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Standard Test Methods for
- - - . . . 1
Physical Dimensions of Solid Plastics Specimens
This standard is issued under the fixed designation D 5947; 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. Scope* 3.2.1 absolute uncertainty (of a measurement}—the

1.1 These test methods cover determination of the physicaqmallest division that may be read directly on the instrument
dimensions of solid plastic specimens where the dimensiongséd for measurement. _ .
are used directly in determining the results of tests for various 3-2.2 calibration—the set of operations that establishes,
properties. Use these test methods except as otherwise requirddder specified conditions, the relationship between values
in material specifications. measured or indicated by an instrument or system, and the

1.2 The values stated in S units are to be regarded as tHgrresponding reference standard or known values derived
standard. from the appropriate reference standards.

1.3 This standard does not purport to address all of the 3-2.3 micrometey n—an instrument for measuring any di-
safety concerns, if any, associated with its use. It is thén€nsion within absolute uncertainty of 25 um or smaller.
responsibility of the user of this standard to establish appro- 3.2.4 verification—proof, with the use of calibrated stan-

priate safety and health practices and determine the applicadards or standard reference materials, that the calibrated
bility of regulatory limitations prior to use. instrument is operating within specified requirements.

3.2.5 1 mil, n—a dimension equivalent to 25 um [0.0010

Note 1—There is no similar or equivalent ISO standard. in.J.

2. Referenced Documents 4. Summary of Test Methods
2.1 ASTM Sf[andards: . ) a 4.1 These test methods provide five different test methods
D 618 Practice for Conditioning Plastics for Testing for the measurement of physical dimensions of solid plastic

D 638 Test Method for Tensile Properties of Plastics specimens. The test methods (identified as Test Methods A
D 790 Test Methods for Flexural Properties of Unreinforcedinrq,gh b, and H) use different micrometers that exert various

and Reinforced Plastics and Electrical Insulating Materi'pressures for varying times upon specimens of different geom-

als’ . . o etries. Tables 1 and 2 display the basic differences of each test
D 883 Terminology Relating to Plastics method and identify methods applicable for use on various
D 2240 Test Method for Rubber Property— DurometerpmstiCS materials.

Hardnes3
D 4805 Terminology for Plastics Standatds 5. Significance and Use
2.2 1SO Standard: 5.1 These test methods shall be used where precise dimen-
ISO 472 Plastics—Vocabulaty sions are necessary for the calculation of properties expressed

3. Terminology in_physical units. They are not intended to rt_eplace practical
L , , thickness measurements based on commercial portable tools,
3.1 Definitions—See Terminologies D 883 and D 4805, and ;s it implied that thickness measurements made by the
ISO 472 f_or_ _def|n|t|ons pertinent to these_ test methods. procedures will agree exactly.
3.2 Definitions of Terms Specific to This Standard:
6. Apparatus

1 These test methods are under the jurisdiction of ASTM Committee D20 on 6.'1 Apparatus A_Ma.Ch.mISt S _Mlcrometer Ca||F§elWIth
Plastics and are the direct responsibility of Subcommittee D20.10 on Mechanicd-@librated Ratchet or Friction Thimble:
Properties. 6.1.1 Apparatus A is a micrometer caliper without a locking
Current edition approved July 10, 2003. Published September 2003. Originalljayice but that is equipped with either a calibrated ratchet or a

d in 1996. Last previous edit din 2002 as D 5947 - 02. oL : . .
O amnual Book of ASTM Standagddol 08,01 friction thimble. The pressure exerted on the specimen is

3 Annual Book of ASTM Standardégol 09.01.
4 Annual Book of ASTM Standardgol 08.03.
5 Available from American National Standards Institute, 25 W. 43rd St., 4th
Floor, New York, NY 10036. ® Hereinafter referred to as a machinist's micrometer.

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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TABLE 1 Test Methods Suitable for Specific Materials 6.3.2 The preferred design and construction of this instru-

Material Test Method ment calls for a limit on the force applied to the presser foot.

Plastics specimens A B, C orD The limit is related to the compressive characteristics of the
Other elastomers” H

- material being measured.
Materials with D 2240 Type A hardness of 30 to 80 (approximately equivalent . R
1o a Type D hardness of 20). 6.3.2.1 The force applied to the presser foot spindle and the

force necessary to register a change in the indicator reading
_ _ shall be less than the force that will cause deformation of the
controllable by the use of a proper manipulative procedure angpecimen. The force applied to the presser foot spindle and the

a calibrated spring (see Annex A1). . ~ force necessary to just prevent a change in the indicator reading
6.1.2 Use an instrument constructed with a vernier or digitakhall be more than the minimum permissible force specified for
readout capable of measurement to the nearest 2.5 pm. a specimen.

6.1.3 Use an instrument with the diameter of the anvil and 6.4 Apparatus D_Automatica”y_Operated Thickness
spindle surfaces (which contact the specimen) of 0.1  Gage

mm. 6.4.1 Except as additionally defined in this section, use an
6.1.4 Use an instrument conforming to the requirements ofnstrument that conforms to the requirements of 6.3. An
8.1, 82,85, 8.6.1, and 8.6.2. electronic instrument having a digital readout in place of the
6.1.5 Test the micrometer periodically for conformance togial indicator is permitted if that instrument meets the other
the requirements of 6.1.4. requirements of 6.3 and 6.4.
6.2 Apparatus B—Machinist's Micrometer Without a 6.4.2 Use a pneumatic or motor-operated instrument having
Ratchet a presser foot spindle that is lifted and lowered either by a
6.2.1 Apparatus B is a micrometer caliper without a lockingpneumatic cylinder or by a constant-speed motor through a
device. mechanical linkage such that the rate of descent (for a specified

