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Hardness of Organic Coatings by Pendulum Damping Tests
This standard is issued under the fixed designation D4366; the number immediately following the designation indicates the year of
originaladoptionor,inthecaseofrevision, theyearoflastrevision. Anumberinparenthesesindicatestheyearoflastreapproval. A
superscriptepsilon( &)indicatesaneditorialchangesincethelastrevisionorreapproval.

1. Scope

1.1 Thesetestmethodscovertheuseofpendulumdamping
testersinthedeterminationofhardnessoforganiccoatingsthat
havebeenappliedtoacceptablyplanerigidsurfaces,suchasa
metalor glasspanel.

1.2 Twotestmethodsbasedondifferentpendulumtypesare
coveredasfollows:

1.2.1 TestMethod A—Konig Pendulum Hardness Test.

1.2.2 TestMethod B—PersozPendulum Hardness Test.

1.3 This standardis similarin content (but not technically
equivalent)toISO 1522.

1.4 The values stated in SI units are to be regarded as
standard. No other units of measurement are included in this
standard.

1.5 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safetyandhealthpractices and determine the applica-
bility of regulatory limitations priortouse.

2. Referenced Documents

2.1 ASTMStandards: *

D823Practices for Producing Films of Uniform Thickness
of Paint, Varnish, and Related Products on Test Panels

D1005Test Method for Measurement of Dry-Film Thick-
nessof Organic Coatings Using Micrometers

D1186Test Methods for Nondestructive Measurement of
DryFilmThicknessof NonmagneticCoatingsAppliedto
aFerrousBase (Withdrawn2006)

D1400TestMethodforNondestructiveMeasurementofDry

! This testmethod isunder the jurisdiction of ASTM Committee DO1 on Paint
andRelatedCoatings,Materials,andApplicationsandisthedirectresponsibilityof
Subcommittee DO1.23 on Physical Properties of Applied PaintFilms.

Current edition approved Sept. 15, 2014. Published October 2014. Originally
approvedin1984.Lastpreviouseditionapprovedin1995asD4366-95whichwas
withdrawnFebruary2003andreinstatedinSeptember2014.DOI:10.1520/D4366-
14.

2 Forreferenced ASTM standards, visit the ASTM website, www.astm.org, or

contact ASTM Customer Serviceatservice @astm.org. For Annual Book of ASTM

Standards volumeinformation,refertothestandard’sDocumentSummarypageon
the ASTM website.

3 The last approved version of this historical standard is referenced on
www.astm.org.

Film Thickness of Nonconductive Coatings Appliedtoa
Nonferrous Metal Base (Withdrawn2006) 3

D3891Practice for Preparation of Glass Panels for Testing
Paint, Varnish, Lacquer,and Related Products

2.2 OtherStandard: *
ISO 1522Paints and Varnishes Pendulum Damping Test

3. Terminology

3.1 Definitionsof Terms Specificto This Standard.:
3.1.1 Konig hardness, n— time in seconds for the swing
amplitude of the Konigpendulumtodecrease from6to3°.

3.1.2 Persoz hardness, n— time in seconds for the swing
amplitude of the Persoz pendulumtodecrease from 12to4°.

4. Summary of Test Methods

4.1 A pendulum resting on a coating surface is set into
oscillation(rocking)andthetimefortheoscillationamplitude
todecrease by a specified amount measured. The shorter the
dampingtime,thelowerthehardness.

5. Significance and Use

5.1 The pendulum damping test has been found to have
good sensitivity in detecting differences in coating hardness,
wherehardnessisdefined asresistance todeformation.

5.2 Thetwoproceduresgiveninthesetestmethodsembody
the principle that the amplitude of oscillation of a pendulum
touching a surface decreases more rapidly the softer the
surface. However, these test methods differ in respect to
pendulumdimensions,andperiodandamplitudeofoscillation.

5.3 Ingeneral,thedampingtimeofthe Konigpendulumis
approximately halfthatofthe Persoz pendulum.

5.4 ThePersozpendulumhasagreaterdegree of discrimi-
nation than the Konig for measuring the hardness of soft
coatings,butitmaynotbeassuitablefortestinghard,slippery
films because of its tendency to skid on surfaces with alow
coefficientoffriction.

5.5 Theinteractionbetweenthependulumandthepaintfilm
is complex, depending on both elastic and viscoelastic

4 AvailablefromAmericanNational StandardsInstitute(ANSI),25W.43rdSt.,
4thFloor,New York,NY 10036, http://www.ansi.org.
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properties, and it may not be possible to establish a precise
relationshipbetweenthe twotypesof pendulumtests.

) TEST METHOD A—
KONIG PENDULUM HARDNESS TEST

6. Apparatus

6.1 Konig Pendulum Tester 3 consisting of a stand that
supports a pendulum, atest panel, and a pendulum displace-
ment scale. The stand has a stirrup to support the pendulum
abovethetableandamechanismforshock-freeloweringofthe
pendulumontothetestpanel. Atypicalapparatusisshownin
Fig.1.

FIG. 1 Apparatus

Norte 1—Optionalfeaturesmaybetheinclusionofanelectronicdevice
forautomatically timing the oscillationdamping and the inclusionof an
oscillationcounter.

