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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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an

International Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 7500-2 was prepared by Technical Committee ISO/TC 164, Mechanical testing of metals, Subcommittee
SC 1, Uniaxial testing.

This second edition cancels and replaces the first edition (ISO 7500-2:1996), which has been technically
revised.

ISO 7500 consists of the following parts, under the general title Metallic materials — Verification of static
uniaxial testing machines:

— Part 1: Tension/compression testing machines — Verification and calibration of the force-measuring
system

— Part 2: Tension creep testing machines — Verification of the applied force

Copyright In.;e‘rnational Organization for Standardization © ISO 2006 - A” r|ght3 reserved

Provided by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale



INTERNATIONAL STANDARD ISO 7500-2:2006(E)

Metallic materials — Verification of static uniaxial testing
machines —

Part 2:
Tension creep testing machines — Verification of the applied
force

1 Scope

This part of ISO 7500 specifies the verification of testing machines used for uniaxial creep testing in tension |n
accordance with 1ISO 204.

The verification consists of
— ageneral inspection of the testing machine, and
— a verification of the force applied by the testing machine.

This part of ISO 7500 applies to dead-weight machines, lever-type creep testing machines and direct-spring-
loading machines.

Machines with a force-measuring system?) should be verified in accordance with 1SO 7500-1, Metallic

materials — Verification of static uniaxial testing machines — Part 1: Tension/compression testing machines —
Verification and calibration of the force-measuring system.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 204, Metallic materials — Uniaxial creep testing in tension — Method of test

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

1) For the purposes of this part of ISO 7500, a force-measuring system comprises the load cell plus conditioning plus
indicator.
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3 Symbols and their meanings

For the purposes of this part of ISO 7500, the symbols in Table 1 apply.

For the purposes of this part of ISO 7500 the following types of creep testing machines are recognized:
— dead-weight machines, with or without guides (Figures A.1 and A.2);

— overslung or underslung lever machines (Figures A.3, A.4 and A.5);

— jockey-weight machines, either with overslung or underslung lever (Figures A.6 and A.7);

— any combination of the types of machines mentioned above (Figure A.8);

— testing machines with force applied by a spring (Figure A.9).

Table 1 — Symbols and meaning

Symbol Unit Meaning
Fy N Maximum force of the force range of the testing machine
F. N Force applied to creep testing machine:

— for dead-weight machines: F; = mg 2
— for lever-type machines: F; = mg, R®

— for jockey-weight machines, the value of F, is indicated on the scale of the
machine

— for spring-type machines: force applied to spring-calibration device

F N True force indicated by the force-proving instrument
F N Arithmetic mean of several measurements of F or F; at the same discrete force
Fnax Frmin N Highest or lowest value of F or F; at the same discrete force

Fy N Force applied by the masses on the scale pan of the machines

Fy N Lower limit of the verified force range

R — Lever ratio used for the verification

% Relative repeatability error of the force-measuring system of the testing machine

d N Discrimination threshold

d, N Discrimination threshold corresponding to 20 % of the maximum force of the force

range (Fy)
a % Relative discrimination threshold
q % Relative accuracy error of the force-measuring system of the testing machine

a g, = standard acceleration of free fall, in m/s2 (g, = 9,806 65 m/sz). This quantity was earlier also called “standard
acceleration due to gravity”.

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 applied
by the machine (see Annex A).
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5 Verification of the force applied by the testing machine

5.1 General

This verification shall be carried out for each of the force ranges used. If the testing machine has several force
ranges, each force range?) shall be regarded as a separate testing machine.

This verification shall be carried out using tension-force-proving instruments. These instruments shall be in

accordance with 1ISO 376. The class of the force-proving instrument shall be equal or superior to the class
determined for the creep testing machine.

5.2 Masses
The masses used to apply the forces during the verification can be either
a) known masses with an accuracy equal to or better than + 0,1 %, verified at least every five years, or

b) masses dedicated for use with a given creep testing machine, applied in the same sequence as during
the test.

