of the GUM (see Reference [9]).

The ultimate aim is to achieve a reliable estimate of the measurement uncertainty for the directly verified
features so as to verify whether the sum of the deviation between the nominal and the measured value and
the measurement uncertainty of this deviation is within the tolerances allowed by Clause 6.

NOTE 2  Urcertainty disclaimer note:
Mgasurement uncertainty analysis is useful for identifying major sources of inconsistencies-of megsured
results.
Product stanfdards and material property databases based on this and the previous-version of this part of
ISO 148 have an inherent contribution from measurement uncertainty. It is therefore-inappropriate to [apply
further adjusiments for measurement uncertainty and thereby risk failing compliant-product. For this rgason,
the estimateg of uncertainty derived by following this procedure are for information only, unless specifically
instructed otherwise by the customer.
The test conditions and limits defined in this part of ISO 148 shall:not be adjusted to take accodint of
uncertainties| of measurement, unless specifically instructed otherwise by the customer. The estiil:wated
measurement uncertainties shall not be combined with measured(results to assess compliance with pfjoduct
specificationg, unless specifically instructed otherwise by the customer.
B.2 Uncerntainty for particular instrument parameters
B.2.1 Centre of percussion
The pendulufn must be constructed in a way that makes pendulum length, /, equal to the distance befween
the centre of percussion and the axis of rotation, /4.
For the deterpnination of /4, the following equation is valid:
/2
=5 (B.3)
479
where
Iy is theldistance between the position of the centre of percussion and the axis of rotation (retiiuced
pendufurmmfength),mrmetres;

t is the average period of swing of pendulum from three measurements at 100, 50 or 25 swings.

The time measurement 7, e.g. for 50 swings, is carried out manually or by a calibrated time-measuring device.
In this example, a realistic measurement uncertainty of »(7) = 0,1 s will be used. The uncertainty of /; can then
be calculated as

2gT
(4n?)-5072

u(l, )=

1 u(T)

(B.4)

26 © ISO 2008 — All rights reserved


https://standardsiso.com/api/?name=690464bcea361a5e4c22bf49475e8396

ISO 148-2:2008(E)

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

u(l) = U (L) +u?(Lp) +u?(Ly) (B.5)

Callipers for smaller lengths (e.g. L, and L3) usually have a measurement uncertainty of 0,1 mm. Callipers for
the larger length (here L,) 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 meastrementtmne
lum length, (I -1,

§(1— 1) = Ju? (1) +u?(ly) (B.6)

EXAMPLE See also Table B.1.

), is c e-given uncertainties as

For a pneasured pendulum length / = 800,0 mm, a measured T (50 swings) = 89,7 s, ahd the resulting calcylated value for
11 =799,75 mm, and using the above uncertainties for length and time measurements,Jan uncertainty u(/ —|/4) of 1,07 mm
is obtained. This is within the tolerance (0,5 %) allowed.

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

. Estimated Uncertainty Standard Sensitivity 30ntributi_on
Quantity | - e Value Distribution | Cuncertainty coefficient | T ‘;?'(’le_rtf')" i
type 1
/ 800,0 mm 0,3 mm Normal 0,3 mm 1 mm/mm 0,3 mm
I’ 89,7 s 0,1s Rectangular 0,058 s 17,83 mm/s 1,03 mm
Combined measurement uncertainty u(q) 1,07 mm
Expanded medsurement uncertainty using & = 2 for a 95 % confidence level 2,14 mm

B.2.2 Impact velocity
The impact velocity is calculated from the pendulum length and the fall angle and is a typical parameter of the

testing machine. The-pérmissible errors specified in this International Standard for the direct vérification are
relatiyely large. Therefore, calculation of the uncertainty of its value is not required.

B.2.3 Absorbed energy calculation

For the-calculation of the absorbed energy, the following measurement equation is valid:

KV =F xl, x(cos f —cosa) (B.7)

where
K is the absorbed energy as calculated from measured fall and rise angles, in joules;

F is the force exerted by the pendulum in the horizontal position on the force-proving device for
distance /,, in newtons;

I, s the distance between the point of application of force F and the axis of rotation, in metres;
« is the angle of fall, in degrees;

B is the angle of rise, in degrees.
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The above parameters are not bound by certain nominal values or ranges in the standard. Therefore, there is
no bias associated with these parameters, only a measurement uncertainty. The uncertainty of the energy
calculated from the measured values is expressed as:

oKV 2 ok ) oKV 2 oKV \?
R E B SRR R .

