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Abstract

The dynamic elastic moduli of isotropic, homogeneous ceramics is commonly determined by
resonance methods. A prismatic beam specimen is vibrated in a flexural mode, and the resonant
frequency is measured. The beam may have a square, rectangular, or circular cross section.
Elastic modulus is determined from the resonant frequency, the mass or density of the prism, and
the beam’s physica dimensions. Under ideal circumstances, the beam cross section should have
a smple prismatic shape, but in practice, the method is sometimes applied to rectangular
specimens with edge chamfers or radii that are applied to reduce edge flaw sensitivity during
strength tests. The effect of such edge treatments on the resonance frequency and a simple means
to correct the calculated elastic modulus for the edge treatment are provided in this note.
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1. Introduction

The dynamic elastic moduli of isotropic, homogeneous ceramics is commonly determined by
resonance methods[1-6]. A prismatic beam specimen is vibrated in aflexural mode, and the
resonant frequency is measured. The vibration may either be by continuous or impulse
excitation. The beam may have a square, rectangular, or circular cross section. Elastic modulus
is determined from the resonant frequency, the mass or density of the prism, and the beam’s
physicd dimensions. Under ideal circumstances, the beam cross section should have a simple
prismatic shape, but in practice, the method is sometimes applied to rectangular specimens with
edge chamfers or radii that are applied to reduce edge flaw sensitivity during strength tests. The
effect of such edge treatments on the resonance frequency and a simple means to correct the
calculated elastic modulus for the edge treatment are provided in this note.

The basic wave equation for the propagation of an elastic wave in an elastic medium is
E = pv’, (1)
where E is the elastic modulus, p is the material density, and v is the wave speed. Goens [7]
solved Timoshenko's [8] equation relating Young's modulus to the flexural resonance frequency

for bars of different cross section. Pickett [3] further simplified Goen’s solution for elastic
modulus, E, which may be expressed in the following form:

E =C,Wf?, 2
where W is weight of the prism, f is the flexural resonant frequency, and C; is given by

4n’ 07T,

' To1(a730) ®)




where ¢ is the prism length, g is the gravitational constant, | is the second moment of inertia for

the beam cross section, and T; is a dimensionless geometric constant that depends upon the radius
of gyration of the prism cross section, the length of the prism, and Poisson’s ratio.  Subsequent
analysis and experimental work [ 1, 2, 4, 5] refined the equations for T; and led to an equation for
E

pLif?

By, = 094655 T, (4)

where d is the specimen thickness and T is a new dimensionless geometric term.  The subscripts b
and p attached to E denote the formula is for an ideal rectangular beam (no edge treatment) and
the calculation uses the density.

For an idea rectangular beam (no edge treatment)
p, = m/(bdt), (5)

where py is the material density, m is the mass, and b is the specimen width.  Substituting into

equation 4, results in
3
E, . =0.9465mf’ {-(2—3] (6)

where the subscripts b and m attached to E denote that the formula calculates the modulus of an
ideal rectangular beam (no edge treatment) using the mass and physica dimensions of the beam.

This latter form is commonly used today in standard test methods.

Empirical solutions for T, are available for ideal rectangular cross section prisms and are used
in the ASTM flexural resonance standard test methods [9-14]. Several standards [9-12]




caution that chamfering or rounding of edges may create an experimental error of undefined
magnitude. They recommend against the use of these bars, but this is unnecessarily restrictive as

we will show.

The chamfers reduce the cross-sectiona moment of inertia, I, and dightly ater the radius of
gyration, and ater the relationship between density and the physical dimensions of the beam,
equation 5. The effect upon | has previously been quantified in connection with work to
minimize experimental error in flexure strength testing [ 15-17]. Even a small chamfer can alter |
ameaningful amount and must be taken into account when preparing flexure specimens for
strength testing. For example, a 45° chamfer of 0.15-mm size will reduce | by 1% for standard
3-mm X 4-mm cross section flexure strength specimens, which in turn causes the flexure stress to
be underestimated by 1%. Consequently, the 0.15-mm chamfer size is the maximum allowed by
several world flexure strength standards [ 18, 19]. Equations for |, for chamfered or round-edged
beams in bending and error tables for the stress corrections, are available in the works of Baratta
and coworkers [ 15,161. These equations for | are repeated here for convenience, and rather than
list errors, a simple correction factor for the elastic modulus is furnished. The moment of inertia,

