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Foreword 

ISO (the International Organization for Standardization) is a worldwide federation of 
national Standards bodies (ISO member bedies). The work of preparing International 
Standards is normally carried out through ISO technical committees. Esch 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, govern- 
mental and non-governmental, in liaison with ISO, also take part in the werk, 

Draft International Standards adopted by the technical committees are circulated to 
the member bodies for approval before their acceptance as International Standards by 
the ISO Council. They are approved in accordance with ISO procedures requiring at 
least 75 % approval by the member bodies voting. 

International Standard ISO 7500/1 was 
ISO/TC 164, Mechanical testing of me tals. 

prepared bY Technical Committee 

lt cancels and replaces ISO Recommendation R 147-1960, of which it constitutes a 
technical revision. 

Users should note that all International Standards undergo revision from time to time 
and that any reference made herein to any other International Standard implies its 
latest edition, unless otherwise stated. 

0 International Organkation for Standardkation, 1986 0 

Printed in Switzerland 
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INTERNATIONAL STANDARD ISO 7500/1-1986 (E) 

Metallic materials - Verification of static uniaxial testing 
machines - 
Part 1: Tensile testing machines 

1 Scope and field of application 5 Verification of the forte-measuring 
System of the testing machine 

This part of ISO 7500 specifies the verification of testing 
machines used for tensile testing in accordance with ISO 6392. 

5.1 General 
The verification consists of : 

- a general inspection of the testing machine; 

- a verification of the forte-measuring System of the 
testing machine. 

2 References 

I S 0 376, Metallic ma terials - Calibra tion of forte-pro ving in- 
strumen ts used for the verifica tion of uniaxial testing machines. 

I S 0 6892, Metallic ma terials - Tenside tes ting. 

3 Symbols and definitions 

For the purposes of this part of ISO 7500, the Symbols and 
definitions of table 1 shall apply. 

4 General inspection of the testing machine 

The verification of the testing machine shall only be carried out 
if the machine is in good working Order. For this purpose, a 
general inspection of the machine shall be carried out before 
verification of the forte-measuring System of the machine (see 
the annex). 

This verification shall be carried out for each of the forte ranges 
used and with the most frequently employed forte indicator. 
Mechanical accessory devices (Pointer, recorder) which may 
affect the forte-measuring System shall, where used, be 
verified in accordance with 5.4.6. 

If the testing machine has several forte-measuring Systems, 
each System shall be regarded as a separate testing machine. 
The same procedure shall be followed for double-Piston 
hydraulic machines. 

This verification shall be carried out using tension forte-proving 
instruments, or, for small forces (< 500 NI, known masses. In 
the latter case, the value of local acceleration due to gravity 
shall be recorded in the verification report (sec note 1). 

The verification shall, in general, be carried out with a constant 
indicated forte P’i. When this method is not applicable, the 
verification may be carried out with a constant true forte F (see 
note 2). 

NOTES 

1 When the verification cannot be carried out using tension force- 
proving instruments, it may be made with compression forte-proving 
instruments and this shall be stated in the verification report. 

2 When the machine allows, all the verifications shall be carried out 
with a slowly increasing forte. The word “constant” signifies that the 
same value of Fi (or F) is used for the three series of measurements 
(sec 5.4.5). 
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Table 1 

Forte reading on the forte indicator of the testing machine to be verified, with 
increasing test forte 

Forte reading on the forte indicator of the testing machine to be verified, with 
decreasing test forte 

Fi max’ Fi min 

F Fmin max f 

40 

True forte indicated by the forte-proving instrument with increasing test forte 

True forte indicated by the forte-proving instrument with decreasing test forte 

True forte indicated by the forte-proving instrument with increasing test forte, for 
the complementary series of measurements for the smallest range which is used 

Forte reading on the forte indicator of the testing machine to be verified, with in- 
creasing test forte, for the complementary series of measurements for the smallest 
range which is used 

Arithmetic mean of several measurements of F;: and F for the same discrete forte 

Highest or lowest value of Fi or F for the same discrete forte 

Residual indication on the forte indicator of the testing machine to be verified after 
removal of forte 

a % 

b % 

f0 % 

4 % 

U % 

Relative resolution of the forte indicator of the testing machine 

Relative repeatability error of the forte-measuring System of the testing machine 

Relative zero error 

Relative accuracy error of the forte-measuring System of the testing machine 

Relative error in reversibility 

The forte-proving instruments shall comply with the re- 
quirements specified in ISO 376. In the case of dead weights, 
the relative error of the forte generated by these weights shall 
be less than or equal to + 0,l %. l) 

5.2 Determination of the resolution 

5.2.1 Analogue scale 

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. 

1) The exact equation giving the forte F, in newtons, created by the dead weights of mass M, in kilograms, is 

where 

~1 is the local acceleration due to gravity, in metres per second squared; 

d is the density of air, in kilograms per cubic metre; 

D is the density of the dead weights, in kilograms per cubic metre. 