6.2 Konig Pendulum, consisting of an open framework
connected by a cross-bar, to the underface of which are two
balls,5 = 0.005mm indiameter of hardness 63 *= 3HRC,
insettoserveasthefulcrum. Thelowerendoftheframework
is formed into a pointer. A weight sliding on a vertical rod
attachedtothecross-barisusedtocounterpoisethependulum.
Thetotal weightofthe pendulumshallbe 200 *02g.

6.3 Stop Watch, or other timing device for timing the
oscillationdamping of the pendulum.

6.4 Polished Plate (Float) Glass Panel,
pendulum.

forcalibrating the

7. Calibration

7.1 Checkthealignmentofthependulumandpaneltableas
follows:

> Available from various supply companies.

7.1.1 Placethe polished glass panel onthe panel table and
gently bring the pendulumtorestonthe surface of the glass.
Besurethe pendulumoscillates freely.

7.1.2 Place aspiritlevel on the glass panel surface. Level
theglasspanelbymeansoftheadjustingscrewsatthebaseof
theinstrument.

7.1.3 Clean the glass panel by wiping with a soft, lintless
cloth wetted with the solvent mixture specified in Practice
D3891.

7.1.4 Clean the fulcrum balls by wiping with a soft tissue
wettedwithsolvent.Leavethependuluminambientconditions
andthenbringittorestonthe glass panel.

7.1.5 Checkthepositionofthescalerelativetothe pendu-
lum pointer. With the pendulum at rest, its pointer should
indicatezeroonthescale.Ifthepointerdoesnotindicatezero,
movethescaletoobtainthe correctzerosetting.

7.2 Check the duration of the pendulum swing on a glass
panel.

7.2.1 Deflect the pendulum through 6°, release it and
simultaneously startastopwatchorothertimingdevice.

7.2.2 Determine whether the time for 100 swings of the
pendulumfallswithin140 =+ 2's.

7.2.3 Ifthemeasured timeisless thanspecified, move the
weightonthe pendulumrod upward. If the measuredtimeis
more than specified, move the weight downward. Continue
adjustments until the specified time is obtained. If the time
cannotbeobtained,theinstrumentshouldbejudgedfaultyand
berepaired.

7.3 Checkthedurationofdampingofthependulumonthe
glasspanelasfollows:

7.3.1 Deflect the pendulum through 6°, release it and
simultaneously startthe stopwatchorothertimingdevice.

7.3.2 Determine whether the time for the amplitude of
swing to decrease from 6 to 3° falls within 250 * 10s.
(correspondingto 172to 185 pendulumswings).

8. Test Panel Preparation and Conditioning

8.1 Apply uniform coatings of the material to be tested to
plane,rigidsurfaces, suchasmetal or glass panels, by one of
the procedures givenin Test Methods D823.

8.2 Curethecoatedpanelsundertheconditionsofthumidity
and temperature, as agreed upon between the purchaser and
seller.

8.3 Measurethethicknessofthedrycoatinginaccordance
withTestMethodsD1005,D1186, or D1400.

8.3.1 Coatingthicknessmustbecontrolledcloselybecause
the pendulum test results can be affected by thickness varia-
tions.Aminimumthicknessof25umisrequiredtominimize
substrateeffects.

9. Procedure

9.1 Unlessotherwisespecified, makethehardnessdetermi-
nationat23 =+ 2°Cand 50 = 5% relative humidity, after
holdingthetestpanelsundertheseconditionsforatleast16h.

9.2 Placethetestpanel onthepaneltableand gentlybring
the pendulumontothe panelsurface.
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9.3 Deflectthe pendulum through 6°, releaseitand simul-
taneously startthe stopwatchorothertimingdevice.

9.4 Determine the time for the amplitude of swing to
decreaseform6to3°. Thisisthe Konighardness.

9.5 Repeatsteps9.2—9.4onatleasttwootherareasofthe
testpanel.

10. Report

10.1 Reportthefollowinginformation:

10.1.1 Mean and range of the Konig hardness values in
secondsobtainedforthetestpanel,

10.1.2 Manufacturerandmodelofthehardnesstesterused,

10.1.3 Meanandrangeofthethicknessvaluesobtainedfor
the coating on the test panel, and the method used for
determining thethickness,

10.1.4 Temperature and relative humidity during the test,
and

10.1.5 Test panel preparation and conditioning techniques
used.

11. Precision and Bias®

11.1 MethodA—Konig PendulumTest— Onthebasisofan
interlaboratory test of this test method in which operators in
fourlaboratoriesmadethreehardnessmeasurementsoneachof
six coated panels covering a wide range of hardness on two
days, the within-laboratory coefficient of variation was found
tobe3%with24dfandthebetween-laboratoriescoefficientof
variation 8% with 18 df. Based on these coefficients, the
followingcriteriashouldbeusedforjudgingtheacceptability
ofresultsatthe 95% confidencelevel.

11.1.1 Repeatability—Two results, each the mean of three
determinations onaspecimen, obtained by the same operator
shouldbeconsideredsuspectiftheydifferbymorethan8 %of
theirmean value.