5.3 Determination of the discrimination threshold

The discrimination threshold (d) of the machine is defined as the smallest increment of force that can be
applied and detected during the verification procedure.

The discrimination threshold () shall be determined at 20 %, 60 % and 100 % of the maximum force F of the
force range. If forces of a magnitude less than 0,2 F\ are to be tested (see 5.2), the discrimination threshold
shall additionally be determined at the lower limit of the provided testing range.

The discrimination threshold (d) is measured at the magnitude of the force resulting from the smallest mass
added to, or removed from, the scale pan of the machine, or the force which corresponds to the smallest
recordable movement of the jockey weight which causes a detectable change at the indicator of the
force-proving instrument.

The relative discrimination threshold (a) is calculated for each level of force specified according to the
following formula :

d
=—x100 1
a=x (1)

and shall remain within the limits given in Table 3 for the class of machine considered.

The discrimination threshold (d) shall be expressed in newtons.

2) Force range means, in the case of a deadweight machine, the range over which the machine is to be used; in the
case of a lever-type machine it is the force range for each separate lever ratio.
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5.4 Determination of the lower limit of verification

The lower limit of verification (F\,) shall be specified according to Table 2.

Table 2 — Lower limit of verification

Class F
0,5 4004,
1 200 d,
2 100 4,
d4 is the discrimination threshold corresponding to 20 % of the
force-measuring range.

NOTE The lower limit of verification of the machine may be less than the permissible operating range of the
equivalent-grade force-proving instrument used to determine the discrimination threshold at the 60 % and maximum force
conditions. Consequently, to verify the testing machine precisely at the lower end of the range, it will be necessary to use
two measuring instruments, one for the upper range and a second one having appropriate capacity for the extreme lower
measuring range.

5.5 Test procedure

5.5.1 General
Verification shall be carried out for each force range for which a grade is sought.

Verification shall not be performed below the lower limit F, for any force range.

5.5.2 Alignment

The force-proving device shall be mounted in the machine, with the self-alignment devices normally used
included at each end of the loading train.

5.5.3 Balancing the lever

5.5.3.1 General

It is necessary to balance the loading train to achieve a zero loading reading on the force-proving device when
it is mounted in the loading train in place of the test piece. The precise method of balancing is dependent upon
the design of the machine; however, in general the procedures described in 5.5.3.2 and 5.5.3.3 will be
applicable.

5.5.3.2 Overslung lever

The force-verification device shall be hung in the loading train in place of the test specimen, with the lower
loading bar disconnected immediately below the proving device. The lever shall then be balanced by
movement of the adjustment weight normally attached to the machine, or by the addition of an extra balancing
weight. The force indicator of the verification device shall be to set to zero the force, before connecting the
lower loading bar.

In some machines, it is not possible to fully balance the lever; in which case, the minimum force that is applied
to the test piece with no masses on the scale pan shall be recorded in the verification report, and taken into
account when calculating the force applied to the test piece when undertaking a creep test.

It should be remembered that the lever will need to be rebalanced after verification and before commencing
creep testing.
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5.5.3.3 Underslung levers

Because of the geometrical design of underslung lever machines, it is seldom possible to balance on the
mass of the lower loading bars, lever and scale pan. It is therefore necessary to zero the force-proving device
with the lower loading bar disconnected, and then merely to note the force applied when the loading train is
reconnected and the system adjusted to bring the lever to the normal operating position with no masses
placed on the scale pan. If this force is greater than that specified in 5.4. then it shall become the lower limit of
verification.

5.5.4 Temperature compensation

Allow sufficient time for the verification equipment to attain a stable temperature. Record the temperature at
the beginning and end of the application of each series of forces. Where necessary, apply temperature
corrections to the deflections of proving devices using the equations given in ISO 376.

5.5.5 Conditioning

In order to condition the system, it is necessary to exercise the creep testing machine and force-proving
device three times between zero force and the maximum force to be measured. Then, reset the force-proving
device to the zero force position.