This forte shall be calculated using the following approximate formula: 

F= M-3 

The relative error of the forte is calculated in this instance using the formula 

AF AM A ,PI -= -+- 
F M Q 
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The resolution r of the indicator shall be 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 1/2, 1/5 or 1 /IO, a 
spacing of 2,5 mm or greater being required for the estimation 
of one-tenth of a scale division. 

5.4.2 Temperature compensation 

A sufficient period of time shall be provided in Order that the 
forte-proving instrument reaches a stable temperature, which 
will be recorded. lf necessary, temperature corrections shall be 
applied to the readings (sec ISO 376). 

5.2.2 Digital scale 5.4.3 Conditioning of the testing machine 

The machine, with the forte-proving instrument in Position, 
shall be loaded at least three times between zero and the maxi- 
mum forte to be measured. 

The resolution is considered to be one increment of the number 
on the numerical indicator, provided that the indication does 
not fluctuate by more than one increment when the instrument 
is unloaded. 

5.4.4 Test method 

5.2.3 Variation of readings 
The method to be used generally is the following: a given forte 
Fi indicated by the forte indicator of the machine is applied to 
the machine and the true forte F indicated by the forte proving 
instrument is noted. 

If the readings fluctuate by more than the value previously 
calculated for the resolution (with the instrument unloaded), 
this resolution r shall be deemed to be equal to half the range of 
fluctuation. 

If it is not possible to use this method, the true forte F indicated 
by the forte-proving instrument is applied to the machine and 
the forte Fi indicated by the forte indicator of the verified 
machine is noted. 

5.2.4 Unit 

The resolution r shall be expressed in units of forte. 

5.4.5 Application of test forces 

5.3 Prior verification of the relative resolution of 
the forte indicator 

Three series of measurements shall be carried out with increas- 
ing forte. Esch series shall contain measurements of at least 
five discrete forces suitably distributed between the lower and 
upper limits of the measuring range, the first forte being at the 
lower limit and the last forte being as near as possible to the 
upper limit. lt is recommended that, where possible, the pos- 
ition of the forte-proving instrument be modified before the 
third series of measurements by rotating it through an angle of 
90° or 180°. 

The relative 
relationship 

resolution a of the forte indicator IS defined by the 

r 
u= - x 100 

F 

where For each discrete forte, the arithmetic mean of the values ob- 
tained for each series of measurements shall be calculated. 
From these mean values, the relative accuracy error and the 
relative repeatability error of the forte-measuring System of the 
testing machine shall be calculated (sec 5.5). 

is the resolution defined in 5.2; 

F is the forte at the Point under consideration. 

The zero shall be adjusted before each series of measurements. 
In case of an analogue indicator, it shall also be checked that 
the pointer balances freely around the zero and, if a digital in- 
dicator is used, that any drop below zero is immediately 
registered, for example by a sign indicator ( + or - ). 

The relative resolution a shall be verified at all discrete forces of 
the scale above the first one-fifth of the range of the scale. The 
relative resolution shall not exceed the value given in table 2 for 
the class of machine being verified. 

The verification may be carried out with a limit less than one- 
fifth of the range of the measuring‘scale and a class may be 
allocated to the machine if it camplies with the requirements 
given in table 2. 

The relative zero 
shall be noted: 

error calculated using the following equation 

FiO 
% 0 f = - x 100 

FN 

5.4 Test procedure 
5.4.6 Verification of accessories 

5.4.1 Alignment of the forte-proving instrument 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: 

The forte-proving instrument 
axial application of the forte. 

shall be mounted so as to ensure 
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a) Machine normally used with accessories: Three 
series of measurements shall be made with increasing forte 
(sec 5.4.5) with the accessories connected for each force- 
measuring range which is used and one complementary 
series of measurements without accessories for the smallest 
range which is used. 

b) Machine normally used without accessories: 
Three series of measurements shall be made with increasing 
forte (see 5.4.5) with the accessories disconnected for each 
forte-measuring range which is used and one complemen- 
tary series of measurements with the accessories connected 
for the smallest range which is used. 

In both cases the relative accuracy error 4 shall be calculated 
for the three normal series of measurements, the relative 
repeatability error b shall be calculated from the four series. The 
values obtained for b and 4 shall conform to table 2 for the class 
under consideration, and the following further condition shall 
be satisfied : 

- verification with constant indicated forte : 

Fi - FC 

F, 

Forte reading 
on the forte 
indicator 

F I i 

F i 

- verification with constant true forte : 

< 1,5) qp 

5.4.7 Verification of the effect of differentes in Piston 
positions 

For hydraulic machines, where the hydraulic pressure of the 
jack is used to ensure the test forte, the influence of a dif- 
ference in Position of the Piston shall be verified for the smallest 
measuring range of the machine used, during the three series 
of measurements (5.4.5). The Position of the Piston shall be dif- 
ferent for each series of measurements. 