6.2.2 Use an instrument constructed with a vernier or digitalange of distances between the presser foot surface and anvil)

readout capable of measurement to the nearest 2.5 um.  and dwell time on the specimen are within the limits specified
6.2.3 Use an instrument with the diameter of the anvil anqor the material being measured.

spindle surfaces (which contact the specimen) of £.4.1 6.4.2.1 The preferred design and construction of this instru-
mm. ment calls for a limit on the force applied to the presser foot.
6.2.4 Use an instrument conforming to the requirements ofrhe limit is related to the compressive characteristics of the
8.1, 8.2,85.1, 85.2,85.3, 8.6.1, and 8.6.3. material bemg measured.
6.2.5 Examine and test the micrometer periodically for 6.4.2.2 The force applied to the presser foot spindle and the
conformance to the requirements of 6.2.4. force necessary to register a change in the indicator reading

6.3 Apparatus C—Manually Operated, Thickness Gage: shall be less than the force that will cause deformation of the
16.3.1 Use a dead-weight or spring-loaded, dial-type gage apecimen. The force applied to the presser foot spindle and the
digital readout in accordance with the requirements of 8.1, 8.3orce necessary to just prevent a change in the indicator reading

8.4, 8.6.1, and 8.6.4 having the following: must be more than the minimum permissible force specified for
6.3.1.1 Apresser foot that moves in an axis perpendicular t@ specimen.

the anvil face; _
6.3.1.2 The surfaces of the presser foot and anvil (which/. Test Specimens

contact the specimen) parallel to within 2.5 pm (see 8.3); 7.1 The test specimens shall be prepared from plastics
6.3.1.3 Aspindle, vertically oriented if a dead-weight appa-materials in sheet, plate, or molded shapes that have been cut

ratus; to the required dimensions or molded to the desired finished
6.3.1.4 A dial or digital indicator essentially friction-free dimensions for the particular test.

and capable of repeatable readings withii pm at zero 7.2 Prepare and condition each specimen to equilibrium

setting, or on a steel gage block; with the appropriate standard laboratory test conditions in

6.3.1.5 A frame, housing the indicator, of such rigidity thataccordance with the test method applicable to the specific
a load of 15 N applied to the indicator housing, out of contacimaterial for test.
with the presser foot spindle (or any weight attached thereto), 7.3 For each specimen, take precautions to prevent damage
will produce a deflection of the frame not greater than theor contamination that might affect the measurements adversely.
smallest scale division or digital count on the indicator; and 7.4 Unless otherwise specified, make all dimension mea-
6.3.1.6 A dial diameter at least 50 mm and graduateurements at the standard laboratory atmosphere in accordance
continuously to read directly to the nearest 2.5 um. If neceswith Practice D 618.
sary, equip the dial with a revolution counter that displays the o ) .
number of complete revolutions of the large hand:; or 8. Calibration (Gener_al Con_5|derat|ons for Care and Use
6.3.1.7 An electronic instrument having a digital readout in  Of Each of the Various Pieces of Apparatus for
place of the dial indicator is permitted if that instrument meets Dimensional Measurements)
the other requirements of 6.3. 8.1 Good testing practices require clean anvil and presser
foot surfaces for any micrometer instrument. Prior to calibra-
- tion or dimensional measurements, clean such surfaces by
" Herein referred to as a gage. inserting a piece of smooth, clean bond paper between the anvil
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TABLE 2 Test Method Parameter Differences

Test Method Apparatus Elastic Modulus Range” Diameter qf Presser Foot Pressure on Specimen,

MPa or Spindle, mm Approximate, kPa
Al A from >35 to <275 6.4 40 to 180
A2 A from >276 to <700 6.4 40 to 300
A3 A >701 6.4 40 to 900
B B 6.4 unknown
C C 6.41t012.7 5 to 900
D D 6.4 t0 12.7 5 to 900
H C 6.4 30

“ADetermined by Test Method D 638 or Test Method D 790.

and presser foot and slowly moving the bond paper between 8.3.3 If the difference between any pair of readings is

the surfaces. Check the zero setting frequently during measurgreater than 2.5 um, the surfaces are not parallel.

ments. Failure to repeat the zero setting may be evidence of dirt 8.4 Lacking a detailed procedure supplied by the instrument

on the surfaces. manufacturer, confirm the flatness of the anvil and the spindle
Note 2—Avoid pulling any edge of the bond paper between thesurface of a micrometer or dial gage by the use of_an optical flat

surfaces to reduce the probability of depositing any lint particles on thdhat has clean surfaces. Surfaces shall be flat within 1 pm.
surfaces. 8.4.1 After cleaning the micrometer surfaces (see 8.1), place
8.2 The parallelism requirements for machinists’ microme-te optical flat on the anvil and close the presser foot as
ters demand that observed differences of readings on a pair §fscribed in 8.6.2, 8.6.3, 8.6.4, or 8.6.5, as appropriate.
screw-thread-pitch wires or a pair of standard 6.4-mm nominal 8-4-2 When illuminated by diffused daylight, interference
diameter plug gages be not greater than 2.5 pm. Spring-WirQa”dS,are formed between the surfgces of the flat and those of
stock or music-wire of known diameter are suitable substitutegh® micrometer. The shape, location, and number of these

The wire (or the plug gage) has a diameter dimension that iBands indicate the deviation from flgtness in |n<_:rements of half

known to be within+1 um. Diameter dimensions may vary by the average wavelengths of white light, which is taken as 0.25

an amount approximately equal to the axial movement of thétm- ] .

spindle when the wire (or the plug gage) is rotated through 8.4.2.1 Aflat surface forms straight parallel fringes at equal

180°. intervals.

