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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
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Introduction

An ISO/TC 164/SC 1 working group has developed procedures for determining the measurement uncertainty
of force-proving instruments, and these procedures have been added to this fourth edition as a new annex
(Annex C).

In addition, this fourth edition allows the calibration to be performed in two ways:

— with reversible measurement for force-proving instruments which are going to be used“With increasing
arld decreasing forces;

— without reversible measurement for force-proving instruments which are going'to be ysed only with
in¢reasing forces.

In the first case, i.e. when the force-proving instrument is going to be used for'reversible measurements, the
calibration has to be performed with increasing and decreasing forces to determine the hysteredis of the force-
proving instrument. In this case, there is no need to perform a creep test!

In the| second case, i.e. when the force-proving instrument. is not going to be used [for reversible
measufements, the calibration is performed with increasing forces only but, in addition, a creep| test has to be
performed. In this case, there is no need to determine the hysteresis.

© 1S0O 2011 — All rights reserved Vv
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INTERNATIONAL STANDARD ISO

376:2011(E)

Metallic materials — Calibration of force-proving instruments
used for the verification of uniaxial testing machines

1 Seope

This In
static
proced

This In

measufing the elastic deformation of a loaded member or a quantity which is‘proportional to it.

2 Normative references

The fq
referer

documient (including any amendments) applies.

ISO/IELC 17025, General requirements for the competénce of testing and calibration laboratories

3 Terms and definitions

For thg
3.1

force-|
whole

4 S

Symbd

ternational Standard specifies a method for the calibration of force-proving instriment
erification of uniaxial testing machines (e.g. tension/compression testing maghines) ar
ure for the classification of these instruments.

ternational Standard is applicable to force-proving instruments in which/the force is

llowing referenced documents are indispensable forkthe application of this docums
ces, only the edition cited applies. For undated references, the latest edition of t

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

broving instrument
bssembly from the feree transducer through to, and including, the indicator

ymbols and their designations

Is and.their designations are given in Table 1.

s used for the
d describes a

determined by

nt. For dated
he referenced
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Table 1 — Symbols and their designations

Symbol Unit Designation
b % Relative reproducibility error with rotation
b’ % Relative repeatability error without rotation
c % Relative creep error
Ff N Maximum capacity of the transducer
FyN N Maximum calibration force
fe % Relative interpolation error
fo % Relative zero error
if — Reading? on the indicator after removal of force
io — Reading? on the indicator before application of force
i3 — Reading? on the indicator 30 s after application or removal of the maximum calibratior) force
i300 — Reading? on the indicator 300 s after application or removal of the maximum calibratior) force
r N Resolution of the indicator
v % Relative reversibility error of the force-proving instrument
X — Deflection with increasing test force
Xa — Computed value of deflection
X’ — Deflection with decreasing test force
Xrnax — Maximum deflection from runs 1, 3 and 5
KXmin — Minimum deflection from runs 1, 3 and 5
XN — Deflection corresponding to the maximum calibration force
}r — Average value of the deflections with rotation
}wr — Average value of the deflections without rotation

Reading vallie corresponding to the deflection,

5

Principle

Calibration consists of applying’precisely known forces to the force transducer and recording the data from the

indicator, which is consideréd an integral part of the force-proving instrument.

When an elecjrical measurement is made, the indicator may be replaced by another indicator and thg force-

proving instrument'need not be recalibrated provided the following conditions are fulfilled.

a)

b)

c)

The original and replacement indicators have calibration certificates, traceable to national standards,
which give the results of calibration in terms of electrical base units (volt, ampere). The replacement
indicator shall be calibrated over a range equal to or greater than the range for which it is used with the
force-proving instrument, and the resolution of the replacement indicator shall be at least equal to the
resolution of the original indicator when it is used with the force-proving instrument.

The units and excitation source of the replacement indicator should be respectively of the same quantity
(e.g- 5V, 10 V) and type (e.g. AC or DC carrier frequency).

The uncertainty of each indicator (both the original and the replacement indicators) shall not significantly
influence the uncertainty of the whole force-proving instrument assembly. It is recommended that the
uncertainty of the replacement indicator be no greater than 1/3 of the uncertainty of the entire system
(see C.2.11).

© 1S0O 2011 — All rights reserved
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6 Characteristics of force-proving instruments

6.1 Identification of the force-proving instrument
All the elements of the force-proving instrument (including the cables for electrical connection) shall be

individually and uniquely identified, e.g. by the name of the manufacturer, the model and the serial number.
For the force transducer, the maximum working force shall be indicated.

6.2 Application of force

The force transducer and its loading fittings shall be designed so as to ensure axial application of force,
whether i i

Examgles of loading fittings are given in Annex A.

6.3 easurement of deflection

Measurement of the deflection of the loaded member of the force transducer may be ¢arried out by
mechahical, electrical, optical or other means with adequate accuracy and stability.

The type and the quality of the deflection measuring system determinedvhether the force-proving instrument is
ied only for specific calibration forces or for interpolation (see Clause 7).

Generally, the use of force-proving instruments with dial gaugesvas a means of measuring tHe deflection is
limited|to the forces for which the instruments have been calibrated. The dial gauge, if used over a long travel,
may cpntain large localized periodic errors which produge.-an uncertainty too great to permiit interpolation

betwegn calibration forces. The dial gauge may be used for interpolation if its periodic error has a negligible
influente on the interpolation error of the force-provingsinstrument.

