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Foreword

ISO (the Internationa] Organization for Standardization) is a worldvWde federation of national
stwdards bodies (ISO member bodies). The work of preparing International StaAd”s Is normally
carried out through 1SO technical committees. Each member body interested in a subject fpr which a. . !
te<;hnical committee has been established has the right to be represented bn that committee®
Internationa] organizations/ governmental and non-governmental in liaison with 1SO/also take part In

the work. ISO collaborates closely with the International Electrotechnical Commission (IEC) on all<

niajtters of electrotechnical standardization.

The procedures used to develbp this document and those intended for its further liiaintfihanceare  : i
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for tiie ; :
different types of ISOdocuments should be noted. This document was drafted in accordance’with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.lso.org/directivesl.

Attention Is drawn to the possibility that some of the elements of thisdocument may be the subjectof * n
patent rights. ISOshall not be held responsible for identifying any or all such patent rights. Details of i
any patent rights identified during the development ofthe do”~mentwill be in the Inlit*uction and/or.

on the I1SOlist of patent declarations received fsee www.iso.Qrg/patentsl. <
Any trade name used in this document is information given for the convenience ofusers and do” liot \L - . -
constitute an endorsement e i

' j , . ] TS A
For an explanation on the meaning of 1SO specific terms and expressions related to conformity - AN &
assessment, as well as information about ISO's adherence to the WTO principles in the Technical -7
Barriers to Trade (TBT) see the following URL: Foreword mSupplementary information.. vASTTHY

The committee responsible for this document is ISO/TC 45, Rubber and rubber.products, Subcommlttw, *

SC2, Testing and analysis, “
- This second edition cs™ncels and repiaces the first edition (1ISO<2897:2003), of which it constitutes a i®inor m

revision. The following are the changes: \ "'Sxrt ¢
' I.

Annex-A has been updated

Annex B has been added
e
Annex C has been added

ISO 289 consists of the following parts, under the general title Rubber, unvulcanized— Determinations
a 3hearino-disc viscometer.
t-

— Parti: Determination of Mooney viscosity

= ! Part’2. Determination of pre~vuicanization charatteristics
-r u - = *

/ Part 3: Determination of the Deita Mooney value for non-pign*nted, oil*xtended emulsion-polymertzed
' 1SBR j. -

— ; Part-4: Determination ofthe Mooney stress-refaxation rate


http://www.lso.org

In thi» corrected vertlon of ISO 269-4f2Md, the following change* have been incorporated:

page iv: oorfootod <ho TC titto:

pagwi v, 1, 3,6, ?r fnodifioet"oo9 of bibNogrophio fofarenoo num&Of;

page 3: addition of tho word *thkiknooo-<o NQTS-aj

page 3: ahongo of oymbol fof' Moonay unito— ffom A/ to L1V
page & Pigwfe 1. addition of symbol t. to tha koy for >ho obBoiooa:
page 6: oubolauoo A.2.1, now tout; . \%
pago 9: Tablo A.1, dolotion of tha oooond lino ef tha toWe-titlo and oloo of the word “MOTg* obw a tha table featnataa;

pages 13 and 14: Bibliography, change in order and numbering of raferancas, dolotion of former reforonoe [6], datailad ohangea Ift '; ~
former'roforanoao

<.5, menm
nu/j
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Introduction

Mooney viscosity, as defined in 1SO 289-1, is one of the most widely accepted rubber characterization
parameters; However, Mooney viscosity alone Is usually insufficient to guarantee that other rheological
properties are well controlled [1]. It does not give any Infonnation about the elasticity of raw and unvulcanized
rubbers [2]. Viscosity and elasticity can change independently, therefore it is important to have test
procedures available that are able to measure both properties independently.

Mooney viscosity Is measured at one specific shear rate and rubbers exhibit shear rate-dependant viscosity.
Sophisticated test equipment to measure the viscosity of a rubber as a function of the shear rate is available.
Generally speaking, this type of equipment, its operation and the interpretation of the results is too
complicated to be used as a standard quality control tool at present.

ASdescribed in the literature [3] the Mooney stress-relaxatlon is related to the elastic effects inthe rheology of
unvulcanized njbbers. It can be measured relatively easily and only tal*es a few seconds extra at the end * a
standard Mooney viscosity measurement. The MSR parameter is independent from Mooney viscosity.-.

Mooney stress-relaxation. combined with the conventional Mooney viscosity, gives a better description of the
visco-elastic behaviour of uncompounded as well as compounded, unvulcanized rubbers [4]. Mooney stress
relaxation measurements have been proposed as quality control tool [5] [6].

