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Foreword
This part o f this British Standard has been produced under 
the d irection o f the Plastics and Rubber Standards 
Committees. It covers machines used fo r  measuring the 
tensile, flexural and compression properties o f adhesive 
jo ints, rubbers and plastics under constant rate o f force

application. This standard is therefore complementary to 
BS 5214: Part 1 which covers machines operating a t 
constant rate o f traverse. An explanatory appendix on 
aspects o f testing at a constant rate o f force application is 
provided.
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D Amendment Slip No. 1 
published and effective from 31 August 1981 
to BS 5214 : Part 2 : 1978 

Testing machines for rubbers and plastics 
Part 2. Constant rate of force application machines

Revised text

AMD 3556 
August 1981

Foreword
Add the fo llow ing  second paragraph:

'I t  is intended to  produce fu rther Parts o f this standard, 
dealing w ith  other equipment used fo r  testing plastics and 
rubber. It  is the in tention that the various Parts o f this 
standard w ill be quoted in the corresponding British 
Standards covering methods o f test, e.g. BS 903, BS 2782, 
BS 4370 and BS 4443.'

AMD 3556 
August 1981

Clause 3.1 tensile testing system 
A t the end o f the existing tex t insert the fo llow ing note: 

'N O T E . A c c o rd in g  t o  th e  a r ra n g e m e n t o f  g rip s  o r  jigs, th e  te s t  
sp ec im e n  w ill b e  in  te n s io n , sh ea r, c o m p re ss io n  o r  f le x u re .  If th e  
m a c h in e  is u sed  fo r  te s ts  o th e r  th a n  in  te n s io n , th e  te rm  'g r ip ' 
s h o u ld  b e  ta k e n  t o  in c lu d e  a  p la te n  o r  o th e r  m e m b e r  fo r  th e  
a p p lic a tio n  o f  fo rc e  to  th e  t e s t  s p e c im e n .'

AMD 3556 
August 1981

Clause 3.2 force
Delete the existing term and de fin ition  and substitute the fo llow ing: 

'Text deleted'.

AMD 3556 
August 1981

Clause 3 .5  repeatability of force, elongation and deflection measurement 
In the title  insert an asterisk after the word 'force'.

Insert the fo llow ing footnote:
'* T h e  te rm  fo rc e  th r o u g h o u t  th is  s ta n d a rd  re fe rs  to  th e  fo rc e  a c t in g  a lo n g  th e  s tra in in g  a x is  o f  th e  m ach in e .

AMO 3556 
August 1981

Clause 4. Designation\)f machine accuracy 
In item (b) delete 'o r D ' and substitute ', 0  o r E'.

AMD 3556 
August 1981

Clause 8. Measurement of elongation (deflection)
In the second line o f the f if th  paragraph delete 'and D' and substitute D and E'.

In the firs t line o f item  (21 delete 'and D ' and substitute D and E'.

Delete the existing last paragraph and substitute:

'The values in table 2 fo r grades B, C, D and E are given in 
percent o f scale reading. The manufacturer shall state the 
lowest elongation at which the specified accuracy can be 
achieved.'



AMD 3556 
August 1981

Table 2. Grades of accuracy for displacement measurement 
Delete the existing entries fo r Grades B, C and D and substitute the fo llow ing:

'B 10 % on 25 mnr> 
{ A i  = 2.5 mm)

± 2 % ± 0 .5 % In accordance w ith  BS 3846 
(error only)

Rig w ith  micrometer 
head to  BS 870

C 50 % on 25 mm 
(AZ. = 12.5 mm)

± 2 % ± 0 .5 % In accordance w ith  BS 3846 
(error only)

Rig w ith  scale to 
BS 4372
Rig w ith  micrometer 
head to  BS 870

D 1200 % on 20 mm 
(AZ. = 240 mm)

± 2 % ± 0 .5 % Rig w ith  scale to  BS 4372 Rig w ith  scale to  
BS 4372

E 1200 % on 10 mm 
(AZ. = 120 mm)

± 2 % ± 0 .5 % Rig w ith  scale to  BS 4372 Rig w ith  scale to 
BS 4372

In the second line o f the asterisked foo tnote under table 2 delete 'and D' 
and substitute D and E'.