7 Calibration of the force-proving-instrument
7.1 General

7.1.1 |Preliminary measures
Before| undertaking the calibration of the force-proving instrument, ensure that this instrument is able to be

calibrated. This can be~done by means of preliminary tests such as those defined below|and given as
examples.

7.1.2 |Overloading test

This optionaltest is described in Clause B.1.

71.3 Lverificat tatimort feati £

Ensure

— that the attachment system of the force-proving instrument allows axial application of the force when the
instrument is used for tensile testing;

— that there is no interaction between the force transducer and its support on the calibration machine when
the instrument is used for compression testing.

Clause B.2 gives an example of a method that can be used.

NOTE Other tests can be used, e.g. a test using a flat-based transducer with a spherical button or upper bearing
surface.

© 1S0O 2011 — All rights reserved 3
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7.1.4 Variab

le voltage test

This test is left to the discretion of the calibration service. For force-proving instruments requiring an electrical
supply, verify that a variation of £10 % of the line voltage has no significant effect. This verification can be

carried out by
7.2 Resolu

7.21

means of a force transducer simulator or by another appropriate method.

tion of the indicator

Analogue scale

The thickness of the graduation marks on the scale shall be uniform and the width of the pointer shall be

approximately

The resolution

[T LT £ ! 4 !
cudal tu uic widti U a yrauuduurtTriari.

, r, of the indicator shall be obtained from the ratio between the width of the painter 3

centre-to-centfe distance between two adjacent scale graduation marks (scale interval), the-recom

ratios being 1:
division on the

A vernier scald
of the instrume

7.2.2 Digital
The resolution

7.2.3 Variati

If the readingd
to the instrumsd

7.2.4 \Units

The resolution

7.3 Minimy

Taking into ¢

P, 1:5 or 1:10, a spacing of 1,25 mm or greater being required for the estimation“ef a tent
scale.

nt scale division.

scale

is considered to be one increment of the last active number on the numerical indicator.

pn of readings

fluctuate by more than the value previously.calculated for the resolution (with no force
nt), the resolution shall be deemed to be gqual to half the range of fluctuation.

r, shall be converted to units 6f force.

m force

bnsideration the accuracy with which the deflection of the instrument can be read

calibration or dluring its subsequent use for verifying machines, the minimum force applied to a force-

instrument shd

a) the minim

— 4000
b) the minim
4

Il comply with’the two following conditions:
um force.shall be greater than or equal to:

x- for class 00;

nd the
ended
of the

of dimensions appropriate to the analogue scale may be used to allow-direct fractional eading

bpplied

during
broving

2 000 x r for class 0,5;
1 000 x r for class 1;

500 x r for class 2.

um force shall be greater than or equal to 0,02 F;.
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7.4 Calibration procedure

7.41 Preloading
Before the calibration forces are applied, in a given mode (tension or compression), the maximum force shall

be applied to the instrument three times. The duration of the application of each preload shall be between 60 s
and 90 s.

7.4.2 Procedure

Carry out the calibration by applying two series of calibration forces to the force-proving instrument with

Then gpply at least two further series of increasing and, if the force-proving instrument is_to\be galibrated in an
incremeental/decremental loading direction, decreasing values. Between each of the further sgries of forces,
rotate the force-proving instrument symmetrically on its axis to positions uniformly distributed ovier 360° (i.e. 0°,
120°, 240°). If this is not possible, it is permissible to adopt the following positions: 0°, 180° gnd 360° (see
Figure(1).

X3, X'y X5, X'

Xy X5

Figure 1 — Positions of the force-proving instrument

For the determination of the interpolation curve, the number of forces shall be not less than eight, and these
forces shall be distributed as uniformly as possible over the calibration range. The interpolation curve shall be
determined from the average values of the deflections with rotation, x, as defined in 7.5.1.

If a periodic error is suspected, it is recommended that intervals between the forces which correspond to the
periodicity of this error be avoided.

This procedure determines only a combined value of hysteresis of the device and of the calibration machine.

Accurate determination of the hysteresis of the device may be performed on dead-weight machines. For other
types of calibration machine, their hysteresis should be considered.

© 1S0O 2011 — All rights reserved 5
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The force-proving instrument shall be preloaded three times to the maximum force in the direction in which the
subsequent forces are to be applied. When the direction of loading is changed, the maximum force shall be

applied three t

imes in the new direction.

The readings corresponding to no force shall be noted after waiting at least 30 s after the force has been
totally removed.

There should be a wait of at least 3 min between subsequent measurement series.

Instruments with detachable parts shall be dismantled, as for packaging and transport, at least once during
calibration. In general, this dismantling shall be carried out between the second and third series of calibration
forces. The maximum force shall be applied to the force-proving instrument at least three times before the

next series of {

Before starting
Clause B.3).

