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Foreword

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

un

iaxial testing machines —

Part 1'

Tension/compression testing machines — Calibration and

i3 0ntfinnm nfitho fovroo rmyoncurmina cyvrelarms

vVermreationormnerorce-measurt g Systein
1 Bcope
This[part of ISO 7500 specifies the calibration and verification of tension/compression testinfg machines.
The ferification consists of:
— hgeneral inspection of the testing machine, including its accessaries for the force appli¢ation;
— B calibration of the force-measuring system of the testing machine;
— h confirmation that the performance properties of the testing machine achieve the lim]ts given for

h specified class.
NOTE This part of ISO 7500 addresses the static\(calibration and verification of the forde-measuring
systgms. The calibration values are not necessarily valid for high-speed or dynamic testing applicat{ons. Further
information regarding dynamic effects is given in the;Bibliography.
CAUTION — Some of the tests specifieddn this part of ISO 7500 involve the use of processes
which could lead to a hazardous situation.
2 Normative references
The [following documents, in 'whole or in part, are normatively referenced in this document and are
indigpensable for its application. For dated references, only the edition cited applies. Hor undated
references, the latest edition of the referenced document (including any amendments) appligs.
ISO B76, Metallic materials — Calibration of force-proving instruments used for the verification of uniaxial
testing machines
3 [lerms-and definitions
For thepurposes of this document, the following terms and definitions apply.
31
calibration

operation that establishes the relationship between the force values (with associated uncertainties)
indicated by the testing machine and those measured by one or more force-proving instruments

3.2

verification
confirmation, based on analysis of measurements in accordance with this standard, that the
performance properties of the testing machine achieve the limits given for a specified class

© ISO 2015 - All rights reserved
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4 Symbols and their meanings

Symbols and their meanings are given in Table 1.

Table 1 — Symbols and their meanings

instrument 1

Symbol Unit Meaning
a % Relative resolution of the force indicator of the testing machine
ag % Relative resolution of the force indicator of the testing machine at the applied force
az % Relative resolution of the force indicator of the testing machine at zero force
b % Relative repeatability error of the force-measuring system of the testingjnyaghine
bal % Allowable value of b for a given class

AF N Relative error of the force

Am kg Relative error of the mass

Ag m/s2 Relative error of the acceleration due to gravity

E % Estimated mean relative error

E’ % Estimated mean relative reversibility error

fo % Relative zero error of the force-measuring system of the testing machine

F N Reference force indicated by the force-proving instrument with increasing test
force

F’ N Reference force indicated by the force*proving instrument with decreasingtest
force

F. N Reference force indicated by-the force-proving instrument with increasing test
force, for the complementary-5eries of measurements for the smallest range fised

F; N Force indicated by the force indicator of the testing machine to be verified, pvith
increasing test foree

F/ N Force indicated-by-the force indicator of the testing machine to be verified, with

i decreasing testforce
F F N Arithmeticmean of several measurements of Fj and F for the same discrete force

i’

Fic N Fgree'reading on the force indicator of the testing machine to be verified, with
increasing test force, for the complementary series of measurements for the
smallest range used

Fio N Residual indication of the force indicator of the testing machine to be verjfied
after removal of force

FN N Maximum value of the calibrated range of the force indicator of the testing madhine

g m/s?2 Local acceleration due to gravity

k Coverage factor used to calculate the expanded uncertainty from the combined
uncertainty

m kg Mass of dead weights used to generate a calibration force

q % Mean relative indication error of the force-measuring system of the testing machine
qi % The ith measurement of the relative indication error of the force-measuring
system of the testing machine

qal % Allowable value of q for a given class

Qmax % The maximum value of q at each calibration point
qmin % The minimum value of g at each calibration point
qT1 % Relative indication error determined at a crossover point using force-proving

