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Amendment Slip No. 1

published and effective from 31 August 1981
to BS 5214 : Partl; 1975

Testing machines for rubbers and plastics
Part 1. Tensile, flexural and compression machines

Revised text

Front cover, title page and page 3
Delete the existing Part title and substitute the following in each case:
‘Part 1. Constant rate of traverse machines’.

Clause 1. Scope
Delete the first sentence and substitute the following:

This British Standard specifies requirements for
tensile testing systems operating at constant rate of
traverse and suitable for testing rubbers, plastics and
adhesives’.

Clause 3.1 tensile testing system

At the end of the existing text insert the following note:

‘NOTE. According to the arrangement of grips or jigs, the test
specimen will be in tension, shear, compression or flexure. If the
machine is used for tests other than in tension the term ‘grip’
should be taken to include a platen or other member for the
application of force to the test specimen.’

Clause 3.2 force
Delete the existing term and definition and substitute the following.
‘Text deleted’.

Clause 3.5 repeatability of force, elongation and deflection measurement

In the title insert an asterisk after the word ‘force’.

Insert the following footnote:

“*The term force throughout this standard refers to the force acting along the straining axis of the machine.

Clause 4. Designation of machine accurac,y
In line 5 delete ‘or D’ and substitute D or E’.
Delete the paragraph starting ‘It is not implied ...
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Clause 5.3. Specimen gaps
Delete the final paragraph and substitute the following:

T or testing ring specimens, the machine shall be
provided with two pulleys, both of which are free to
rotate, whilst one at least is automatically rotated by
the machine at between 10 and 50 revolutions per
minute to equalize the strain in the ring during the
test. The pulleys shall be 25 mm diameter for large
rings (52.5 mm o0.d.) and 4.5 mm diameter for small
rings (10 mm o.d.).’

Clause 9. Measurement of elongation (deflection)

In paragraph 1, line 5, delete item (c) and substitute the following:

‘(c) optical or other non-attached extensometers’.

In paragraph 5, line 2, delete *and D* and substitute D and E’.

In paragraph 5, line 7, delete ‘and D’ and substitute D and E’.

In the final paragraph delete the first sentence and substitute the following:

The values in table 2 for grades B, C, D and E are
given in percent of scale reading. The manufacturer
shall state the lowest elongation at which the
specified accuracy can be achieved.’

Table 2. Grades of accuracy for elongation (deflection) measurement
Delete the existing entries for grades B, C and D and substitute the following:

t1h tos % Inaccordance with Rig withm igom eter heat
BS 3846 (ertoronly) to BS 870

t1h tos % Inaccordance with

Rig with scale to BS 4372
BS 3846 (erroronly) R
t

i t
i ith mjaom eter head
§

P
0 BS BT

t1h £ 0.5 Rig with scale to BS 4372 Rig with scale to BS 43712

t 1% £0.0h Rig with scale to BS 4372 Rig with scale to BS 437127,

In line 2 of the note under table 2 delete ‘and D’ and substitute D and £°.

Clause 11. Machine stiffness
Delete the first senten<5e of paragraph 2 and substitute the following:

‘For a ‘soft’ machine, such as the pendulum type,
the rate of traverse of the driven element is not
necessarily the same as the rate of separation of the

grips.’.
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Foreword

This British Standard has been prepared under the authority of the Plastics and Rubber Industry Standards
Committees. It covers machines used for measuring the tensile, flexural and compression properties of plastics
and rubbers. Avariety of machines is used for detennining these properties and indeed, the range of levels
exhibited by different polymers requires machines of different capacities and operating speeds. However, the
essential features are similar in all cases and a multi-range machine may be suitable for any material.

It isintended to produce further Parts of this standard dealing with other equipment used for testing plastics
and rubber. It is the intention that the various Parts of this standard will be quoted in the corresponding British
Standards covering methods of test, e.g. BS 903 ‘Methods of testing vulcanized rubber', BS 2782 ‘Methods of
testing plastics’, BS 4370 ‘Methods of test for rigid cellular materials’ and BS 4443 ‘Methods of test for flexible
cellular materials’.

Certification. Attention is drawn to the certification facilities described on the inside back cover of this standard.



