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| Rubber Property—Resilience Using a Goodyear-Healey
Rebound Pendulum ?

This standard is issued under the fixed designation D 1054; 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 epsilonef indicates an editorial change since the last revision or reapproval.

1 This test method is under the jurisdiction of ASTM Committee D11 on Rubber and is the direct responsibility of Subcommittee D11.14 on Time and
Temperature-Dependent Physical Properties.

Current edition approvee-Marer-15-1991. Dec. 10, 2002. Published-May 1991. January 2003. Originalty-published-asB-1054 — 49T. approved in i&Bukast p
edition approved in 2000 as D 1054— 8791 (2000).

1. Scope

1.1 Theise test metheds covers the determination of impact resilience and penetration of rubber by means of the
Goodyear-Healey rebound pendulum, see Fig. 1.

1.1.1 The term rubber, used within this method, shall refer to those substances classified as thermoplastic elastomers, vulcanized
(thermoset) rubber, elastomeric materials, and cellular materials.

1.2 The values stated in Sl units are to be regarded as the standard. The values given in parentheses are for information only.
Many of the stated dimensions in Sl are direct conversions from the U.S. Customary System to accommodate the instrumentation,
practices and procedures that existed prior to the Metric Conversion Act of 1975.

1.3 All materials, instruments, or equipment used for the determination of mass, force, direction, temperature or dimension shall
have traceability to the National Institute for Standards and Technology, or other internationally recognized organization parallel
in nature.

1.4 This standard does not purport to address all of the safetypreblems, concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appropriate safety and health practices and determine the applicability of
regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
D 3182 Practice for Rubber—Materials, Equipment, and Procedures for Mixing Standard Compounds and Preparing Standard
Vulcanized Sheefs
D 3183 Practice for Rubber—Preparation of Pieces for Test Purposes from Pfoducts
D 4483 Practice for Determining Precision for Test Method Standards in the Rubber and Carbon Black IAdustries
I E 145 Specification for Gravity—Convection and Forced-Ventilation O¥ens

3. Summary of Test Method
ee Fig. 1.

3.1 Impact Resilience-A freely falling pendulum hammer that is dropped from a given height impacts -a-test-speeimen and
tmparts—te-it specimen, imparting a certain amount of energy; a. A portion of that energy is returned by the specimen to the
pendulum and may be measured by the extent to which the pendulum rebounds. Since the energy of the pendulum is proportional
to the vertical component of the displacement of the pendulum, it may be exprassedas (of the angle of displacement) and
impact resilienceRB, is readily determined from the equation.

1 — cos(angle of rebound

RB = —T—Cos(original angie

X 100

1)
I 331.1 The valuikBis commonly called percentage rebound.

2 Annual Book of ASTM Standardgol 09.01.
I —'prqeal—appafafus—e&ﬁ—be—ebt-amed—frem%wmk

3 Annual Book 6fA




AMY D 1054 — 02
“afl

Note 1—Except where rough finish is indicated, all surfaces shall be machined to a smooth finish within the dimensions and tolerances indicated.
Boiler-plate steel is suitable material.
FIG. 1 Goodyear-Healey Rebound Pendulum

342 Penetratior—Dynamic stiffness is a factor that influences impact resilience. A convenient index of stiffness is the depth
to whi

4. Significance and Use
4.1 The Goodyear-Healéyebound pendulum is designed to measure percent resilience of a rubber compound as an indication

of hysteretic energy loss that can also be defined by the relationship between storage modulus and loss modulus. The percent
rebound measured is inversely proportional to the hysteretic loss.

4.2 Deflection is determined by measuring the depth of penetration of the rebound ball into the rubber block under test.

4.3 Percent resilience and deflection are commonly used in quality control testing of polymers and compounding chemicals,
especially reinforcing material.