7.4.3 Loadin

The time inter
taken within 3(
within £1 °C. T
shall be allows

When it is knd
ensure that ter

Strain gauge t

7.4.4 Creep

If the force-pr(
30s and 300
application, tg
maximum cali
performed at 4

The calibration

the metho

when the

the length

orces is applied.

the calibration of an electrical force-proving instrument, the zero signal may be-hotg

g conditions
val between two successive loadings shall be as uniform as possible, and no reading

s of the start of the force change. The calibration shall be performed at a temperature st
his temperature shall be within the range 18 °C to 28 °C and<shall be recorded. Suffici€]
d for the force-proving instrument to attain a stable temperature.

nperature variations do not affect the calibration.

ansducers shall be energized for at least 30 min,before calibration.

test

ving instrument is to be calibrated’in~an incremental-only loading direction, record its ol
s after application or removal‘ of the maximum calibration force, in each mode o
enable its creep characteristics to be determined. If creep is measured at zero for
pration force shall be maintained for at least 60 s prior to its removal. The creep test 1
ny time after preloading during the calibration procedure.

certificate shall include the following information:

d of creep meastrement (creep at maximum force or after force removal);

Creep measurement was performed (after preloading, after the last measurement series,

af:time for which the force was applied prior to removal (for creep determined at zero for:

d (see

hall be
able to
nt time

wn that the force-proving instrument is not temperature-compensated, care should be taken to

tput at
f force
ce, the
nay be

etc.);

Ce).

7.4.5 Determination of deflection

A deflection is defined as the difference between a reading under force and a reading without force. This
definition of deflection applies to output readings in electrical units as well as to output readings in length units.

© IS0 2011 — All rights
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7.5 Assessment of the force-proving instrument

7.5.1 Relative reproducibility and repeatability errors, » and »’

These errors are calculated for each calibration force and in both cases, i.e. with rotation of the force-proving
instrument (5) and without rotation (4’), using the following equations:

X — X
b= |=ma_Zmin) 100 (1)
r
— X4+ X X
where per=—a1t ;Jr i 2)
and
b= };)(1 «100 3)
wr
— X4+ X
where | X wr =% (4)

7.5.2 |Relative interpolation error, f_

This efror is determined using a first-, second- or third-degree equation giving the deflection X|r as a function
of the ¢alibration force.

The equation used shall be indicated in the ecalibration report. The relative interpolation |error shall be
calculgted from the equation:

f =%x1oo (®)

a

7.5.3 |Relative zero error, f;

The zaro reading shall be recorded before and after each series of tests. The zero reading shall be taken
approximately 30 s afterthe force has been completely removed.

The relative zero_etror is calculated from the equation:

/= _lf); 0 100 (6)
N

The maximum relative zero error evaluated should be considered.

7.5.4 Relative reversibility error, v

The relative reversibility error is determined at each calibration, by carrying out a verification with increasing
forces and then with decreasing forces.

The difference between the values obtained for both series with increasing forces and with decreasing forces
enables the relative reversibility error to be calculated using the following equations:

X4 — X4

%100 7
X, (7)

V=

© 1S0O 2011 — All rights reserved 7
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V2:

v is calculated

Xg -

X51.100

5

as the mean value of v; and vy:

VitV
o 1tve

2

7.5.5 Relative creep error, ¢

Calculate the g

Horancaoin- o ad-at 20 c o ad 200 c- aftarthao annlicatinn Ar ¢«
prreTrericeTToT oo™ OO

(8)

©)

~

emoval

of the maximu

1300 ]
X)

8 Classifi

8.1

The range for
force, one afte
classification r

The force-pro
incremental-orf

8.2 Classif|
8.2.1 Therg
of Fy.

8.2.2 Case

which shall be

the relativ,

the relativ,

8.2.3 Case
criteria which 4

Principle of classification

oLt o aobiain nd abisin
POto I3 ORI T U Ot OU— S a3 OP ot o eTrTcappnca

M calibration force and express this difference as a percentage of maximum deflection:

i30
|

x100

cation of the force-proving instrument

which the force-proving instrument is classified is detérmined by considering each cali
r the other, starting with the maximum force and decréasing to the lowest calibration forg
hnge ceases at the last force for which the classification requirements are satisfied.

ing instrument can be classified either for specific forces or for interpolation, and fo
ly or incremental/decremental loading diregtions.

cation criteria

nge of classification of a forcesproving instrument shall at least cover the range 50 % to

A\: For instruments classified only for specific forces and incremental-only loading, the
considered are:

e reproducibility, repeatability and zero errors;
E creep efror.

B: For(instruments classified only for specific forces and incremental/decremental loadi

(10)

bration
e. The

either

100 %

criteria

hg, the

hatl be considered are:

the relativ

the relativ

e reproducibility, repeatability and zero errors;

e reversibility error.

8.2.4 Case C: For instruments classified for interpolation and incremental-only loading, the criteria which
shall be considered are:

the relativ

the relativ

the relativ

e reproducibility, repeatability and zero errors;
e interpolation error;

e creep error.
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8.2.5 Case D: For instruments classified for interpolation and incremental/decremental loading, the criteria
which shall be considered are:

the relative interpolation error;

the relative reversibility error.

the relative reproducibility, repeatability and zero errors;

Table 2 gives the maximum allowable values of these parameters for each class of force-proving instrument

and the uncertainty of the calibration forces.