British Standard Specification for

Testing machines for rubbers and plastics

Part 1. Tensile, flexural and compression machines

1. Scope

This British Standard specifies requirements for tensile
testing systems suitable for testing rubbers and plastics
although any one system may only be applicable to a
narrower range of materials. It also covers such systems
when used for flexural shear and compression tests.

2. References

The titles of the British Standards referred to in this
standard are listed on the inside back cover.

3. Definitions

For the purposes of this Part of this British Standard
the following definitions apply.

3.1 tensile testing system. A machine composed of a
nominally fixed and a movable member to which may
be attached suitable grips or fixtures for holding the
test specimen. The inovable member is power driven
and may be equipped with adjustable speed control.
The machine has a force measuring system complete
with indicator and/or recorder. In addition there may
be included a system for measuring the extension or
deflection of a test specimen.

3.2 force. The force measured is that acting along the
principal axis of the machine. According to the
arrangement of grips or fixtures, the test specimen
will be in tension, shear, compression or flexure.
NOTE. Forthe purpose of this definition, ‘grip’is taken to
moean ‘platen’or othermenmber forapplication of force to the
testspecimen when the machine isused for tests other than
Imotension

3.3 elongation. The increase in the test length of a
tensile test specimen.

3.4 deflection. Tlie distortion in the direction of the
applied force of a test specimen in compression, shear
or flexure.

3.5 repeatability of force, elongation and deflection
measurement. The greatest difference, at a given true
value, between the indicatedivalues corresponding to
repeated applications of the true value.

3.6 error. The mean indicated value, at a given true
value, corresponding to repeated applications of the
true value, less the true value. «

NOTE. These definitions of repeatability and error assume

verification by observing the variation inindicated values
obtained with repeated application of known values.

4. Designation of machine accuracy
Machines are designated according to accuracy in
respect of the following parameters:

(a) measurement of force (grade A or B);

(b) measurement of elongation or deflection

“rade A, B, Cor D).

For example, a machine of the highest accuracy
is designated as ‘Force;Crade A, Elongation
(Deflection):Grade A'.

It is not implied that test machines are commercially
available in the eight theoretically possible
designations.

If for any application it is not considered necessary
to specify accuracy limits for either of these
parameters, then no grade letters are quoted.

NOTE. Stringent specifications in respectof testmachine
gocuracy are of little value unless testing technigue is
closely controlled. Correlation of test data from different
laboratories depends asmuch upon testing technigues ason
moachine specifications, 0 peratorerrors, test specim en
installation technigue and test specimen variability are m ajor
sources oferror,

Care should be taken to avoid exposure of the inachine to
drauvghts orto radiantheat,

5. Design features

5.1 Size and construction. The size and construction
shall be such that the machine is able to lest
materials for which it is intended to be used and has
no features which may adversely affect test results.
The traverse of the moving grip shall be able to
accommodate the maximum elongation of the test
specimen. In the case of the more highly extensible
materials, a traverse in excess of 1 m may be necessary.

5.2 Machine axial alignment. The coupling (between
the fore# measuring system and the grips dr.test
specimen jig) and the correctly installed test specimen
shall be accurately aligned with the straining axis of
the machine, and the test axis of the test specunen
shall coincide with the direction of the applied force.
NOTE . Non-axialalignmentofatestspecinen in the grips

and lack of testspecimen symmetry arcparticularly
importantcauses of variation in test results,

5.3 Specimen grips. For testing dumb-bell, parallel
strip, and similar tensile test specimens, the machine
shall be provided with atype of grip which closes
automatically p the tension increases (e.g. wedge or
pneumatic) and which exerts a uniform pressure across
the width of the test specimen. The test specimen shall



be held in such a manner that slip relative to the grips
is prevented as far as possible.

For testing ring test specimens, the machine shall
be provided with tv/o pulleys, both of which are free
to rotate, whilst one at least is automatically rotated
by the machine to equalize the strain in the ring
during the test. The pulleys shall be 25 mm in
diameter.

5.4 Drive characteristics. The moving crosshead of the
machine shall be driven smoothly at all testing speeds
and the drive shall be without significant backlash.

5.5 Jigs for use in compression, shear and flexure.
Such jigs or fixtures shall conform with the relevant
method of test or material specification. They shall
not significantly affect the accuracy of the machine
by the introduction of friction, backlash or
nonalignment.

6. Types of force measuring system

In all cases a continuous indication of the force
applied to the test specimen, preferably recorded
automatically with a permanent indication of the
maximum force, shall be provided.

