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Standard Test Methods for
Rubber O-Rings *

This standard is issued under the fixed designation D 1414; 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 AS568A O-ring Sizes

1.1 These test methods describe the procedures for deteg- ;
mining the physical properties of O-rings and changes in thes%(' Terminology

properties due to aging. 3.1 Definitions: -
1.2 The values stated in Sl units are to be regarded as the 3.1.1 O-ring—a rubber seal of homogeneous composition

standard. The values given in parentheses are for informatiofi!ded in one piece to the configuration of a torus with circular

only. cross section. The O-ring is used as a dynamic or static seal
1.3 This standard does not purport to address all of theUsually installed in a machined groove.

safety concerns, if any, assc_mated with its use. It is the4_ Significance and Use

responsibility of the user of this standard to establish appro-

priate safety and health practices and determine the applica- 4-1 These test methods provide acceptable procedures for
bility of regulatory limitations prior to use. quality control purposes and for the determination of engineer-

ing characteristics.
2. Referenced Documents 5. General Methods
2.1 ASTM Standards: '

D 297 Test Methods for Rubber Products—Chemical °-1 EXcept as otherwise specified in these test methods for
Analysi€ rubber O-rings, the following ASTM test methods applicable in

D 395 Test Methods for Rubber Property—Compressiorgeneral to vulcanized rubber, shall be complied with as
Set required and are hereby made a part of these test methods:
D 412 Test Methods for Vulcanized Rubber and Thermo- 2-1.1 Tension Test- Test Methods D 412.
plastic Rubbers and Thermoplastic Elastomers—TeRsion -1-2 Compression Set Test Methods D 395.
D 471 Test Method for Rubber Property—Effect of Lig- 2-1-3 Low Temperature- Test Method D 1329.

uid< 5.1.4 Density—Test Methods D 297.
D 573 Test Method for Rubber—Deterioration in an Air  2-1.3 Fluid Aging— Test Method D 471.
Over? 5.1.6 Heat Aging—Test Methods D 865 and D 573.
D 865 Test Method for Rubber—Deterioration by Heating 2-1-7 Hardness—Test Methods D 2240 and D 1415.
in Air (Test Tube Enclosurd) 5.2 In case of conflict between the provisions of these test

D 1329 Test Method for Evaluating Rubber Property—methOdS and those of detailed procedures herein, the latter

Retraction at Lower Temperatures (TR Tést) shall take precedence.
D 1415 Test Method for Rubber Property—Internationalg Test conditions

Hardnes$ .
D 2240 Test Method for Rubber Property—Durometer 6.1 The temperature of the testing room shall be22°C
Hardnes% (73.4= 3.6°F). The specimens to be tested shall be kept in this

groom for a minimum of 30 min previous to the time of testing.
For referee tests the minimum time for conditioning shall be 16
h. In cases where this temperature cannot be obtained, the
actual temperature shall be reported.

D 4483 Practice for Determining Precision for Test Metho
Standards in the Rubber and Carbon Black Industries
2.2 Aerospace Standard:

1 These test methods are under the jurisdiction of ASTM Committee D-11 on
Rubber and are the direct responsibility of Subcommittee D11.36 on Seals.
Current edition approved Sept. 15, 1994. Published November 1994. Originally

published as D 1414 — 56. Last previous edition D 1414 — 90. 2 Standardization Documents Order Desk, Bldg. 4 Section D, 700 Robbins Ave.,
2 Annual Book of ASTM Standardgol 09.01. Philadelphia, PA 19111-5094, Attn: NPODS.
Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States. Doc u m ents
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7. Dimensional Measurements the spools with castor oil. Grips for testing straight specimens
7.1 Thickness may be of any type provided breaks do not occur in a portion
7.1.1 The thickness or cross section may be measured 53)‘ the specimen that has been at any time in contact with the

one of the following methodsaj a hand micrometer equipped 9rips. For specimens smaller than 25 mm (1 in.) in inside

with 6-mm (0.25-in.) diameter hemispherical tips (ballpoint ordiameter, spools of smaller diameter and closer approach may
tubing micrometers),b) dial indicators that have a maximum be employed.

contact force of 0.29 N (29 gf), ocf an electronic micrometer 8.2 Test Specimen

with a spring force of 0.1 N (10 gf) maximum. Better accuracy 8.2.1 The test specimen shall consist of an entire O-ring

can be obtained with a 0.05-N (5-gf) spring or with no spring.except in the following casesi1) when the diameter is too