AMD 3556 
August 1981

Standards publications referred to
Insert the fo llow ing publications in the correct numerical order.
BS 9 0 3 * Methods of tasting vulcanized rubber 
BS 2782* Methods o f testing plastics 
BS 4 3 7 0 * Methods of test for rigid cellular materials 
BS 4 4 4 3 * Methods o f test for flexible celiulsr materials 

Insert the fo llow ing foo tnote as follows:
*Referred to in the foreword only.
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British Standard Specification for

Testing machines for rubbers 
and plastics
Part 2. Constant rate of force application machines

1. SCODB
This Part o f th is British Standard specifies the requirements 
for tensile testing systems suitable fo r testing rubbers, 
plastics and adhesive jo in ts  under the condition o f a 
constant rate o f application o f force although any one 
system may on ly be applicable to  a narrower range o f 
materials. It  also covers such systems when used fo r 
flexural, shear and compression tests.

2. References
The titles o f the standards publications referred to  in this 
standard are listed on the inside back cover.

3. Definitions
For the purposes o f th is Part o f th is British Standard the 
following defin itions apply.
3.1 tensile testing system. A  machine composed o f a 
nominally fixed and a movable member to which may be 
attached suitable grips or jigs fo r holding the test specimen. 
The machine is equipped w ith  a force measuring system 
and is capable o f contro lling  the rate o f application o f 
force applied to  the test specimen. The force measuring 
system is complete w ith  indicator and/or recorder. In ad­
dition there may be included a system fo r measuring the 
displacement (extension or deflection) o f the test specimen.

3.2 force. The force measured is tha t acting along the strain­
ing axis o f the machine. According to  the arrangement o f 
grips or jigs, the test specimen w ill be in tension, shear, 
compression or flexure.

N O T E . F o r  th e  p u rp o s e  o f  th is  d e f in i t io n ,  'g r ip ' is ta k e n  to  m ea n  
'p la te n ' o r  o th e r  m e m b e r  fo r  a p p lic a tio n  o f  fo rc e  t o  t h e  te s t  
sp ec im e n  w h e n  th e  m a c h in e  is u sed  f o r  te s ts  o th e r  th a n  in  te n s io n .

3.3 elongation. The increase in the test length o f a tensile 
test specimen.
3.4 deflection. The d is to rtion  in the d irection o f the 
applied force o f a test specimen in compression, shear or 
flexure.
3.5 repeatability o f force, elongation und deflection 
measurement. The greatest difference, at a given true value, 
between the indicated values corresponding to  repeated 
applications o f the true value.
3.6 error. The mean indicated value, at a given true value, 
corresponding to  repeated applications o f the true value, 
less the true value.
N O T E . T h e  d e f in i t io n s  o f  re p e e ta b il i ty  a n d  e r r o r  a ssu m e  v e rif ic a tio n  
by  o b se rv in g  th e  v a r ia tio n  in  in d ic a te d  va lu es  o b ta in e d  w ith  re p e a te d  
ap p lic a tio n  o f  k n o w n  va lues.

3.7 accuracy o f force contro l. The maximum permitted 
positive or negative deviation o f the value o f the actual

force from  the value o f the required force at any instant of 
tim e  during the test. The commencement o f the test is 
defined as the instant o f the in itia l increment o f force from  
zero.

The accuracy is expressed as a percentage o f the required 
force o r as the same percentage o f 1/5 o f  the maximum 
demanded force, whichever is the greater. This is illustrated 
in figure 1.

N O T E . T h e  a c c u ra c y  o f  f o r c e  c o n t r o l  is th e  s u m  o f  th e  c o n tro l  
s y s te m  a c c u ra c y  a n d  a  p r o p o r t io n  o f  t h e  f o r c e  m e a su rin g  s y s te m  
a c c u ra c y .