8.2.1 Lacking a detailed procedure supplied by the instru- 8.4.2.2. A grooved surface forms straight parallel fringes at
ment manufacturer, confirm the parallelism requirements ofinequal intervals.

machinist’'s micrometers using the following procedure: 8.4.2.3 A symmetrical concave or convex surface forms
8.2.1.1 Close the micrometer on the screw-thread-pitch wirgoncentric circular fringes. Their number is a measure of the

or plug gage according to the calibration procedure of 8.6.2 ogleviation from flatness.

8.6.3, as appropriate; 8.4.2.4 An unsymmetrical concave or convex surface forms
8.2.1.2 Observe and record the thickness indicated; a series of curved fringes that cut the periphery of the
8.2.1.3 Move the screw-thread-pitch wire or plug gage to anicrometer surface. The number of fringes cut by a straight

different position between the presser foot and anvil, and repedine connecting the terminals of any fringes is a measure of the

8.2.1.1 and 8.2.1.2; and deviation from flatness.
8.2.1.4 If the difference between any pair of readings is 8.5 Machinist's Micrometer Requirements
greater than 2.5 um, the surfaces are not parallel. 8.5.1 The requirements for a zero reading of machinist's

8.3 Lacking a detailed procedure supplied by the instrumentnicrometers are met when ten closings of the spindle onto the
manufacturer, confirm the requirements for parallelism ofanvil, in accordance with 8.6.2.3 or 8.6.3.3, as appropriate,
dial-type micrometers given in 6.3.1.2 by placing a hardenedesult in ten zero readings. The condition of zero reading is
steel ball (such as that used in a ball bearing) of suitablgatisfied when examinations with a low-power magnifying
diameter between the presser foot and anvil. Mount the ball iglass show that at least 66 % of the width of the zero
a fork-shaped holder to allow it to be moved conveniently fromgraduation mark on the barrel coincides with at least 66 % of
one location to another between the presser foot and anvil. Thae width of the reference mark.
balls used commercially in ball bearings are almost perfect 8.5.2 Proper maintenance of a machinist's micrometer may
spheres having diameters constant within 0.2 um. require adjusting the instrument for wear of the micrometer

Note 3—Exercise care with this procedure. Calculations using thes?rew so that the spindle has n_o perceptible lateral or longitu-
equations given in X1.3.2 show that the use of a 680 g mass weight on @inal looseness, yet rotates with a torque load of less than
ball between the hardened surfaces of the presser foot and anvil can resdil8E-3 Nm. Replace the instrument if this is not achievable
in dimples in the anvil or presser foot surfaces caused by exceeding thafter disassembly, cleaning, and lubrication.
yield stress of the surfaces. 8.5.3 After the zero reading has been checked, use the

8.3.1 Observe and record the diameter as measured by tiealibration procedure of 8.6.2 and 8.6.3 (as appropriate, for the

micrometer at one location. machinist’s micrometer under examination) to check for the
8.3.2 Move the ball to another location and repeat themaximum acceptable error in the machinist's micrometer
measurement. screw.
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8.5.3.1 Use selected feeler-gage blades with known thick- 8.6.3 Calibration Procedure for Apparatus B, Machinist's
ness to within=0.5 um to check micrometers calibrated in Micrometer Without Ratchet or Friction Thimble
metric units at approximately 50, 100, and 200-um points. Use 8.6.3.1 Rotate the spindle so as to close the micrometer on

standard gage blocks at points greater than 200 um. the gage block or other calibrating device. Reverse the rotation
8.5.3.2 Take ten readings at each point checked. Calculat® as to open the micrometer 100 to 150 pm.
the arithmetic mean of these ten readings. 8.6.3.2 Close the micrometer again so slowly on the cali-

8.5.3.3 The machinist's micrometer screw error is withinbrating device that the scale divisions may be counted easily as
requirements if the difference between the mean value othey move past the reference mark. This rate approximates
8.5.3.2 and the gage block (or feeler-gage blade) thickness &bout 50 pm/s.

not more than 2.5 um. 8.6.3.3 Continue the closing motion until the spindle face
8.5.4 Calibration of Spindle Pressure in Machinist's Mi- contacts the surface of the gage block (or other calibrating
crometer with Ratchet or Friction Thimble device). Contact is made when frictional resistance develops

8.5.4.1 See Annex Al, which details the apparatus and‘pitiglly to thg movement of the calibrating device between the
procedure required for this calibration. The spindle pressur@nVil and spindle face. _ _ _
shall be calibrated to a value within one of the A-ranges listed 8.6.3.4 Observe and record the dimension reading.
in Table 2. These ranges are based on the elastic modulus of theB-6.3.5 Repeat the procedures described in 8.6.3.1-8.6.3.4
material determined by Test Method D 638 or Test Method!Sing several gage blocks (or other calibration devices) of
D 790. The spindle pressure shall be calibrated to value withiflifferent dimensions covering the range of measurement with

the range for the lowest elastic modulus material that may b&his micrometer. o _ _
tested. 8.6.3.6 Construct a calibration correction curve that will