The short interval method as described in this part of ISO 289 is.a refinement of the evaluation procedures for
Mooney stress relaxation measurements. Short inten/al evaluation leads to higher reproducibility compared to
using an extended interval.

Using a short interval, a major parameter relevant to rubber, rheology can be obtained from Mooney stress
relaxation experiments viz. the Mooney stress>relaxation rate (MSR) l.e. the rate of decay of torque versus
time [7] 18) [9] (20),

The Moonciy stress-relaxation rate also has been referred to as “slope”, where the latter Is sometimes
presented as a positive and sometimes as a negative value. As the method described in thid part of 1SO 289
uses a specific evaluation interval and the parameter is always referred to as a positive value, a new
distinctive name has been chosen [11] [12] [13] [14],

Data are available to show that the described method distinguishes polymers (EPOM) with different high
molecular weight fractions despite the short evaluation interval.



Rubber, unvulcanized — Determinations using a shearing-disc
viscometer —

Part 4.
Determination of the iVlooney stress-reiaxation rate -

1 Scope

This part of 1SO 289 specifies a method of use of a shearing-disc viscometer for measuring the Mooney,
stress-relaxation rate (MSR) of uncompounded Or compounded unvulcanized rubbers, ~racterizing the
elastic response of those materials next to the viscous response as measured by the Mooney viscosity. The
intended use of ISO 289-4 is on Quality Control measurements.

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.

1ISO'289-1:1994. Rubber, unvulcanized— Determinations using a shearing®isc viscometer® Parti:
Detemiination of Mooney viscosity .

3 Terms and definitions
For the purposes of this document the following tenns and definitions apply.

31 .

Mooney stress-relaxation rate

MSR

absolute value of the slope of the linear regression line of the log(torque) versus iog(time) plot over a specified
time interval after stopping the rotor at the end of a Mooney viscosity measurement.

A
NOTE The MSR measurement is a stress relaxation measurement wtiich covers a broad spectrum of relaratlon
times and is sensitive to polymer structure at a specified relaxation time interval.

4 Principle -

The test consists of determining the decay of the Mooney torque immediately after the determination of the
Mooney viscosity. After abruptly stopping the roto™ at the end of the Mooney viscosity measurement/the
decrease intorque is recorded as a function of time. The rate of change of the torque is evaluated over a short
time interval assuming power law validity, in accordance with theoretical predictions [17.



5 Apparatus

The apparatus specified in. and calibrated in accordance with 1SO 289-1 shall be used. Furthennore the
apparatus shall be able to stop the rotation of the disc within 0,1 s, reset the zero to”ue point to the static
zero for a stationary rotor and record the torque at least every 0,2 s after stopping the rotor.

NOTE1  There is a difference in zero torque for a stationary and a rotating rotor. Resetting of ttie-zero torque point for
the rotatirig rotor before every measurement is recommended. This results in a negative torque signal during the
prelieating time as can be seen InFigure 1

NOI*2  The use of a banier film is recommended. The polymer type and the thickness of such a filmmight affect have
an influence on the test results as described in ISO 269-1. Thio part of 1ISO 389 was doveioped using a pdypropyleno film
of 20 pm thiokneeo. with o DSC poalt tomporaturo of 1gj *C (ceoond heoting ourve).

6 Preparation of test piece

Run a Mooney viscosity test as described In SO 289-1.

7 Temperature and duration of the test

Use the test conditions as described in 1ISO 289-1.

8 Procedure
Conduct the test following the procedure described in Clause 7 of 1SO 289-1:1994.

If the viscosity has not been recorded continuously, plot the observed Mooney viscosity values as specified in
ISO 289-1.

NOTE1 Anautomafic recorder is strongly recommended. The use of specialized data acquisition software is preferred
inorder to enable automated calculations.

At the end of the viscosity test, stop the rotation of the disc within 0.1 s, reset the zero torque point to the static
zero for a stationary rotor and record the torque at least every 0,2 s.

NOTE2  Resetting torque to a static zero is necessary because the dynamic zero used for the viscosity test would
result in a negative torque value once the material has completely relaxed witfi a stationary disc The relaxation of torque
for most polymers is so rapid that stopping the rt”or, resetting zero and recording the relaxing torque must be controlled
automatically.

The relaxation data shall be collected starting 1,6 s after the rotor is stopped, and continuing until 5,0 s after
the rotor is stopped. This normally gives a total of 18 data points. A typical (“art of a Mooney viscosity test
followed hi 9 stress relaxation test is shown In Figure 1.