3.8 accuracy o f contro l o f  rate o f force application. The
maximum perm itted positive or negative deviation o f the 
actual rate o f application o f force from  th a t required, up to  
the po in t where the change o f rate o f strain relative to  tha t 
in the in itia l linear zone exceeds 10 :1  (see figures 2 and 3) 
o r there is a peak o f force.

The value is expressed as the percentage deviation from  the 
rate o f application o f force required. This is illustrated in 
figure 1.

4. Designation o f machine accuracy
Machines shall be designated according to  accuracy in respect 
o f  the fo llow ing parameters:

(a) measurement o f  force (grade A  or B);

(b) measurement o f elongation or deflection
(grade A . B, C or D).

For example, a machine o f the highest accuracy shall be 
designated as 'force: grade A , elongation (deflection); 
grade A '.

I f  fo r  aMy application it  is no t considered necessary to  
specify accuracy lim its fo r  e ither o f these parameters, 
then no grade tetters shall be quoted.

It is n o t practicable to  specify the machine accuracy in 
respect o f force con tro l. Instead the required accuracy o f 
the machine and test specimen combination shall be 
specified as described in clause 10. For example, force 
con tro l: grade A  on material ABC o f dimensions XYZ.

5. Design features
5.1 Size and construction. The size and construction shall 
be such that the machine Is able to  test all materials fo r 
which i t  is intended to  be used and shall have no features 
which may adversely affect test results.

The traverse o f the moving grip shall be able to  accom­
modate the maximum elongation o f the test specimen.
In the case o f the more highly extensible materials a 
traverse In excess o f 1 m may be necessary.



5.2 Machine axial alignment. The coupling between the 
force measuring system, the grips or test specimen jig  and 
the correctly installed test specimen shall be accurately 
aligned w ith  the straining axis o f the machine and the test 
axis o f the test specimen shall coincide w ith  the d irection 
o f the applied force.

N O T E . N o n -ax la i a l ig n m e n t o f  a  t e s t  s p e c im e n  in  t h e  g rip s  a n d  lack  
o f  t e s t  s p e c im e n  s y m m e try  a re  p a r t ic u la r ly  im p o r ta n t  c a u s e s  o f  
v a r ia t io n  in  t e s t  r e s u l ts .

5.3 Specimen grips. For testing dum b-bell, parallel strip 
and sim ilar tensile test specimens, the machine shall be 
provided w ith  a type  o f grip which closes autom atica lly as 
the tension increases (e.g. wedge or pneumatic) and which 
exerts a un ifo rm  pressure across the w id th  o f the test 
specimen. The test specimen shall be held in such a manner 
th a t slip relative to  the grips is prevented as fa r as possible. 
For testing lap jo in ts  o f rigid materials o ther types o f grip 
may be suitable.

5.4 Drive characteristics. The drive o f the machine shall be 
w ith o u t significant backlash and the machine shall be fitte d  
w ith  an autom atic cut-out which stops the drive when the 
test specimen fails.

5.5  Jigs fo r  use in  compression, shear and flexure. Such 
jigs or fix tu res shall conform  to  the relevant method of 
test o r material specification. They shall no t s ignificantly 
affect the accuracy of the machine by the in troduction  o f 
fr ic t io n , backlash or non-alignment.

6. Force measuring system
A  continuous indication o f the force applied to  the test 
specimen, preferably recorded autom atically w ith  a perma­
nent ind ica tion  o f the maximum force, shall be provided.

Machines w ith  low  inertia in the ir force measuring system 
shall be provided fo r constant rate o f force application 
testing, where the control response o f the machine as well 
as the force measuring system response is very much 
influenced by inertia effects.