I, for a rectangular cross section beam is

bd?
T O

The true moment of inertia, L, for a beam with 45°.chamfers of size ¢, as shown in Figure 1

[15,16], is

bd® ¢? 1
[ =—-|c?+=(Bd-2c) |, 8
Y12 9( 2( )2) ®

where the second term on the right-hand side shows the reduction due to the chamfers. It is
assumed that the four chamfers are identical in size. The true moment of inertia, I;, for a beam
with four identical rounded edges of radius r, as shown in Figure 2 [ 16], is
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Figure 1. Specimen Cross Section for a Chamfered-Edge Beam,
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Figure 2. Specimen Cross Section for a Rounded-Edge Beam.
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Combining equations 2 and 3, the true elastic modulus, E,,, may be calculated as follows:

cor
)

e CraaWi? _I
==t (10)
E, C,Wf* I

where E, and C; are the calculated elastic modulus (using either equation 4 or 6) and constant
C, respectively (assuming the specimen is a simple rectangular beam), uncorrected for chamfers




or edge rounding. Ci.riStheC;term corrected for the chamfering or edge rounding. The
weight and frequency, f, are the values measured for the chamfered or edge-rounded beam. Then

-k
E, = (It }Eb. (11)

E_ =FE,, (12)

where F' is the correction factor for the change in | that is due to the edge treatment and is given
in Table 1 for various chamfers. Analogous values of F' for the same standard specimens with
rounded edges of radius r are given in Table 2.

Equations 11 and 12, with moment of inertia correction only, should be used with equation 4
when the true density is known. The latter may be obtained from a water displacement
measurement, or calculated from the mass and volume of the beam provided that the correction is
made for the reduction in volume due to the edge treatment.

On the other hand, many standard test methods use equation 6, for which an assumption
regarding the density, mass, and physical dimensions of the specimen (equation 5) has been
invoked. If an edge treated beam is used, then an additiona correction to remedy this assumption
should be made as follows. The correct density, pr, of a chamfered beam is

pr = w/elhd - 2¢?), (13)

* The same factor may be applied to correct the flexure stress, 6, = Fo,, where 6, is the true, maximum flexure
stress in a chamfered or rounded beam and oy is the apparent flexure stress assuming a rectangular cross section.

"The adjustments listed in Tables 1 and 2 are applicable only for flexural modes of resonance and are not
appropriate for the longitudina or torsional resonance modes.




Table 1. Correction Factors, F and P, for Chamfered Standard 3-mm X 4-mm Strength
Test Specimens®

c Moment Correction Factor, F Density Correction Factor, P
(mm) ' b=4mm,d =3 mm b=4mm,d=3 mm
—

0.080 1.0031 1.0011
0.090 1.0039 1.0014
0.100 1.0048 1.0017
0.110 1.0058 1.0020
0.115 1.0063 1.0022
0.118 1.0066 1.0023
0,420 1,009 1.0024
0.122 1.0071 1.0025
0.124 1.0073 ) 1.0026
0.126 1.0076 1.0027
0.128 1.0078 1.0027
0.130 1.0080 - - 1.0028
0.132 1.0083 | 1.0029
0.134 1.0085 \ 1.0030
0.136 1.0088 1.0031
0.138 1.0090 1.0032
0.140 1.0093 1.0033
0.150 1.0106 1.0038
0.160 1.0121 1.0043
0.170 1.0136 1.0048
0.180 1.0152 1.0054
0.190 1.0169 1.0061
0.200 1.0186 1.0067
0.210 1.0205 1.0074
0.220 1.0224 1.0081
0.230 1.0244 1.0089
0.240 1.0265 1.0097
0.250 1.0287 1.0105
¥ A chamfer size of 0.150 mm is the maximum value allowed for this geometry by ASTM Cl161 and
IS0 17404




Table 2. Correction Factors, F and P, for Edge Rounded Standard 3-mm X 4-mm Strength

Test Specimens®
Moment Correction Factor, F Density Correction Factor, P
) b=4mm,d=3 mm
[ 0.080 1.0013
0.090 1.0017
0.100 1.0021
0.110 1.0025
0.120 1.0030
1 0.130 1.0035
0.140 1.0041
" 0.150 1.0046
0.160 1.0053
0.170 1.0059
0.180 1.0066
0.190 1.0074
0.200 1.0082
0.210 1.0090
0.220 1.0098
0.230 - 1.0107
0.240 1.0116
0.250 1.0126
0.260 1.0136
0.270 1.0146
0.280 1.0157
0.290 1.0168
0.300 1.0180
S0 T TS Te TRToT TV ar e e
I1SO 14704.

