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ISO-std Test method Uncertainty
ISO 34-1 Tear Test, method A ± 36 %
ISO 34-1 Tear Test, method B ± 37 %
ISO 34-1 Tear Test, method C ± 30 %
ISO 37 Tensile Test, TS MPa ± 5 %
ISO 48 Hardness, metod N ± 1,75 IRHD
ISO 48 Hardness, method M ± 3,2 IRHD
ISO 188 Ageing, method A, change in IRHD ± 38 %
ISO 188 Ageing, method A, change Eb ± 25 %
ISO 815 Compression set at 100 °C ± 18 %
ISO 815 Compression set at –25 °C ± 75 %
ISO 1817 Effect of liquids No ITP done
ISO 2921 TR-test No ITP done
ISO 3384 Stress Relaxation method A, ± 6 %
ISO 3384 Stress Relaxation method B, ± 18 %
ISO 6914 Stress Relaxation, method A No ITP done
ISO 7619 Hardness ± 2,5 Shore A

Table 1

Present reproducibilities
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Hardness Shore A

IRHD N

IRHD M

Tensile tests

Heat ageing tests

TR tests

A project started 1989 to study the factors influencing
the test results, with the aim of improving the precision
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Equipment

Operator

Temperature

Thickness

Applied load  (Shore)

Hardness - factors studied
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Picture 1

Old type Shore testers
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Picture 2

Old type IRHD testers
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            Mean R (R)
-----------------------------------------
IRHD-N 60,5 4,1 6,8

IRHD-M 60,8 5,5 9,0

Shore A 60,9 7,3 12,0
R = actual units
(R) = %

Table 2

Hardness reproducibility, ITP 1987
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IRHD N                                             Mean R (R)
------------------------------------------------
Different operators and different  testers 59,8 3,0 5,1

Different operators and the same tester  59,8 3,0 5,1

One operator and different testers          59,4 1,4 2,4

One operator and the same tester           59,4 1,8 3,1

R = actual units
(R) = %

Table 3

Hardness - Equipment and operator influence
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IRHD M                                  Mean R (R)
-------------------------------------------------
Different operators and different testers 62,2 3,2 5,2

One operator and different testers         62,0 2,8 4,5

R = actual units
(R) = %

Table 4

Hardness - Equipment and operator influence
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Shore A                                      Mean R (R)
------------------------------------------------
Different operators and different  testers 61,0 4,6 7,5

Different operators and the same tester  59,7 3,2 5,3

One operator and different testers          61,2 3,1 5,1

One operator and the same tester           61,3 1,8 3,0

R = actual units
(R) = %

Table 5

Hardness - Equipment and operator influence
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Picture 3

Hardness - Temperature influence
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Mean values for 5 materials
0,13 IRHD/ °C



Picture 4

Hardness - Thickness influence
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Shore A                               Load Mean Increase
-------------------------------------------------
First series, 11 samples        1 kg   60,6  

                                              5 kg   63,1    2,5

Second series, 7 samples     1 kg   60,6   

                                              5 kg   62,8    2,2

Table 6

Hardness -  influence of applied load

Improving precision of rubber test methods2:13  28/10/2007Elastocon AB



Method            R 
------------------------------
IRHD-N
Equipment    0,4
Operator      1,6
Temperature 0,13 per °C
Thickness 2,0 from 4 to 10 mm

IRHD-M
Equipment       2,8
Operator     0,3

Shore A
Equipment       1,4
Operator      1,5
Load        2,4 from 1 to 5 kg
Thickness        1,5 from 4 - 10 mm

Table 7

Hardness -Summary of influences
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 IRHD-N
Eliminate the friction inside the dial gauge

Automatic timing of zero time and measuring time

Automatic lowering of zero load and measuring load

IRHD-M
The same as for IRHD-N

Shore A
Use of a constant load

Increasing the measuring time to 3 s

Regular calibration and adjustment
Table 8

Hardness, recommended actions - 1993
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            Mean r  (r)  R  (R)
---------------------------------------------------
IRHD-N 63,6 1,8 2,8 3,4 5,3

IRHD-M 63,9 1,2 2,1 3,6 6,2

Shore A 62,3 1,4 2,4 3,8 5,9
R = actual units
(R) = %

Table 9

Hardness reproducibility, ITP 2005
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Picture 5

New types of hardness testers
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IRHD-N, IRHD-M, Shore A, D and M

Shore all scales

IRHD-N, IRHD-M, Shore all scales



Calibration

Equipment

Test conditions

Test piece preparation

Thickness measurement

Table 10

Tensile test - factors studied
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                               Mean R (R)
-------------------------------------
Tensile strength, MPa 13,9 2,1 15,1

Elongation at break, % 504 85 17,0

Stress at 100 %          2,5 0,48 19,4

R = actual units
(R) = %

Table 11

Tensile reproduceability, ITP 1987
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Lab Force
1 49.45
2 -
3 49,20
4 48,50
5 49,10
6 50,14
7 48,70
8 48,80
9 49,24
10 49,04
11 -
12 49,02
13 50,20
14 49,05
Mean  49,20
R 1,46
(R) 2,97