7. Force measuring system accuracy
7.1 Static force. For all scale ranges, tw o  grades, A  and B, 
shall be specified, as defined In BS 1610. The designation 
o f each scale o f a machine depends upon the values of 
repeatability and error found when i t  is verified in accord­
ance w ith  the methods described in section one o f BS 1610 : 
1964 except tha t calibration shall be made w ith  both 
increasing and decreasing force. In general, method 1 is 
suitable on ly fo r verifying scales w ith  a maximum force up 
to  approxim ately 1500 N. w hils t methods 2 and 3 are 
suitable fo r verify ing all scales w ith  a maximum force 
reading greater than 500 N.

The maximum permissible values fo r  repeatability fo r grades 
A  and B are given in  table 1 and are based on BS 1610; the 
corresponding lim its o f error are illustrated in figure 4.
I f  separate scales fo r  use In compression or other modes o f 
operation are provided, these shall be verified separately.

7.2 Dynamic force. Tensile testing machines fitte d  w ith  
electronic force measuring devices may be regarded as 
su ffic ien tly  free o f Inertia fo r  the speeds o f testing given In 
clause 9. This does not necessarily apply to  the electronic 
recorders norm ally used w ith  them  and. In many cases, the 
dynamic Inaccuracy o f these recorders considerably exceeds 
the ir static inaccuracy.

A ll electro-mechanical recorders suffer dynamic errors 
which are usually made up o f acceleration errors stemming

Table 1. Grades of accuracy for force measurement

1 2 3 4 5 6 7

G ra d e A c c u ra c y  o f  
v e r if ic a tio n  dev ices

C e r tif ie d  rar>ge

Force applied 
by weights or 
proving levers 
correct to 
w ith in

Grading o f 
elastic proving 
device

O ne-fifth  force to  fu ll force o f machine 
scale and all forces o f a machine apply­
ing fixed  forces

Below one-fifth  o f machine scale 
range

R e q u ire m e n t  fo r  
re p e a ta b il i ty

R e q u i r e m e n t  for 
a c c u ra c y

R e q u ire m e n t  fo r  
re p e a ta b i l i ty

R e q u i re m e n t  f o r  
a c c u ra c y

A t each 
verification 
force, maximum 
permissible d iffe r­
ence between 
highest and lowest 
readings expressed 
as a percentage of 
the verification 
force

A t each 
verification 
force, maximum 
permissible error 
expressed as a 
percentage o f the 
verifica tion force

A t each 
verification 
force, maximum 
permissible d iffe r­
ence between 
highest and 
lowest readings, 
expressed as a 
percentage o f the 
fu ll force reading 
o f the scale

A t each 
verification 
force, 
maximum 
permissible 
error expressed 
as a percentage 
o f the fu ll fo rce  
reading o f th e  
scale

A
%
± 0.2 1

%
1.0

%
± 1.0

%
0.2

%
± 0.2

B ± 0 .3 2 2.0 ± 2 .0 0.4 ± 0 .4

N O T E . T h e  r e q u ir e m e n t  f o r  a c c u ra c y  is a  p e rc e n ta g e  o f  th e  t r u e  fo rc e  w ith in  t h e  ra n g e  o n e - f i f th  f o r c e  t o  fu ll fo rc e  o f  th e  m achir>e sca le  b u t  is 
a  c o n s t a n t  fo r c e  e r r o r  fo r  fo rc e s  b e lo w  o n e -f if th  o f  th e  sca le . T h u s  a t  o n e - f if th  sca le  o n  a  5 0 0  kN  g ra d e  A  m a c h in e  s c a le ,  th e  m a x im u m  p e r ­
c e n ta g e  e r r o r  o f  a p p lie d  f o r c e  p e n n i t t e d  is  ± t  % a n d  t h e  fo rc e  e r r o r  is  ± 1  k N .T h e  p e r m i t t e d  f o r c e  e r r o r  f r o m  z e r o  t o  o n e - f i f th  o f  t h e  s c a l e ,  
(1 0 0  k N )  a c c o rd in g ly  re m a in s  c o n s ta n t  a t  ± 1 kN .



