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Rubber Property—Compression Set at Low Temperatures
This standard is issued under the fixed designation D 1229; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonej indicates an editorial change since the last revision or reapproval.
This standard has been approved for use by agencies of the Department of Defense.
1. Scope 4. Significance and Use

1.1 This test method covers evaluation of the ability of 4.1 Rubber products, such as hydraulic seals on aircraft,
vulcanized rubbers that have been compressed at room tersabmarine hatch gaskets, and hydraulic brake cups, may be
perature and then subjected to low temperature (air or carboexposed to varying temperature extremes. This test method
dioxide atmosphere), to recover from deformation when takemprovides a means of determining the extent to which recovery
from the clamping device while still at the low temperature. from compression at normal ambient temperatures is inhibited

1.2 The values stated in Sl units are to be regarded as thgon release of the compressive force during subsequent
standard. The values given in parentheses are for informatioexposure at low temperatures.
only. ,
1.3 This standard does not purport to address all of the®: Compression Set
safety concerns, if any, associated with its use. It is the 5.1 For the purpose of this test method, compression set of
responsibility of the user of this standard to establish appro-vulcanizates shall be the loss in thickness of the specimen
priate safety and health practices and determine the applicaexpressed as a percentage of the original deflection. This set,

bility of regulatory limitations prior to use. unlike conventional compression set at elevated temperatures,
is temporary since the specimen will regain its original
2. Referenced Documents dimensions when brought back to room temperature or slightly
2.1 ASTM Standards: above.
D 395 Test Methods for Rubber Property—Compression
Set 6. Apparatus
D 832 Practice for Rubber Conditioning for Low- 6.1 Compression Set Jigwith suitable steel spacer bars in
Temperature Testirtg accordance with Method B of Test Methods D 395.

D 3767 Practice for Rubber—Measurement of Dimensions 6.2 Dial Micrometer, as described in Practice D 3767.
D 4483 Practice for Determining Precision for Test Method 6.3 Cold Box cooled by solid carbon dioxide (Dry Ice),
Standards in the Rubber and Carbon Black Industries liquid carbon dioxide, liquid nitrogen, or mechanically refrig-
erated, preferably by the top-opening type, and capable of
3. Summary of Test Method temperature control within=1°C (1.8°F) of the specified
3.1 At room temperature, a test specimen is compressed testing temperature as prescribed in Practice D 832. The test
25 % of its original thickness and exposed for a specified timehamber shall be equipped with a vise, “C” clamp, or other
at a specified low temperature. suitable device for holding the compression set jig.
3.2 Upon release from compression, the specimen is al- ,
lowed to recover while remaining at the test temperature. /- Test Specimen
3.3 The residual deformation of the specimen is measured 7.1 The standard test specimen shall be a cylindrical disk
10 s and 30 min after removal from the compressive device.29.0 = 0.5 mm (1.14+ 0.02 in.) in diameter and 12.5 0.5
3.4 Compression set of the specimen is calculated accordingm (0.49% 0.02 in.) in thickness, as specified in Test Methods
to the equations in 9.1. D 395.

8. Procedure

* This test method is under the jurisdiction of ASTM Committee D11 on Rubber g 1 Original Thickness MeasurementVieasure the original

and is the direct responsibility of Subcommittee D11.14 on Time and Temperatureg. : .
Dependent Physical Properties. Shicknesst,, at the center of the specimen to the nearest 0.02
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TABLE 1 Type 1 Precision, Compression Set, %

NoTe 1—
S Within laboratory standard deviation.
r Repeatability (in measurement units).

Repeatability (in percent).

D4
o mnmn

Between laboratory standard deviation.
Reproducibility (in measurement units).
(R) Reproducibility (in percent).
. Range of Within Laboratories Between Laboratories
Materials Measured At Valugs, % S, ; 0 S5 R R)
Three unknown compounds 10's 75 to 104 0.60 1.70 1.94 2.60 7.4 8.24
Three unknown compounds 30 min 42 to 93 1.60 45 6.6 5.60 15.8 23.24

A An estimated value of relative repeatability (r) and reproducibility (R) using the mid-point of the range.