In case of referee tests, both laboratories shall use the samgge to permit a break within the limits of travel of the testing

spring force. machine, 2) when the specimen has been previously cut open
7.1.2 The O-ring specimen shall be measured at four pOiﬂtﬁ) permit an aging test, an@)(when the Specimen is unaged

equally distributed around the circumference in both the radia[but is to be Compared with an aged Specimen as described in
and axial direction. An average reading shall be used fo[2). For these cases a specimen cut from a ring shall be

Calculation. empioyed_

7.2 Diameter—A stepped cone or optical comparator may g, 5 gpecimens that exhibit obvious flaws at any point on

be used for measuring the inside diameter of small rings. Thiye gyrface, such as might result from imperfect molding or
diametric intervals of the stepped cone shall not exceed 2 % Qfash removal. shall not be tested

the diameter to be measured (see Fig. 1). o . .
! ! ( g 1) 8.3 Procedure for Determination of Tensile Strength, Ulti-
8. Tension Testing mate Elongation, and Tensile Stress

8.1 Testing Machine- The testing machine shall conform _ 8-3-1 Bring the grips close enough together so the specimen
to the requirements specified in Section 3 of Test Method§an be installed without s_tretch_lng. Set the machine for a speed
D 412, with the exception of the grips. Grips for testing ringsOf 500 = 50 mm (20 2 in.)/min, sgt the chart recorder, and
shall consist of ball-bearing spools at least 9 mm (0.35 in.) iffngage the cIutch.. (If a recorder is not used, note the _spool
diameter, and be capable of being brought within 19 mm (0.75€nter-to-center distance continually by means of a suitable
in.) center-to-center distance at closest approach. Stress%%ale)_' The stressed inside circumfererigeis equal to twice
within the specimen shall be minimized bg) (rotating one the distance between spools plus the circumference _of one
spool one full revolution for each 150 mm (6.0 in.) of travel of SPO0!- Record the breaking force valug, at the elongation

the power-driven grips or2j lubricating the contact surface of specified for tensile stiess and at the time of rupture. Measure
the center-to-center distance between the spools at rupture to

the nearest 2.5 mm (0.1 in.) and record as the valu®for

8.3.2 For the application of bench marks to segmented
specimens as described in 8.2, hold the piece as straight as
possible being careful not to apply excessive stress. Follow the
procedure described in 8.3.1. Discard results for any specimen
that breaks at a point that has at any time contacted the grip,
and test an additional specimen. A suitable extensiometer may
be employed for elongation determination.

8.4 Calculations

8.4.1 Tensile Strength- Calculate the tensile strength as
follows:
URIFORM AND NOT LESS 8.4.1.1 For O-rings on spool grips:

" THAN CROSS SECTION

. OF THE SPECIMEN T=FA 1)
a
wl
:
W where:
Ca T = tensile strength,
2u F = breaking force, and
2y A = twice the cross-sectional area calculated from axial
e thickness, W, as follows:
g 2 2
Sk A=mW?2=157W )
EF
235
>
ol therefore:
W =4
g5 T = F/L57W? ®)
3o

FIG. 1 Stepped Cone Gage 8.4.1.2 For straight or single-strand spe%®uments
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A= 0.785W? (4) 9.1.1 Stretch the O-ring specimens to 100 % elongation and
hold at this strain for 10 min. At the end of this period release
T = E/0.785W?2 ) the specimen and allow it to recover for 10 min. At the end of

this recovery period, measure the inside diameter with a step
gage reference in 7.2 and shown in Fig. 1.
tion as follows- 9.1.2 Apply the strain byl stretching the specimen over a
" tapered cone which has a step at the required 100 % elongation,
8.4.2.1 For rings: or (2) by means of a tension test machine stopping the machine
Ultimate elongation, %= [(2D + G — C)/C] X 100 (6) at 100 % elongation, or 8) by the use of any special fixture
capable of holding the O-ring over two spools at constant
distance between spool centers.

8.4.2 Ultimate Elongatior—Calculate the ultimate elonga-

where: ; . )
D = distance between centers of the spool grips at the time 9-2 Calculation— Calculate tension set as follows:
of rupture of specimen, Tension set, %= [(L; — L)/L,] X 100 9
G = circumference of one spool (spool diamekeB.14),
_ gnq : : o : where:
C = inside circumference of the specimen (or inside diam- L, = diameter after testing, and
1 - ’
eterx 3'14?' . _ L, = original diameter.
o8_.4.?.2 For straight or single-strand specimen cut from an 9.3 Straight specimens cut from large O-fings may be tested
-nng: and calculated in accordance with Test Methods D 412.
Ultimate elongation, % [(L — L )/L,] X 100 ) .
10. Compression Set Test
here: 10.1 Nature of Test- The compression set of O-ring speci-
W er_e. . ens shall follow the general procedures of Method B of Test
L = observed distance between bench marks of Stressek];ethods D 395, with the following exceptions:

specimen, and

L, = original distance between bench marks. 10.2 Apparatus

10.2.1 Spacers-The spacers shall be adjusted to within

8'4'3fo”$'|.€|" Stf[ess— t(ﬁalculatet t:}f tertlsne s'tress astmdthi.-o_ozs mm (0.01 in.). This can be done by employing shim
case of tensile strength except the stress is reported at @)\ o various thickness.