from  the inertia o f the device and velocity lag errors due to  
viscous and coulom b fr ic tio n . Measurement o f recorder 
dynam ic accuracy is best achieved by recording the error 
signal level during the test. This can be done w ithou t a ffec t­
ing the instrum ent performance bu t is usually technically 
d iff ic u lt. I t  is. therefore, no t considered practicable at 
present to  specify lim its  and a calibration procedure fo r 
dynam ic accuracy in this standard. Consequently the user is 
advised to  obta in, from  the testing machine manufacturer, 
dynam ic accuracy figures fo r  the recorder in order to  calcu­
late the probable measurement error and assess whether or 
not i t  is significant. In cases where i t  is significant, either 
the testing rate may be reduced, o r the fu ll scale range of 
the ou tpu t device may be increased in order to  reduce the 
acceleration and velocity levels.
As a guide to  recorder requirements, the response time fo r 
fu ll scale travel should be considerably less than the rise 
time o f the force, i f  the dynam ic errors are to  be compar­
able w ith  the static inaccuracy. It is recommended, there­
fore, tha t the maximum demanded pen velocity ( I 'd ) 
should be less than the maximum possible pen velocity 
(^rnax) by a factor dependent on the machine grade as 
follows:

(a)
10

(b)

fo r  grade A  machines.

fo r grade B machines.

If on ly the recorder response tim e T is known, then I'max 
may be calculated approxim ately by means o f the fo llow ing 
equation:

V ^

where

R  is the recorder fu ll scale movement

If the recommendations above are not fo llowed, recorder 
errors arising from dynamic operation should be obtained 
from the manufacturer.

8. Measurement of elongation (deflection)

The elongation (deflection) o f test specimens shall be 
measured by a method o f test u tiliz ing  one o f the 
following techniques:

(a) grip separation;

(b) extensometers attached to  the test specimen;

(c) optical or other non-attached extensometers.

During the process of measurement, a continuous 
indication o f the elongation (deflection) and a permanent 
indication o f the maximum elongation (deflection) shall be 
given. Preferably the elongation (deflection) should be 
recorded autographically in the fo rm  o f a force/elongation 
(deflection) curve.

F or some purposes, particu la rly  fo r  tests in  flexu re , shear or 
compression, the measurement o f grip separation is the 
m ost convenient method. In such cases i t  is essential tha t 
there shall be no play in the elongation (de flection) 
measuring system nor any slippage between the grips and 
the  test specimen which w ould s ign ifican tly  a ffec t the 
accuracy o f the  test results.

I f  an extensometer attached to  the test specimen is 
used, there shall be no sign o f d is to rtion  o r damage to  the 
test specimen nor any slippage between the  extensometer 
grips and the test specimen w hich w ou ld  s ign ifican tly  affect 
the test results.

When extensometer accuracy is specified, fo u r grades. A ,
B, C and 0  are recognized. The grading o f each range o f 
each measuring device depends on the fo llo w in g :

(1) fo r  grade A  the values o f gauge length error, 
d iscrim ination, repeatability and error found  when 
i t  is verified in accordance w ith  BS 3846 ;

(2) fo r grades B, C and D the values o f  e rro r found  
when i t  is verified in accordance w ith  the method 
given in table 2.

The values in table 2 fo r  grades B. C and D are given in 
m illim etres and the corresponding errors in strain units 
therefore depend upon the gauge length used. For all 
grades, the gauge length and Its accuracy shall be specified 
in  the relevant method o f test o r material specification.

9. Rate of application of force
The testing machine shall preferably be capable o f operating 
at one or more o f the fo llow ing rates of application o f 
force;

0.5 kN /m in , 1 kN /m in , 2 kN /m in , 5 kN /m in ,

10 kN /m in , 20 kN /m in , 50 kN /m in

Care should be taken to ensure tha t an appropriate size o f 
test specimen is used in each case.

O ther rates, outside these lim its , fo llow ing  the R IO (1 ,2 , 5) 
series given in BS 2045 :1965  may be used if  given in a 
material specification.