4 This instrument is no longer available from the Goodyear Tire and Rubber Co., Process Engineering and System Designs, Dept. 109 E, 1144 EasstMskkan,Str
OH 44316. Technical and engineering drawings for its manufacture and the reproduction of replacement parts are available from ASTM at a ndveipatsoadjunct
Number ADJD1054.
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5. Apparatus

5.1 6Rebound Perandulum The Goodyear-Healey rebound-resitienee-is-measured-with-a-mechanical-vibration-device with
eﬁe—degfee pendulum (see Fig. 1) shall consisteffreedom-Variouspractical-designs-oef these-devices-are-onthe-market. Regardless
of following:

5.1.1 Ball bearings (1), which support the-form—these-devices-essentiallyprovide pendulum,
5.1.2 Free swinging pendulum (2),

5.1.3 Penetration striker (3),
5.1.4 Contact for the v
-5-25-(Fest-Method-B).

5.1.5 Release device (5 and 6),
5.1.6 Pawils (7),
5.1.7 Pawl rack (8),
5.1.8 Pointer (10),
5.1.9 Anvil (12),
5.1.10 Quadrant with ar-anvil, a angular scale (11),

5.1.11 Specimen holderfor-the-specimen—apendutum-with-a-hammer peen, (14),
5.1.12 Penetration micrometer (16, 17, and 18),

reported

e indentation reading (4),

5.1.13 Headphones (21) anel—a—de\ﬂee—feemdﬁatmg—the—rebetmd—resﬂeaee—see Frg 2

2% p v g he pendulum.
5—24724he—he+deemt&ehswe—a4med—peaﬁe&mhe—speeﬁeh+mmpermq dry battery crrcurt (22), or other suitable power
QQ y attached to the—ade#he—he’rdeeshetﬂd—have penetratron micrometer for determining when-the-same-effectas-that achieved

S|I|ence mement—et—the—he’:d specimen
eempared—te—t—hat contact of he-gid ; i be satisfied
be%h—m contact fort 2 of-highly i i i 0

ardl (hardness
mbination of

5—2—1—3—'Fhe indentation reading (4), and

5.1.14 Vertical base (23).
5. 2 The steel pendul
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Note 1—DimatensicRons untepss otherwise spentatcion ofied a Tresting Da0®b mm (-0.002 icen.).
FIG. 2 Mold for Test Specimens
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perpendiedtar bar (2) shall conform to the-speeimen-surface.
5:2.2-Fhe-testingparameters-with-theirtolerances-are-asfoellows:

following dimensions:
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Hemispherediameter; D,
Hemisphere diameter,
mm in.
tength-of-hammer-peen: 12.45 t0-15.05-mm
Length of pendulum bar, overall (2) 1245+6-15:05-mm
Effective-mass-ofpendulum—m; 0.247 to 0.35 kg
Effectlve mass of pendulum, m,1825 + 2 72.80 + 0.08
Diameter of pendulum bar (2) 1+45-te-2-04-misee:
Apparent deformation energy density ( D*d) 23.17 + 0.13 325t04654IHm
5.2.3-The-original-apparatus-had-the following-parameters:
-0.912 + 0.005 D={15:00=0:05 mm
Diameter of penetration striker (3)
22.22 = 0.13

of penetration striker (1, 3)
1070+ 1
42.125=+ 0.04

Length from-the-axis center 6

bearing to center

2

Lred= gA—Tz mkg = 9.8 m/$ @)
621 TFhe-mean-osecillation-timd—of-an-eseillation-isfound indentation contact (1, 4)
1280+ 1
50.40+ 0.04

Distance from-the-average-oscillation-time-for-a-total ce center—ef—59—eseﬂ+at|0ns
6—2—2—'Fe—eb+arm',—t-he—de\ﬁee—rs—p+aeed—ef+a—s+op qr avity

endulum
duced

+—TFest-Speeimens

+1-Yse-specimens-with-a-thicknesspendulum to centerof 12.5 bearing
560 +—9—5—mm—aﬁd—a—d1ame%eﬁef—41 1

ber surface
L. ieat discs of
i bo pecimens—Thi g wever, is per-
At A i } ect ould con-

dulum assemblv, complete
6675+ 10 g

1472+ 0.02 1b
Note—+—tn_1—To clarify the-ease-of below-standard-vatte-specimen-thickness, similarity in nomenclature-the-gefoermation of penetration striker (3)

is also referred to as the sptriking hammer or ball-nosed striker, where the contact fer the imndentation reading-(4)-is-eisturbed by also efheed to a
Penetration Striker Pin.

5.3 Situating the Goodyear-Healey Instrument
5.3.1 The instrument shall be rigidly mounted to a solid support that is free from-vibraction. Examples of a suitable supporting
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structure are a concrete and steel building column or a vertical steel beam encased in concrete and rigidly mounted in a concrete
foundation.

