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Foreword
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latest edition, unless otherwise stated.

© International Organization for Standardization, 1986 @

Printed in Switzerland



INTERNATIONAL STANDARD

1ISO 7500/1-1986 (E)

Metallic materials — Verification of static uniaxial testing

machines —

Part 1: Tensile testing machines

1 Scope and field of application

This part of 1SO 7500 specifies the verification of ' testing
machines used for tensile testing in accordance with ISQ 6892,

The verification consists of:

— a general inspection 'of the’ testing machine;

— a verification of the force-measuring system of the
testing machine.

2 References

ISO 376, Metallic materials — Calibration of force-proving in-
struments used for the verification of uniaxial testing machines.

ISO 6892, Metallic materials — Tensile testing.

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 force-measuring system of the machine (see
the annex).

5 Verification of the force-measuring
system of theé testing machine

5.1 General

Thisverification shall be carried out for each of the force ranges
used jand, with the most frequently employed force indicator.
Mechanical accessory devices (pointer, recorder) which may
affect the force-measuring system shall, where used, be
verified in accordance with 5.4.6.

If the testing machine has several force-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 force-proving
instruments, or, for small forces (< 500 N), known masses. In
the latter case, the value of local acceleration due to gravity
shall be recorded in the verification report (see note 1).

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

NOTES

1 When the verification cannot be carried out using tension force-
proving instruments, it may be made with compression force-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 force. The word ““constant’’ signifies that the
same value of Fj (or F) is used for the three series of measurements
(see 5.4.5).
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Table 1
Symbol Unit Definition
Fy N Maximum capacity of the measuring range of the force indicator of the testing
machine
F; N Force reading on the force indicator of the testing machine to be verified, with
increasing test force
F’ N Force reading on the force indicator of the testing machine to be verified, with
decreasing test force
F N True force indicated by the force-proving instrument with increasing test force
F' N True force indicated by the force-proving instrument with decreasing test force
(98 N True force indicated by the force-proving instrument with increasing test force, for
the complementary series of measurements for the smallest range which is used
Fie N Force reading on the force indicator of the testing machine to be verified, with in-
creasing test force, for the complementary series of measurements for the smallest
range which is used
E F N Arithmetic mean of several measurements of F; and F for the same discrete force
Fi max+ £i min N Highest or lowest value of F; or F for the same discrete force
max + Fmin
Fio N Residual indication on the force indicator of the testing machine to be verified after
removal of force
% Relative resolution of the force indicator of the testing machine
% Relative repeatability error of the force-measuring system of the testing machine
fo % Relative zero error
q % Relative accuracy error of the force-measuring system of the testing machine
% Relative errorin reversibility
The force-proving instruments ‘shall’ ‘comply -with''the ' re- 5.2 Determination-of the resolution

quirements specified in 1SO 376. In the case of dead weights;

the relative error of the force generated by these weights shall

be less than or equal to + 0,1 %."

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 force F, in newtons, created by the dead weights of mass M, in kilograms, is

revn(i- )

N
where

g 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 force shall be calculated using the following approximate formula:

F=Mg|

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

AF AM Ag
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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 1/10, a
spacing of 2,5 mm or greater being required for the estimation
of one-tenth of a scale division.

5.2.2 Digital scale

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.

5.2.3 Variation of readings

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.

5.2.4 Unit

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

5.3 Prior verification of the relative resolution/of
the force indicator

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

r
a= — x 100
F

where
r is the resolution defined in 5.2;
F is the force at the point under consideration.

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 complies with the requirements
given in table 2.

5.4 Test procedure

5.4.1 Alignment of the force-proving instrument

The force-proving instrument shall be mounted so as to ensure
axial application of the force.
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5.4.2 Temperature compensation

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

5.4.3 Conditioning of the testing machine

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

5.44 Test method

The method to be used generally is the following: a given force
F; indicated by the force indicator of the machine is applied to
the machine and the true force F indicated by the force proving
instrument is noted.

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

5.4.5" Application of test forces

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

For each discrete force, 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 force-measuring system of the
testing machine shall be calculated (see 5.5).

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 zero error calculated using the following equation
shall be noted:

5.4.6 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:
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a) Machine normally used with accessories: Three
series of measurements shall be made with increasing force
(see 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
force (see 5.4.5) with the accessories disconnected for each
force-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 g 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 g shall conform to table 2 for the class
under consideration, and the following further condition shall
be satisfied:

— verification with constant indicated force:

< 15]|q|"

c

jFi—Fc

Force reading
on the force
indicator

F'

— verification with constant true force:

F —
_‘P_F < 1,5lq|1)

5.4.7 Verification of the effect of differences in piston
positions

For hydraulic machines, where the hydraulic pressure of the
jack is used to ensure the test force, 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 double-piston hydraulic machine (5.1), it is
necessary 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 force.

1) The q is that of table 2.

——
F True force

Figure



The difference between the values obtained with increasing
force and with decreasing force enables the relative reversibility
error to be calculated using the equation (see the figure)

’

x 100
or, for the particular case of the verification carried out with a
constant true force

F - F

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 force indicator

5.5.1 Relative accuracy error

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

Fi-F 100
= — X
a F

For the particular case of the verification being carried,out-with
a constant true force, the relative accuracy error is given by the
equation
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5.5.2 Relative repeatability error

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

bsz_mexwo
F

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

b:Fimax_F'

imin % 100
F

6 Class of the testing machine

Table 2 gives the maximum permissible values for the different
relative errors of the force-measuring system and for the
relative resolution of the force indicator which characterises a
testing-machinejinraccardance with the appropriate class.

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

Table 2
Maximum permissible value, %

Class Relative error of .
of Relative
machine accuracy repeatability | reversibility" zero resolution

q b lul o a

0 + 05 0,5 0,75 + 0,05 0,25

1 + 1,0 1,0 1,6 + 0,1 0,5

2 + 20 2,0 3,0 + 0,2 1,0

3 + 30 3.0 45 + 0,3 15

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

The verification report shall contain at least the following infor-
mation:

General information:

h) for each force-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

a) reference to this part of 1ISO 7500;

b) identification of the testing machine (type, make, year
of manufacture, serial number);

c) location of the machine;

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

e) date of verification;

f) name or mark of the verifying authority;

Results of verification:

g) any anomaly found during the general inspection;

applies.

8 Intervals between verifications

The time between two verifications will depend on 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 is 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 [affeéted 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 force to be applied axially.

A.3 Inspection of the crosshead drive
mechanism

It shall be verified that the crosshead drive mechanism will per-
mit a uniform and smooth variation of force 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
variousémechanical properties, to be complied with.
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