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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Rubber — Measurement of vulcanization characteristics
using curemeters —

Part 3:
Rotorless curemeter

WARNING 1 — Persons using this document should be familiar with normal laborates
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document does not purport to address all of the safety problems, if any, associat
Itis the responsibility of the user to establish appropriate safety and health/pract
rmine applicability of any other restrictions.

NING 2 — Certain procedures specified in this document might involve the use or
bstances, or the generation of waste, that could constitute a local environmen
rence should be made to appropriate documentation on safe handling and disposg

Scope

document specifies a method for determining selectedWulcanization characteristics
pound by means of a rotorless curemeter. The introduiction to the use of curemeterg
b502-1.

Normative references
titutes requirements of this documént. For dated references, only the edition cited

K502-1:2018, Rubber — Measurement of vulcanization characteristics using curemeten
duction

| 8899:2013, Rubber —Guide to the calibration of test equipment

Terms and definitions
he purposes-of this document, the terms and definitions given in ISO 6502-1 apply.
ind [ECymaintain terminological databases for use in standardization at the following a

S@O0nline browsing platform: available at https://www.iso.org/obp

'y practice.
ed with its
ices and to

generation
tal hazard.
11 after use.

of a rubber
is given in

following documents are referred to:ifuthe text in such a way that some or all of their content

hpplies. For

ited references, the latest edition-ofithe referenced document (including any amendmerts) applies.

s — Part 1:

ddresses:

IEC Electropedia: available at http://www.electropedia.org/

4 Principle

A test piece of rubber is placed in a heated cavity formed by two dies, one of which is oscillated at a given
frequency and amplitude. This action exerts a shear strain on the test piece and a shear torque which
depends on the stiffness (shear modulus) of the rubber. The torque that increases as vulcanization
proceeds is measured by a torque sensor incorporated in the other die member. The torque is recorded
autographically as a function of time.

The stiffness of the rubber test piece increases as vulcanization proceeds. The curve is complete when
the recorded torque rises either to an equilibrium value or to a maximum value (see ISO 6502-1). If the
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torque continues to increase, vulcanization is considered to be complete after a given time. The time
required to obtain a vulcanization curve is a function of the test temperature and the characteristics of
the rubber compound.

The vulcanization characteristics are obtained from the recorded curve of torque as a function of time,

in accordan

ce with ISO 6502-1.

5 Apparatus

5.1 General

A rotorless
force, to foi

curemeter consists of two dies that are heated and closed or almost closed, under a spec
m a test cavity that contains a test piece. One of the dies oscillates, and reaction to

on the statipnary die, which is opposite to the moving die, can be measured at specifiedeonditio

temperatur

There are t
is unsealed
cavity is suj
cavity is no

e, frequency and amplitude.

wo types of assembly surrounding the test cavity formed by the uppefand lower dies
or open type, and the other is sealed type. In the case of a sealed type die system, th
rrounded by seal plates and seal rings, and is completely closed. iy the unsealed typg
F completely closed.

ified
rque
s of

one
b die
b the

Two kinds qf cavity shape formed by the dies are used, namely, a biconical shape and a flat plate shppe.
Three types of curemeter with different combination of sealing type and die cavity shape are available:
a) biconicpl die cavity with unsealed system,

b) biconichl die cavity with sealed system, or

c) flatplate die cavity (with sealed system).

The general arrangements for rotorless curemeéters are shown in Figure 1, Figure 2 and Figure 3,
including typical machine dimensions.

Curemeterq with different design might result in different torque responses and cure time |(see
ISO 6502-1:018, A.2).
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1 fixed die 7  upperdie

2 pscillating die 8 temperature sensor
3  forque-measuring system 9 diegap

4  testpiece 10 heater

5 ower die 11 spew

6 fiegap 12 grooves

© IS0 2018 - All rights reserved

11

1 g 9 10
- \ oA
7 F %
> < 2 - 2
(/ 6 1
08—

12

Figure 1 — Typical unsealed torsion-shear rotorless curemeter with biconical-di¢ cavity
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upper seal plate 10 oscillating-drive system
upper die 11 grooves
temperature sensor