11.1.2 Reproducibility—Tworesults,eachthemeanofthree
determinationsonaspecimen,obtainedbyoperatorsindiffer-
entlaboratoriesshouldbeconsideredsuspectiftheydifferby
morethan23% oftheirmean value.

11.2 Bias—Nostatementcanbe madeonbiasasthevalue
ofKonighardnessisdefinedonlyintermsofthistestmethod.

TEST METHOD B—
PERSOZ PENDULUM HARDNESS TEST

12. Apparatus

12.1 Persoz Hardness Tester, >consisting of a stand that
supports apendulum, atest panel, and a pendulum displace-
ment scale. The stand has a stirrup to support the pendulum
abovethetableandamechanismforshock-freeloweringofthe
pendulumontothetestpanel. Atypicalapparatusissimilarto
thatshowninFig. I.

12.2 Persoz Pendulum, consisting of an open framework
with an upper cross-bar with two stainless steel balls, 8.0 +

¢ SupportingdatahavebeenfiledatASTM International Headquartersand may
beobtainedbyrequestingResearchReportRR:D01-1050.ContactASTMCustomer
Serviceatservice@astm.org.

0.005 mmindiameterand ofhardness 59 = 1HRC,insetto
formafulcrum,andwithalowercorss-barthatalsoformsthe
pointer.Thetotalweightofthependulumshallbe500 *0.1g,
its center of gravity atrest shall be 60 * 0.1 mmbelow the
fulcrum, and the pointer shall be 400 *+ 0.2 mm below the
planeofthe fulcrum.

13. Calibration

13.1 Checkthealignmentofthependulumandpaneltable.
13.1.1 Follow the proceduresoutlinedin7.1.1-7.1.4.

13.2 Checkthedurationofthependulumswingontheglass
panel.

13.2.1 Deflect the pendulum through 12°, release it and
simultaneously startthe stopwatchorothertimingdevice.

13.2.2 Determine whether the time for 100 swings of the
pendulumfallswithin100 = 0.1s.

13.2.3 If this value cannot be achieved, reclean the glass
panelandthebearingballsofthependulum,recheckthelevel
oftheglasspanel,andretest.Itisnotpermissibletoadjustthe
instrumentscaleatthispoint.

13.3 Checkthedurationofdampingofthependulumonthe
glasspanelasfollows:

13.3.1 Deflect the pendulum through 12°, release it and
simultaneously startthe stopwatchorothertimingdevice.

13.3.2 Determine whether the time for the amplitude of
swingtodecreasefrom 12t04°is >420s.

13.3.3 If this value cannot be achieved, repeat the glass
panelandinstrumentchecksdescribedin 13.2.3.

14. Procedure

14.1 Unless otherwise specified, make the hardness deter-
minationat23 =+ 2°Cand50 = 5%relative humidity, after
holdingthetestpanelsundertheseconditionsforatleast16h.

14.2 Placethetestpanelonthepaneltableandgentlybring
the pendulumontothe panel surface.

14.3 Deflect the pendulum through 12°, release it, and
simultaneously startthe stopwatchorothertimingdevice.

14.4 Determine the time for the amplitude of swing to
decreasefrom 12to4°. Thisisthe Persozhardness.

14.5 Repeatsteps 14.2—14.4onatleasttwootherareasof
thetestpanel.

15. Report

15.1 Reportthe followinginformation:

15.1.1 Mean and range of the Persoz hardness values in
secondsobtainedforthetestpanel,

15.1.2 Manufacturerand model of hardness testerused,

15.1.3 Meanandrangeofthethicknessvaluesobtained for
the coating on the test panel, and the method used for
determiningthethickness,

15.1.4 Temperature and relative humidity during the test,
and

15.1.5 Test panel preparation and conditioning techniques
used.
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16. Precision and Bias®

16.1 MethodB—PersozPendulumTest— Onthebasisofan
interlaboratory test of this test method in which operators in
fivelaboratoriesmadetwoorthreehardnessmeasurementson
eachofsixcoatedpanels(coveringawiderangeofhardness),
the within-laboratory coefficient of variation was found tobe
1% with 24 df and the between-laboratories coefficient of
variation 3% with 12 df. Based on these coefficients, the
followingcriteriashouldbeusedforjudgingtheacceptability
ofresultsatthe 95% confidencelevel.

16.1.1 Repeatability—Two results, each the mean of three
determinations onaspecimen, obtained by the same operator
shouldbeconsideredsuspectiftheydifferbymorethan3%of
theirmean value.

16.1.2 Reproducibility—Tworesults,eachthemeanofthree
determinationsonaspecimen,obtainedbyoperatorsindiffer-
entlaboratoriesshouldbeconsidered suspectiftheydifferby
morethan 8% oftheirmeanvalue.

16.2 Bias—Nostatementcanbemadeonbiasasthevalue
ofPersozhardnessisdefinedonlyintermsofthistestmethod.

17. Keywords

17.1 damping hardness tests; Konig pendulum hardness
tester; organic coatings; pendulum hardness tests; Persoz
pendulumhardnesstester
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