Table 12

Tensile test -  influence of calibration
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Three test pieces  Mean R (R)
------------------------------------------------------------------
Tensile strength, MPa 16,6 1,75 10,6

Elongation at break, % 459 88   19,1

Stress at 100 %           2,4  0,37 15,3

Five test pieces    Mean R (R)
------------------------------------------------------------------
Tensile strength, MPa 16,5 1,44 8,7

Elongation at break, % 459 82   17,9

Stress at 100 %           2,4 0,37 15,3

R = actual units (R) = %

Table 13

Tensile test -  no. of test pieces
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Factor                                        (R)
---------------------------------------------------- 
Calibration 1,8
Thickness measurement 1,2
Cutting of test pieces 1,3
Using 5 instead of 3 test pieces 1,9

Table 14

Tensile tests -Summary of influences
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Picture 6

New Tensile Testers
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temperature uniformity in time

temperature uniformity in space

air speeds

air exchange rates

ageing results in different ovens

Table 15

Investigation of ovens
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Picture 7

Old Cell Oven
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Picture 8

Cabinet Ovens 
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Heraueus 5042 Heraeus 5060E

Salvis TSW 60



12 laboratories, ITP 1988      mean s   R (R)

Change in tensile strength, % -18 5,3 15 83
Change in elongation at break, % -40 5,8 16 40
Change in micro hardness, IRHD -13 3,8 10 77

s= std deviation
R= reproducibility in actual units of measurements
(R)= reproducibility in %

Table 16

Ageing test reproducibility
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temperature
air speed

Closer investigations
of the factors 
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Temperature tolerances  in ISO 23529  are
± 1 °C up to and including 100 °C
± 2 °C 100 °C and up
± 2 h time tolerance at test times 1 week or longer

1 °C wrong temperature corresponds to 10 % 
in testing time at an Arrheniusfactor of 2, 
or 15 % at a factor of 2,5.

This means that two laboratories can be 60 % 
from each other at a test at 125 °C and still be 
within the specification.

Temperature influence
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Heraeaus UT 5042

Heraueus UT 5060 E

Salvis TSW 60

Elastocon EB 01

Elastocon EB 04

Table 17

 
Investigated ovens
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Oven 5042 5060E TSW 60 EB 01 EB 04
°C 13,8 0,1 0,2 0,1 0,1

Table 18

Temperature variations in time
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Location 5042 5060E TSW 60 EB 01 EB 04
Inner 0,9 0,5 1,3     NA 0,4
Centre 0,7 1,7 1,3     NA 0,3
Outer 0,7 1,1 2,7     NA 0,2
Total 1,2 1,7 3,1     0,5 0,4

Values in °C

NA= not applicable
The table shows the difference berween five points in 
each location and the total difference (all points all locations)

Table 19

Temperature variations in space
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Picture 9

TSW 60
Heat ageing
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Picture 10

EB 04
Heat ageing
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Picture 11

Ageing, different temperatures
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Oven 5042 5060E TSW 60 EB 01 EB 04
Open exhaust ~160    ~40     ~300 20 16
Closed exhaust       0        0       ~20 0 0

Values in air changes per hour

Table 20

Air exchange rates
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Speed 5042 5060E TSW 60 EB 01 EB 04
Min speed 0,5 0,0 0,4 <0,001 <0,001
Max speed 2,6 4,5 3,0 <0,001 <0,001

Speed in m/s

Table 21

Air speeds
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Time, hours

Hardness increase, m-IRHD
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Picture 12

NBR/PVC at 100 °C
Ageing in different ovens
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Time, weeks

Weight loss, %
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Picture 13

NBR
Ageing, different air speeds
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Time, weeks

Weight loss, %
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Picture 14

EPDM
Ageing, different air speeds
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10 laboratories, ISO ITP 1997 mean r  (r)   R   (R)

Change in tensile strength, % -7 8,5 121 11,7 167
Change in elongation at break, % -24 9,2 38 12,2 50
Change in micro hardness, IRHD -8,3 4,4 53 6,3 76

r= repeatability in actual units of measurements
(r)= repeatability in %
R= reproducibility in actual units of measurements
(R)= reproducibility in %

Table 22

Ageing ISO ITP 1997
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Temperature measurements

Agitation in the bath

Length measurements

Table 23

TR test - factors studied
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Picture 15

Traditional manual TR-Tester
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            1985        1987
             R          R

TR10      6,2           5,9
TR30      7,2           7,8
TR50      6,3         11,2 
TR70      7,1         12,6
R= reproduceability in actual units of measurements, °C

Table 24

TR-test
Reproduceability R in °C
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Picture 17
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Picture 18

Automatic TR-tester
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An ITP programme started last year within 
ISO TC 45/SC2.

The objective is to perform ITP:s for all
common Rubber test methods in a 4-year cycle.

The responsibility to organize the ITP:s will be
rotated between the participating laboratories

This will be a service for accredited laboratories who 
needs to participate in ITP.s and the results will be 
included in the ISO test methods as precision clauses.

ISO ITP Programme
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Today when requirements for quality are 
increasing and tolerances are tightened, 
we need to be able to measure more 
accurately. 

To meet this requirement we need to actively
participate in the national and international 
standardisation work to improve the 
test methods.

Conclusion
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