Table 2 — Characteristics of force-proving instruments

Expanded
incertainty of
Relative error of the force-proving instrument applied
calibration force
Class (95 % level of
% confidence)
of reproducibility | of repeatability | of interpolation | of zero | of reversibility | of creep %
b b fe fo v c
00 0,05 0,025 0,025 0,012 0,07 0,025 0,01
0,5 0,10 0,05 +0,05 10,025 0,15 0,05 +0,02
1 0,20 0,10 +0,10 40,050 0,30 0,10 +0,05
2 0,40 0,20 0,20 +0,10 0,50 0,20 +0,10
8.3 Calibration certificate and duration of validity

8.3.1
of calil
least th

a) th
m

b) th
c) th

d) th
in

If a force-proving instrument has Satisfied the requirements of this International Standard at the time
ration, the calibration authorityshall draw up a certificate, in accordance with ISO/IEC 17025, stating at
e following information:

b identity of all elements of the force-proving instrument and loading fittings and of

achine;

b mode of force application (tension/compression);

bt the instrument is in accordance with the requirements of preliminary tests;

the calibration

b class and the range (or forces) of validity and the loading direction (incremental-only or
cremental/decremental);

e) the date and results of the calibration and, when required, the interpolation equation;

f)  the temperature at which the calibration was performed;

g) the uncertainty of the calibration results (one method of determining the uncertainty is given in Annex C);

h) details of the creep measurement, if performed (see 7.4.4).

8.3.2

For the purposes of this International Standard, the maximum period of validity of the certificate shall
not exceed 26 months.

A force-proving instrument shall be recalibrated when it sustains an overload higher than the test overload
(see Clause B.1) or after repair.

© 1S0O 2011 — All rights reserved
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9 Use of calibrated force-proving instruments

Force-proving instruments shall be loaded in accordance with the conditions under which they were calibrated.
Precautions shall be taken to prevent the instrument from being subjected to forces greater than the maximum
calibration force.

Instruments classified only for specific forces shall be used only for these forces.

Instruments classified for incremental-only loading shall be used only for increasing forces. Instruments
classified for incremental/decremental loading may also be used to measure decreasing forces.

Instruments classified for interpolation may be used for any force in the interpolation range.

If a force-prov
the instrument|

NOTE Ac
force transduce

ng instrument is used at a temperature other than the calibration temperature, the défle
shall, if necessary, be corrected for any temperature variation (see Clause B.4).

I. Permanent long-term drift indicates an influence of moisture on the strain gauge base or a

defect of the strain gauges.

10

ttion of

hange of zero of the unloaded force transducer indicates plastic deformation duerto‘overloading of the

bonding

© IS0 2011 — All rights
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Example of dimensions of force transducers and corresponding

A.1 General

loading fittings

In orddg

r to calibrate force transducers in force standard machines and to enable easy axialningtallation in the

materials testing machines to be verified, the following design specifications and(dimensions may be

consid

A2 1

To aid

bred.

‘ensile force transducers

diameter over a length of about two threads. See Table A.1.

The ce

ntring bores used in the manufacture of the force transducer should be retained.

assembly, it is recommended that the clamping heads on the€. face be machined doyn to the core

Tdble A.1 — Dimensions of tensile force transducers for nominal forces of not less tlllan 10 kN

Makaum width

Maximhum (nominal) Maximum overall Size of-external Minimum length

force ¢f force-proving lengthP thread of heads® of thread ol diameter

instrument? mm mm mm

10|kN to 20 kN 500 M20 x 1,59 16 110

40 kN and 60 kN 500 M20 x 1,54 16 125

100 kN 500 M24 x 2 20 150

200 kN 500 M30 x 2 25 —

400 kN 600 M42 x 3 40 —

600 kN 650 M56 x 4 40 —

1 MN 750 M64 x 4 60 —

2 MN 950 M90 x 4 80 —

4MN 1300 M125 x 4 120 —

8N 1500 M160-<6 150 —

10 MN 1700 M200 x 6 180 —

15 MN 2000 M250 x 6 225 —

25 MN 2500 M330 x 6 320 —

Pitch of 2 mm also permissible.

Length of tensile force transducer including any necessary thread adapters.

Of the tensile force transducer or of the thread adapters.

Dimensions of tensile force transducers for nominal forces of less than 10 kN are not standardized.

© 1S0O 2011 — All rights reserved
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A.3 Compressive force transducers

To allow for the restricted mounting height in materials testing machines, compressive force transducers
should not exceed the overall heights given in Table A.2.

The overall height includes the height of the associated loading fittings.

Table A.2 — Overall height of compressive force transducers

] ] Maximum overall height? of devices for the verification of
Maximum (nominal) materials testing machines
force of force-proving
instrument i
class 1P class 2b
<40 kN 145 115
60 kN 170 145
100 kN 220 145
200 kN 220 190
400 kN 290 205
600 kN 310 205
1 MN 310 205
2 MN 310 205
3 MN 330 205
4 MN 410 205
5 MN 450 350
6 MN 450 400
10 MN 550 400
15 MN 670 —
@ | The use of transducers having dsgreater overall height is permissible if the actual mounting
clgarances of the materials testing maehine make this possible.
b | In accordance with ISO 7500£7.
A.4 Loading fittings
A.4.1 Genenral
Loading fittings should be designed in such a way that the line of force application is not distorted. As|a rule,
tensile force fransducers should be fitted with two ball nuts, two ball cups and, if necessary, with two
intermediate ri IHO, VVh;:U UUIIIPIUOD;VG f\JIL&U tl i |oduuc| k=] ohuu:d bc f;ttcd vv;th VTG Ul tVVU UUIIIVIUDD;UII P ‘ds-

The dimensions recommended in A.4.2 to A.4.5 require the use of material with a yield strength of at least
350 N/mm2,

A.4.2 Ball nuts and ball cups

Figure A.1 shows the shape of ball nuts and ball cups required for tensile force transducers. Their dimensions
should be in accordance with Table A.3.