8.6 Calibration of Micrometers provide the corrections for application to the observed dimen-

8.6.1 Calibrate all micrometers in a standard Iaborator)f‘ions of spt_ecim_ens tested using this calibrated micrometer.
atmosphere maintained at 50 % relative humidity and 23°C or 8.6.4 Callbr.atlon Progedure for Apparatus C, Manually
some other standard condition as mutually agreed upon b&Perated, Thickness Gage o , .
tween the seller and the purchaser. Use standard gage blocks oB:6-4.1 Using the procedures detailed in Section 9 pertinent
other metallic objects of known dimension. The known dimen-0 the material to be measured, collect calibration data from
sional accuracy of such blocks shall be withirl0 % of the obs_ervations _using se_veral gage bIocI_<s (or other calibration
smallest scale division of the micrometer dial or scale. Thus, ifl€vices) of different dimensions covering the range of mea-
an instrument's smallest scale division is 2 um, the standargurement with this micrometer. _ _
gage block dimension shall be known to within0.2 pm. 8.6.4.2 Construct a calibration correction curve that will
Perform calibration procedures only after the instrument ha8rovide the corrections for application to the observed dimen-
been checked and found to meet the requirements of thelonS of specimens tested using this calibrated micrometer.
pertinent preceding paragraphs of these test methods. Perform8-6-5 Calibration  Procedure  for  Apparatus D,
procedures in 8.1 to 8.6 at least once per year in accordanéd/tomatically-Operated Thickness Gage

with the manufacturers’ recommendations. Periodic verifica- 8-6-5.1 Using the procedures detailed in Section 9 pertinent
tions with the gage blocks shall be conducted to assur® the material to be measured, collect calibration data from

calibration has been maintained. observations using several gage blocks (or other calibration
8.6.2 Calibration Procedure for Apparatus A, Machinist's devices) of different dimensions covering the range of mea-

Micrometer with Ratchet or Friction Thimhle surement with this micrometer.

8.6.2.1 Calibrate the ratchet spring or friction thimble in 8.6.5.2 Construct a calibration correction curve that will
accordance with Annex A1, provide the corrections for application to the observed dimen-

8.6.2.2 Rotate the spindle so as to close the micrometer orons of specimens tested using this calibrated micrometer.

the gage block or other calibrating device. Reverse the rotatio
so as to open the micrometer 100 to 150 um.

8.6.2.3 Using the ratchet knob or friction thimble, close the Note 4—In this section, the word “method” denotes a combination of
micrometer again slowly on the calibrating device so that thédoth a specific apparatus and a procedure describing its use.

scale divisions may be counted easily as they move past theg.1 The selection of a method for measurement of dimen-

5. Procedure

reference mark. This rate approximates about 50 um/s. sion is influenced by the characteristics of the solid plastic for
8.6.2.4 Continue the closing motion until the ratchet clicksmeasurement. Each material will differ in its response to test

three times or the friction thimble slips. method parameters, which include, but may not be limited to,
8.6.2.5 Observe and record the dimension reading. compressibility, rate of loading, ultimate load, dwell time, and

8.6.2.6 Repeat the procedures described in 8.6.2.2-8.6.2dimensions of the presser foot and anvil. For a specific plastic
using several gage blocks (or other calibration devices) ofaterial, these responses may cause measurements made using
different dimensions covering the range of measurement witlone method to differ significantly from measurements made
this micrometer. using another method. The procedures that follow are catego-
8.6.2.7 Construct a calibration correction curve that willrized according to the materials to which each applies. See also
provide the corrections for application to the observed dimenAppendix X1.
sion of specimens tested, using this calibrated micrometer. 9.2 Test Methods Applicable to Solid Plastic Specimens
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9.2.1 Except as otherwise specified in other applicable 9.2.6.1 Using Apparatus B and specimens in conformance
documents, use either Test Methods A, B, C, or D for plastiawith Section 7, close the micrometer on an area of the
specimens. specimen that has a similar dimension to the one to be

9.2.2 When testing specimens by Test Methods A, B, C, omeasured, but is not one of the measurement positions.
D, use apparatus that conforms to the requirements of th®bserve this reading, then open the micrometer approximately
appropriate parts of Section 6 and Table 2, including thel00 um beyond the expected reading, and move the specimen
requirement for accuracy of zero settiyarning—Cleaning  to the measurement position. For specimens with a draft angle
the presser foot and anvil surfaces as described in 8.1 can causg each side of the specimen, take the measurement of width at
damage to digital electronic gages, which may then requirghe edge of the non-cavity surface (the wider of the two
very expensive repairs by the instrument manufacturer. Obtaigurfaces). Position the center of the micrometer’'s anvil and
procedures for cleaning such electronic gages from the instrigresser foot on this edge. For measurement of specimen
ment manufacturer to prevent these costs. thickness position the micrometer’s anvil and pressure foot at

Note 5—An electronic indicator may be substituted for the dial gage orthe center of the specimen width.
vernier if the presser foot and anvil meet the requirements of that test 9.2.6.2 Close the micrometer slowly at such a rate that the

method. scale divisions may be counted easily as they pass the reference

9.2.3 When testing specimens using Test Method D, use afark. This rate is approximately 50 pm/s.
instrument that has a drop rate between 750 and 1500 um/s9.2.6.3 Continue the closing motion until contact with the
between 625 and 25 um on the dial and a capacity of at leaspecimen surface is just made as evidenced by the initial
775 pm. development of frictional resistance to movement of the
9.2.4 The presence of contaminating substances on theicrometer screw. Observe the indicated dimension.
surfaces of the test specimens, presser foot, anvil, or spindle 9.2.6.4 Correct the observed indicated dimension using the
can interfere with dimension measurements and result igalibration correction curve obtained in accordance with 8.6,
erroneous readings. To help prevent this interference, seleghd record the corrected dimension value.
only clean specimens for testing, and keep them and the g ; g 5 \ove the specimen to another measurement posi-
dimension measuring instrument covered until ready to makﬁon, and repeat the steps given in 9.2.6.1-9.2.6.4.

measurements. : -
9.2.6.6 Unless otherwise specified, make and record at least

9.2.5 Test Method A : . ) ;

9251 Using A tus A and . . f three dimension measurements on each specimen. The arith-

2-e0-2 USINg Apparatus A and Specimens In ContormancQ, i mean of all dimension values is the dimension of the
with Section 7, close the micrometer on an area of the

