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Nissan Engineering Standard

NES Permanent Set Testing Methods for Vulcanized - M 0517
Rubber 1995

1. SCOPE

This Standard specifies the testing methods that measure the permanent tension set and the
permanent compression set of vulcanized rubber.

Remarks: The units and numerals in this Standards given in { } are based on the conventional unit
system and appended for informative reference.

2. DEFINITIONS OF TERMS

The definitions of the main terms used in this Standard are in accordance with NES M 0151 and NES
M 0512.

3. CLASSIFICATION OF TESTS
Vulcanized fubber permanent set tests are classified as the following three types.

(1) Permanent tension set test
(2) Permanent compression set test (standard method)
(3) Permanent compression set test (stand and cool method)

4. PERMANENT TENSION SET TEST METHOD

4.1 Objective

This test is carried out in order to measure the permanent set by the pulling of vulcanized rubber
that is used in parts subjected to static pulling.

4.2 Test equipment

The test equipment consists of tensile equipment, a length measurement device and a constant
temperature controlled chamber.

4.21 Tensile equipment

The tensile equipment must be able to pull a test piece at a constant speed and maintain a
specified length ().

Note ('): It is desirable that the tensile-equipment used in this test be as small and light as possible and that the

equipment put in the constant temperature controlled chamber be set up so that the bench mark part of
the test piece is at a right angle to the flow of air in the chamber.

4.2.2 Length measurement equipment -

The length measurement equipment is set to be able to measure the distance between the
bench marks to a precision of 0.1 mm.

4.23 Constant temperature controlled chamber

The air heater aging tester specified by NES M 0515 (Testing equipment), or an air circulating
constant temperature controlled chamber corresponding to this, is used for the constant
temperature controlied chamber.

4.3 Test piece

4.3.1 Shape and dimensions of the test piece

The shape and dimensions of the test pieces are set at the number 1 dumbbell shaped test piece
specified by NES M 0513, the rectangular test piece set forth in Table 1 and the letter l-shaped
test piece shown in Figure 1. The thickness of the test piece is set at a standard 2.0+0.2 mm.

Applicable and Reference Standards: See page 9.
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(5)  The test time, in principle, is selected from among the following (°).
243 hours, 729 hours, 1689 hours

Note (°): 249 hours is regarded as standard.

(6) The tensile strain applied to a test piece, calculated according to the following formula (1), in
principle, is selected from among the following (%).

25+2.5%, 50+5%, 100+ 10%, 200+ 10%. 300+ 10%
1 - L,

Lo

where, Lr: tension strain (%)

L,: length between bench marks before tension (mm)

{1: length between bench marks when there is tension (mm)
Note (%): 100 %_is regarded as standard.

(7) The speed, when the test piece is pUIIed and constricted, is regarded as 2-10 mm every second.

4.4.2 Procedure method

After measuring the length between the bench marks on the test piece to a precision of 0.1 mm,
place the test piece on the tensile equipment, elongate at the prescribed speed to a length
proportionate to the prescribed permanent set, and hold. At this time care must be taken so as
to not apply an elongation that exceeds the prescribed permanent set. Measure the length
between the bench marks again 10-20 minutes after elongating the prescribed permanent set
and ascertain whether or not it is within the allowable range. When a test piece is out of the
allowable range it is discarded and the test is done again using a new test piece. The elongated
test piece is put in the constant temperature controlled chamber in which the prescribed test
temperature has been established in advance. After the prescribed test time has elapsed, the
test piece is removed from the constant temperature controlied chamber and, after it has been
left to stand and cool for 30-35 minutes, it is constricted at the prescribed speed, removed from
the tensile equipment and placed on a flat, wooden stand. The length between the bench marks
Is measured to a precision of 0.1 mm 30 minutes after the test piece has been constricted.

4.5 Calculation
The permanent tension set is calculated by means of the following formuia (2).

T = e X100 e (2)
£, - L,
where, Tt: tension permanent set (%)

Lo length between bench marks before tension (mm)
L, length between bench marks when there is tension (mm)

{,: length between bench marks after constriction (mm}

- 4.6 Summarization of the test resuit

The test result, in principle, is the average value of the values obtained by means of three test
pieces rounded off according to JIS Z 8401 and expressed as an integer. When the individual
values of the three test pieces are not within 10 % of the average vaiue, carry out the test again

with three test pieces and express the result by means of the median of the values of all six
pleces.

4.7 Report
The following items must be recorded in the resuits of the tests.

(1) The permanent tension set
(2) The tension strain

(3) The shape and dimensions of the test piece
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3. Because a permanent compression set of the same value is not always applied to a large

test piece as to a small test piece, directly comparing the results shall be avoided when
the dimensions of the test pieces differ.

4. The results by means of a laminated test piece and the results by means of a single piece
are not the same.

Number of test pieces
Three test pieces shall be used.

Selection of test piece

Test pieces that contain foreign objects, that have air bubbles and that are scratched are not
used for the test.

54 Test method

°2.4.1

(1)
(2)
(3)
(4)

(5)

5.4.2

(1)

(2)

Test conditions
The test conditions are specified as follows.

The standard conditions of the test room are in accordance with NES M 0512.
The storage of the samples and test pieces is in accordance with NES M 0512.
The standard condition of a test piece is in accordance with NES M 0512

The test temperature, unless otherwise specifically specified, shall be selected from among the
following. |

23+2°C,70+1°C, 85+ 1°C, 100+ 1°C, 125+ 2°C, 135+ 2°C, 150+ 2°C, 1756+ 2°C, 200+ 2°C, 225+ 2°C,

2501+ 2°C

The testing time shall be selected from among the following.
242, hours, 72°%, hours, 168% hours

Procedure method
Procedure shall be as follows.

Measurement of thickness

Measurement of the thickness of the central part of a test piece is carried out under standard
conditions. The measurement of the thickness of a test piece, in principle, is in accordance with
NES M 0512 (Measurement of thickness). The central part of the test piece is measured.

How to apply the strain

Maintain the compression equipment under the standard test room conditions and insert a test
piece along with the specified spacer in the central part between the compression plates. Be
careful at this time so that the side surface of the test piece does not come into contact with the
spacer when compressing. After the test piece and spacer have been inserted under standard test

room conditions, tighten the bolts until the spacer closely adheres to the compression piates, while
holding the compression plates parallel, and maintain in this condition.

Remarks: Lubricating the surface where the compression equipment and the test piece make contact,

(3)

(4)

(9)

such as with silicon oil, is optional. The result brought about by these means is more
reproducible, but it is somewhat different from the result when lubrication is not used. When

lubrication is not used, the surface lubricant of the vuicanizing die, the surface tack eliminator,
etc., must be removed from the surface of_the test piece.

Heating

After applying compression to the test piece put the compression equipment into the constant
temperature controlled chamber within 30 minutes and heat at the test temperature for the spec-
ified time.

Measurement of the thickness after heat treatment

Following the completion of heat treatment, the test piece is quickly removed from the compres-
sion equipment and placed on a wooden stand. After standing for 30+ 3 minutes in a test room at

23 +2°C, the thickness is measured, in principle, according to NES M 0512 (Measurement of thick-
ness).

Confirmation of the test piece after the test

A test piece that was used in a test is bisected along its diameter and, if an internal defect such
as an air bubble is detected, that test resuit is not acceptable.
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