Large ball cups and ball nuts for maximum (nominal) forces of 4 MN and greater should be provided with blind
holes distributed around the periphery as an aid to transportation and assembly. In the case of ball cups, two
pairs of opposite bores are sufficient, one of which should be made in the centre plane and the other in the
upper third of the top ball cup and in the lower third of the bottom ball cup (see Figure A.1).

12 © 1SO 2011 — All rights reserved


https://standardsiso.com/api/?name=272bbea60902771c285c148c5f4f2a18

ISO 376:2011(E)

In ball nuts, two opposite blind holes offset by 60° should be made in an upper plane, a mid plane and a lower
plane.

/ 1 &

hy

Key
1  ball nut
2 ball cup

3 tensile force measuring rod

a8  Six bores.
b Four bores.

Figure A.1 — Ball nut, ball cup and tensile force measuring rod
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Table A.3 — Dimensions of ball nuts and ball cups for tensile force transducers
with a maximum force of not less than 10 kN

Maximum (nominal) force d da (c11) d3 h hy r
of force-proving instrument mm mm mm mm mm mm
From 10 kN to 40 kN 32 350580 22 16 12 30

60 kN 43 457073 27 18 15 30

100 kN 47 500590 32 20 15 50

20( kN 60 64-0%30 44 25 15 50

400 kN ahd 600 kN 86 900350 60 40 18 o
1N 115 12023790 74 60 25 100
2N 160 1650500 100 90 30 150
4 MN 225 235-0:25%0 150 120 40 250
6 MN 260 270-93%8 170 150 45 250
10 MN 335 3457035 220 180 55 300
15|MN 410 42070340 265 225 65 350
25[MN 550 5800 345 310 85 500

A.4.3 Intermediate rings

Wherever nec
specified in T4

Intermediate ri

|
«

essary, type A or typeB.intermediate rings as shown in Figure A.2 or A.3, respectively, and
ble A.4 should be used-for the verification of multi-range materials testing machines.

ngs should have a suitable holding fixture (e.g. threaded pins) for securing other mounting parts.

a8  Chamfer.

b Undercut (dimensions: 1,6 mm x 0,3 mm).

14

hy

®d:

¢d

Figure A.2 — Type A intermediate ring
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¢ds

hg

¢d,

®dy

8  Chamfer.

b Un

A4.4

If, owi

Jercut (dimensions: 1,6 mm x 0,3 mm).

Figure A.3 — Type B intermediate’ring

Adapters (extensions, reducer pieces, etc.)

ng to the design of the materials testing machine, adapters are required for moun

transduicer, they should be designed so as to ensure.¢éentral loading of the force transducer.

A.4.5

Loadin|
pad ha

In the

the su
necesy
large &

Figure
acony

The he
compo|

Loading pads

g pads are used as the force introduction components of compressive force transduce
s two flat surfaces for force transmission, they should be ground plane parallel.

erification of force-proving instruments used in a force calibration machine or a force sta
face pressure on the compression platens of the machine should not be greater than
ary, additional intermpnediate plates should be selected and installed (see Figure A.4) with
nough to ensure thatthis condition is met.

A.4 a) shows, /by way of example, the shape of a loading pad for compressive force trans
ex area of-force introduction; its height, 4, should be equal to or greater than dg/2.

ight, iy and diameter, d4q, of all loading pads should, however, be adapted to the for:
nents in such a way that the loading pad can be located both centrally and without latera

ting the force

's. If a loading

ndard machine,
100 N/mm?; if
a diameter, dj,

ducers having

Ce introduction
contact to the

force i

pater than the

diamet

hiraduction anlnnnpnt The diameter /I,IU should therefore he 0 1 mm to 02 mm gr
er of the force introduction component.

Figure A.4 b) shows, by way of example, the shape of a loading pad for compressive force transducers having
a flat area of force introduction. The diameter, d;4, should be greater than or equal to the diameter of the force

introdu

ction component.