NOTE3  TTie use of different evaluation intervals and or different data sampling schemes result in different Mooney
stress-relaxation rate values. Longer evaluation intervals may result in increased errors. This is due to the lower signal to
noise ratio at progressing relaxation times. Most of the work done to develop this part of 1SO 289- has been based on
EPDM. It might be anticipated that for other polymers different evaluation intervals and/or different sampling schemes are
more appropriate [16] [1”. Deviations from this document should be agreed upon between the supplier and customer and
always mentioned inthe test report.



9 Calculation and expression of results A

Analysis of Mooney stress-relaxation rate data (torque versus time data) consists of a) developing a plot of
torque (Mooney units) versus time in seconds in a log-log plot as shown in Figure 2. and b) caiCLdating the -
constants of the power law model of material response, as represented by Equation (1). "V'v

where

T gives the Mooney units (torque) during the stress relaxation test;

k is a constant equal to the torque in Mooney units 1 s after the rotor Is stopped; ;i 57 - -

* * o
r isthe time after rotor stop, Inseconds: e m V. -..Si"
a Isan exponent that detemiines the rate of stress relaxation. - m-/V .o -

If Equation (1) is transformed by taking the log of both sides. Equation (2) is obtair»d:>

log r® o(log 1) +log

This has the form of a linear regression equation where a equals the slope, log k equals the intercept and :
log r and log t con”spond respectively to the dependent and independent variables. In a plot of log 7 versus
log I, as shown in Figure 2, the slope of the graph, (log TTlogt), is equal to a. The absolute value of the slope, V'
| ai.rounded to the nearest third dedmalis the Mooney stress-relaxation rate.

Report the results of a typical test in the following format; ;m*

MSR =0.941 + 0,006 | A

NOTE The number 0,006 in this expression stands for the standard error as calculated as part of the regression
analysis. It is an estimation of the random error on the MSR value. Itis calculated as:

is the drfference between measured >Mue and Uie estimated value based on the Inear regression, the so”alled
residual;

in Is the number of measurements [18L

The MSR should always be reported in combination with the Mooney viscosity.

10 Test report

The.test report shall include the following information. .

a) all ofthe infomiation described in Clause 100f ISO 289-1:1994; : i [ ]
b) reference to this part of 1ISO 289, i.e. ISO 289-4; EECACAVAL SRR

¢) manufacturer and model of the viscometer used;



d) relaxation time interval used rfit differs from the one stated in Clause 8;
e) Mooney stress-relaxation rate (MSR) rounded to tlie nearest third decimal; vV, &

f) standard error for the MSR as calculated as part of the regression analysis rounded to the nearest third
decimal:

g) any operation not included in this part of 1ISO 289 or regarded as optional.

m
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Precision statement

Al General

The precision calculations to provide repeatability and reproducibility values were performed in accordance
with ISO/TR the guidance document for ISO/TC45 test methods. Precision concepts and
nomenclature are also given in ISO/TR 9272. A

Th»l—t yfogramm* <TP) y I>»n evalwrtkw fof Moonty f imatign nmt> w ytin]| <li>
and gwirttiIHM a» wISQ/TR 8272

Tha ITP w—'"ogndwot#" wh H polywiera. Potym»f» 1f 9 wef EPPM graJa w t« ial>an”™ Petyw»» yf 14w f naw EPOM

60m» 'On thaaa ygtymera ara w Tabta 6w lahafrtariaa yy iwyatatf in W% ITP rmi Tyya 1 y aittan waa a*alMa» 4 (w

Maanay alraaa-falawaltow rata, with ana maaawramant an aaah «l thraa aaparata taat daya withtn 1a Xma apan a( iwa waatoi

Thw |)ianiaii)n laawHH tw >ia>aimiiMil liy ih>a ITP may nwi ba appHai la paaaiOanaw a> |ajwutiwn iwalind fm any niawp & wH W i O
pfa<uote without <aowmantation sha<» » fa>ym a<»ia” aoialon anatyatian aatw«>y appjy to tha *fa<we<» af watariala taaf i i

A.2 Programme details Resuits

A.2.1 General The first interlaboratory test programme (ITP) was organized and conducted in 2001. The
Mooney stres”relation rate (MSR. single measurements) were made on three separate test days within the
time span of two weeks.

A total of 6 laboratories participated in this ITP. A typei 'precision evaluation with outliers replacement
according the procedures of ISO/TR 9272 was carried out. Some details of the polymers are listed in TaUe
A.L1. An heat-stable polypropylene film of 0,020 mm was used.