© ISO 2015 - All rights res
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Table 1 (continued)
Symbol Unit Meaning
qr2 % Relative indication error determined at a crossover point using force-proving
instrument 2
r N Resolution of the force indicator of the testing machine
Uc % Combined uncertainty
Ui % Uncertainty component
Urep % Uncertainty component due to repeatability
Ures % Uncertainty component due to resolution
Ustd % Uncertainty component due to the calibration standard used
U % Expanded uncertainty
v’ % Expanded reversibility uncertainty
Ut % Expanded uncertainty using force-proving instrunient 1 at a crosspver point
Utz % Expanded uncertainty using force-proving instrument 2 at a crosspver point
1% % Relative reversibility error of the force-measuring system of the tesfing machine
Pair kg/m3 | Density of air
Pm kg/m3 | Density of the dead weights

5
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use.
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General inspection of the testing machine

calibration of the testing machine shall only be carried out if the machine is in good wo
his purpose, a general inspection of the machine shall be carried out before calibration
suring system of the machine (see Annex A).

[

) Good metrological practice requixgs a calibration run prior to any maintenance or adjust
hg machine to determine the “as found*¢ondition of the machine.

'mation on the inspection of* the loading platens is provided in Annex B. Uncertd
ration results is discussed.in*Annex C.

Calibration of the force-measuring system of the testing machine

General

calibration’ shall be carried out for each of the force ranges used and with all force iJ
Any aceessory devices (e.g. pointer, recorder) that may affect the force-measuring sj
Fe used; be verified in accordance with 6.4.6.

rking order.
bf the force-

ments to the

inty of the

hdicators in
y'stem shall,

If th
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S a separate

testing machine. The same procedure shall be followed for double-piston hydraulic machines.

The calibration shall be carried out using force-proving instruments with the following exception; if
the force to be verified is below the lower limit of the smallest capacity force-proving device used in the
calibration procedure, use known masses.

When more than one force-proving instrument is required to calibrate a force range, the maximum
force applied to the smaller device shall be the same as the minimum force applied to the next force-
proving instrument of higher capacity. When a set of known masses is used to verify forces, the set shall
be considered as a single force-proving instrument.

© ISO 2015 - All rights reserved
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The calibration may be carried out with constant indicated forces, Fj or the calibration can be carried
out with constant reference forces, F. Calibration can be carried out using a slowly increasing force for

increasing force levels or a slowly decreasing force for decreasing force levels.

NOTE

measurements (see 6.4.5).

The word “constant” signifies that the same nominal value of Fj (or F) is used for the three series of

The instruments used for the calibration shall have a certified traceability to the international

system of u

nits.

The force-proving instrument shall comply with the requirements specified in ISO 376. The class

of the instrument shall be nqnn] to or better than the class for which the testing machine is to be
calibrated. |n the case of dead weights, the relative error of the force generated by these weights)shall
be within #|0,1 %.

The exact equation giving the force, F, in newtons, created by the dead weight of mass m, in'kilogranis, is:

F = mg|1 — Pair )

Pm
This force can be calculated using the following approximate formula:

F=mg (2)
The relativg error of the force can be calculated from the relative errors of mass and acceleration dye to
gravity, using the formula:

AF Am A

Ar_Aam.ag (3)

F n g
6.2 Determination of the resolution
6.2.1 Angjlogue scale
The thickngss of the graduation marksyon the scale shall be uniform and the width of the pointer ghall
be approximately equal to the width of a graduation mark.
The resolutjon, r, of the indicatoxshall be obtained from the ratio between the width of the pointerf and
the centre-§o-centre distanc¢e-petween two adjacent scale graduation marks (scale interval), multiplied
by the valug of force which.one scale interval represents. The recommended ratios are 1:2, 1:5 or 1410, a
spacing of 4,5 mm or greater being required for the determination of one-tenth of a scale division.
6.2.2 Digital scale
The resolutjortis taken to be one increment of the count of the numerical indicator.

6.2.3 Variation of readings

If the readings vary by more than the value previously calculated for the resolution (with the force-
proving instrument unloaded and with the motor and/or drive mechanism and control on for
determining the sum of all electrical noise), the resolution, r, shall be deemed to be equal to half the
range of fluctuation plus one increment.

NOTE1 This only determines the resolution due to system noise and does not account for control errors, e.g.
in the case of hydraulic machines.

NOTE 2  For auto-ranging machines, the resolution of the indicator changes as the resolution or gain of the
system changes.

© ISO 2015 - All rights reserved
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6.2.4 Unit

The resolution, r, shall be expressed in units of force.