Figure 2 — Typical sealed torsion-shear rotorless curemeter with biconical-die cavity
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c) Shapes and dimensions of dies and seal plates
Key
1  shaft of forque-measuring system 10 lower die
2 temperdture sensor 11 drive shaft
3 heater 12 uppeéfseal plate
4  upperdje 13 upper die
5 upper sg¢al 14\\upper seal
6  upper sg¢al plate 15 lower seal
7  platen 16 lower die
8 lower sdal plate 17 lower seal plate
9 lower sdal
a 00,1 means that the difference between the bottom level of both parts (right and left) shall be within 0,1 mm.
Figure 3 — Typical sealed-torsion-shear rotorless curemeter with flat-plate-die cavity
5.2 Dies
The dies shall be.manufactured from a non-deforming, high stiffness and low thermal exparsion
material to|minimize system compliance and prevent gap changes with temperature. The surfage of
the dies shalllbetreated to minimize the effect of test piece contamination if protective or carrying|film
are not used-and-shattbehardenotgh-toprevent-wear—AmintmumRockwel-hardnesso 0—HRC, or

equivalent, is recommended.

A die cavity is formed with a fixed lower die and a vertically-moving upper die, and the shape of the die
cavity shall be biconical or flat-plate.

A biconical die cavity is formed by two conically shaped dies with angle of separation ranging from
7° to 18°. The spacing between both dies facing each other differs by the distance on the periphery
than the centre so as to be minimum at the central point, to increase toward the outer side from the
central point.

A flat plate die cavity is disc-shaped. It has same spacing all over the cavity.

Biconical dies are designed to provide a constant shear strain throughout the entire test piece, while
flat plate dies give uniform temperature distribution in the test piece.

6
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The top and bottom surfaces of the cavity shall have a pattern of grooves to prevent slippage of the
rubber test piece. For the biconical type dies, radial grooves, for the flat plate type dies, checkered
pattern grooves are recommended.

Suitable means shall be employed by design of dies or otherwise to apply pressure to the test piece.

The typical dimensions for the die cavity are shown in Table 1. The tolerances necessary on the
dimensions of the dies depend on the particular design.

The dimensions of the die cavity can be checked by measuring the dimensions of the vulcanized test
piece. For biconical type dies, particular attention should be paid to the thin central portion, the

th kv\r\r‘r' afxarhich doamande A +ha din oo
1CIiFReSS- o wWiten CCptHt SOttt Cgap-

Table 1 — Typical dimensions of die cavity

Biconical cavity Flat-plate-cavity

Diameter 40 mm = 2 mm 44,00 mm = 0,05 mm

Angle of separation ranging from 7° to 18°
Height In the centre of the dies, a separation equal to 2,00 mm % 0,03)mm

0,5 mm plus the die gap
Die gapa Unsealed type Sealed type Leve] differences between die and seal plateb

0,05mmto 0,20 mm, | Uppet: 0,0 mm + 0,1 mm

preferably 0,1 mm 0 gap Fower : 2,0 mm * 0,1 mm

Radial grooves Radial grooves In a criss-cross pattern .
Grogves 0 o o 16 grooves on the upper die

at 20° intervals at 18° to 22,5° interyals .

19 grooves on the lower die

a  The gap between the edges of the dies in the closed position.

b Rlevel difference between the surfaces of the upperdié and of the upper seal plate, or lower die and lowef seal plate.

5.2.1 Seal plate

For gealed type (biconical cavity or flat plate cavity) die systems, seal plates shall be provided around
the ppper and lower dies. The seal plates shall be fabricated from sufficiently rigid apd abrasion
resigtant material. A minimum-Rockwell hardness of 50 HRC, or equivalent, is recommended.

5.2.2 Seal

The |sealed type (biCenical cavity or flat plate cavity) curemeter shall have suitable lgw constant
frictjon seals to preyent material leaking from the cavity. The material shall have adequatg flexibility,
high[resistanceto.the test temperature and to wear. O-rings made from fluororubber, silicone rubber or
tetrgfluoroethylene resin are recommended.

The [seals\should be replaced periodically to prevent a lowering of the torque measuring hccuracy or
leakpge,of test piece by thermal degradation.

5.3 Die closure
The dies shall be held closed during the test by, for example, pneumatic cylinder.

The closing force shall be maintained at 7 kN to 8 kN for dies of a biconical cavity and 7,0 kN + 0,5 kN for
flat plate dies.

For sealed cavities, the contact of the die cavity edges shall be such as to form a perfectly sealed cavity.

NOTE For checking the sealing condition, place a piece of soft tissue paper not thicker than 0,04 mm
between the mating surfaces and see if continuous pattern of uniform intensity is obtained when the dies are
closed. A non-uniform pattern indicates incorrect adjustment of the die closure, worn or faulty mating surfaces,
or distortion of the dies. Any of these conditions might result in leakage and erroneous results.