© 1S0O 2011 — All rights reserved
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b

~

$dg

hs

4

Dimensions in millimetres

bdqy

Loading pad designed so as to reduce surface pressure for force transducers
having a convex area of force introduction

®dg

I
|
!
|~
I

$dy

Loading pad designed so as to reduce surface pressure for force transducers
having a.flat area of force introduction

Figure A.4 — Loading pads

Y]
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Maximum Maximum Type of dy ds dg dy dg h3 hy hs he
(nominal) force of force of . .
. . . intermediate
materials testing | force-proving rin H7 cl11
machine? instrument 9 mm mm mm mm [ mm [ mm | mm | mm [ mm
60 kN 40 kN A 357902 | 24 | 45700 | — | — | 5 [ 10| — | —
+ 0,025 _ _ _ _
40 kN A 35" 24 o130 7 | 15
100 kN 500200
60 kN A 45% 30% | 29 — | =7 |15 —|—
40-kN B 36+ 0025 | oy 364615 4 122 | 12
200 kN 60 kN A 45709% | 29 | 647030 | — | — | 24| — | —
100 kN A 50% J9% | 34 — | =7 | 15| — | —
40 kN B 357 302% | 24 3661 | 5 | §7 | 42 | 12
400 kN and 60 kN B 457 39% | 29 oire 4| 61 | 7 | g7 | 42| 12
90_0:390
400 KN 100 kN B 50* 3925 | 34 51 |61 | 7 | §7 | 42 | 15
200 kN A 64" 3030 | 47 — | =122 | —-|—
60 kN B 45+ 09% | 29 46 | 77 | 7 | 60 | 45 | 15
100 kN B 50* 3025 (34 51 | 77 | 7 | 0 | 45 | 15
1 MN 12029350
200 kN B 64+ 000 | 47 ’ 65 | 77 | 12 | §0 | 45 | 15
R A 90" 9% | 65 S P T 2 e
200 kN B 64* 00% | 47 67 [103| 12 | 47 | 60 | 15
400 kN and 0,035 -0,230
2 MN 500 kN A 90", 65 | 165040 | — | — | 18 | 48 | — | —
1MN A 120%39% | 78 — | =259 | —| —
e B 90* 093 | 65 92 | 158 | 18 | 10 | 95 | 35
A4 MN {MN B 1207 00%5 | 78 | 23520200 | 122 | 158 | 25 | 130 | 95 | 45
2 MN A 165* 5940 | 105 —|—|27 || —|—
o B 90* 09 | 65 92 | 173 | 18 | 155 | 115 | 35
+ 0,035 L
1MN B 120§ 78 270-030 122 [ 173 | 25 [ 155 | 115 | 45
LAALA =TV _ ’62
2 MN A 165* 5940 | 105 — | =l |7 | — | —
4MN A 235" 304 | 160 — | — |3 |60 | — | —
1 MN B 120% 39% | 78 122 | 223 | 25 | 200 | 150 | 40
2MN B 165* 3040 | 105 167 | 223 | 27 | 200 | 150 | 60
10 MN 34570750
4 MN A 235% 0046 | 160 — | — |3 ]|9%|—|—
6 MN A 270% 392 | 185 — | —]40 |75 —]|—

a

Tensile testing machines for nominal forces greater than 10 MN are special versions for which any necessary intermediate rings
should be made by arrangement.

© 1S0O 2011 — All rights reserved
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Annex B
(informative)

Additional information

B.1 Overloading test

The force-pro
maximum forc
t0 90 s.

At least one
calibration or g

B.2 Examplle of a method of verifying that there is no interaction’ between the fo

transducer
machine

The force-proy
plane, convex

The concave 3

variations in hardness of the bearing pads on which the instrument could be used when in operation.

The intermediate bearing pads are made of steel having a hardness between 400 HV 30 and 650 HV 3
concavity of the surfaces are 1,0 £.0y1ih 1 000 of the radius [(0,1 £ 0,01) % of the radius].

convexity and

If a force-provj
always be usdg
force-proving

plane and con

Two test forc

instrument ang the second,the’ minimum calibration force for which deflection of the instrument is su

from the point

The tests are
bearing pad. H
pads and the g

ing instrument is subjected, four times in succession, to an overload that should excé
e by @ minimum of 8 % and a maximum of 12 %. Overloading is maintained for a period

pverloading test should be done by the manufacturer before the instrumentis relea
ervice.

of an instrument used in compression and its support on the calibrat

ing instrument is loaded by means of intermediate bearing pads having a cylindrical sha
and concave surfaces and which are in contact with\the base of the device.

nd convex surfaces are considered as representing the limits of the absence of flatness

ng instrument is submitted fok\calibration with associated loading pads that will subse
d with that force-proving inStrument, the test device is considered to be a combination
nstrument plus the assaciated loading pads. This combination is loaded in turn throy
vex and concave bearing pads.

bs are applied _to~the force-proving instrument, the first being the maximum force
pf view of repéatability.

repeatéd-in order to have three force applications for each of the three types of intern

ed the
of 60 s

ted for

rce
ion

pe and

and of

0. The

juently
of the
gh the

of the
fficient

nediate

For €ach force, the difference between the mean deflection using concave and plane bearing

ifference between the mean deflection using convex and plane bearing pads should not

the limits giver

18

Table B.1 — Maximum permissible difference for the mean deflection

Maximum permissible difference, %
Class
at maximum force at minimum force
00 0,05 0,1
0,5 0,1 0,2
1 0,2 04
2 0,4 0,8
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If the force-proving instrument satisfies the requirements relating to the maximum force but does not fulfil that
for the minimum force, the smallest force for which the instrument fulfils the condition is determined.

The smallest increase in the force used to determine the smallest force satisfying the condition is left to the
discretion of the authority qualified to carry out the calibration.