6.3 Prior determination of the relative resolution of the force indicator

The relative resolution, a, of the force indicator is defined by the relationship:

a=-"x100
F

i

1:2015(E)

(4)

whele

L~

is the resolution defined in 6.2;

i

i isthe force indicated by the force indicator of the testing machine.

The
give

relative resolution shall be determined at each calibration point and“shall not excee
h in Table 2 for the class of machine being verified.

6.4 | Calibration procedure

6.4.1 Alignment of the force-proving instrument

Moujnt tension force-proving instruments in the machiné.in such a way as to minimize ar
bend
a plgten with a ball nut on the instrument if the machine does not have an incorporated ball
For ralibration of tension and compression modes on testing systems that do not use
platéns for testing, the force proving device, may be attached to the testing machine wit
studls. In this case, the force proving instrument shall have been calibrated in a similar
with threaded studs) and rotation of the force-proving instrument through an angle of 1205
between each series of measurements during the calibration of the testing machine.

If the machine has two work«areas with a common force application and indicating
calibration could be performed, so that e.g. compression in the upper work area equals te
lowdr work area, and vice versa. The certificate should carry an appropriate comment.

| the values

y effects of

ing (see ISO 376). For the alignment of a force-proving instrument in the compression miode, mount

cup.

ompression
h threaded
fashion (i.e.
is required

device, one
nsion in the

35 °C. The

ich a stable

in 2 °C from

to the readmgs (see ISO 376)

6.4.3 Conditioning of the testing machine and force-proving instrument

Immediately prior to the calibration procedure, the force-proving instrument, in position in the
machine, shall be preloaded at least three times between zero and the maximum force to be measured.

6.4.4 Procedure

Use either or a combination of the following methods:

a) anominal force, Fj, indicated by the force indicator of the machine is applied by the machine and

the reference force, F, indicated by the force-proving instrument is noted.

© ISO 2015 - All rights reserved
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b) anominal reference force, F, indicated by the force-proving instrument is applied by the machine
and the force, Fj, indicated by the force indicator of the machine is noted.

The word nominal implies that it is not necessary to repeat the exact values of force in each series of
measurements, however they should be approximately the same.

6.4.5 Application of discrete forces

Three series of measurements shall be taken with increasing force. For machines applying not more
than five discrete levels of force, each value of relative error shall not exceed the values given in
Table 2 for a specific class. For machines applying more than five discrete levels of force, each series

of measure
between 20

If a calibra
measureme
decade belo
is nominally
0,2 %, 0,1 ¢
lowest deca

The lower 1
— 400 for
200 for
100 for'
67 for g

For testing
of the rangg

mments shall comprise at least five discrete force levels at approximately equal intej
% and 100 % of the maximum value of the calibrated range.

ion is conducted at a force below 20 % of the range’s upper limit, suppleméntary f
nts shall be made. Five or more different calibration forces shall be selected foreach comj
w 20 % of the range’s upper limit such that the ratio between two adjacentcalibration fg
 less than or equal to 2. For example: approximately 10 %, 7 %, 4 %, 2%,1 %, 0,7 %, 0
o, etc. of the range’s upper limit down to and including the lower linit of calibration,
de may not be a complete decade and does not require five calibratioh points.

mit of the range shall not be less than r multiplied by:
class 0,5;

class 1;

class 2;

lass 3.

machines with auto-ranging indicators;at least two force steps shall be applied on each
where the resolution does not change-:

The force-proving instrument may be rotdted through an angle of 120° before each serig

measuremeg

For each di

nts and a preload run undertaken.

screte force, the relative indication error and the relative repeatability error of the fg

vals

orce
blete
rces
4 %,
The

part

s of

rce-

measuring system of the testingi/machine shall be calculated (see 6.5).
The indicatpr reading shall be'set to zero before each series of measurements. The zero reading shgll be
taken apprgximately 30 sa@fter the force is completely removed. In the case of an analogue indicatpor, it
shall also b¢ checked thatthe pointer balances freely around zero and, if a digital indicator is used,|that
any sub-zerjo value is<¢learly displayed, for example by a negative sign indicator.
The relativg zeroerror of each series calculated shall be noted using the following equation:

fy = 2T%100 (5)

FN

6.4.6 Verification of accessories

The good working order and resistance due to friction of the mechanical accessory devices (pointer,
recorder) shall be verified by one of the following methods according to whether the machine is
normally used with or without accessories:

a) machine normally used with the accessories: three series of measurements shall be made with
increasing force (see 6.4.5) with the accessories connected for each force range used and one
complementary series of measurements, without accessories, for the smallest range used.