© ISO 2018 - All rights reserved 7
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In unsealed rotorless instruments, the dies are not completely closed but a small clearance is left which

shall be betw

5.4 Oscil

een 0,05 mm and 0,2 mm, preferably 0,1 mm.

lation system

A torsional oscillating movement shall be applied to one of the dies (typically the lower one in the

cavity).

The frequency of the rotary oscillation shall be 1,7 Hz + 0,1 Hz except for particular purposes when

other freque

The range d
or +1,0° arq
powerful ar

NOTE G
used in prac

When a to

oscillation dlecreases with increasing torque. For a flat plate type machine, the.decrement of ampli

shall be a li

5.5 Torq

A suitable t

ncies in the range of 0,05 Hz to 2,00 Hz may be used.

t oscillation amplitude shall be between =0,1° and £2,0°, for routine control purposes, 4
preferable. The tolerance on amplitude shall be +2 %, and the drive shall be sufficit
1d stiff to substantially maintain the amplitude under load.

enerally, greater sensitivity can be obtained with larger amplitudes, but the amplitude that c3
ice is restricted by the possibility of slippage between the test piece and the die Surface.

‘que is applied between the upper and lower dies, the resulting-angular amplitud

near function having a slope of less than 0,01°/N-m.

lle-measuring system

ransducer which is capable of measuring the torque with an accuracy of 1 % of the to

0,5°
ently

n be

e of

fude

rque

range shall|be provided. This tolerance shall include any errors-due to deformation of the measyring
device and |ts coupling and of the output device.

A recorder|shall be provided to continuously monitor;the torque. It shall have a response time for
full-scale deflection of 1 s or less. Automatic data a¢quisition and processing equipment is strgngly
recommended.

5.6 Protective films

One or mor test

piece and t}

e layers of protective film (approximately 0,025 mm thick) may be inserted between thd
e dies.
Film introd e die
cavity cani

uction can be useful(to avoid frequent cavity cleaning, since material remaining in th
nfluence the test résults.

The film shall not react with the test pieces. However, the presence of films might affect the test reqults,
so if they are used, theit specification (material, maximum temperature of use, thickness, stiffipess)
shall be repjrted.

NOTE atepials-'that have been found suitable include, for example, cellophane, polyester, nylon, high-

density poly¢thylene (at 100 °C only), plain, uncoated fabric, and similar materials.

5.7 Heating and temperature control

Both dies are mounted on, or formed part of platens equipped with a heating device capable of
maintaining the temperature of the dies to an accuracy of +0,3 °C for the test duration.

The temperature-measuring system shall enable the temperature of the dies to be measured to a
resolution of 0,1 °C over the range of 100 °C to 200 °C. Temperature sensors shall be provided in both
the upper and lower dies and located for the best possible heat contact with the dies, i.e. heat gaps and
other heat resistance shall be excluded.

After insertion of a test piece at 23 °C + 5 °C, the temperature of the dies shall recover to within 0,3 °C of
the test temperature within 3 min for biconical-die rotorless instruments.

© ISO 2018 - All rights reserved
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For flat-plate-die rotorless instruments, the recovery range shall be *1 °C within 1,5 min at the test
temperature of 150 °C.

6 Calibration
The test apparatus shall be calibrated in accordance with the schedule given in Annex A.

Where available, the procedures for calibration shall be in accordance with the manufacturer’s
instructions. The torque shall be determined at several points over the range(s) used but, additionally,
it can be useful to have provision to make in-use checks.

Somg practical examples of the calibration methods for torque and oscillation amplitudecaije described
in Ahnex B.

Stable rubber reference compounds can also be tested periodically to check for corsistent performance.

7 [lest piece

Test| pieces with appropriate thickness should be cut from a rubber sheet. The sheet shall be
hompgeneous and, as far as possible, free from trapped air.

The fest piece should be circular with a diameter slightly smaller,than the die cavity. The volume of test
piece shall be slightly larger than the die cavity volume (typiéally 130 % to 150 % larger) so[that a small
amopunt of material is extruded between all edges of the dies when they are closed. Typicgl volume of
test [piece is between 3 cm3 and 6 cm3 for a biconical cavity, and approximately 5 cm3 for a flat plate
cavity. The pertinent volume shall be determined by.pteliminary tests, and test pieces of equal volume
shoyld be used to obtain reproducible results. The*use of an appropriate device which ¢nsures the
production of test pieces of constant volume is recommended.