Tha p>aalalaH raayWa ara ftwaw in TaWa Ail , >ar aaah a<INa 14 yalywa»a wt»a»a i»ta y aajalan wataaaara >arta< fa>aaahf laja>y >y iwaaw
at>aaa ralaitaMan ratai RapaataftHty an” fa”faawaWlHy atatamanta ara gjwan h Ai8i3 w>" AiBiJi

A.2.2 RopeatabHity Asecond ITP was carried out on 2012. The MSR tests (single measurements) were
made on two separate days (one week interval) in May 2012.

This second ITP corresponds to a type 1 precision evaluation (without outlier replacements) with no
preparatibn'or processing steps in the participation laboratories. A total of 14 laboratories participated. Some
details of the prymers are listed in Table A.2. An heat-stable polyester film of 0,025 mm was used.

Tha rayaatafclHy, ar iaaal damain praaialani a<»W\a taat mathad haa baan aata»Baha4 fcy tha yaktaa i*un4 In Tafcla Aili far a>a<< a>tha
iatart yalymaf» Twa atnaja taat faayHa (abtalna” by tha y ayar yaa a<thia paM a* ISO 819) Ihot liiffar by wara tha la>ylaia< ylyaa

in waaayfamant ynHa and (p, » pafaanV a*al »a aanaltfara® aa.ayapaati hai >a hava aama fram <Iffsrani papulaManai Swah »
daalalaw ayfgaala that aaiwa a ~ fayriata lwyaaMattya aaMaw ba iakant

Iwganafal tha fapaatablWy (f). la Intha 1 H to<44 ranga. Aa an avaraga, tha nax» EPDW watartala hayaaalightty batH rra”aK atH yiiw
tha EPPM matafiala>
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the owtfcar faptaoamont optwn ia fo«Mfod. Thia apt® rpplaaaa $a anOywfl yalwa(») with-tewaf raploa t m<nt

aMafagaa ar nandard daviatiana. a> abtainad by-a-apaaiat pfaaadyfa tt>at maWaina-tha diXftbwtianal asafaata>-"M li»«4ilifc>>»»-"
flonofirtod by tha proflfam.

The precision results are listed In Tables Al and A.2

The precision evaluation of 2001 showed compared to the ITP 2012 in generally better precision remits for ail
materials, in particularly for the reproducibility (/?). The reason for the reduced (/?) could be divers, differences
in selected polymers, equipment, way of stopping the motor, calculation of the MSR rate by the equipment
software and evaluation method.

Additionally, another precision evaluation was performed based on the original MSR rate values and on the
raw interval data obtained from 8 of the 14 partidpants in the second ITP. Form these raw data the MSR rate
values for each participating laboratory were recalculated. The manually recalculated MSR rate values
deviated a little bit in nearly all cases from the originally v~ues. The precision calculation was in both cases
carried out acxxrding a type 1 precision evaluation as described in paragraph A.2.2.The results are listed In
Table A3.1 and A3.2. In generally a somewhat better repeatat>ility (r) was found for the MSR rate values
based on the 8 originally values, but a large repeatability (r) for sample EA"DM-1 based on the recalculated
MSR rate values. In generally, the reproducibijity (/?) based on the recalculated MSR rate values improved in
most cases. Care should be takén when comparing results obtained with different equipment.

A.4 Bias

Bias is the differer\ce between a test value and a reference or true value. Reference values do not exist for
this test method, therefore bias cannot be determined.

Legend to the Tables

NOTE

Sf if tha witMn*laboratory itandard deviation (In maaauremant units)

r totha rapaatabiiity (In maaauramant unita)

<r) totha rapaatabHIty (In parcant of maan laval)

SR totha batwaan*4aboratory standard deviation (for total batwaan laboratory variation In maasuramant unlta)
R totha raproducibility (In maasuramant units)

(A) totha raproducibility (in parcant oT maan laval)

a number oflabs Intha revised database after option 1 delation



Table A.1 — Type 1: Precisloh for Mooney stress-relaxation rate

Precision values sorted for each category By n>ean stress-relaxation rate (Evaluation 2001)