10. Accuracy of force control
The accuracy o f force control and the accuracy o f the rate 
o f application o f force is dependent upon the fo llow ing:

(a) the maximum straining rate;

(b) the change o f straining rate;

(c) the rate o f change o f straining rate;

(d) the machine drive and other characteristics.

Therefore, since the firs t three factors are dependent on the 
specimen being tested, the accuracy o f force contro l o f the 
machine alone cannot be specified. The user is advised to 
carry out some prelim inary tests to  establish whether the 
accuracy required is attainable on the machine.

The accuracy grades shown in table 3  shall be used as a 
means o f quantifying the performance o f a constant rate 
o f force machine when testing a particular material and 
specimen shape.



Table 2. Grades of accuracy for displacement measurement

G rade A p p ro x im a te  m axim um  
e longation  (deflection) % 
o n  given gauge length , 
m m

A ccuracy  o f
m easu rem en t,
m m

A ccuracy  of 
verification  
dev ice, 
mm

M ethod  o f  verification*

F o r ex ten so m eter 
m easu rem en t, mm

F o r erosshaad d isplacem ent 
m easu rem en t, mm

A Com plying w ith the requirements o f grade C o f BS 3846:1970

B 10 on 25
{AL =  2.5)

± 0 .0 5 ±0 .01 Complying w ith  the requirements 
o f BS 3846 (error only)

Rig w ith  micrometer 
head complying w ith  
the requirements of 
BS 870, i.e. ± 0 .0 0 1 5 t

C 50 on 25 
(A L =  12.5)

± 0 .5 ±0 .1 Complying w ith  the requirements 
o f BS 3846 (error only)

Rig w ith  scale com ply­
ing w ith  the require­
ments of BS 4372, 
i.e. ± 0.1 +
Rig w ith  micrometer 
head complying w ith  
the requirements of 
BS 870. i.e. ±0 .0 0 1 5 t

D 1200 on 25 
(AZ. = 300)

± 1.0 ± 0 .2 5 Rig w ith  scale com plying w ith  
the requirements o f BS4372, 
i.e. ± 0 .2 5

Rig w ith  scale com ply­
ing w ith  the require­
ments o f BS 4372, 
i.e. ± 0.25*

* l t  is p ro b a b le  t h a t ,  fo r  te n s i le  m e a s u re m e n ts ,  e x te n s o m e te r s  a t ta c h e d  t o  t h e  t e s t  sp e c im e n  w ill b e  u sed . H o w ev e r, fo r  m e a su re m e n ts  to  
g ra d e s  B, C a n d  O , c ro s sh e a d  d is p la c e m e n t w ill s o m e t im e s  b e  s u i ta b le  a n d  th i s  m a y  c o n s is t  o f  a  d ir e c t  re a d in g  s c a le  o r  a  m a g n ify in g  dev ice . 
A lte rn a t iv e  m e th o d s  o f v e r if ic a tio n  a re  th e r e f o r e  p ro p o s e d  fo r  e x te n s o m e te r  a n d  c ro s s h e s d  m e a su re m e n t.

F u r th e rn D cre , w h e re  c ro ssh e a d  d is p la c e m e n t is a  s a t i s fa c to ry  m e a s u re m e n t ,  it  is a s s u m e d  t h a t  t h e  d e f le c t io n  o f  t h e  lo a d  m e a su rin g  h e a d  of 
t h e  m a c h in e  is in s ig n if ic a n t in  r e la t io n  to  t h e  d e f le c t io n  b e in g  m e a su re d .

t i n  th i s  c a s e ,  th e  v e r if ic a tio n  d ev ice  s h o u ld  c o m p r is e  a  m ic ro m e te r  h e a d  to  t h e  re q u ire d  a c c u ra c y .  T h e  m ic ro m e te r  h e a d  s h o u ld  b e  a t ta c h e d  
to  t h e  f ix e d  p a r t  o f  th e  m a c h in e , e .g . a d ja c e n t  t o  t h e  lo a d  m easurir>g c ro s s h e a d . T h e  a x is  o f  t h e  v e r if ic a tio n  d e v ic e  s h o u ld  b e  as  n e a r  as 
p o s s ib le  t o  t h e  loadir>g a x is  o f  t h e  m a c h in e .