and for an edge rounded beam,
pr - m/elbd -1 % (4 - X)),

and then

Eoor = !L P—T_ Eb,m’
I APy

(14)

(15)




where Epn is from equation 6, which assumes the beam is an ideal rectangle. For standard
3-mm X 4-mm cross section specimens, the corrected modulus is

E. =FPE,,, (16)

where P is the correction factor for the change in p due to the edge treatment. Values of P for
standard 3-mm X 4-mm specimens with either chamfered or rounded edges are listed in Tables 1
and 2, respectively.

2. Experimental Procedure

Four ceramic materials listed in Table 3 were used to examine the effect of edge chamfering
on the resonant frequency. Rectangular specimens were prepared with a chamfer geometry as
depicted in Figure 1. Three of the four materials had average chamfer sizes (Table 3), which are
well over the 0.15-mm tolerance commonly specified in flexure strength standards. The resonant
frequency of each material was measured with a commercial impulse excitation instrument.” The
resonant frequency typically was measured three to five times for each specimen and was
repeatable to within 0.01 kHz. The specimen cross section dimensions were measured with a
hand micrometer with a resolution and precison of 0.002 mm. Some specimens may have had a
glight thickness taper (-0.002 mm) along the length, so the cross section dimensions were
measured in the middle of the beam. Length was measured with a hand caliper with a resolution
of 0.01 mm. Mass was measured with a precision laboratory balance to within 0.001 g, and the
density was determined using the mass and physical dimensions of the specimen. The elastic
modulus was calculated using equation 4. For a perfectly rectangular beam, the uncertainty of the
elastic modulus may be estimated from a propagation of uncertainties of the individual variables in
equation 4 [20]. Using the instrument resolutions and precisions listed previously, the type B

(95% confidence limit) uncertainties for mass, width, thickness, length, and frequency

. Grindosonic Mk5, J. W. Lemmens, Inc., St. Louis, MO.



Table 3. Epm and E., Values for Ceramic Materials

Average Moment (1) Density (p)
Material® Density (pr)" [Frequency Average Enm |Average c|Correction Factor Ee [I Only] Correction Factor (P) Eq [p and 1]
(g/cm’) (kHz) (GPa) (mm) () (GPa) (GPa)
sintered A1203b 3.956 + 0.003 11.02 3842 + 06 0.230 102588 394.1+0.6 1.0095 3978 £ 0.6
hot-pressed Sic” |3.206  0.003 14.29 4459 + 14| 0.191 1.0170 4535 + 15 1.0061 4562 + 15
hot-pressed TiBzd 4,392 * 0.008 12.83 4884 + 36| 0.132 1.0083 4925 + 38 1.0029 4939+ 3.6
AION® 3.644 % 0.006 11.65 3120 +£ 16 | 0.198 1.0183 317714 1.0066 319.8+ 1.4

2 Certain commercial materials or equipment are identified in this report to adequately specify the experimental procedure. Such identification does not imply

endorsement by the National Institute of Standards and Technology or the U.S. Army Research Laboratory nor does it imply that these materials or equipment are
necessarily the best for the purpose.

b Grade AD-999, Coors, Golden, CO.

¢ Grade SiC-N, Cecom Inc, Vida CA.

4 Cercom Inc., Vida CA.

¢ Raytran Aluminum Oxynitride, Raytheon Company, Lexington, MA.

I Ceculated from mass and physicd diiensions of unchamfered specimens, or in the case of aumina, from chamfered specimens with correction.
& Since the aumina specimens did not have 3-mm x 4-mm cross sections, F was obtained using equations 8 and 11 and not from Table 1.

Notes. Uncertainties are +1 standard deviation based upon scatter of the individud outcomes from 3-5 specimens per material.




are 0.042%, 0.050%, 0.067%, 0.020%, and 0.091%, respectively. The total uncertainty in E is
0.29%. The chamfer sizes were measured with a binocular stereomicroscope at magnifications of
up to 160x in conjunction with a precision traversing stage with micrometer heads with a digital
readout of 0.001-mm resolution. All four chamfers were measured. There was some variability in
chamfer sizes for a given specimen, but only an average value for each specimen was used for the

purpose of correcting the elastic modulus.