Generally, there is no need to repeat these tests with intermediate bearing pads each time the instrument is
calibrated, but only after an overhaul of the force-proving instrument.

B.3 Comments on the record of the zero signal of the unloaded force transducer

A charjge of the zero of the unloaded force transducer indicates plastic deformation due to_overloading of the
force transducer. Permanent long-term drift indicates an influence of moisture on the strain~\ggduge base or a
bonding defect of the strain gauges.

B.4 Temperature corrections of calibrated force-proving instruments

The cqrrection of the deflection of the instrument for any temperature variation is calculated a¢cording to the
following equation:

D= Dg [1+ K(t — 1)] (B.1)
where
Dy is the deflection at the temperature
D{ is the deflection at the calibration temperature, 7,;

K| is the temperature coefficient of the instrument, in °C-1.

For ingtruments other than those having a-force transducer with electrical outputs made of steelcontaining not
more than 7 % of alloying elements, the value K = 0,000 27 °C~1 may be used.

For indtruments made of material)other than steel or which include force transducers with elegtrical outputs,
the value of K should be determined experimentally and should be provided by the manufactyrer. The value
used Will need to be stated-on the calibration certificate of the instrument.

Table B.2 gives the deflection corrections for instruments of the first type. These corrections were obtained
with K = 0,000 27 S€51.

NOTE When"the instrument is made of steel and the deflection is measured in units of length, he temperature
correctipn is_equal to approximately 0,001 for each variation of 4 °C.

Most fOfce transducers with electrical outputs are thermally compensated in the range of application (see the
second paragraph in 7.4.3). In these cases, a temperature correction might not be necessary.

Generally, it is sufficient to measure the temperature of the device to the nearest 1 °C.
If a deflection has been measured with a force-proving instrument at a temperature greater than the
calibration temperature and it is desired to obtain the deflection of the instrument for the calibration

temperature, the deflection correction given in Table B.2 is deducted from the deflection measured.

When the measurement is carried out with a force-proving instrument at a temperature lower than the
calibration temperature, the correction is added.

© 1SO 2011 — All rights reserved 19
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EXAMPLE

— temperature of the force-proving instrument: 22 °C;
— deflection observed: 729,6 divisions;
— calibration temperature: 20 °C;

— temperature variation: 22 °C — 20 °C =+2 °C.

In the column corresponding to the variation of +2 °C, the nearest deflection that exceeds 729,6 divisions is 833 divisions.
For this value of the deflection, Table B.2 gives a correction of 0,4 divisions.

The corrected deflection is therefore 729,6 — 0,4 = 729,2 divisions.

Table B.2 — [Deflection corrections for temperature variations of a steel force-proving instrument not
having a force transducer with electrical outputs
Deflection Maximum deflection to which correction is applied for temperature variations in relation to
corrections the calibration temperature
scale divisions scale divisions

1°C 2°C 3°C 4°C 5°C 6 °C 7°C g°c

0,0 185 92 61 46 37 30 26 P3

0,1 555 277 185 138 111 92 79 59

0,2 925 462 308 231 185 154 132 115

0,3 1296 648 432 324 259 216 185 162
0,4 1 666 833 555 416 333 277 238 208
0,5 2 037 1018 679 509 407 339 291 254
0,6 1203 802 601 481 401 343 300
0,7 1388 925 694 555 462 396 347
0,8 1574 1049 787 629 524 449 393
0,9 1759 NI72 879 703 586 502 439
1,0 1944 1296 972 777 648 555 486

1,1 2129 1419 1064 851 709 608 432

1,2 1543 1157 925 771 661 878
1,3 1 666 1250 999 833 714 625

1,4 1790 1342 1074 895 767 671

1,5 1913 1435 1148 956 820 117

1,6 2037 1527 1222 1018 873 163

1,7 2160 1620 1296 1080 925 810

1,8 1712 1370 1141 978 856

1,9 1 805 1444 1203 1031 902
2,0 1898 1518 1265 1084 949
2,1 1990 1592 1327 1137 995
2,2 2083 1 666 1388 1190 1 041
2,3 1740 1450 1243 1087
24 1814 1512 1296 1134
25 1888 1574 1349 1180
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Measurement uncertainty of the calibration and subsequent use of the

C1L

cA11

For ing
calculg
classifi
any de

At eac
from th

force, and a least-squares fit covering all the values is calculated. The coefficients of this fit are

by the
range.

and

and
/4
where
U1

Uy

force-proving instrument

Jncertainty of the calibration results for the force-proving instrument

General

truments classified for interpolation, the calibration uncertainty is the uncettainty in t
ted from the interpolation equation, at any deflection, for increasing forCes only. F
ed for specific forces only, the calibration uncertainty is the uncertainty.in the force co
flection equal to one of the mean deflections obtained during the calibration, for increasin

h calibration force, F, a combined standard uncertainty, u., expressed in units of force
e readings obtained during the calibration. These combined_standard uncertainties are

coverage factor k=2 to give an expanded uncertainty, value, U, for any force within
An expanded relative uncertainty value, W, can also then-be calculated.

kX ug

= UlIF

is the standard uncertainty associated with the applied calibration force;

is the standard uncertainty associated with the reproducibility of the calibration results;

U3

Uy

Us

Ug

uy

Ug

ne force value
Dr instruments
rresponding to
g forces only.