© ISO 2015 - All rights reserved
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b) machine normally used without accessories: three series of measurements shall be made with
increasing force (see 6.4.5) with the accessories disconnected for each force range used and one
complementary series of measurements with the accessories connected for the smallest range used.

In both cases the relative indication error, g, shall be calculated for the three normal series of
measurements, and the relative repeatability error, b, shall be calculated from the four series. The
values obtained for b and g shall conform to those listed in Table 2 for the class under consideration,

and

In th

und

6.4.

For
the

of th
shal

In th

6.4.

Whe
at th
leve
desc
leve

the following further conditions shall be satisfied:

for calibration with constant indicated force:

l"i —[‘C

F

C

00 <15q,

for calibration with constant reference force:

F. —
00— <15q,

e above equations, the value of g, is the maximum permissiblevalde given in Table 2 {

¢r consideration.

f Verification of the effect of differences in piston positions

ydraulic machines, where the hydraulic pressure atthe actuator is used to measure th
fluence of a difference in position of the piston shall be verified for the smallest meas
e machine used during the three series of measurements (see 6.4.5). The position o
be different for each series of measurements:

e case of a double-piston hydraulic machine, it is necessary to consider both pistons.

8 Determination of relative reversibility error

n required, the relative reversibility error, v, shall be determined by carrying out a
e same discrete levels ofAotce, first with increasing force levels and then with decre
s. In this case, the calibfation shall be performed using a force-proving instrument cq
ending forces in accordance with ISO 376. Only one series of measurements with decr¢
s is required to deteymine reversibility error.

(6)

(7)

or the class

e test force,
uring range
[ the piston

calibration
asing force
librated for
pasing force

The [difference betwgeén the values obtained with increasing force and with decreasing fdrce enables
the felative reversibility error to be calculated (see Figure 1), using the following equation:
F <E'
¥ =—<=—x100 (8)
or, for the particular case of the calibration carried out with a constant reference force.
F il —
v=——7—"-x100 9)
F

This determination shall be carried out for the lowest and highest force ranges of the testing machine.
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YA

F',

Key
X  Referenge force
Y Force repding on the force indicator of the testing machine

Figure 1 — Schematic diagramfer the determination of reversibility

6.5 Assessment of the force indicator

6.5.1 Relptive indication error

At each forfe level calibrated,-calculate the relative indication error for each of the three seri¢s of
measurements as follows:

H, —F
qlz(—lF—l)xwo (10)
1
(F7 _F7)
qZ:F—2 100 (11
<Fi3_F3>
q, +q9, +q
q=—< — ) (13)

The subscripts 1, 2 and 3 represent the readings and calculated values from the three series of runs at
each force level.

8 © IS0 2015 - All rights reserved
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The relative repeatability error, b, for each discrete force, is the difference between gmax and qmin. It is
given by the equation:

b= Amax ~9min

where

Qmax is the algebraic maximum value of q1, q2, and g3;

(14)

Imin 1S the algebraic minimum value of q1, g2, and g3.
6.5.3 Agreement between two force-proving instruments
Whdn two force-proving instruments are required to calibrate a measuring rangeand the same nominal
force is separately applied to both (see 6.1), the magnitude of the difference between the relative
indi¢ation errors obtained with each instrument shall not exceed the maghitude of the repeatability
corrpsponding to the class of machine given in Table 2, i.e.