3. Results and Discussion

Table 3 summarizes the measured (uncorrected) elastic modulus, Ee, values determined from
these frequencies and the elastic modulus values corrected for density and the edge chamfering,

Ece.

Three sintered aumina specimens were 2.816 mm x 4.006 mm x 50.7 mm in size, close to the
standard size of 3 mm x 4 mm x 45 mm - 50 mm. The resonant frequencies of the three bars
were nearly identical: 10.99 kHz, 11.06 kHz, and 11.00 kHz. The uncorrected el astic moduli
averaged 384.2 GPa. Thiswas corrected, for | only, by 2.58% for the finite chamfer size of
0.230 mm to 394.1 GPa, a vaue in excellent agreement with 395 GPa measured by an ultrasonic
time-of-flight method on the same batch of material as shown in Table 4. (Since the alumina
specimens did not have standard 3-mm x 4-mm cross sections, the moment correction factor, F,
was obtained using equations 8 and 11, and not from Table 1.) The correction for the true
density increased Ecor by an additional 0.95% to 397.8 GPa. This vaue is good in agreement with
the ultrasonic time of flight value. A single additional chamfered specimen was strain gauged and
tested in a semiarticulting four-point flexure fixture. The static eastic modulus calculated from
the static strains was 386.9 GPa, which is dightly higher than the uncorrected dynamic E but
lower than the correct dynamic E. Static elastic modulus and strain gauge uncertainties may be of
the order of several percent [4, 21], which may account for the discrepancy between the static and
dynamic E values.

10




Table 4. Comparison of Corrected Beam Resonance Elastic Moduli, E,, to Values From
Other Methods

E E E E
resonance, chamfered, | resonance, chamfered, | resonance, [ltrasollic, E
Material [corrected for | only] | [corrected for | and P] | unchamfered fime of flight| resonance disks

(GPa) (GPa) (GPa) (GPa) (GPa)

sintered Al,O; 3941 397.8 -— 395 —
hot-pressed SiC 4535 456.2 4535 — —
hot-pressed TiB, 4925 493.3 491.9 — —_
AION 317.7 319.8 317.7 — 316.7

Notes. == = Not measured.

Flexure specimens of the three other ceramic materials were prepared, both with and without
edge chamfering. Most of the bars had nominal dimensions of 3 mm x 4 mm x 50 mm, with the
sole exception of the SiC specimens without edge chamfering, which were dightly larger, having
nominal dimension of 3.8 mMmx 4 mmx 51 mm. Ten specimens, 5 with chamfering and 5
without, were examined for the each of the TiB, and AION materials, while 8 specimens, 4 with

chamfering and 4 without, were examined for the SiC.

The average resonant frequencies measured for the SiC, TiB, and AION, with chamfers
resulted in uncorrected, average elastic moduli values, Et,, of 445.9 GPa, 488.4 GPa, and
312.0 GPa, respectively. These values were then corrected, for | only, by 1.70%, 0.83%, and
1.83%, respectively, based on the average chamfer sizes, which ranged from 0.13 mm to
0.20 mm (Table 3). The corrected values compare exceptionaly well with computed elastic
moduli for specimens without chamfers, as shown in Table 4. As in the alumina instance, the
second correction for the true density increased Ecor for al three of these material. When
compared to the results from the unchamfered bars and the other methods, these vaues are il
in good agreement, but they do not agree as well as the values corrected for | only.

In the case of the AION, comparable resonance values were available from testing 10 disks,
nominaly 50 mm in diameter x 8.3 mm thick, determined in accordance with ASTM C 1259
[11]. The average elastic modulus was 3 16.7 GPa, in excellent agreement with the beam
resonance results (Table 4) from unchamfered bars and from chamfered bars corrected for | only.

11




4, Summary

In summary, the mathematical solutions to account for the effect of edge chamfers on the
density and moment of inertia, and in turn the dynamic elastic modulus, of a rectangular ceramic
beam has been experimentally verified. The analysis and experimental results show that change
in the moment of inertia, due to edge chamfering, has a greater impact on the resultant elastic
modulus of a rectangular ceramic beam than the change in density. For standard 3 mm x 4 mm
cross section beams Tables 1 and 2 provide a simple means to correct elastic moduli values for
the change in moment of inertia and density due to edge chamfering or rounding. For beams
with nonstandard cross sections, equation 11 or 15 should be used, depending on the type of edge

treatment and whether the true density is available.