NOTE Undersized test pieces can cause law cavity pressure and low torque readings. OversiZe test pieces
might cool the cavity excessively during the early part of the test cycle.
8 Julcanization temperature

The pulcanization temperatureis chosen as that appropriate for the rubber compound being tested and
intended processing. The normal range is 100 °C to 200 °C.

The folerances on the.wulcanization temperature shall be +0,3 °C.

9 [Conditioning

The ftest piece shall be conditioned at 23 °C £ 5 °C, for a minimum of 3 h before testing. The test pieces
cut firom.conditioned test samples may be tested immediately.

10 Procedure

10.1 Preparation for test

The temperature of both dies shall be brought to the test temperature with the cavity closed and allowed
to stabilize. Bring the temperature of both dies to the curing temperature, with the cavity closed.

Adjust the recorder pen to the zero-torque line on the chart. Position the pen at the zero-time position
on the chart. Calibrate the recorder.

© ISO 2018 - All rights reserved 9
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10.2 Loading the curemeter

The loading of the test piece and the closure of the dies shall be carried out as quickly as possible. The
dies shall be closed immediately after insertion of the test piece. The whole cycle, from opening to
closure, shall not exceed 20 s.

The vulcanization time shall be counted from the instant the dies are fully closed. Oscillation of the
movable die shall be started before or at the instant of die closure.

After removal of the cured tested piece, a further test piece may be inserted immediately if the
temperature of the dies remains within 0,3 °C of the set value. If not, the dies shall be closed and the

1 11 i b 41 b 1
temperaturgoearnowed torecover totiresetvarue:

For low visgosity or sticky materials, a piece of protective film may be inserted between thectest piece
and the die|surface for prevention of contamination and easy removal after the test. For bicenical-die
roterless cuyremeters of the sealed-cavity type, the use of protective film is strongly recommended

If film layefs are not used, a deposit of material from the rubber compound can build up on the|dies
which might affect the final torque values. It is suggested that reference compounds be tested dailly to
detect this pccurrence. If such contamination develops, it can be removed by-very light blasting with
a mild abrafive, ultrasonic cleaning or non-corrosive cleaning fluids. Great, care should be taken with
cleaning, afjd the manufacturer’s advice followed. If fluids are used, the fibst two tests after cleaning
shall be rejg¢cted. Running a natural rubber gum compound can be used to remove debris.

11 Exprefssion of results

11.1 Gendral

In accordance with ISO 6502-1, all or some of the cure\characteristics indicated in 11.2 to 11.5 thaf are
required fof the purpose of the test shall be taken.from the cure curve.

11.2 Torque values
— My migimum torque, in N-m
— Myr: plpteau torque, in N-m

— Mygr: maximum torque (reverting curve), in N-m

— Mpy: highest torque value-dttained, in N-m, in a curve where no plateau or maximum value is obtalined
e specified timé

11.3 Scor¢h time

The scorch ftifhae ‘tsy is the time required for the torque to increase by x units from M. A suitable yalue
of x should i i i . ' fcoT avity
curementer is 0,1 N-m at +0,5° of oscillation amplitude,or in the case of a flat-plate cavity type, 0,04 N-m
at +1° of amplitude.

11.4 Time to a percentage of full cure

The time to a percentage of full cure from minimum torque, t;'(y) is the time taken for the torque to
reach from My, to M, + 0,01y(My — My).

— t'¢(10) is a measure of the early stages of cure.

— t'¢(50) can be determined accurately provided that the slope of the curve is greatest at this point.

10 © ISO 2018 - All rights reserved
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11.5 Cure rate index

The cure rate index is the average slope of the rising curve and is given by 100/[t:(y) - tsx]-

12 Precision

See Annex C.

13 Test report

The
a)

b)

d)

test report shall include the following information:

sample details:

1) full description of the sample and its origin;

D) details of the compound tested;

fest method:

1) afull reference to the test method used, i.e. the number of this document (ISO 6502
D) details of the curemeter used;

fest details:

1) the nominal amplitude of oscillation, reported-as half the total displacement, i.e. 1
displacement of 2°;

D) the frequency of oscillation, in Hertz;

B) the vulcanization temperature, in degrees Celsius;

1) details of any film layers used;

fest results:

1) therecorded vulcanization curve with torque and time scales indicated, if required
D) the values of tlie-parameters obtained from the vulcanization curve, as required;

ate(s) of the test:

3:2018);

° for a total

© ISO 2018 - All rights reserved
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A.1 Insp

Annex A
(normative)

Calibration schedule

ection

Before any
inspection 4
is carried o

It shall be
parameters
formally ca

written int¢ the detailed calibration procedures.