5.5.6 Selection of test forces

Apply a series of at least five approximately equispaced forces upwards from 20 % of the force range or the
lower limit of verification, whichever is greater.

When required, apply additional forces below 20 % of the force range down to the lower limit of verification
(see 5.4). Apply one force for each increment of 5 %, or portion thereof, of the scale to be verified below 20 %
of the force range.

5.5.7 Application of test forces

For each range, apply the series of forces in ascending order and repeat each series to give three series of
such forces. Completely remove the force after each series of applications.

All three series of forces shall be applied with the loading system at the mid-point of the normal operating
range (zero position). The measurements shall be conducted after the system has been stabilized, especially
for machines with a damping device.

NOTE On a creep testing machine with an overslung lever or a single underslung lever, this requirement implies that
the three series of forces are applied with the lever in the horizontal position.

The force-proving device should be rotated ~ 120° between the load series. After each rotation, the system
should be preloaded.

Ensure that the application of each test force is free of shock and vibration, so that the force does not exceed
its nominal value by more than the maximum permissible error for the machine class in question.

In the case of lever-type machines, ensure that the permissible deviation of the lever from its horizontal
position is exactly marked. In the range between these marked inclinations of the lever, verify that the force is
within the permitted limits. Also verify the lowest and highest force of the range at the lower position of the
lever. This procedure ensures that the deviation of the test force from its nominal value during the total
duration of the creep test is within the limits of the maximum permissible error for the machine class in
question.

The spring of testing machines with direct loading shall be calibrated in a spring-force calibration device. The
spring loading assembly shall be removed from the creep testing machine and installed in the spring-force
calibration device. The interface between the spring loading assembly and the spring-force calibration device
shall be identical to the interface in the testing machine.

A 1O~ AR~ AT
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The force-proving device shall be mounted in the spring-force calibration device with self-aligning devices
included at each end of the loading train.

5.6 Assessment of the force applied by the machine

5.6.1 Relative accuracy error

The relative accuracy error, expressed as a percentage of the mean value of the true force F, is given by the
equation:

q:Fi%Fmoo 2)

5.6.2 Relative repeatability error

The repeatability error is, for each discrete force, the difference between the highest and lowest values
measured with respect to the mean value of true force. It is given by the equation:

p = Fmax ~Fmin | 440 3)
F

6 Class of the testing machine

6.1 General

Table 3 gives the maximum permissible values for the relative errors of repeatability and accuracy which
characterise a testing machine in accordance with the appropriate class.

Table 3 — Characteristics of the classes of machine

Maximum permissible values %
Relative discrimination Relati
Class of machine threshold elative error of
repeatability accuracy
a b q
0,5 0,25 0,5 +0,5
1 0,5 1,0 +1,0
2 1 2,0 +2,0

6.2 Lever-type creep testing machines
The grading shall cease to apply below the minimum force that complies with these requirements.

It is possible for a range to be given several classes, but each of these classes shall be verified according to
5.5.

It is permissible to classify a machine for one or several discrete forces. For each discrete force,
3 measurements shall be conducted. The classification obtained is valid only for the discrete forces verified.

M3 .
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6.3 Creep testing machines with the force applied by direct acting masses

Normally, the grading will be determined by the accuracies of the masses used to apply the verification forces
and of the mass of the load suspension system below the test piece. However, for machines with guides
below the test piece which could introduce friction effects, it is necessary to calibrate the machine using a

proving device. The calibration authority shall be satisfied that the axis of loading passes through the
longitudinal axis of the test piece.

6.4 Creep testing machines with the force applied directly by a spring
The grade of the test machine depends on the force accuracy of the calibrated spring.

It is permissible to classify a spring for one or several discrete forces. For each discrete force 3 measurements
shall be conducted.

The classification obtained is valid only for the discrete forces verified.

If discrete forces are to be inspected during testing, specific guidelines need to be developed for the testing
machine.