12




10.

5. References

Spinner, S, and W, E. Tefft. “A Method for Determining Mechanical Resonance
Frequencies and for Calculating Elastic Moduli from These Frequencies” Proceedings of
the American Society for Testing and Materials, pp. 1221-1238, 1961.

Spinner, S, T. W. Reichard, and W. E. Tefft. “A Comparison of Experimental and
Theoretical Relations Between Young's Modulus and the Flexural and Longitudina
Resonance Freguencies of Uniform Bars” Journal of Research of the National Bureau of
Standards, A, Physics and Chemistry, vol. 64A, no. 2, pp. 147-155, 1960.

Pickett, G. “Equations for Computing Elastic Constants From Flexural and Torsional
Resonant Frequencies of Vibration of Prisms and Cylinders.” Proceedings of the American
Society for Testing and Materials, vol. 45, pp. 846-865, 1945.

Dickson, R. W., and J. B. Wachtman. “An Alumina Standard Reference Material for
Resonance Frequency and Dynamic Elastic Moduli Measurement, | For Use at 25°C.”
Journal of Research of the National Bureau of Standards, A, Physics and Chemistry,
vol. 75A, no. 3, pp. 155-162, 1971.

Smith, J. S., M. Wyrick, and J. M. Poole. “An Evauation of Three Techniques for
Determining the Young's Modulus of Mechanically Alloyed Materials” Dynamic Elastic
Modulus Measurements in Materials, STP 1045, edited by A. Wolfenden, ASTM, West
Conshohocken, PA, pp. 195-207, 1990.

Forster, F. “New Method for Determination of Modulus of Elasticity and Damping.”
Zeitschrift fur Metallkunde, vol. 29, pp. 109 15, 1937.

Goens, E. “Uber die Bestimmung des Elastizitdtsmodulus von Stiben mit Hilfe von
Biegungsschwingungen.”  Annuals of Physics, B (Series), vol. 11, pp. 649-678, 1931.

Timoshenko, S. P. “On the Transverse Vibrations of Bars of Uniform Cross Section.”
Philosophical Magazine, Series 6, vol. 43, pp. 12513 1, 1922.

American Society for Testing and Materials. “*Standard Test Method for Dynamic Young's
Modulus, Shear Modulus, and Poisson’'s Ratio for Advanced Ceramics by Sonic
Resonance.” C 1198-96, Ann. Book of Stds., vol. 15.01, West Conshohocken, PA, 1999.

American Society for Testing and Materials. “Standard Test Method for Dynamic Young's

Modulus, Shear Modulus, and Poisson’s Ratio by Sonic Resonance,” C 1875-98, Ann. Book
of Stds., vol. 3.01, West Conshohocken, PA, 1999.

13




11.

12.

13.

14.

15.

16.

17.

18.

19.

American Society for Testing and Materials. “Standard Test Method for Dynamic Young's
Modulus, Shear Modulus, and Poisson’s Ratio in Advanced Ceramics by Impulse Excitation
of Vibration.” C 1259-96, Ann. Book of Stds., vol. 15.01, West Conshohocken, PA, 1999.

American Society for Testing' and Materials. “Standard Test Method for Dynamic Young's
Modulus, Shear Modulus, and Poisson’s Ratio by Impulse Excitation of Vibration.”
C 1876-98, Ann. Book of Sds., vol. 3.01, West Conshohocken, PA, 1999.

American Society for Testing and Materials. “Standard Test Method for Young's Modulus,
Shear Modulus, and Poisson’s Ratio for Glass and Glass-Ceramics by Resonance.”
C 623-95, Ann. Book of Stds., vol. 15.02, 1999.

American Society for Testing and Materials. “Standard Test Method for Young's Modulus,
Shear Modulus, and Poisson’s Ratio for Glass and Glass-Ceramics by Resonance.”
C 848-88, Ann. Book of Sds., vol. 15.02, 1999.

Baratta, F. “Requirements for Flexure Testing of Brittle Materials” U.S. Army TR 82-20,
U.S. Army Materials and Mechanics Research Center, Watertown, MA, April 1982.