‘7T1 - qu‘ < by (15)
whefe

gT1  is the relative indication error using force-proving instrument 1;

g2 is the relative indication error using force-proving instrument 2;

ba1  is the allowable repeatability from Table 2.
As 3n alternative method, the uncertainty of each set of values taken with each fofce-proving
instfument can be evaluated and compared to the differences in the accuracies determined with each
instfument as follows:

— g, | <\ U2, + U2 (16)

it1 — 12| = \VY11 T Y2
whefe Ut1 and Uty represent the relative expanded uncertainty expressed in percentpges of the
meapurements made atthe same nominal force with force-proving instrument 1 and fopce-proving
instfument 2 respéctively.
7 [lass.oftesting machine range
Tablk 2 gives the maximum permissible values for the different relative errors of the forcd-measuring
system and for the relative resolution of the force indicator which characterize a testing ma hine range

in accordance with the appropriate class.

Where applicable, the classification of a machine for all force ranges will be limited by the classification
obtained for the “verification of accessories” the “verification of the effect of differences in piston
positions”, or the “relative reversibility error”.

A measuring range on the force indicator shall only be considered to conform if the verification is
satisfactory for the range of measurement at least between 20 % and 100 % of the maximum value of
the calibrated range.

© ISO 2015 - All rights reserved
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Table 2 — Characteristic values of the force-measuring system

Maximum permissible value
%
(l:ll'ass of Relative error of Relative
machine range i
& indication repeatability | reversibility?2 Zero resolution
q b v fo a
0,5 +0,5 0,5 +0,75 +0,05 0,25
1 +1,0 1,0 1,5 0,1 0,5
2 +2,0 2,0 *3,0 +0,2 1,0
3 +3,0 3,0 4,5 +0,3 1,5
a  According to 6.4.8, the relative reversibility error is only determined when required.
The requirgments of this International Standard limit the major components ofsuncertainty when
calibrating testing machines. By complying with this metrological standard, uncertainty is explicitly
taken into account as required by some accreditation standards. Reducing the allowable accuragy by
the amount of the uncertainty would result in double counting of the uncertainty. The classificgtion

of a testing

does not ne

8 Verifiq

8.1 Gense

The verificd

identification of the testing machine (manufacturer, type, year of manufacture if known, s

location of the machine;

Cessarily have an accuracy including uncertainty of less than 0,5 %.

cation report

ral

tion report shall contain at least the following information.

ral information

ce to this part of ISO 7500, i.e. ISO 7500-1;

) and, if applicable,-specific identification of the force indicator (manufacturer, {
umber);

ass and réference number of the force-proving instrument used, calibration certif
rand expiration date of the certificate;

ion‘témperature;

machine calibrated and certified to meet a specific class does not ensure that the accuracy
including upcertainty will be less than a specific value. For example, a testing machine meeting Clas

s 0,5

erial
ype,

cate

8.2 Gene€
a) referen|
b)
numbe
serial
0)
d) type, c
numbe
e) calibrat
f) dateof
g) nameo
8.3 Resu

The results

a)
b)

erification;
r mark of the verifying authority.

Its of verification

of verification shall mention:

any anomaly found during the general inspection;

for each force-measuring system used, the mode of calibration (tension, compression,

tension/compression), the class of each range calibrated and, if requested, the discrete values of
relative errors of indication, repeatability, reversibility, zero and resolution;
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c) thelower limit of each range to which the assessment applies.

9 Intervals between verifications

The time between two verifications depends on the type of testing machine, the standard of
maintenance and the amount of use. Unless otherwise specified, it is recommended that verification be
carried out at intervals not exceeding 12 months.

The machine shall in any case be verified if it is moved to a new location necessitating dismantling or if
it is subject to major repairs or adjustments.
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Annex A
(normative)

General inspection of the testing machine

A.1 General

The general inspection of the testing machine (see Clause 5) shall be carried out before the calibrgtion
of the forcefmeasuring system and shall comprise the following.

A.2 Visupl examination
The visual ¢xamination shall verify:

a) that thg machine is in good working order and not adversely affected by certain aspects qf its
general condition, such as

1) prdnounced wear or defects in the guiding elements of the nioving crosshead or grips;
2) loopgeness in the columns’ mountings and in the fixed crosshead;

b) that the machine is not affected by environmental¢onditions (vibrations, electrical supply
interfeffences, effects of corrosion, local temperature variations, etc.);

c) thatth¢ masses are correctly identifiable, if detachable mass pendulum devices are used.