5.3.2 The mounting bolts used to secure-the-anviklewervalues instrument to the supporting structure shall be tightened to the
maximum torque specified for the bolts.

5.3.3 The plumb and level of the-rebeund-—resilienee will instrument shal-be-ebtained.

+2-AtHeasttwo-samples—must verified upon mounting and routinely checked using instruments designed for this purpose.

5.3.4 The specimen holder and anvil shall-be-tested.

+3—Perform free from play to eliminate vibration.

5.3.5 The instrument shall be mounted so that the pendulum, with pawls up, indicates “zero” on the scale.

5.3.6 There shall be no contact between the pendulum and the quadrant at point during the movement of the pendulum.

5.3.7 The instrument shall be operated at the standard laboratory temperatur@°23(73.4+ 3.6°F) where it shall remain
free from atmospheric conditions that may adversely affect test determinations. When it is known that the specimens being tested
are sensitive to relative humidity (RH) the relative humidity shall be maintained &t 500 for the duration of the tests.

6. Test Specimens

6.1 The test specimens shall be rectangular blockst Z65 X 25 + 0.5 X 50+ 1 mm (1+ 0.02X 1 + 0.02X 2 + 0.04

6.2 The specimens shall be prepared from sheets of uncured compounded rubber approximately 2 mm (0.85 in.) in thickness.

6.3 Specimen Preparation

6.3.1 Cut the uncured sheet into rectangles of approximatelix 288 mm (0.9X 1.9 in.) with the grain in a longitudinal
direction, when the grain direction is known.

6.3.2 Ply the rectangles, longitudinally and-ne-laterthanfour-weeks-aftervuleanization—During grain-wise, to a thickness
sufficient to fill the mold cavity (see Fig. 2) and to allow for appropriate overflow and compensate for voids and shrinkage.

6.3.3 Specimen thickness affects the required cure time. Cure the specimens in a mold (see Fig. 2) allowing sufficient time to
compensate for the thickness of the specimens, that is, beyond the time normally allotted to equivalent unplied specimens of the
sampe material.

6.3.4 ldentification marks shall be placed only upon the top or bottom of the specimen, those being the surfaces with the largest
square area. An identification pocket, when integral to the mold, shall be placed similarly, beyond the area that is to be tested so
as not to affect the test determinations.

6.3.5 Preparation and conditioning of the specimens shall be in accordance with Practices D 3182 and D 3183.

6.3.5.1 When evaluating compound ingredients, the specimen preparation and conditioning procedures may be determined by
the participants in the evaluation.

6.3.6 When it is necessary to test the specimen at an elevated temperature (Hot Percentage Rebound), it shall be prepared as
follows:

6.3.6.1 At an ambient temperature of 232°C.

F4Forfinished-artieles 2°C (734 3.6°F), bring distilled water to a gentle boil.

6.3.6.2 Place the specimen in the container of boiling distilled water for no less than 1 h, during whieh—time-between
vuleanization the distilled water shall be maintained at a gentle boil and shall be stirred gently to avoid lengthy contact of the
specimen with the container.

6.3.6.3 The specimen may-beg alternatively heated to an equivalent temperature for an equivalengt period in an oven of the
types described in Specification E 145, providing that this is shown to give equivalent results to the conditioning described in
6.3.6.1 and 6.3.6.2.

6.3.6.4 Once the specimen is conditioned for the Hot Percentage Rebound test, it shall be dried, where appropriate to do so,
using a material that will absorb thex residual moisture from the surface of the specimen and leave no visible trace of the absorbing
material. This shall be performed expediently to minimize the-los is of heat from the specimen.

6.3.6.5 When it is possible;-otherwise the-test specimen holder should be conditioned in the manner described in 6.3.6.2 and
6.3.6.3 and placed in the retainer in an expedient fashion. This will further minimize the heat loss of the specimen and enhance
repeatability and reproducibility.

7. Procedure

7.1 The test shall be conducted at the standard laboratory temperatute223 (73.4+ 3.6°F) in an atmosphere free from
conditions that may adversely affect test determinations. When it is known that the specimens being tested are sensitive to relative
humidity, it shall be maintained at 58 5 % for the duration of the tests.

7.1.1 The prepared specimens shall be conditioned as described in 7.3fer no later lessthan-two-mohthpafteto testing.

Refer to 6.3.6.