Elrj?e(\jt?atter:?Lr:aen(ie?!?c?—%ia?:r ziesli);;/]ggeofutlrt]l(ran;iti;Ioggat;]oenréCal- 10.2.2 Measuremert- The cross section before and after
the prescribed elongatiof, occurs, as fO||0V[?/S' 9P test shall be measured in the same marked location with a
P 9 ' ' : ball-point (tubing) micrometer or other method as described in
D = 1/2[(EC/100) + C — G] 8 7.1
10.3 Test Specimen The specimen shall be a suitable
Note 1—This value of tensile stress at a predetermined elongation i$€Ction cut from the sa_mple O-ring. A52-mm (2'!n-) section has
based upon inside circumference and differs from that determined by Testeen found to be satisfactory on sample O-rings of 17-mm
Methods D 412, which is based on the mean circumference. (0.67-in.) or larger inside diameter. On smaller O-rings, a
section of approximately 3 mn¥4 in.) shall be cut from the

8.5 Characteristics of Sample Testedhe median of the :
mple and discarded.

values for three specimens shall be taken as the characteristitd
of the sample tested, except that under the following conditions Nore 2—Testing a whole O-ring for compression set is always avoided
the median of the values for five specimens (two additionalpecause air trapped inside the O-ring results in a different set of conditions
shall be used: on the inside and outside surface of the specimen.

8.5.1 If one or more values do not meet the specified 10.4 Procedure—Measure the actual specimen to within
requirements when testing for compliance with specifications0.025 mm (0.001 in.) and calculate the spacer to be 75 % of

8.5.2 If referee tests are being made. this thickness, to within 0.025 mm (0.001 in.). Close the plates,
8.6 Report employing a sufficient number of bolts to prevent deflection
8.6.1 The report shall include the following: upon heating. At the end of the heating period, release the
8.6.1.1 Results calculated as in 8.4, plates as soon as possible and allow the specimens to cool to
8.6.1.2 Date of test, room temperature under the conditions described in Test
8.6.1.3 Temperature of test room if other than provided fofM€thods D 395.

in Section 6, 11. Compression Set in Liquids

8.6.1.4 Type of testing machine used, including diameter of
spool grip if other than standard, and speed, if other thart 8.3 lig
0.8 mm (20.0*+ 2 in.)/min, and

8.6.1.5 Type of specimen (ring or straight).

11.1 Compression set may be conducted immersed in any

uid provided a suitable container is available. The container

needs to be large enough to hold the plates and withstand the

vapor pressure of the liquid at test temperature.

. 11.2 The specimen is prepared in accordance with 10.3, and

9. Tension Set Test at the termination of the heating period the plates are released
9.1 Procedure immediately and the specimens are aldd@eUPaends
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temperature for 30 min in a fresh cool portion of the test liquid.nations made prior to stress-strain tests. In the case of liquids
Measurement and reporting are the same except the type tifat are volatile at room temperature, the specimen must be

liquid is listed in the report. quickly placed back into the test liquid after hardness and
volume test and prior to tension testing.
12. Low-Temperature Test 14.4 Procedure

12.1 Nature of Test- The TR-10 or Temperature Retraction ~14.4.1 Suspend three specimens at one level in the test tube
Test shall be in accordance with Test Method D 1329 with thédy the use of corrosion-resistant wire; separate the specimens
exceptions given in 12.2 to 12.4. by bending small loops in the wire or by the use of corrosion-

12.2 Test Specimen The test specimen shall be an O-ring resistant washers. For whole O-rings 6 mm (0.25 in.) in cross
of 1.5 to 3.8-mm (0.06 to 0.15-in.) cross-sectional diameter angection and larger, place one specimen in each test tube. For
of sufficient length to reach from clamp to clamp when the ringcross-section sizes less than 4 mm (0.16 in.) place three
is cut and held in straight position. specimens in each test tube.