From Equation (B.7), the following can be derived:

aK—VzF-lz-sinoz (B.9)
oa
aK—V:—F-lz-sinﬂ B.10)
op
oKV
—— =1} -(cos f —cos B.11
oF p - (Cos 3 a) )
aK—V:F~(COS,B—COSa) B.12)
ol

With respect to the individual uncertainty contributions:

W(F) = \u2(Feq) +u2(1) + u?(S) + u?(D) B.13)
where
o Atemp
u(t)=— B.14)
J3
where
1) is the temperature coefficient of the working standard (given by the manufacturer);
aiemp IS the deviation from the reference temperature;
ag
u(S)=-pab B.15)
13

where a4, is thelong-term stability of the working standard;

u(D) = a|ntgev B.16)

where g 4oy iS the interpolation deviation of the working standard;

_ Al

. (B.17)

u(lz)

where Al, is the uncertainty of the distance measurement between the point of application of the force
and the axis of rotation.

NOTE Al is taken from the calibration certificate of the instrument used to measure /.

EXAMPLE See also Table B.2.
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1) Force

Measurement uncertainty of the force transducer: Ustg = 0,12 % (k= 2)
dstap = 0,05 %
6=0,01%

atemp = 5,0 °C

Long-term stability of the force transducer:

Temperature coefficient of the force transducer:

Deviation from the reference temperature:

Measurement uncertainty due to linear interpolation

of the force exerted by the pendulum on the force-proving device: Qint-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 cpmbined contributions to the force uncertainty reach 0,1 %. For a force F of 206,70 N, the comll)ined standard
uncerfainty, u(F), is therefore 0,21 N.

2) HRendulum length

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

Length of the pendulum: 1 =1>="750,1 mm

(The ¢ncertainty of the distance /5, over which the force measurement is carried~out, can be applied with Al, =+ 0,3 mm
for careful use.)

3) Angles
Uncertainty of the angle measurement: Aa = A = 0,2°; rise angle: f#="120°; fall angle: « = 160°

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

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

Value type uncertainty coefficient of KV

F 206,7 N 0,21 N Normal 0,21 N 0,33 JIN 0,07 J
L 750,1 mm 0,3 mm Rectangular 0,17 mm 91 J/m 0,016 J
B 120¢ 0,2° Rectangular 0,12° 134 J/rad 0,27 J
a 160° 0,2° Rectangular 0,12° 53 J/rad 0,11J
Combined measurement uncertainty 0,30 J

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

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

S is the bias in the scale mechanism; it indicates the difference between the reading of an absorbed energy
from the instrument analog scale or a digital value displayed on the instrument PC, and the calculated energy.
S can be deduced for a particular pendulum using the results of direct verification:

S=Ks—Kcalc (B.18)
where S is the deviation of the indicated energy, K, from the calculated energy, K+, both in joules.
The effective uncertainty, u(S), is calculated as follows:

u(S) = Ju(Kg)+u(K carc) (B.19)
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where
a

where « is the resolution of the scale.

EXAMPLE See also Table B.3.

Value read from analog scale: Ks=68,0J
Resolution of the indicator: a=05J
Energy value dalculated from measured angles: Keac = 68,17 J
Uncertainty of fhe energy calculated from measured angles: u(Keqie) = 0,38 J

Table B.3 — Measurement uncertainty of the deviation of the indicated absorbed energy

. Uncertainty ny L
Quantit Estimated — Standard Sensitivity Contribution|to
y value Value Distribution uncertainty | coefficient uncertainty of S
type
Kg 68,0 J 0,5J Rectangular 0,14 J 1 0,14 J
Keaic 68,17 J 0,3J Normal 0,3J 1 0,3J
Combined mgasurement uncertainty 0,33 J
Expanded measurement uncertainty using & = 2 foira 95 % confidence level 0,7J
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