^ T h e  v e r if ic a tio n  d e v ic e  s h o u ld  c o m p ris e  a  s ca le  a n d  v e rn ie r  to  th e  re q u ire d  a c c u ra c y .  O n e  e n d  is a t ta c h e d  t o  t h e  f ix e d  p a r t  o f  t h e  m a c h in e , 
e .g . t h e  lo a d  m e a su rin g  h e ad , a n d  t h e  o th e r  t o  t h e  m o v in g  c ro s sh e a d . T h e  a t t a c h m e n t  o f  t h e  s ca le  a n d  v e rn ie r  s h o u ld  b e  as n e a r  a s  p o ssib le  
to  t h e  loadir>g a x is  o f  th e  m a c h in e , e .g . u tiliz in g  th e  m a c h in e  g rip s .

Table 3. Accuracy of force control

A ccu racy
g rade

A ccuracy  o f  rate  o f 
ap p lica tion  o f  
fo rce . %

A ccuracy  o f  fo rce  
c o n tro l. %

A 1 1
B 2 2
C 5 5
D 10 10
E 50 50



11. Machine stiffness
Machine stiffness (also referred to  as hardness) is the force 
required to  produce u n it deflection o f the testing system. 
This includes the fram ew ork o f the machine, the straining 
mechanism, the fo rce  measuring device and the grips and 
attachments by w h ich  the test specimen is held.

For a 'so ft' machine the traverse o f the driven element is 
not necessarily the same as the rate o f separation o f the 
grips. Consequently, the uncorrected crosshead movement 
cannot be used as a measure o f sample deflection. The 
accuracy o f contro l o f  rate o f application o f force w ill 
generally be better w ith  a s t if f  machine. Preference shall, 
therefore, be given to  a machine which is s tiff in 
comparison w ith  the test specimen.
N O T E . A  m e th o d  o f  d e te r m in in g  th e  -va lue  o f  a  te s t  m a c h in e , 
i.e. i ts  a p p a r e n t  e la s tic  c o m p l ia n c e  (d e f le c tio n  p e r  u n i t  fo rc e )  is 
given in BS 4 7 5 9 .

12. Stability
The long term  s tab ility  o f  electronic testing machines is 
influenced by a number o f factors, the most im portan t o f 
which are temperature, mechanical hysteresis in the force 
sensing e len^n t, sensitiv ity to  mains supply voltage and 
change in electronic com ponent value.

The manufacturer shall, therefore, state in his specification 
and in any instruction manual, such o f the fo llow ing 
requirements as may be necessary to  maintain the stated 
accuracy o f the machine:

(a) the maximum permissible temperature variation 
from  standard conditions;

(b) the maximum permissible variation o f supply 
voltage;
(c) the frequency at which i t  is necessary to  adjust any 
manual control, e.g. fo r  zero or span.

13. Operational aspects
Slack in the grips and/or couplings shall be avoided when­
ever possible and change in the straining rate during the 
test shall be minim ized where possible.

The m axim um  straining rate shall be as low as possible in 
re la tion to  the m axim um  ve locity o f the  testing machine.

S tringent specifications regarding test machine accuracy are 
o f l it t le  value unless testing technique is closely contro lled. 
C orre lation o f test data fro m  d iffe ren t laboratories 
depends as much upon testing techniques as upon machine 
specifications. Operator errors, test specimen insta lla tion 
technique and test specimen va riab ility  are m ajor sources 
o f error.

Care shall be taken to  avoid exposure o f  the machine to  
draughts o r to  radiant heat.