7.2 Place the specimen in the specimen holder so that the-longivtudinal edge faces the penetration striker. Identifying marks on
the specimens shall face the operator, refer to 6.3.4.

7.3 Tighten the specimen holder sufficiently, without visible deformation, to prevent movement of the specimen during the test.

7.4 A minimum of three specimens shall be tested.
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7.5 Percentage Rebound Test

7.5.1 Adjust the specimen holder, by means of the dial, so that the test specimen just touches the penetration striker with the
pendulum at exactly “zero.”

7.5.2 Adjust the setting of the contact pin, by means of the micrometer dial, until contact is made with the specimen. Contact
is determined by use of the headphones.

7.5.3 Record the reading on the dial as the initial penetration “zero” point.

7.5.4 Set the pendulum holding clamp to position the pendulum at 15.00 degrees. Move the deflection indicator out of range.

7.5.5 Make ten impacts beginning from the 15° angle to equilibrate the specimen. These impacts may be made with the pawls
up, which will require the operator to manually stop the pendulum on each upward stroke.

7.5.6 Make three test determinations (impacts), with the pawls in place (refer to 7.5.7). Record the highest of the three angles
of rebound to within the nearest 0.05 degrees.

7.5.7 When making the three test determinations with the pawls up, the results will be slightly higher and should not be
compared to those performed with the pawls in place. Record the highest of the three angles of rebound to within the nearest 0.05
degrees.

7.6 Deflection Test

7.6.1 Determine deflection by advancing the deflection indicator until contact is made with the specimen, beginning from the
15° angle. Contact is determined by use of the headphones.

7.6.2 Record the reading on the indicator as the initial penetration “zero” point.

7.6.3 Back the deflection indicator off slightly and perform a test determination (impact) beginning from the 15° angle.

7.6.4 Repeat the determinations, advancing the deflection indicator incrementally 0.02 mm (0.001 in.) for each of five
determinations over the final 0.1 mm (0.005 in.).

7.6.5 Read the deflection indicator to the nearest 0.02 mm (0.001 in.) and record.

7.6.6 Determine the final penetration “zero” point in the same manner as the initial penetration “zero” point and record.

atdures,Calculation

8 1 Percentaqe ReboundCaIcuIate the—tempeFaHﬁes—may—be—seleeted—#em—the—feHemﬂg—senes

ible deviation percentage

1 — cos(angle of rebound

RB= 003408 X 100 ®)
where
RB = rebound percentage, and
.03408 = 1 — cos 15° = 1 -0.96592.

8.1.1 Percentaqes of rebound calculated for angles of rebound-from-these-temperatth&s. is

8-2—TFhe-conditioning-time,{the-time-on-the-anvil-prior 8%te-impact), of 13° are given in Table 1.

8.2 Penetratior—Calculate the-speeimen-depends on deflection as follows:

8.2.1 Subtract the-cenditions ns average of—fhe—tempefa&rre—eeﬁfre{—dewce |n|t|al penetranon “zero" pomt—aﬁd—t-he shape of final
penetration “zero” point from the : vely be brought
observed deflection.

8.2.2 Multiply this value by 0.837 to compensate for—the—test—tempefature—separately di ffereﬁee—m—a—hea%mg—eabmet—er a cooling
chamber-and-ptaced in pendulum length a i itioning in the
hddeee&n—be—skmﬁeﬁed—befefe—the—test—te%—mm—m—the case peﬂq{—ef—speermeﬁsﬁ—&mm thlck measurement of deflection and a

testtemperature at the Qomt—ef—l:ee—&geﬁefaﬂy—:%e min actual penetratien-ef-conditioning-time-are-necessary.
s-form on the specimen.

8.2.3 Report this result in mm.

9. Proeedure
9.—1—A4tefRe90rt
9.1 Report the-speeimen-has-been-placed-on-the-anviHn-the-holder following information:
9.1.1 Date and time of the-thermal-conditioning-completed, test,
9.1.2 |dentification of the-pendulum-is-allewed-to-fall-sixtimesfrom test specimen,
9.1.3 Specimen cure date, if known, or history of-the-hetrizental-pesitien onto specimen,

9.1.4 Temperature of the-same-place-on the test specimen-and-caught-each-time-before it strikes-atthe-sample-ence more. The
first time of-these-three-blews-constitute the-mechanical-conditioning test,