12.3 Procedure—Stretch the mounted specimen 50 % as 14.4.2 Suspend the specimens vertically so that 25 mm (1.0
standard. If a greater or lesser stretch is used, report the actd@l) of liquid is between the lower extremity of the specimen

stretch. and the bottom of the tube. Add enough liquid to cover the
12.4 Report—The report shall include the following: specimens to a depth of 25 mm (1.0 in.) over the upper
12.4.1 Testing elongation, in percent, and extremity of the specimens.

12'4'2 Temperature at which the SPeCimen retracts 10 %, Note 4—For liquid mixtures, where the volume percent of the most
designated as TR-10 and at other points, such as 30, 50, gfinor constituent is known, the liquid volume of that constituent shall be

70 %, or all, if required. 15 times the volume of the test piece.
For liquid mixtures where the volume percent of the most minor
13. Relative Density Test constituent is not known, then that volume is assumed to be 1 %, and the

131 TestS . ANV O-ri O-i entof an volume of the test liquid will be 1500 times the volume of the test pieces.
-4 1est specimer Any ©O-ring, O-Tings, or segm If the above procedure is used, operators should be aware that the test

O-ring may_be considered as the specimen. The minimum masgye specified in Test Method D 471 may not be adequate and alternative
of the specimen shall be 0.005 N (0.5 gf). In the case of veryontainers and heating system may be required.

small O-rings, two or more pieces may be used as the specimenNore 5—A problem that can occur with large whole specimens is

to accomplish this total minimum mass. cracking at the point of maximum bend at the upper or lower portion, or
13.2 Procedure—Employ the procedure outlined in Test Poth, of the specimen. When cracking is observed upon removal from the
Methods D 297, density hydrostatic method oil, or when breaks occur at these points during tension tests, a retest shall

be made on segments cut from an O-ring.

Note 3—Extreme accuracy is required in making relative density 14.4.3 Make volume change determinations on a minimum

determinations on small O-rings 0.001 N (1 g or less). The surface tensio . . . )
on the suspending wire is critical; this wire should be of the smalles'[gpeclmen Welght of 0.005 N (0'5 gf). This may be accom

diameter corrosion-resistant wire that will support the specimen Weight.pIIShed by using two Qr more pieces for the specimen in the

This surface tension on the wire and the elimination of small air bubblease of very small O-rings (see Note 2).

on the surface of the specimen can be reduced by the addition of a few .

drops of wetting agent to the water in the weighing beaker. 15. Heat Aging Test

. 15.1 Procedure—The general procedures for heat aging

14. Immersion Test O-rings shall be in accordance with Test Method D 573, with
14.1 Nature of Test- For determination of the changes in the following exception: When required by the material speci-

physical properties after liquid immersion, the definitions,fication, or when agreed upon by the purchaser and the seller,

standard test liquid descriptions, and general technique shall hige procedure shall be in accordance with Test Method D 865.

in accordance with Test Method D 471. The detailed procedur&he report shall state which method was employed.

for O-rings, outlined in this section however, shall take

precedence in case of conflict. 16. Hardness Test
14.2 Apparatus 16.1 Nature of Test It is difficult to obtain reliability in
14.2.1 The apparatus specified in Test Method D 471 fotesting hardness of O-rings due to the curved surface and
volatile liquids shall be used. relatively small cross section thickness. With certain precau-

14.2.2 Standard Heating Deviceshall be an aluminum tions and proper technique the following test methods may be
block heater or oil bath heater. The temperature shall bemployed. It is recommended that for O-rings of cross-
maintained within+ 1°C (1.8°F). sectional thickness less than 6 mm (0.25 in.) the microtester

14.3 Test Specimens The test specimen shall consist of an specified in Test Method D 1415 be employed.
entire O-ring when the outside diameter is small enough to 16.2 Procedure
permit installation in a test tube with the fluid level adjusted in  16.2.1 Test Method D 2248-This procedure was developed
accordance with 14.2.2. For sizes too large in circumference ttw test rubber articles of 6-mm (0.25-in.) thickness minimum
insert as described, the O-ring shall be cut into segments. Thend employs an indentor point 2.5 mm (0.1 in.) in length. Use
specimen shall be a segment 202 mm (3.5 0.08 in.) in  caution () to center the specimen so the point of the indentor
length. All tests for hardness, tension, elongation, and volumeeads on the center or thickest portion, a@ji to apply just
change shall be made in triplicate. The same three specimersiough pressure to bring the base of the_instrument in close
may be used for all tests with hardness and volume determieontact with the specimen without comprei@yCEHH FPHE
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