: S . . Specimen.
specimen that has a similar dimension to the one to bé
measured, but is not one of the measurement positions. 9-2-7 Test Method C
Observe this reading, then open the micrometer approximately 9.2.7.1 Using Apparatus C and specimens in conformance
100 um beyond the expected reading, and move the specimaith Section 7, place the instrument on a solid, level, clean
to the measurement position. For specimens with a draft angl@ble or bench that is free of excessive vibration. Confirm that
on each side of the specimen, take the measurement of width #te anvil and presser foot surfaces are clean. Adjust the zero
the edge of the non-cavity surface (the wider of the twopoint.
surfaces). Position the center of the micrometer's anvil and 9.2.7.2 Using Apparatus C and specimens in conformance
presser foot on this edge. For measurement of specimefith Section 7, close the micrometer on an area of the
thickness position the micrometer’s anvil and pressure foot a§pecimen that has a similar dimension to the one to be
the center of the specimen width. measured but is not one of the measurement positions. Observe
9.2.5.2 Using the ratchet, or the friction thimble, close theth|s reading, then open the micrometer approximate]y 100 pum
micrometer at such a rate that the scale divisions may bgeyond the expected reading, and move the Specimen to the
counted easily as they pass the reference mark. This rate j§easurement position. For specimens with a draft angle on
approximately 50 um/s. each side of the specimen, take the measurement of width at
9.2.5.3 Continue the closing motion until the ratchet clicksthe edge of the non-cavity surface (the wider of the two
three times or the friction thimble slips. Observe the indicatedsyrfaces). Position the center of the dial gage’s anvil and
dimension. presser foot on this edge. For measurement of specimen
9.2.5.4 Correct the observed indicated dimension using thghickness position the micrometer’s anvil and pressure foot at
calibration chart obtained in accordance with 8.6, and recorghe center of the specimen width.

the corrected dimension value. ~9.2.7.3 Raise the presser foot slightly.
tio%zz.;c? r';/logaet tng Sstp;ecgmﬁlr;;ﬂnagoztrge;_r;(;asgirement POSI=9 2 7.4 Move the specimen to the first measurement loca-
’ P p 9 L T e tion, and lower the presser foot to a reading approximately 7 to

9.2.5.6 Unless otherwise specified, make and record at Iea??]b um higher than the initial reading of 9.2.7.2

three dimension measurements on each specimen. The arith- o

metic mean of all dimension values is the dimension of the

specimen. Note 6—This procedure minimizes small errors present when the
9.2.6 Test Method B pressure foot is lowered slowly onto the specimen.

9.2.7.5 Drop the foot onto the specimen (see also Note 6).
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9.2.7.6 Observe the reading. After correcting the observed 9.3.1 Test Method H is applicable to other elastomeric
indicated dimension using the calibration correction curvematerials that have a Test Method D 2240 Type A durometer
obtained in accordance with 8.6, record the corrected dimerhardness between 30 and 80.

sion value. 9.3.2 Test Method H uses an instrument described as
9.2.7.7 Move the specimen to another measurement posipparatus C in 6.3 that conforms to the requirements given in
tion, and repeat the steps given in 9.2.7.1-9.2.7.6. 8.1, 8.3, 8.4, 8.6.1, and 8.6.4 and has the following:

9.2.7.8 Unless otherwise specified, make and record at least9.3.2.1 A presser foot diameter of 624 0.1 mm;
three dimension measurements on each specimen. The arith-9.3.2.2 An anvil diameter of at least 50 mm;
metic mean of all dimension values is the dimension of the 9.3.2.3 A capacity of at least 7.50 mm; and