Machines with low inertia in their force measuring
systems are to be preferred; in particular, pendulum
type machines may have friction and inertia which
will significantly affect their dynami(f response and
decrease their accuracy.

7. Static force accuracy

For all scale ranges, two grades, A and B, are specified,
as defined in BS 1610. The designation of each scale
of a machine depends upon the values of repeatability

and error found when it is verified in accordance with
the methods described in section one of BS 1610:1964,
except that calibration is made with both increasing
and decreasing force. In general, method 1 is suitable
only for verifying scales with a maximum force up to
approximately 1500 N, whilst methods 2 and 3 are
suitable for verifying all scales with a maximum force
reading greater than 500 N.

ITie maximum permissible values for repeatability
for grades A and B are given in table 1, based on
BS 1610 and the error is illustrated in figure 1. When
separate scales for use in compression or other modes
of operation are provided, these shall be verified
separately.

8. Dynamic force accuracy

Tensile testing machines fitted with electronic force
measuring devices may be regarded as sufficiently free
of inertia for the speeds of testing given in clause 10.
This does not necessarily apply to the electronic
recorders normally used with them and in many cases
the dynamic inaccuracy of these recorders considerably
exceeds their static inaccuracy.

Ail electromechanical recorders suffer dynamic
errors which are usually made up of acceleration
errors stemming from the inertia of the device, and
velocity lag errors due to viscous and coulomb
friction. Measurement of recorder dynamic accuracy
is best achieved by recording the error signal level
during the test. This can be done without affecting
the instrument performance but is usually technically
difficult. It is therefore not considered practical at
present to specify limits and a calibration procedure
for dynamic accuracy in this standard. Consequently

Table 1. Grades of accuracy for force measurement

1 ! i 4 5

Grade Accuracy of
verification devices

Certified range

Force Gorading of 0 ne-fifth force to full force of machine
seale and aU forces of & machine

applied by
Woeights or
proving

elastic
proving
device

applying fived forces

Below one-fifth of machine scale range

levers
torrect to
Woithin

A +0.2

B £ 0.3

Requirementfor
repeatability

Ateach verification
force, maxinun
permoissible
fifference between
highestand lowest
readings expressed
asa percentage of
the verification
force

b
10

1.0

Requirement for
prouracy

Ateach verification
force, maximun
perm issible error
expressed asa
percentage of the
verification force

Requirement for
repeatability

Ateach verification
force, maxinun
permoissible
difference between
highestand low est
readings, expressed
asapercentage of
the full force
reading of the scale

Requirementfor
pccuracy

Ateach verification
force, maximunm
permoissible error
expressed asa
percentage of the
full force reading
o f the scale

NOTE. The requirement foraccuracy isapercentage of the true force within the range one-fifth force to full force of the

moachine scale but isaconstant force error forforces below
moachine scale, the maximunm

one-fifth of the scale. Thusatone-fifth
percentage errorofapplied force permitted is ¢ L% and the force erroris ¢ 1 kN,

force errorfrom zero to one-fifth of the scale (100 kN )accordingly remains constantatt | kN .

scale on a 500 kKN grade A

The perm itted



the user is advised to obtain from the testing mactiine In all cases a continuous indication of the elongation