Baratta, F., G. Quinn, and W. Matthews. “Errors Associated With Flexure Testing of Brittle
Materidls” U.S. Army MTL-TR 87-35, U.S. Army Materials Technology Laboratory,
Watertown, MA, July 1987.

Duckworth, W. H. ‘Precise Tensile Properties of Ceramic Bodies.” Journal of the
American Ceramic Society, vol. 34, no. 1, pp. I-9, 1951

American Society for Testing and Materials. “Standard Test Method for Flexural Strength
of Advanced Ceramics at Ambient Temperatures.” C1161-94, Ann. Book of Stds.,
vol. 15.01, West Conshohocken, PA, 1999.

International Standards Organization “Standard Test Method for Flexural Strength of
Monolithic Ceramics at Room Temperature.” ISO/DIS 14704, Technical Committee
TC 206 Draft Internationa Standard, Geneva, Switzerland, 1999.

20. Schenck, H., Jr. Theories of Engineering Experimentation. Second edition, New Y ork:

21.

McGraw Hill, 1968.

Pople, J. “Errors and Uncertainties in Strain Measurements.” Srain Gage Technology,
Elsevier England: Applied Sciences, 2nd ed., edited by A. L. Windrow, pp. 217-274, 1989.

14



NO. OF NO. OF

COPIES ORGANIZATION COPIES ORGANIZATION
2 DEFENSE TECHNICAL 1 DIRECTOR
INFORMATION  CENTER US ARMY RESEARCH LAB
DTIC DDA AMSRL D
8725 JOHN J KINGMAN RD DRSMITH
STE 0944 2800 POWDER MILL RD
FT BELVOIR VA 22060-6218 ADELPHI MD 20783-1 197
-1 HQDA 1 DIRECTOR
DAMOFDT US ARMY RESEARCH LAB
400 ARMY PENTAGON AMSRL DD
WASHINGTON DC 203 10-0460 2800POWDERMILLRD
ADELPHI MD 20783- 1197
1 0SD
OUSD(A&T)/ODDDR&E(R) 1 DIRECTOR
RJTREW US ARMY RESEARCHLAB
THE PENTAGON AMSRL CS AS (RECORDS MGMT)
WASHINGTON DC 20301-7100 2800 POWDER MILL RD
ADELPHI MD 20783- 1145
1 DPTY CG FOR RDA
US ARMY MATERIEL CMD 3 DIRECTOR
AMCRDA US ARMY RESEARCH LAB
5001 EISENHOWER AVE AMSRL CI LL
ALEXANDRIA VA 223330001 2800 POWDER MILL RD
ADELPHI MD 20783- 1145
1 INST FOR ADVNCD TCHNLGY
THE UNIV OF TEXAS AT AUSTIN
PO BOX 202797 ABERDEEN PROVING GROUND
AUSTIN TX 78720-2797
4 DIR USARL
1 DARPA AMSRL CI LP (BLDG 305)

B KASPAR
3701 N FAIRFAX DR
ARLINGTON VA 22203-1714

NAVAL SURFACE WARFARE CTR
CODE B07 J PENNELLA

17320 DAHLGREN RD

BLDG 1470 RM 1101

DAHLGREN VA 22448-5100

1 US MILITARY ACADEMY
MATH SCI CTR OF EXCELLENCE
DEFT OF MATHEMATICAL SCI
MADN MATH
THAYER HALL
WEST POINT NY 10996-1786

15




NO. OF
OPEGANIZATION

1 J W LEMMENS INC
AVLEWEN
3466 BRIDGELAND DR
ST LOUIS MO 63044-2606

1 GATEWAY MATERIALS
TECHNOLOGY INC
STGONCZY
221 S EMERSON
MT PROSPECT IL 60056

1 NASA GLEN RESEARCH CTR
JSALEMM S497
21000 BROOKPARK RD
CLEVELAND 0OH44135

5 NIST
G QUINN
BLDG 223 RM A329
CERAMICS DIV
GAITHERSBURG MD 20899

ABERDEEN PROVING GROUND

13 DIR USARL
AMSRL WM MC
JJ SWAB (10)
JLASALVIA
P PATEL
G GILDE

16




NO. OF
ORIESAANIZATION

1 NATIONAL PHYSICAL LAB
R MORRELL
BLDG 13
QUEENS RD
TEDDINGTON MIDDLESEX
TW11 OLW
UNITED KINGDOM

! NATIONAL RESEARCH INSTITUTE
OF NAGOYA
CERAMIC SCIENCE DEPT
S SAKAGUCHI
1-1HIRATE-CHO KITA-KU
NAGOYA 462-85 10
JAPAN




INTENTIONALLY LEFT BLANK.