specimen. 9.3.2.4 A design and construction capable of applying a
9.2.7.9 Recheck the instrument zero setting after measuringressure of 26- 9 kPa on the elastomeric material specimen.
each specimen. A change in the setting is usually the result dfhis pressure is the result of the ratio of the force on the
contaminating particles carried from the specimen to thepecimen (0.83-N (3-0z) exerted by a 6.4 mm diameter presser
contacting surfaces of the presser foot and anvil. This conditiofoot assembly) to the specified area of the presser foot.
necessitates the cleaning of these surfaces (see 8.1 and the 3.3 Using the apparatus as described in 9.3.2 and speci-
Warning note found in 9.2.2). mens in conformance with Section 7, place the instrument on
9.2.8 Test Method D a solid, level, clean table or bench that is free of excessive
9.2.8.1 Using Apparatus D and specimens in conformancuibration. Confirm that the anvil and presser foot surfaces are
with Section 7, place the instrument on a solid, level, clearflean and that the accuracy of zero reading has been deter-
table or bench that is free of excessive vibration. Confirm thamined.
the anvil and presser foot surfaces are clean. 9.3.4 Test Method H involves two different procedures for
9.2.8.2 Apply power to the motor or air to the pneumatics,dimension measurements of elastomeric materials. One proce-
and allow the instrument to reach a thermal equilibrium withdure uses the micrometer as a comparison gage. The other
the ambient. Equilibrium is attained when the zero pointProcedure uses the micrometer as a direct dimension reading
adjustment becomes negligible. Do not stop the motor ofstrument. Test results using either procedure are not signifi-
remove the air until all of the measurements are made. Thigantly different.
will minimize any tendency to disturb the thermal equilibrium  9.3.5 Satisfactory accuracy of dimension measurements on
between the instrument and ambient during the dimensioglastomeric materials is obtained by using the gage as a
measurements. comparison measuring instrument. The use of this technique
9.2.8.3 Insert and position a specimen for the first measurgdoes not requi_re the construction of a calibration curve. Details
ment when the opening between the presser foot and anvil &f the comparison procedure follow:
near its maximum. For specimens with a draft angle on each 9.3.5.1 Do not drop the presser foot, but lower it slowly onto
side of the specimen, take the measurement of width at thée surface of a specimen. Make an initial regdins after the
edge of the non-cavity surface (the wider of the two surfaces)presser foot has contacted the specimen surface. The initial
Position the center of the dial gage’s anvil and presser foot ofeading estimates the specimen dimension.
this edge. For measurement of specimen thickness position the9.3.5.2 Raise the presser foot and remove the specimen.
micrometer’'s anvil and pressure foot at the center of the 9.3.5.3 Select a gage block that approximates the initial
specimen width. reading observed in 9.3.5.1 most closely. Place the gage block
9.2.8.4 Observe the dial reading while the presser foot is an the anvil, and lower the presser foot slowly. DO NOT
rest on the specimen surface. After correcting the observe@ROP THE PRESSER FOOT.
indicated dimension using the calibration correction curve 9.3.5.4 After the presser foot comes to rest, adjust the zero
obtained in accordance with 8.6, record the corrected dimersetting of the gage so that the reading is exactly the dimension
sion value. of the gage block.
9.2.8.5 While the presser foot is near its maximum lift, 9.3.5.5 Lift the presser foot, remove the gage block, and
move the specimen to another measurement position, arglace the specimen on the anvil.
repeat the steps given in 9.2.8.1-9.2.8.4. 9.3.5.6 Lower the presser foot slowly onto the specimen,
9.2.8.6 Unless otherwise specified, make and record at leaghd allow it to come to rest fb s before reading the dial.
three dimension measurements on each specimen. The arith-9.3.5.7 Repeat the steps given in 9.3.5.2-9.3.5.6 until at least
metic mean of all dimension values is the dimension of thefive dimension readings are obtained. The arithmetic mean of
specimen. the five readings is taken as the dimension of the specimen.
9.2.8.7 Recheck the instrument zero setting after measuring 9.3.6 Test Method H uses the micrometer as a direct
each specimen. A change in the setting is usually the result afimension measurement instrument using the following proce-
contaminating particles carried from the specimen to thelure:
contacting surfaces of the presser foot and anvil. This condition 9.3.6.1 Do not drop the presser foot, but lower it slowly onto
necessitates the cleaning of these surfaces (see 8.1 and the surface of a specimen. Make an initial regdins after the
Warning note found in 9.2.2). presser foot has contacted the specimen surface. The initial
9.3 Test Methods Applicable to Other Elastomers reading estimates the specimen dimension.
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9.3.6.2 Raise the presser foot no more than 500 um above 10.1.2 Date of testing, identity of the testing laboratory, and
the dimension observed in 9.3.6.1, and move the specimen tdentity of the responsible personnel;

the first measurement location. 10.1.3 Test method used, details of any deviation therefrom,
9.3.6.3 Do not drop the presser foot, but lower it gently ontoand choice of any options in the standard procedure;

the specimen, and allow it to rest on the specime®f®before 10.1.4 Number of specimens per sample and number of

reading the indicator dial. measurements per specimen; and

9.3.6.4 Observe the dimension indicated on the indicator, 10.1.5 Arithmetic mean and range of all measurements
and apply any correction from the calibration curve generatethade on a specimen.
in accordance with 8.6. Record the corrected dimension value. o )

9.3.6.5 Repeat the procedure described in 9.3.6.1-9.3.6.4 g~ Precision and Bias
different areas of the specimen until at least five dimension 11.1 Precision—Since the test methods herein use different
measurements have been recorded. The arithmetic averagepiéces of apparatus, call for one of several magnitudes of
the five corrected values is the dimension of the specimen. forces to be exerted on specimens of widely different geom-

9.3.7 There will be some compression of low-durometeretries for varying periods of time, and are used for a wide
hardness elastomeric materials due to the force exerted by tivariety of materials, it is the consensus that a precision
presser foot. That error magnitude will increase as the specstatement in these test methods is not practicable. There will be
men dimension decreases. different precisions between test methods and between mate-

9.3.8 For measurements of dimension on low-durometerials. The reader is directed to seek precision statements in
hardness, the most significant and precise values are obtain#itbse other ASTM standards that deal with specific plastics or
by the use of Apparatus C modified so that the presser foatlastomeric material measured by any of these test methods.
simulates the total load force expected in the intended appli- 11.2 Bias—The bias of any one of these test methods is
cation. unknown. A standard specimen of known thickness of solid

electrical insulation is not available for measurement of thick-

10. Report ness by each of these test methods.

10.1 Report the following information:

10.1.1 Complete identification of the material tested, includ-12- Keywords
ing the type, grade, source, and lot number; 12.1 caliper; dimensions; elastomers; micrometer; plastics

ANNEX
(Mandatory Information)

Al. CALIBRATION OF MACHINIST'S MICROMETER RATCHET SPRING OR SPINDLE FORCE

Al.1 Introduction Al.2.4 Refer to Fig. Al.1, which shows the assembled

Al.1.1 This annex describes apparatus and procedures suPparatus.
able for ascertaining the pressure exerted by the spindle on a
machinist's micrometer equipped with a calibrated-springA1.3 Procedure
actuated ratchet or friction thimble. Such a micrometer is A1.3.1 Place the micrometer in position on the supporting
described in Section 6 as Apparatus A. arm.
A1.2 Apparatus for Calibration A1.3.2 Adjust the support arm position to allow the balance

pointer free travel betweert50 mg.