A schematic representation of a creep testing machine with the force applied directly by a spring is shown in

Figure A.9.

The spring-force calibration device shall be verified at intervals not exceeding one year.

The spring loading assembly shall be recalibrated if it has been dismantled for repair or adjustment.

The verification in the creep testing machine shall be performed at intervals not exceeding five years (for

example, see Table 4).

Table 4 — Example of verification of spring loading assembly

Calibration of spring loading assembly in the creep Calibration of spring loading assembly in the
testing machine spring-force calibration device
Force applied to | Mean of true force Force applied to | Mean of true force
the creep indicated by the Relative the spring-force | indicated by the Relative
testing force-proving accuracy error calibration force-proving accuracy error
machine? instrument device? instrument
F; (N) F (N) % F, (N) F (N) %
1387 1387 0,00 1387 1382 0,36
1775 1784 -0,50 1775 1770 0,28
2218 2204 0,64 2218 2213 0,23
2773 2764 0,33 2773 2768 0,18
3 549 3548 0,03 3 549 3540 0,25
4437 4428 0,20 4437 4 406 0,70
5546 5521 0,45 5546 5525 0,38
6 987 6 959 0,40 6 987 6 990 -0,04
8 873 8 866 0,08 8873 8 850 0,26
13 870 13 834 0,26 13 870 13 850 0,14
17 750 17 675 0,42 17 750 17 671 0,45
27 730 27 755 -0,09 27 730 27 640 0,33
@  The discrete force values F; are typical force values following a geometric series.
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7 Verification report

The verification report shall contain at least the following information.

a) General information:
1) reference to this part of ISO 7500;
2) identification of the testing machine (type, make, serial number);
3) location of the machine;

4) the method of verification used (see 5.1) and the identity, class and date of the last calibration
certificate of the verification equipment used;

5) the average temperature of the verification equipment at the time of verification;
6) date of verification;
7) name or mark of the verifying service which performed the verification.

b) Results of verification:

1) for each force-measuring system used, the class of each range verified and, if requested, the
discrete values of relative errors of accuracy and repeatability;

2) the lever ratio (R) used for each force range, where applicable;

3) when discrete forces have been verified, the actual forces, the class(es) obtained and, if requested,
the discrete values of relative error of repeatability;

4) any anomaly found during the general inspection.

8 Intervals between verifications

The machine shall be verified at intervals not exceeding five years. However, if the predicted test life exceeds
the date of expiry of the verification certificate, then the machine shall be reverified prior to commencement of
the creep test. Any machine shall also be reverified if it has been dismantled for moving, or subject to major
repair or adjustment.

NOTE If the machine is used for short-term creep tests, it could be recommended to verify the machine at intervals
not exceeding two years.
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Annex A
(normative)

General inspection of the testing machine

The general inspection of the testing machine, which shall be carried out before the verification of the machine
(see clause 5), 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
condition, such as:

1) significant wear of the knife edges, supporting points, bearings, grips or any defect in the guiding
elements of the pull rods;

2) looseness in mounting of columns and fixed crossheads;
b) that the lever system is free to swing smoothly over its operating range;

c) that the machine is not affected by environmental conditions (vibration, effect of corrosion, local
temperature variations, etc.);

d) to ensure that the line of action of force, as far as possible, runs through the centres of the knife edges or
ball seatings of the loading train.

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.

Figures A.1 to A.9 are the schematic representations of operating principles of tensile creep machines.

NOTE Figures A.1 to A.9 are given as examples.

A 1A~ AR~ AT
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Figure A.1 — Creep testing machines with the
force applied by direct acting masses
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Figure A.2 — Creep testing machines with guides
with the force applied by direct acting masses
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Figure A.3 —Overslung lever
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Figure A.4 — Underslung lever
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Figure A.5 — Overslung double lever
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Figure A.6 — Overslung lever with jockey weight
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Figure A.8 — Tensile-creep testing machine using a combination of different loading systems
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Figure A.9 — Creep testing machine with the force applied directly by a spring
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