8.2 Application of Load—Place a test specimen between C=[(ty— tyo) / (t, — to) X 100 [€h)
clean, unlubricated plates of the compression device with the
spacers on each side of it. Use only one specimen with eac
pair of steel plates, and place in the center between the plates. C=[(ty— ts) / (t, — ty X 100 %)
Tighten the bolts so as to draw the plates together uniformly

until they are in contact with the spacers. The compressionWhere:

employed shall be 25 % for all hardnesses. C = compression set expressed as a percentage of the

o : - . original deflection, and
8.3 Within 30 min gﬁerthejlgs are I_oaded, place_them in thet _ thigkness of the spacer bar used.
low-temperature cabinet, and maintain at the service tempera-*
ture for which the vulcanizates are being evaluated. In thg g Report
event the service temperature is unknown, the following
temperatures are suggested: -40°C (-40°F) and -55°C
(=67°F). The conditioning period shall be either 22 or 94 h. At
leag 1 h before the conditioning period is over, place the dial
micrometer in the test chamber and clamp one of the set jigs i
the vise or “C” clamp provided in the low-temperature cham-
ber. Use suitable gloves for all operations in the test chambe
At the end of the conditioning period, remove the nuts from the
jig, after which release the vise or “C” clamp, and start the stopO
watch simultaneously. Measure the thickness of the specimens  pracision and Bias®
10 s and again 30 min after release from the vise or “C” clamp
and record ast;; and tz, respectively. Since the test is
conducted at a specific temperature, withia°C (1.8°F), the
schedule of opening the jigs shall be such that the test chamb
will stay within the permissible variations in temperature.

10.1 The report shall include the following:
10.1.1 The original thickness of the test specimen,
10.1.2 The percentage compression of the specimen actu-
ﬁlly employed,
10.1.3 The thickness of the test specimen 19 s,and 30
pwin, t3o after removal from the clamp, and
" 10.1.4 The compression set expressed as a percentage of the
riginal deflection.

11.1 This precision and bias section was prepared in accor-
dance with Practice D 4483. Refer to Practice D 4483 for
Eqrminology and other statistical calculation details.

11.2 Although prepared in accordance with Practice
D 4483, the data generated for this test method were obtained
Note 1—lItis convenient when conducting many tests to have the dialprior to the adoption of Practice D 4483 in 1985. No records

micrometer outside the chamber and have an extended insulated stem P@s§st for the original test program. The values of within-and-

through the cover or thg top to measure the thickness of specimens aftB%tween laboratory standard deviation have been used to
release from compression.

Note 2—Slowly crystallizing rubbers may need to be tested at —10°cconstruct Table 1'_A Type 1 preC|S|_on was evaluated. .
(14°F) or —=25°C (-13°F), with a conditioning period of 166 h. 11.3 Compressmn set test specimens were prepared In one
Note 3—In the event that the dail micrometer gage being used idaboratory from three different rubber compounds. Ten labora-
unacceptable for use at a low temperature, it may be placed outside of theries tested two specimens from each of these compounds on
test chamber. The test specimen is to remain in the cold box until it i} different days. The precision statements are based on the
measured. Immediately upon removal from the chamber the first measurgl-verage of two measurements and are expressed in terms of the

ment,t,, is to be taken and the specimen immediately returned to the col A moression set. in percent
box. At the 30 min time interval the specimen is again removed from the P . P L .
chamber and immediately measured to obtain the valué,for " 1%-4 TTe fptfheCIfSIICI)n of thl? tteSt m?thoﬁ'r?]ay be (re]x[:t)r'esse”d (|jn
. . erormato € Tollowing statements wnich use wnat Is calle
8.4 Chegk Test-Run tests in duplicate. The results should an “appropriate value” or R, (i), or (R), that is, that value to
agree within 5.0 %.

be used in decisions about test results (obtained with the test

9. Calculation

9.1 Calc_:UIate the cpmpressmn set, expressed asa percemageSupporting data are available from ASTM Headquarters. Request RR: D-11-
of the original deflection, as follows: 1042.
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method). Theappropriate valueis that value ofr or R 11.7 Repeatability and reproducibility expressed as a per-
associated with a mean level in Table 1 closest to the meagentage of the mean levely)(and R), have equivalent
level under consideration at any given time, for any givenapplication statements as above f@ndR. For the () and R)
material in routine testing operations. statements, the difference in the two single test results is
11.5 Repeatability—The repeatabilityr, of this test method  expressed as a percentage of the arithmetic mean of the two test
has been established as the appropriate value tabulated in Tabgts.
1. Two single test results, obtained under normal test method ;4 g Biss In test method terminology, bias is the differ-
procedures, that differ by more than this tabulatedor any ence between an average test value and the reference (or true)

given level) must be considered as derived from different or . :
nonidentical sample populations. test property value. Reference values do not exist for this test

11.6 Reproducibility—The reproducibility, R, of this test method since the value (of the test property) is exclusively

method has been established as the appropriate value tabulafé%ﬁned by the test method. Bias, therefore, cannot be deter-

in Table 1. Two single test results obtained in two different™!N€d-

laboratories, under normal test method procedures, that differ

by more than the tabulate® (for any given level) must be 12. Keywords

consilde_red to have come from different or nonidentical sample 121 compression set; low temperature
populations.
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