Polymer

EPOMHL

EPDM-2
EPDVWW
EPDM4
EPDM-S
EPDM-e

IIR-1
lIR-2

SBR1712
SBR1600

NBR-1
NBR-2
NBR-3
NBR-4

ML

Mean
level

76,9
72,8
60.2
55.5
245
46,7

78.2
517

54,2
49,6

779
816
30,7
323

Mean
level

0.393
0.447
0,538
0,750
0,750
0,931

0.234
0,623

0,334
0,415

0,343
0.373
0.424
0.571

Within laboratorl«t

Sr
0,001 3
0.001 5
0,002 4
0.0107
0,012 6
0,018 8

0.0022
0.004 7

0,0021
0,0027

0,002 4
0.001 1
0.0048
0.003 7

r
0.003 7
0,004 1
0,006 8
0,0301
0,0352
0.052 7

0.006 2
0,0132

0,0059
0,007 7

0,006 7
0,0031
0.0135
0.0105

1

0,95
091
1,26
4,01
4,69
5,66

2.64
2,12

177
1,B6

1,95
0,84

. 3.18

1,83

MSR

Betwi»en laboratorl

SR
0,004 9
0.005 1
0,006 4
0,0161
0.0425
0,024

0.0033
0,007 1

0,004 1
0,0069

0,005 1
0.0052
0,0119
0,016 0

R
0.0137
0.0142
0,0176
0,0451
0,1191
0.0696

0,0092
0.0200

00115

0.0192 .

0,0142
0,0145
0,0332
0,044 9

Table A.2~Type 1: Precision for Mooney stress-relaxation rate

«
349
3,18
331
6,01
15,88
7.48

3,95
321

3,45
4,64

413
3.88
7.84
787

Number
of labe*

[o2 BN @] [S2BN4) ] D OO OO OO0 O O

[o2 N>R ) B e}

Precision values sorted for each category ~ By mean stress-relaxation rate (Evaluation 2012)

Polymer

EPDIMHL
EPDM-2
IIR4

IIR-2

EPDM-3
EPOMH4
EPDM5
EPDM-8

ML

Mean
level

221
33.9
55.5
52,1
64.5
62.8
80,2
748

Mean
level

0.682
0.580
0,578
0,639
0,484
0,687
0.440
0.875

WithIn laboratoriee.

0.006
0.018
0.014
0.012
0,008
0,005
0,005
0.013

R m
0.017
0,052
0.039
0,035
0,022
0,015
0,014
0,037

24
8,9
6.8
54
45
21
3,0
42

MSR

Betwi}en laboratorl

SR
0.0B2
0,042
0,045
0,040
0.024
0,041
0,024
0,068

0,174
0,117
0,126
0.113
0,069
.0,115
0,068
0.192

m
254
20,2
217
117
14,2
16,8
154
219

Number
oflabe*

n
2
13
n
n
9

n
10



Table A.3.1 — Typ« 1: Precision for Mooney stressHrelaxation rate

Precision values sorted for each category

Polymer

EPDM-1
EPDM-2
IIR-1

IIR-2

EPDM-3
EPOMM
EPDM-5

EPDM-8
NOTE

Precision data calculated on original data from participants

ML

Mean
level

22,0
34,0
55,7
52.0
64,5
e2,9
80,3
74,8

Mean
level

0,676
0,574
0,560
0.636
0,484
0,702
0.440
0,877

Table A.3.2 — Type 1: Precision for Mooney stress-reiaxation rate

By mean stressHrelaxation rate (Evaluation 2012)

Within laboratorie«

Sr
0,007
0,007
0,004
0,008
0,005
0,003
0,002
0,015

r
0,019
0,018
0,010
0,023
0,013
0,009
0,007
0,043

Precision values sorted for each category

Polymer

EPDM-1
EPDM-2
tIR-1

IIR-2

EPDM-3
EPDM-4
EPDM-5

EPDM-8
NOTE

ML

Mean
leval

22,0
34,0
55,7
52.0
64,5
62.9
80.3
74,8

Mean
tevel

0,680
0,583
0,556
0,614
0,491
0,702
0,449
0,887

M)
2.8
32
19
3,6
2,8
13
15
4,9

With in laboratoiies

Sr
0,029
0,013
0,004
0,008
0,013
0,010
0,004
0,017

r
0,080
0,037
0,010
0,021
0,037
0,029
0,010
0.047

w
11,8
6,4

18

35

7.5

41

2,3

53

MSR

MSR

Precision data based on participants raw data (manually recalculation)'

Betwt»en laborator et

R
0,061
0,041
0,028
0,036
0,032
0,038
0,028
0,054

Betwix»en laboratoriet'

R
0.050
0,030
0,014
0,014
0,015
0,033
0.018
0.042

R
0,172
0,115
0,079
0,100

0,088.