14. Certificate o f verification
When a testing machine has been verified in  accordance w ith  
th is  standard, the verify ing  au tho rity  shall issue a certifica te  
stating the fo llow ing :

(a) the iden tity  o f the machine and date o f verifica tion ;
(b) the certified  range and grade o f each force or 
extension scale;

(c) the method o f verifica tion used and the iden tity  o f 
any calibrating devices employed;

(d) the ambient temperature at the tim e  o f verifica tion ;

(e) i f  required, the accuracy o f contro l o f the rate o f 
force application;

N O T E . T h is  c a n  o n ly  b e  c e r t i f ie d  in  te rm s  o f  a  g iv en  te s t  
sp e c im e n .

(f) the number o f this British Standard, i.e. BS 5214- 
Part 2.

The testing machine shall be re-verified periodically to  
ensure tha t it continues to  meet the grade(s) specified In 
th is standard. The frequency o f re-verification depends on 
the type o f machine, the standard o f maintenance, and the 
am ount o f usage. N orm ally, i t  is recommended tha t 
re-verlfication should be carried out at intervals no t exceed­
ing 12 months. However, a machine shall be re-verified if, 
in moving to  a new location, i t  is dismantled, o r I f  i t  is 
subject to  major repairs o r adjustments.



Appendix A  

Testing at a constant rate o f force application
A  constant rate o f traverse test requires the contro lled  
elem ent o f the testing machine to  travel at a pre-determined 
ve loc ity . The machine w ill drive at th is  speed w hether or 
n o t a specimen is f i t te d  because the  drive perform ance is 
nom ina lly  independent o f the specimen characteristics. 
Testing at a constant rate o f application o f force, however, 
requires the specimen, the grips and the fo rce  transducer 
to  become part o f the control loop. This means tha t the 
characteristics o f these elements such as backlash in the 
g rip , stiffness change in the specimen and non-linearity o f 
th e  transducer may a lfec t both the accuracy and the 
dynam ic s tab ility  o f  the system. Figures 2 and 3  respectively 
Illustra te  the variations o f force and strain during such a 
test on a specimen w hich exhibits a sudden change o f 
stiffness (points D* and D). The lines O A and O F’ represent 
the desired and the actual specimen loading during the 
test. The e rror in th e  value o f force at any instant is shown 
typ ica lly  as e  and th e  error o f the rate o f force application 
a t any instant is shown typ ica lly  by the change o f slope 
relative to  the  desired line O A . The loading line  OF* may 
be considered hypothetica lly  as comprising five zones as 
shown in figure 2; these are as fo llows:

OB ' is the backlash originating usually from  slack in 
the couplings;

B'C’ is the bedding zone orig inating fro m  grips or 
couplings which require a certain fo rce  before they 
bed down and start to  deform  linearly ;

C*D^ is the linear force application zone in  which all 
machine elements, as well as the specimen, deform 
elastically;
D*E* is a fu rthe r linear force application zone fo llow ing 
a sudden change o f straining rate;
E 'F ' is the non-linear zone in  w hich the rate o f change 
o f force varies owing to  the sensitiv ity o f  the control 
system to  the  increasing strain rate. This normaUy 
originates from  the specimen when plastic deformation 
occurs.

The corresponding variation o f strain during  these five zones 
is shown in figure 3.
In some cases the in itia l backlash and bedding zones and the 
zone in which the rate o f straining changes significantly are 
o f lim ited interest. However, i f  the errors encountered in 
the im portant zone are excessive, i t  may be possible to 
reduce them by one or more o f the fo llow ing :

(a) altering the shape o f the test specimens;

(b) reducing the rate at w hich force is applied;

(c) im proving the machine performar>ce by adjustment 
o r machine change.

Max
f o r c e



P ig u rs  2. T y p ic a l a c tu a l  f o r c e / t im e  c u rv e  o b ta in e d  d u r in g  a  t e s t  c o m p a re d  w i th  t h e  re q u ir e d  c u rv e

F igu re  3 .  M ach ine  e le m e n t  d is p la c e m e n t / t im e  c u rv e  c o rre s p o n d in g  t o  t h e  a c tu a l  fo r c e  c u rv e  
sh o w n  in  f ig u re  2



Figure 4. Machine accuracy gradings from BS 1610
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