, is calculated
blotted against
then multiplied
the calibration

(C.1)

(C.2)

(C.3)

: \ard . iated with bility of librati s

is the standard uncertainty associated with the resolution of the indicator;
is the standard uncertainty associated with the creep of the instrument;
is the standard uncertainty associated with the drift in zero output;

is the standard uncertainty associated with temperature of instrument;

is the standard uncertainty associated with interpolation.

© 1S0O 2011 — All rights reserved
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The expanded relative uncertainty, W, may also be calculated from a combination of relative standard
uncertainties, w;:

We = iw,? (C4)
i=1
and
W=kxw, (C.5)
and
U=WxH (C.6)
where

wy s thelrelative standard uncertainty associated with applied calibration force;

wy is thefrelative standard uncertainty associated with reproducibility of calibration results;
wy is thelrelative standard uncertainty associated with repeatability of ¢alibration results;
wy is thelrelative standard uncertainty associated with resolution‘ef indicator;

wg is therelative standard uncertainty associated with creep of instrument;

wg is thelrelative standard uncertainty associated with'the drift in the zero output;

wy is thelrelative standard uncertainty associated with the temperature of the instrument;
wg is thefrelative standard uncertainty agsociated with interpolation.

NOTE 1 Thelinterpolation component (ug, wg) is not taken into account in the calibration uncertainty with instfuments
classified for spgcific forces only.

NOTE 2  The|relative uncertaintycan be expressed as a percentage by multiplying by 100.

C.1.2 Calculation of calibration force uncertainty, u4, w,

u4 is simply the standard uncertainty associated with the forces applied by the calibration machine, expressed
in units of force, and'w, is the same expressed as a relative value.

C.1.3 Calculation of reproducibility uncertainty, u,, w,

u, is the standard deviation associated with the mean incremental deflections obtained during the calibration,
expressed in units of force, and w, is the same expressed as a relative value.

N
XN

u2—

1 =2
x\/gx > (xi-X,) (C.7)
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and

1 1 2
mex\/gx.z (X; - X) (C.8)

where X; is the deflection obtained in the incremental series 1, 3, and 5.

NOTE This is not the reproducibility of a measured force during the force-proving instrument's subsequent use.

C.1.4 Calculation of repeatability uncertainty, u3, w3

us is tine uncertainty contribution due to the repeatability of the measured deflection, expresged in units of

-

force, and w5 is the same expressed as a relative value. It can be assumed that, at each ferce, £

b'’XF
o LT c.o
1 100x43 (©9)
and
bl
who b C.10
® "~ 100x+/3 (C-10)

where P’ is the relative repeatability error as defined in 7.5.1.

C.1.5|Calculation of resolution uncertainty, u,, w4

Each deflection value is calculated from two readings' (the reading with an applied force minus|the reading at
zero fgrce). Because of this, the resolution of.the indicator needs to be included twice as two rectangular
distribtions, each with a standard uncertainty of r/ (2\/5 ), where 7 is the resolution, expressed in|units of force:

y =% (C.11)
and
wh =l (C.12)
& \/g F .

C.1.6 [Calculation of creep uncertainty, us, ws

This umpcertainty component is due to the fact that, at a given force, the measured deflection carn be influenced
by the Erevious short-term loading history. One measure of this influence is the change in transglucer output in
the period from S 10 S after application or removal of the maximum calbration force. This effect is not

included in the reproducibility because, generally, the same calibration machine is used for all measurement
series and the time/loading profile will be the same.

This effect can be estimated as follows:

cXF
ug = —27 c.13
® " 100x43 (©13)
and
ws = —— (C.14)
> 100x+3 '
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If the creep test is not performed, the creep uncertainty can be estimated by dividing the hysteresis by a factor
of 3. Therefore, the following equation can be used to calculate this uncertainty contribution for increasing

forces:

VX F

Ug =———— (C.15)
° 100x343
and
1%
Wg = ———= (C.16)
® 10033
C.1.7 Calculation of zero drift uncertainty, ug, wg
This uncertaipty component is due to the fact that the instrument's zero output canDvary bgtween
measurement |series and that the measured deflections could be a function of the timefspent at zerp force
between serieg. This effect is not included in reproducibility because, generally, this time)will be the sgme for

all measuremsd
follows:

nt series. One measure of this variation is the zero error, f;, so this effect can be estimated as

JoXF
=207 cAa7
“s =108 (C.17)
and
fo
=20 C.18
6 =100 (C.18)
C.1.8 Calculation of temperature uncertainty;.u;, w,
This uncertainty is the contribution due to the variation of temperature throughout the calibration, together with

the uncertaint
temperature n
experience. E

beds to be estimated, eitherby.tests or from the manufacturer's specifications or by theon
pressing this component(in,units of force or as a relative value, we have:

\T 1><F

y in the measurement of the calibration temperature. The sensitivity of the instrunpent to

y or by

Uy = K xF—x— (C.19)
and
AT 1
= Kx{—X-= C.20
wry 257 (C.20)
where
K s the instrument's temperature coefficient, in reciprocal degrees Celsius (°C1);

AT is the calibration temperature range, allowing for the uncertainty in the measurement of the
temperature.
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