Al.2.1 Balance triple-beam, single plate, graduated to 0.1 A1.3.3 Lock the support arm in this position.
g, having a maximum capacity of approximately 2.6 kg using a1.3.4 Place a specimen, such as a 10-layer pad of capacitor
auxiliary weights. Equip the balance with an adjustable COUNpaper, between the spindle foot of the micrometer and the
terbalance. . lapped surface of the universal joint.

A1.2.2 Attachment, mounted vertically on the plate of the A1 35 Adjust the micrometer spindle so that the pointer of
balance so as to support a universal joint, one face of which ig,e palance reads 50 mg.
lapped flat. A1.3.6 Using the following equation, calculate the Mass in

A1.2.3 Vertical Arm Supportmounted at right angles to the gams 10 add to the balance for the spindle pressure desired.
balance plate that will hold the machinist’'s micrometer for

testing. Hold the micrometer by this arm in such a way that the Mass= SPx D” x 8.01x 10" (AL.1)
clamping pressure of the arm support will not distort the

; ter f where:
micrometer frame. SP = the desired spindle pressure, in kPa
D = the diameter of the spindle, in m
8 This attachment can be adapted from a Starrett Center Tester No. 65, L. éz.or a 6-.35_'mm diameter Spmdle the pressure can be calculated
Starrett Co., Athol, MA 01331, by multiplying SP by 3.23.
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FIG. Al1.1 Balance

For example, if you want the spindle pressure to be 200 kPapanufacturer, or make one from a coil spring wire of 450-um nominal
the calculated mass will be approximately 600 g. Place thdiameter. Make the inside diameter of the coiled wire5.0.1 mm, with
weight on the balance arm. a 2= 0.1-mm spacing between coil turns. Grind the ends of the spring flat.

three times or until the friction thimble slips. __increase pressure, the maximum permitted elongation is 25 %.
A1.3.8 The ratchet should click, or the thimble should slip,

if a 600-g weight is selected. The ratchet or thimble should AL.3.11 Make certain that the spring seats properly in the
bring up the pointer easily if a 510-g weight is selected. ratchet assembly, and assemble the ratchet completely before

Al1.3.9 If the pressure for a micrometer with ratchet is high,m""kIng any tests. o
clip the spring until the proper range is observed. If the Al1.3.12 Do not use oil in the ratchet assembly.
pressure is too low, discard the spring and replace it with a new A1.3.13 If the pressure for a micrometer with a friction
spring. thimble is outside the permissible limits, consult the manufac-
Note Al.1—Obtain a new micrometer spring from the micrometer turer for procedures to remedy the non-conformance.
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APPENDIX
(Nonmandatory Information)

X1. ELASTICITY THEORY ADAPTED TO THICKNESS MEASUREMENT

X1.1 Introduction previously held perceptions of the necessity for maintaining

X1.1.1 Theoretical dissertations pertinent to the problem&onstant average pressure. . .
involved when a rigid cylindrical die is pressed into a semi- X1.2.3 The pressuré?, applied at any point on the speci-
infinite elastic solid may be found in treatises on elastitity. Men inside the perimeter of the foot is given by the following:

X1.1.2 The equations derived therein indicate that the P=W[2mRR — r?)°®] (X1.2)
distance of penetration of the die (analogous to the presser foot
of a micrometer) into the elastic solid (analogous to a thicknesgvhere:
specimen) is proportional to the ratio of the applied force to theW = force,
diameter of the cylinder. R = radius, and . o
X1.1.3 Other mechanical properties of the materials in-" = radial distance of the point being discussed from the

volved also have some influence on the distance of penetration. _ _ Center of the surface. _ _
X1.1.4 If a plot of measured thickness versus the ratio of 1S brings out the important point that at the periphery of

applied force to presser foot diameter is made for each of© foot surface (whereapproacheg), P approaches infinity

several materials (including rubbers and recorder tapes), &'d the specimen is stressed beyond its yield point so that an
linear relationship is found. imprint of the outline of the presser foot surface remains on the

X1.1.5 In the absence of any better theoretical model, thepecimen surface. Dressing the edge of the presser foot to have

equations for a cylinder die and a spherical die indenting & Slight radius prevents this effect. _
semi-infinite solid are presented and adapted to thickness X1-2:4 Assuming that the equations apply to a relatively

measurements in the hope that further work is stimulated basé@in SPecimen, the actual thickness measured will be the
on adapting the semi-infinite model to finite size models. no_—Ioad thickness minus the penetration, and the equation for
X1.1.6 In thickness measurements, keeping the averad@ickness becomes the following:
pressure constant when changing the diameter of presser feet T=T,-d=T, — WD(1 — ¢?/E (X1.3)
has never been satisfactory, and this old notion needs to be
discarded. where: _
X1.1.7 The theory developed in the treatises does not givelo = No-load thickness. , S
any information on how to handle the effects due to time of X1.2.5 AplotofT versusW/Dresults in a straight line. The
loading. Until something better is established, the effects ofnterceptatVv/D = 0 provides a value foF, . Data for the plot
time need evaluation for each material over the range of?@y be obtained by making a series of measurements on a
thickness, forces, and foot diameters expected in testing.  SPecimen using different weights with a fixed diameter of
presser foot or a fixed weight with presser feet of differing
diameters.
s . X1.2.6 If such a plot is made for polymeric film and the
X1.2.1 For the cylindrical presser foot, the expression forslope of the line is (fstablished from tﬂeyplot or by regression

X1.2 Cylindrical Pressure Foot

penetrationd, is as follows: analysis of the data, a number of characteristics of the film may
d = (WD) X [(1 — ¢®)/E] (X1.1)  be obtained.

X1.2.7 The plot can also be useful in estimating the effects
where: of making thickness measurements on the material using
W f fqrce downward on the foot, different dimensions of the presser foot and different applied
D= d|a_meter of the face, . forces to the specimen
o = Poisson’s ratio = 0.35 to 0.45 for plastics in general, '

and _ X1.3 Hemisphere-Shaped Foot
E = Young's modulus of the specimen.