manufacturer dynamic accuracy figures for the (deflection) and a pemianent indication of the
recorder with which he can calculate the probable maximum elongation (deflection) shall be given.
measurement error, and assess whether or not it is Preferably the elongation (deflection) should be
significant. In cases where it is, either the testing recorded autographically in the form ofa force/
speed may be reduced, or the full scale range of the elongation (deflection) curve.
output device may be increased, in order to reduce For some purposes, particularly the elongation of
the acceleration and velocity levels. ring test specimens and for tests in flexure, shear or
As a guide to recorder requirements, the response compression, the measurement of grip separation is the
time for full scale travel should be Considerably less most convenient method. In such cases it is essential
than the rise time of the force, if the dynamic errors that there shall be no play in the elongation (deflection)
are to be comparable with the static inaccuracy. It is measuring system, nor any slippage between the grips
recommended therefore that the maximum demanded and the test specimen which will significantly affect
pen velocity, Vjy, should be less than the maximum the accuracy of the test results.
possible pen velocity, a factor dependent on Wilien an extensometer attached to the test specimen
the machine grade as follows: is used, there shall be no sign of distortion or damage
wfor grade A machines; to the test specir_nen nor any slippage_ betwee_n the
extensometer grips and the test specimen which would
i-for grade B machines. significantly affect the test resultg B
When extensometer accuracy is specified, four
If only the recorder response time T is known, grades. A, B, C and D, are recognized. The grading of
then Vm~x *Tiay be calculated approximately by each range of each measuring device depends on:
means of the following equation: (a) for grade A: the values of gauge length error,
discrimination, repeatability and error found when
max ' it is verified in accordance with BS 3846;
where (b) for grades B, C and D: the values o f error found
R is the recorder full scale movement. vv_hen _|t is verified in accordance with the method
If the recommendations above are not followed, it given in table 2. )
is advised that recorder errors arising from dynajnic ~ The values in table 2 for grades B, Cand D are given
operation should be obtained from the manufacturer. in millimetres, and the corresponding error in strain
units therefore depends upon the gauge length used.
9. Measurement of elongation (deflection) For all grades the gauge length and its accuracy shall
Tlie elongation (deflection) of rubber and plastics test D€ specified in the relevant method of test or material

specimens may be measured by methods of test utilizing: ~specification.
(a) grip separation;
(b) extensometers attached to the test specimen;
(c) optical extensometers (non-attached).

Table 2. Grades of accuracy for elongation (deflection) measurement

Gorade Approximate percentage Accuracy of Accuracy of Woethod ofveriflcation
moaximum elongation moeasurement verification
(deflection) on given fevice Forextensometer Forcrosshead displacement
pauge lengtii measurement moeasurement
A Inaccordance with grade C of BS 384%
B 10 % on 25 nm to.0s mm 000 nom Inaccordance with Rig with micrometer heat
(2, =25 nm) BS 3846 (erroronly) to BS 870, 0.t 0.0015 mom
¢ 50 %aon 25 mm t 0.5 t0.L mn inaccordance with Rig with scale to BS 4371,
(Al = 125 mn) BS 3846 (erroronly) et 00 mmt
Rig with micrometer head to
BS 870, 0. £0.0015 momf
D 1200 % on 75 mom t1.0mnm t 025 m Rig with scale to BS 43772, Rig with scale to 8BS 43712,

(af =900 mm) e+ 025 m e ot 0.5 mon?

NOTE. Itisprobable that for tensile measurements extensometers attached to the testspecimen willbe vsed. However, for
moeasuren ents to grades B, C and D, crosshead displacementwill sometimes be suitable, and this may consistofadirect reading
seale ora magnifying device, Alternative methods of verification are therefore proposed forextensom eterand crosshead
moeasurement, Furtherm ore, where crosshoad displacem ent isa satisfactory measurement it isassumed that the deflection of the
load measuring head of the machine is insigriiflcantin relation to the deflection being measured,

eoln these cases the verification device should comprise a scale and vernier to the required accuracy. 0ne end isattached to the
fived part of the machine, e.q. the load measuring head, and the other to the moving crosshead. Tlte attachmentof the scale and
vernder should be as near as possible to the loading axis of the machine, e.g. vtilizing the machine grips.

toln this case the verifloation device should comprise @ micrometer head to the required accuracy. The micrometer head should be
attached to the fixed partof the machine e, adjacentto the load measuring crossheld. The axis of the verification device should
be asnearaspossible to the loading axis of the machine.



10. Rate of movement of driven grip
The testing machine shall be power driven and shall be
capable of being set at one or more of the following
rates of movement of the driven grip:
1+ 0.5 mm/min
5 £ 1 mm/min
10 £ 2 mm/min
25 +2.5 mm/min
50 + 5 mm/min

100 £ 10 mm/min

500 £ 50 mm/min.

After setting, the rate shall not vary during the
course of any test or series of tests by more than
+ 5 % of the mean rate and shall remain within the
limits imposed in the above list.

The rates of movement listed are those more
generally in use. However, it should be noted that
particular specifications may require rates and
tolerances other than the above.

11. Machine stiffness

Machine stiffness (also referred to as hardness) is the
force required to produce unit deflection of the
testing system. This includes the framework of the
machine, the straining mechanism, the force measurmg
device and the grips and attachments by which the test
specimen is held.