A.2 Sche

Verification
frequency d
individual 1

The calibra

in the test method, together with the specified requirement. A parameter and requirement can r

to the main

For each p
publication
procedure 1
preference)

The verific:
calibration

N initi

S star

calibration is undertaken, the condition of the items to be calibrated shall be ascertaing
ind recorded on any calibration report or certificate. It shall be reported whethertalibrg
it in the “as-received” condition or after rectification of any abnormality or fatlt:

ascertained that the apparatus is generally fit for the intended purpose, including
specified as approximate and for which the apparatus does not therefore need t
ibrated. If such parameters are liable to change, then the need for periodic checks sha

dule

calibration of the test apparatus is a mandatory part of this document. However
f calibration and the procedures used are, unless otherwise stated, at the discretion o
hboratory, using ISO 18899 for guidance.

fion schedule given in Table A.1 has been compiled by listing all of the parameters spec

test apparatus, to part of that apparatusor to an ancillary apparatus necessary for the

arameter, a calibration procedureCis indicated by reference to ISO 18899, to and
or to a procedure particular to(the test method which is detailed (whenever a calibrz
which is more specific or detailed than that in ISO 18899 is available, it shall be usg
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Table A.1 — Calibration frequency schedule

ISO 6502-3:2018(E)

Subclause in | Verification
Parameter Requirement ISO 18899: frequency Notes
2013 guide

Surface hardness of the . See
dies 250 HRC or equivalent N 1SO 6508-1
Dimensions of the dies 2% 15.2 S

Die prooves SeeFigures ;2 anmd 3

Die gap See Table 1

- Biconical cavity: 7 kN to 8 kN

Die tlosing force Flat-plate cavity: 7,0 kN + 0,5 kN 213 ¥
'fl"olerance on oscillation +01 Hz 23.3 S

requency
Tolerence on oscillation +2 0 S
amplitude
Temperature resolution +0,1 °C 18 N
Temberature accuracy +0,3 °C 18 S
Terrterature stability Within 0,3 °C 18 S

at steady-state

Tordue transducer accuracy|+1 % 214 S

In addition to the items listed in Table A.1, use of the following is implied, all of which shall bg calibrated
in adcordance with ISO 18899:

— Instruments for determining the dimensions of the dies;

— hpload cell for checking the die-closing force;

— B thermometer for mo

nitoring the’conditioning.

© ISO 2018 - All rights reserved
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ISO 6502-3:2018(E)
Annex B
(informative)

Practical examples of calibration for the various curemeters

B.1 Examples of calibration for torque

B.1.1 Wire-mass method
A calibration pulley is fitted instead of the upper die, a wire is fastened to the pulley and load is applied

to the pullgy by a weight attached to the other end of the wire. Figure B.1 provides|an example of
calibration for biconical die, and Figure B.2 provides an example for flat plate die.

R

ll

AN
N\
s

Key

1 wire

2 weight

3 torque measuring system
4 calibration pulley

5 pulley

Figure B.1 — Biconical die
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ISO 6502-3:2018(E)

37 |
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Y \\\\\\Wﬁ)ﬁf/ Z)N\N\%

\ :
—R ] N )

Key

1 ire

2 veight

3 forque measuring system
4  talibration pulley

Figure€B.2 — Flat plate die

The forque T can be calculated usingthe following equation:

r':Rxng

where

R is effectiveradius of the pulley;
{  is mass-of the weight;

y  is the gravitational acceleration.

B.1.2“ Torsional spring rod method

A standard spring rod can be used to calibrate the torque measuring system. The standard spring
rod is installed between the oscillating die and the torque measuring dies, and checks the torque
measurement at the selected angular displacement.

B.2 Oscillation angle

A calibration rod is fixed to the oscillation driving unit, and a displacement transducer is coupled by a
knife-edge bearing in contact with the rod. The calibration is carried out without inserting a test piece.
Figure B.3 provides an example of calibration for oscillation angles.
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ISO 6502-3:2018(E)

-
“_—

AN

Key
1 calibration arm

2 displacement gauge
3 lower die

Figure B.3 —

Exa@g]g of calibration for oscillation angles
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