18



REPORT DOCUMENTATION PAGE 5&’2’1‘3?"3?570183

c reporting bur $ collection of information us ma 489 7 hour per ng e 101 reviewing instructions, gy, exisung
gathering and maintaining the data needed, and comp @ the cotlaction of Iniomuﬂon sond comments rﬁﬂifdl"s this burdm estimate or any other IW of this
colection of Infommion ndudlngsuggosuom forraduclng mls burden, to Washlngton Hudqunrulsmim D s and Reports, 1215 Jefierson
Davis Hi , 1204, Ariin. 22202-4302, and 10 the Office of Mana. t and t, Paj ork Reduction Pro 4704-0188). . Washin, ton OC 20503,

1. AGENCY USE ONLY (Leave blank) 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED

July 2000 Final, 1999

ZTITLE AND SUBTITLE 5. FUNDING NUMBERS

Elastic Modulus by Resonance of Rectangular Prisms. Corrections for 982831

Edge Treatments

E. AUTHOR(S)

George D. Quinn* and Jeffrey J. Swab

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 3. PERFORMING ORGANIZATION
REPORT NUMBER

U.S. Army Research Laboratory

AT-I-N:  AMSRL-WM-MC ARL-TN-165

Aberdeen Proving Ground, MD 21005-5069

5. SPONSORING/MONITORING AGENCY NAMES(S) AND ADDRESS(ES) 10.SPONSORING/MONITORING
AGENCY REPORT NUMBER

II.  SUPPLEMENTARYNOTES
*National Indtitute of Standards and Technology, Ceramics Division, Gaithersburg, MD 20899

I2a. DISTRIBUTION/AVAILABILITY STATEMENT o 12b. DISTRIBUTION CODE
Approved for public release; digtribution is unlimited.

13. ABSTRACT (Maximum 200 words)

The dynamic elastic moduli of isotropic, homogeneous ceramics is commonly determined by resonance methods.
4 prismatic beam specimen is vibrated in a flexural mode, and the resonant frequency is measured. The beam ma:
1ave a square, rectangular, or circular cross section. Elastic modulus is determined from the resonant frequency, the
nass or density of the prism, and the beam’s physical dimensions. Under ideal circumstances, the beam cross sectioi
should have a simple prismatic shape, but in practice, the method is sometimes applied to rectangular specimens witl
'dge chamfers or radii that are applied to reduce edge flaw sensitivity during strength tests. The effect of such edg
reatments on the resonance frequency and a simple means to correct the calculated elastic modulus for the edg!
reatment are provided in this note.

4. SUBJECT TERMS 15. NUMBER OF PAGES
slastic modulus, resonant frequency, edge treatments 22
16. PRICE CODE
7. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT
UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED UL
ISN 7540-01-280-5500 Standard Form 298 (Rev. 2-89)

19 Prescribed by ANSI SM. 239-18 298-102




INTENTIONALLY LEFT BLANK

20




USER EVALUATION SHEET/CHANGE OF ADDRESS

This Laboratory undertakes a continuing effort to improve the quality of the reports it publishes. Your comments/answers to
the items/questions below will aid us in our efforts.

1. ARL Report Number/Author  ARL-TN-165 (Swab) Date of Report_Julv 2000

2. Date Report Received

3. Does this report satisfy a need? (Comment on purpose, related project, or other area of interest for which the report will be
used.)

4. Specifically, how is the report being used? (Information source, design data, procedure, source of ideas, etc.)

5. Has the information in this report led to any quantitative savings as far as man-hours or dollars saved, operating costs
avoided, or efficiencies achieved, eic? If so, please elaborate.

6. General Comments. What do you think should be changed to improve future reports? (Indicate changes to organization,
technical content, format, etc.)

Organization

CURRENT Name E-mail Name
ADDRESS

Street or P.O. Box No.

City, State, Zip Code

7. If indicating a Change of Address or Address Correction, please provide the Current or Correct address above and the Old

or Incorrect address below.

Organization

OLD Name
ADDRESS

Street or P.O. Box No.

City, State, Zip Code

(Remove this sheet, fold as indicated, tape closed, and mail.)
(DO NOT STAPLE)