For a ‘soft’ machine, such as the pendulum type,
the rate of grip separation is not necessarily the rate of
extension. Consequently, the uncorrected crosshead
movement cannot be used as a measure of test
specimen deflection. Preference should therefore be
given to a machine which is stiff in comparison to the
test specimen so that the speeds of grip separation
and," if required, their accuracy of measurement are in
accordance with the requirements of clauses 10 and 9
respectively.

NOTE. A method of determining the K-value of a testmachine,

that isits apparentelastic comopliance (deflection per unit
force), is given in BS 47570,

12. Stability

The stability of electronic testing machines is
influenced by a number of factors, the most
important of which are temperature, mechanical
hysteresis in the force sensing element, sensitivity to
mains supply voltage and change in electronic
component value.

The manufacturer shall therefore state in his
specification, and in any instruction manual, such of
the following requirements as may be necessary to
maintain the stated accuracy of the machine.

(a) The maximum permissible temperature variation

from standard conditions.

(b) The maximum permissible variation of supply

voltage.

(c) The frequency at which it is necessary to adjust

any manual control, e.g. for zero or span.

13. Certificate of verification
When a testing machine has been verified in accordance
with this standard, the verifying authority shall issue a
certificate stating the following.

(a) The identity of the machine and date of

verification.

(b) The certified range and grade of each force or

extension scale.

(c) Tlie method of verification used and the identity

of any calibrating devices employed.

(d) Tlie ambient temperature at the time of

verification.

(e) The accuracy of the rate setting (see clause 10).

(f) The number of this British Standard, i.e.

BS 5214:Part 1

TTie testing machine shall be re-verified periodically
to ensure that it continues to meet the grade(s)
designated from this standard. The frequency of
re-verification depends on the type of machine, the
standard of maintenance, and the amount of usage.
Normally, it is recommended that re-verification
should be carried out at intervals not exceeding twelve
months. However, a machine shall be re-verified if, in
moving to a new location, it is dismantled, or if it is
subject to major repairs or adjustments.



Figure 1. Machine accuracy gradings from BS 1610:
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BS 1610 M oethods forthe load verification of testing machines

BS 3846 M ethods for the calibration and pading ofextensom eters for testing of metals
BS4372 Engineers steel measuring rules

BS 4789 M ethod fordetermination of K-values ofa tensUe testing systen

BSI Certification Trade Mark
The Kitemark

The Kitemark is the registered certification trade mark of the British Standards Institution. A licence to use the Kitemark on
or in relation to a product will be granted to any manufacturer or producer who demonstrates that he can and will be able
consistently to make that product to a specified British Standard, His capability of doing so is initially assessed by inspection
of his production pri>cess. quality control organization and test facilities, and b> independent testing of a sample of the product
against all the criteria of the relevant standard. The licensee is required to accept, and to operate in accordance with, a BSI
scheme ofsupervision and control which identifies the tests to be carried out fluring manufacture and on the completed product,
and specifies the frequency of such testing. BSI carries out unannounced inspection visits to the manufacturer's works and audii
lesting of the product, and may withdraw the licence for any failure of the manufacturer to comply with the relevant standard
or with the requirements of the scheme of supervision and control. The presence of the Kitemark on or in relation to a product
isanassurance that the goods have been produced under a system ofsupervision,control and testing, operated during manufacture
and including periodical inspection of the manufacturer’s works in accordance with the certification mark scheme of BSI.

Further particulars of the terms of licence may be obtained from

lhe Quality Assurance Department. British Standards
Institution. Maylands Avenue, Hemel Hempstead, Herts. HP2 4SQ.



m

Each year

£800 000 000

worth of products
sell with the BSI Kitemark

NATIONAL AND INTERNATIONAL

For the Manufacturer—The Kitemark

is a big selling point

protects you against sub-standard goods

is defence against unfair complaints

is co-operation of an independent test centre if you want
to alter design or methods

For the Buyer—The Kitemark

*

*

is an independent assurancethat you’re buying goods up
to standard '

cuts goods inwards inspection—the scheme includes type
testing and batch production audit at the factory and that
means costs and anxiety reduced

gives BSI backing

For more information about this quality assurance mark contact
Quality Assurance Department,

British Standards Institution,

Maylands Avenue, Hemel Hempstead. Herts. HP2 4SQ
Telephone: 0442 3111. Telex 82424 !

cr