A.3 Inspgction of the structure of the:machine
A check shpll be made to ensure thatithe structure and gripping systems permit the force tp be
applied axially.

A.4 Inspection of the crosshead drive mechanism

It shall be verified that thetresshead drive mechanism permits a uniform and smooth variation of force
and can engble various discrete forces to be obtained with sufficient accuracy.
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Annex B
(informative)

Inspection of the loading platens of the compression testing
machines

Lanmﬂmmmwﬁmm&mntﬁWmnts of the
testing machine.

It shpuld be verified that the loading platens perform their function in accordance withithe requirements
of the testing machine.

Unlgss other requirements are specified in certain test standards, the maximum flatnegs deviation
shoyld be 0,01 mm measured over 100 mm.

When the platen is made of steel, the hardness should be greater than‘or’equal to 55 HRC.

For machines used for testing specimens sensitive to bending stresses, it should be checked whether
the ypper platen is carried in a cup and ball seat which, in the unloaded state, is practically without play
and pasy to adjust to an angle of up to approximately 3°.

© IS0 2015 - All rights reserved 13
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Annex C
(informative)

Uncertainty of the calibration results of the force-measuring system

C.1 Introduction

It is possibl

b to calculate the uncertainty of the force-measuring system at the time of calibratijoh, e

from the specification limits or from the readings obtained. These calculations are detailed in

following sg

Typically, t

ctions.

indication error, g, as a known bias, is not corrected during calibratign, if it falls w

e
specificatio}Ls of Table 2. Therefore the range within which the estimated relative error, E, ©

reasonably
and U is the

C.2 Incr¢

C.2.1 Est

The best es
relative ind
uncertainty

be expected to lie should be E = g + U, where q is the relative indicationerror defined in |
expanded uncertainty.[3]

bmental forces

mate of the relative mean error

timate of the relative mean error in the forceindicated by the testing machine is |
ication error. Associated with this estimate of the relative mean error is an expai
U, given by:

Uc
u1 to uy
u1 to uy inc

contributio
influence of

is the coverage factor;
is the combineduncertainty;
are the relevant standard uncertainties.

ude terms Telated to repeatability, resolution and the transfer standard. Other uncertz

the agperator.

ther
the

thin
ould
b.5.1

the
nded

(C.1)

inty

ns whichneed to be considered may include end-loading (force introduction) effects andl the

C.2.2 Repnnfnhilify

The standard uncertainty related to repeatability, urep, is the standard deviation of the estimated
relative mean error value:

u rep

where

n

qi

14

is the number of readings at each nominal force level;

is the measured error at the nominal force level (%);

(C.2)
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q isthe mean measured error at the nominal force level (%).

3 Resolution

The uncertainty due to the resolution of the testing machine at each calibration force is the square root
of the sum-of-the-squares of the following two components:

— the uncertainty component due to the resolution of the machine’s indication at the applied force,

given by the relative resolution ar divided by two times the square root of three and

— the uncertainty component due to the resolution of the machine’s indication at zero force, given by

The

C.2.
The

whe

C.2.

Oncg

¢ res

divided by two times the square root of three.

total uncertainty due to resolution is:

1 Transfer standard

standard uncertainty related to the transfer standard, ugg, is given by:

2 2 2 2
ustd :\/ucal+A +B*+C

e
cal is the relative standard’s calibration uncertainty;

A, Band C are, where relevant, conttibutions due to temperature, drift and linear app
to the polynomial curve:

b Expanded uncertainty:

e all the relevant standdrd uncertainties have been allowed for (including the other cd

menfioned above), the gombined uncertainty, uc, is multiplied by a coverage factor, k,

exp4

nded uncertainty,“th It is recommended that a value of k = 2 be used, although k 1

calcyilated from the pumber of effective degrees of freedom. The principles laid down in R

shoy
The
]

Id be adhered to.
estimated mean relative error, E, could reasonably be expected to lie within the range:

 =q\EU

Lhe relative resolution a; [calculated as in 6.3 and using the calibration force as Fj in_ Hormula (4)]

(C.3)

(C.4)

roximation

ntributions
to give the
hay also be
bference [3]

(C.5)

and the mean generated force, F, can be expressed as:

Fi
F~F ——(q+U)

100
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