9.1.4.1 Specimens that prepared, as described in 6.3.6 Hot Percentage Rebound, shall be reported as having a temperature of
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TABLE 1 Rebound Percentages, 15° Angle Drop

Angle of o 9 10° 11° 12° 13°
Rebound — - —
0.00 286 361 446 539 64l 752
0.05 289 366 41 544 646 757
0.10 203 370 455 549 651 763
0.15 296 374 460 554 67 769
025 303 382 469 564 668 781
030 307 386 473 569 673 787
035 3.1 390 478 514 618 793
0.40 315 304 482 519 684 199
050 322 403 491 500 696  BLI
055 326 407 469 505 701  BL7
0.60 329 411 501 600 707 823
065 33 46 506 605 712 830
0.70 337 420 5L0 610 7.8 836
0.80 345 428 520 620 729 848
0.85 39 433 525 625 735 854
0.90 33 437 530 631 740 860
095 37 442 535 636 746 866
1.00 36.1 44.6 53.9 64.1 75.2 87.2

100°C nominal.
9.1.5 Percentage Rebound as calculated in accordance with 8.1, and
9.1.6 Deflection as calculated in accordance with 8.2.

10. Caledlation-Precision and Bias

10.1 The interlaberiathory test program to determine prec mision for this standard was conducted prior to the adoption of
Practice D 4483. The original raw data-is-eomptted as not available. Table 2 gives the precision results, presented in the format
described in Practice D 4483, that were obtained from the within and between laboratory standard deviations as they appeared in
a previous version of this test method. Please refer to Practice D 4483 for terminology and other testing and statistical concepts.

10.2 Cured rubber specimens of three different compounds, ranging in rebound percentage from 30 to 87 were prepared in one
laboratory and sent to eight participating laboratories. The laboratories conducted duplicate tests on each of the specimens on three
different days. The precision results are based upon the average of the two tests.

10.3 The precision results in this Precision and Bias section give an estimate of the precision of this test method with the
materials (rubbers) used in the particular interlaboratory program as described above. The precision parameters should not be used
for acceptance or rejection testing, or both, of any group of materials without documentation that they are applicable to those
particular materials and the specific testing protocols that include this test method.

10.4 Precision—The precision of this test method may be expressed in the format of the following statements which use as

appropriate value, R-frem-the-median-values-ef-at-east-two-individual-specimens.

TABLE 2 Type 1 Precision—Percentage Rebound (RB)

Within Between
Materials % Laboratories Laboratories
@ SR R (R

Sror
3 Unknown Compounds 30to87% 0.8 2.36

w
©

39 1.0 164

A Estimated () and (R), only approximate.
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11-8—Testtemperature—in—=C,
11-9-Testing-machine-used-and-type-of-sample-helding,
11-10-Reboundresilienca;)( or R, that is, that value to be used-inpereent decisions about test results (obtained with the test

method). The appropriate value is that valuer @fr R associated with a mean level in Table 2 closest to the mean level under
consideration (at any given time, for any given material) in routine testing operations.

10.5 Repeatability—The repeatabilityr, of these test methods has been established as the appropriate value tabulated in Table
2. Two single test results, obtained under normal test method procedures, that differ by more than, this tafiotaéeg given
level) must be considered as derived from different or non-identical sample populations.

120.6 Reproducibility—The reproducibilityR, of these test methods has been established as the appropriate value tabulated in
Table 2. Two single test results obtained in two different laboratories, under normal test method procedures, that differ by more
than the tabulate® (for any given level) must be considered to have come from different or non-identical sample populations.

120.7 -DRepeatability and reproducibility are expressed as a percentage- of test.

12—Preeision the mean level,rj and-Bias

124PreeisionK), have equivalent application statements as above émdR. For the (r) and R) statements, the difference
in the two single test results is expressed as a percentage of the arithmetic mean of the two test results.

10.8 Bias—In test method terminology, bias is the difference between an average test value and tiohe reference (ettrue) tes ht
property value. Reference values do-hot-been—coenducted exist for this test method since the value (of the test property) is

exclusively defined by this test methed—When-such-data-are-available-a-preeision-and-bias-section will Bias, therefore cannot be
added.

13— determined.

11. Keywords
131.1 deflection; Goodyear-Healey; pendulum; percentage rebound; RB; rebound; resilience
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