X1.3.1 For a hemisphere pressing a semi-infinite specimen,

The presser foot and anvil are regarded as infinitely rlgld.(Ehe penetrationd, into the surface is given by the equation:

X1.2.2 As a result, the amount of penetration is determine
by the ratio of force, or load, to the diameter of the presser foot. d = 0.8255X (WA/R)M® x [(1 — o?)/EJ® (X1.4)
Data on rubber and recorder tape confirm this finding. Conse-
quently, if the radius of the presser foot is reduced by a factor""herf:f d q he hemisph
reduce the load by the same factor to keep the penetration an;F)Q/ _ rgglciﬁs g}lvtrma;er?]%th%reer\r/]vlr?ﬁ:heirselassume d incom-
therefore, the apparent thickness constant. This is in contrastto P '

pressible,
o = Poisson’s ratio = 0.35 to 0.45 for plastics, and
E = Young’s modulus of the specimen.
9 Timoshenko, S.Theory of ElasticityMcGraw-Hill Book Co., New York, NY, Con_sequently, _the amount of elastic dlsplacement_ observed
1934, p. 338. for a given material depends on the ratidR If the radius of
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the hemisphere is reduced by four, the load on the gage must lieickness of the specimen minus the amount of penetration. An

reduced by a factor of two to maintain the same penetrationequation can be written expressing this idea using the equation
X1.3.2 Permanent indentation will occur if the elastic yield for penetration written above:

point of the specimen is exceeded. This occurs unless the loads

_ _ 1/3 _ 2 2/3
and radius are such that T =T, ~ [0.8255W/R™® X [(1 ~ o] (X1.6)

Y > 0.5784x [E/(1 — )% x (WRH)Y3 (X1.5) where:
T = thickness read, and
where: _ T, = no-load thickness.
Y = vyield stress of the material. Aplot of T versus eithe??® or (W? /R)*® should result in a

In selecting loads to apply to the specimen, make a calculatiogyaight line that, when extrapolatedé= 0, gives the no-load
to determine whether the resulting load and radius combinatiof;-knessT
o -

is too near the yield strength.
X1.3.3 Assuming that the equation will still hold for a finite
specimen, the reading obtained for the thickness is the no-load

SUMMARY OF CHANGES

This section identifies the location of selected changes to these test methods. For the convenience of the user,
Committee D20 has highlighted those changes that may impact the use of these test methods. This section may
also include descriptions of the changes or reasons for the changes, or both.

D 5947 - 03: (8) In 9.2.6.5, corrected reference to wrong sections.

(1) Sections concerning the addition of the digital indicator(9) In 9.2.7.2, revised for specimens with draft angles.
and/or the deletion of wording specific to dial gages include(10) In 9.2.7.4, corrected reference to wrong section.

6.1.2, 6.2.2, 6.3.1, 6.3.1.4, 6.3.1.5, 6.3.1.6, 6.3.2, 6.3.2.%11) In 9.2.7.7, corrected reference to wrong sections.
6.4.2.1, 6.4.2.2, 8.6.4, 8.6.5, Note 5, 9.2.7.1, 9.2.7.4, 9.2.7.§12) In 9.2.8.3, revised for specimens with draft angles.
9.2.8.1, 9.3.2, 9.3.3, 9.3.4, 9.3.5.4, 9.3.6, and 9.3.6.4. (13) In 9.2.8.5, corrected reference to wrong sections.

(2) Sections related to the addition of spring-loaded gages fof14) In 9.3.1, changed “Shore” to “Type”.

Manually Operated Type C gages include: 6.3, 6.3.1, 6.3.1.315) In 10.1.5, changed “sample” to “specimen”.

6.3.2, 6.3.2.1, Note 5, 9.3.2, and 9.3.2.4. (16) In Table 1, Footnote A, change “Shore” to “Type” in two
(3) Sections related to the addition of pneumatic cylinders fomplaces.

“Automatically-Operated” (formerly Motor-Operated) Type D (17) In X1.2, changed lower limit on Poisson’s ratio from 0.40
gages include: 6.4, 6.4.2, 6.4.2.1, 6.4.2.2, 8.6.5, 9.2.8.1, artd 0.35.

9.2.8.2. (18) In X1.3, changed lower limit on Poisson’s ratio from 0.40
(4) The Apparatus column in Table 2 has been simplified byto 0.35.

giving just the Apparatus type, which is described in full in theD 5947 — 01:

Apparatus section. Also, the presser foot diameter for Appara(l) Test Methods D 638, D 790, and D 2240 were added to

tus types C and D has been changed to 6.4 mm. Section 2.
D 5947 - 02: (2) Section 8.5.4.1 revised paragraph to explain influence of
(1) In 7.2, changed “in equilibrium” to “to equilibrium”. elastic modulus on spindle pressure.

(2) In 8.5.2, change error in torque from 1.8 EO3 to 1.8 E -3.(3) Footnote added to Table 1.
(3) In 8.6.1, changed calibration from every 30 days to yearly(4) A1, A2, and A3 elastic moduli and pressure on spindle

and added periodic verifications. pressure added to Table 2.

(4) In 8.6.3.2, corrected 50 microns to 50 micron per second(5) Added equation to determine the mass to add to balance for
(5) In 9.2.5.1, revised for specimens with draft angles. a desire spindle pressure, and reworded remainder of paragraph
(6) In 9.2.5.5, corrected references to wrong sections. in Annex A1.3.6.

(7) In 9.2.6.1, revised for specimens with draft angles. (6) Deleted Table Al1.1.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.
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This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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