0,105
0,078
0,153

0,139
= 0.083
0,040
0,038
0.042
0,092
0,051
0,118

Q)
25,4
20,0
14,0
15,6
18,3
15,0
17.7
174

m
20,5
14,3

7.2

6,2

8.6
13,2
11.3
13,2

Number
of labs*

o O 00 o o o O O

By mean stress-reiaxation rate (Evaluation 2012)

Number
ofiabe*

N~ O N 0O o o ~N N



Motor influence

B.1 General

The possible influence of different equipment Is described in this annex. The Mopney relaxation
measurements of 2 test devices from the same manufacturer equipped with different motors were compar”.

B.2 Results and discussion

The results are listed in table B.1. The measurements were earned out duple with 2 different polymers and the
Mooney stress-relaxation rate values were calculated by the applied (machine) software. Inthese examples
a decrease of MSR values up to 12% were found.

Table B.1 — Mooney stress-relaxation rate values

Motor type 1 Motor type 2 Difference
Polymer MI(1°4)125 MSR-T1 MI(U4)125 MSR-T2 MSR-T1 - MSR-T2
MU MSR MU MSR AMSR %
EPDM 77.2 0.516 70.9 0,456 , 0,062 11,9
77,2 0.514 77,1 0,449 0,065 12,6
iR 53.9 0.547 53,5 0,506 0,041 7.5
54.3 0.540 53,6 0,504 0,035 6,4

In Figure B.1 the decrease of Mooney values in the first 5 seconds after stopping the measurement is given
for one EPDM measurement. This figure clearly shows the initial more faster decrease of the Mooney value
for rotor type 2 compared with rotor typel, resulting Ina lower slope value for motor type 2.

These observations indicates that care should be taken when comparing MSR data measured on different
devices. In principle the Initial part of the MSR curves should be analysed t(w.



Figure B .~ 7—1 h'0 ~"A/o .1 — B. The first 5 second* of th« Mooney stre**
relaxation part of the Mooney Curve



Calibration scliedule

C.1 Inspection

Before any calibration is undertaken, the condition of the itenrts to be calibrated shall be ascertained by
ihspection and recorded in any calibration report or certificate. It shall be reported whether calibration was
cahried out in the *as-recelved" condition or after rectification of any abnormality or fault.

It shall be ascertained that the apparatus is generally fit for the intended purpose, Including any parameters
specified as approximate and for which the apparatus does not therefore need to be formally calibrated. If
such parameters are liable to change, then the need for periodic checks shall be written into the detailed
calil?ration procedures.

C.2 Schedule

Veriffcation/catibration of the test apparatus is a mandatory part of this Internationsd Standard. However, the
frequency of calibration and procedures used are, unless otherwise stated, at the discretion of the Individual
laboratory, using I1SO 18899 for guidance.

The calibration schedule given in Table C.1 has been compiled by listing all of the parameters specified in the
test method, together with the specified requirement. A parameter and requirement can relate to the main test
apparatus, to part of that apparatus or to an ancillary apparatus necessary for the test.

For each parameter, a calibration procedure is indicated by reference to 1SO 18899. to another put®ication, or
to a procedure particular to the test method which is detailed (whenever a calibration procedure which is more
specific or detailed than that in ISO 18899 is available, It shall be used in preference).

The verification frequency for each parameter is given by a code-letter. The code-letters used in the
calibration schedule are:

N initial verification only;
S standard inten/al as given in 1ISO 18699;

U inuse.



Parameter
Surface hardness of the
dies
Dimensions of the dies
Die groove '

Surface hardness rotor
Dimensions rotor
Rotor grooves

Angular v~ odty

Temperature accuracy

Temperature stability at
steady state

Die closure
Torque ,

Test piece

In addition to the itelDs listed in the table, use of the fdlowing is implied, all of which need calibrating In

Requirement9(s)

a 60 HRC

See4.l

Se«4.1

26 0HRC

See 4.2

See 4.2

0,209 rad/s = 0.002 rad/s

+0,25X

+0SC

11.5kN+0.5KN
See 4.6

See 5

accordance with 1SO 18899;

Sut>clause in
ISO
18899:2004

m 155

16.2

16.2

16.5

N 152

152 .

23.2

Iff

i 18

21.3

21.4

15.8

instruments for determining dimensions of the dies

load cell for die closure check

thennometerfor monitoring the condition and test temperatures

Verification
frequency
schedule

Notes



(1

(2}

(4
(5]
(6]

(7]
(8]
[9]
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