NOTE - In the case of a doubie-Piston hydraulic machine (5.1), it is 
necessat-y to consider both pistons. 

5.4.8 Determination of relative reversibility error 

This shall only be carried out on request. The relative reversibil- 
ity error shall be determined by carrying out a verification at the 
same discrete forces, first with increasing forces and then with 
decreasing forces. Therefore, the machine shall also be 
calibrated with a decreasing forte. 

True forte 

Figure 

1) The q is that of table 2. 
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The differente between the values obtained with increasing 
forte and with decreasing forte enables the relative reversibility 
error to be calculated using the equation (see the figure) 

F- F’ 
U= - x 100 

F 

or, for the particular case of the verification carried out with a 
constant true forte 

Fi’ - Fi 
U =- x 100 

F 

This verification shall be carried out for the lowest and highest 
forces range of the testing machine. 

5.5 Assessment of the forte indicator 

5.5.1 Relative accuracy error 

The relative accuracy error expressed as a percentage of the - 
true forte F is given by the equation 

- 
Fi - F 

4= ~ x 100 
F’ 

For the particular case of the verification being carried out with 
a constant true forte, the relative accuracy error is given by the 
equation 

C-F 
4= ~ x 100 

F 

5.5.2 Relative repeatability error 

The relative repeatability error is, for each discrete forte, the 
differente between the highest and lowest values measured 
with respect to the average. lt is given by the equation 

F 
b = maX - Fmin 

F 
x 100 

For the particular case of the verification being carried out with 
a constant true forte, the relative repeatability error is given by 
the equation 

b Fi max - Fimin = x 100 
F 

6 Class of the testing machine 

Table 2 gives the maximum permissible values for the different 
relative errors of the forte-measuring System and for the 
relative resolution of the forte indicator which characterises a 
testing machine in accordance with the appropriate class. 

A measuring range on the forte indicator shall only be con- 
sidered to conform if the inspection is satisfactory for the range 
of measurement at least between the first one-fifth and the 
nominal range. 

Table 2 

I Maximum permissible value, % I 

Relative 
resolution 

0 I + 0,5 I 0,5 I 0,75 I * 0,05 1 0,25 I 
1 * 1,o 13 jr5 + 0,l 0,5 

2 f 2,0 28 3,O z!z 0,2 Jr0 

~ 3 It 3,0 3,O 4,5 z!z 0,3 I 1,5 

1) The verification of reversibility shall only be carried out on request (sec 5.4.8). 
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7 Verification report 

The verif ication 
mation : 

report shall contain at least the following infor- 

General information : 

a) reference to this part of ISO 7500; 

b) identification of the testing 
of manufacture, serial number) ; 

Cl location of the machine; 

machine (type, make, year 

d) type and reference number of the forte-proving instru- 
ment used and calibration certificate reference number and 
expiry date of this certificate; 

e) 

f) 

date of verification; 

name or mark of the verifying authority; 

Results of verification : 

9) any anomaly found during the general inspection; 

8 

h) for each forte-measuring System used, the class of 
each range verified and, if requested, the discrete values of 
relative errors of accuracy, repeatability, reversibility and 
zero ; 

i) the lower limit of each range to which the assessment 
applies. 

Intervais between verifications 

The time between two verifications will depend o.n the type of 
testing machine, the Standard of maintenance and the amount 
of usage. Under normal circumstances, it is recommended that 
verification shall 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 ‘Cs subject to major 
repairs or adjustments. 
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Annex 

General inspection of the testing machine 
(This annex forms an integral part of the Standard.) 

The general inspection of the testing machine which shall be 
carried out before the verification of the machine (see clause 4) 
shall comprise the following : 

A.1 Visual examination 

The visual examination shall verify 

a) that the machine is in good working Order and not 
adversely affected by certain aspects of its general con- 
dition, such as: 

- pronounced wear or defects in the guiding elements 
of the moving crossheads or grips, 

- looseness in mounting of columns and fixed 
crossheads; 

b) that the machine is not affected by environmental con- 
ditions (Vibration, effect of corrosion, local temperature 
variations, etc.) ; 

c) if detachable mass pendulum devices are used, that the 
masses are correctly indentifiable. 

A.2 Inspection of the structure of the 
machine 

A check shall be made to ensure that the structure and gripping 
Systems will permit the forte to be applied axially. 

A.3 Inspection of the crosshead drive 
mechanism 

lt shall be verified that the crosshead drive mechanism will per- 
mit a uniform and smooth Variation of forte and will enable 
various discrete forces to be obtained with sufficient accuracy. 

The drive mechanism shall, moreover, enable the deformation 
Speeds of the test piece, specified for the determination of the 
various mechanical proper-Ges, to be complied with. 
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