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Abstract Accurate measurements of elastic constants are important from the view points of both science and engi-
neering. The measurement can be viewed from scientific principle as a service tools for analyzing and improving the
understanding of the nature of bondings between atoms and between ions. Also, from engineering perspective it
would become an important factor to be definitely considered for the design of machinery equipments.

In this investigation, two dynamic experimental methods of vibrations (acoustic method and Impulse technique
method) are utilized and the results from the both methods are compared to obtain elastic constants data with a high
degree of accuracy. The resonance frequencies obtained from the two methods are applied to both Euler and Timo-

shenko beam equations respectively, to determine the sources for possible differences.
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1. Euler-Bernoulti beam theory®™®
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2. Timoshenko beam theory®™ >
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Fig. 1. General Block Diagram of In.strumentation for impulse
technique.
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Fig. 2 General Block Diagram of In.strumentation for Acoustic
sonic method.
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Fig. 3. Linear scale magnitude of Resonance Frequency for Car
bon-epoxy(0°).
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Fig. 4. Linear scale magnitude of Resonance Frequency for Car-
bon-~epoxy(90°).

Table 1. Standard dimensions of Specimens for impulse
technique.

AgAA | Aol | & | 54 [mAnw] u=
[ (mm) | (mm) | (mm) (g) {g/com?)
Carb:’(’)f,e)p"xy 11173 | 1201 | 380 | 1024 | 158
Cartzggffoxy 111.86 | 1207 | 418 | 1120 | 156

Table 2. Standard dimensions of Specimens for Acoustic
sonic method.

AeA | Aol = | A | u=
[TE (mm) (mm) (mm) (g/cm®)
Carbonepoxy | 5 g9 12 4 1511
(0°)
Carbonepoxy
. 12 4 1.659
o) 140.12

Table 3. Properties of Typical Unidirectional Composite
Materials.

ok el B T R

/7 | YOI /ey | (R, GPa) | (E. GPa)
ratio(Vy)

Carbonepoxy 0.6 155 131.0 11.2
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Table 4. Experimental and Theorical values of tests from
impulse technique.

o]k Adgt
T FAFRE BAAS [ FAFHe| SGAAIS
(Hz) (GPa) (Hz) (GPa)
Carb?(;e)mxy 447 131.0 412 1110
Carbonepoxy
(o0 144 112 133 95

Table 5. Experimental and Theorical values of tests from
Acoustic sonic Method.

ol 23k Azt
T+ AT Al [ FRAFIS | SAAAS
(Hz) (GPa) (Hz) (GPa)
Car b;’;e)poxy 1927 131.0 1856 122
VCarbonepoxy
o) 544 11.2 564 145

Table 6. Comparison between Euler beam eq. and Timo-
shenko beam eq.

Az ’Elm: Euler
ey Ar | ) | SO0 | e
Yo e
Carbonepoxy
412 111, 108.
] 0°) ’ °
7t24  |Carbonepoxy
13 9.5 4
(90°) ° .
Carbonepoxy
) ) 1856 122 121.4
Tg_tsol: (0 )
Ay 4
A4 Cartz;r(;f?oxy 564 145 12.02

Table 1, 29} Table 3] properties data sheet® w|T
& 2 o Ao 27t 3 7121y AjAe) 3¢ 0.01~0.
03 g/an*e] #polE Bow &3k Fxel A$ 90° A
o4l 0.1g/em*e) Z2F Z YEAE Bolw ). B} AHE
T AYHE AsliA M2 22 BEE JbA AHE AHEsle
of grlx AL EoI XXt £ Al M AL AY AjHe
A zx24e] fibero] UEXLE ebAdA 2] gz &2 o) ¢ 2}
7} A3l gl o ejet A o)

Table 13} Table 2014 A} 2] Holr} t}& 7L 24
7PHEE AREEE o AsHe] Xagte® Feoj7t Zo)
30mmE- 4 gt wolc}.

Table 4, b= 7t Agubdo) s Holwlsko 2 Aty
A (0%) ) FAFHpe sEAAIT2) ghat Aombatal 4
Zlol WieFo 2 Arkgt A]H (90°) o ZRFoo sAA
T & el '

Table 4, 5o vehd st AlT AYPUE grAdz
Alof o5 ezl &b Aol ol Egta} UYL % 3—} l



674

AA5}A] ehsked, 3 Aol A () F 4 (9), 10)& B
g W A XHFE SASH=dlA LAYF 2319 o] F
3 A% 4 2ejx AP LA Foe SA4
Wy stE @ 3ol os) g Ao g Alg )

Table 4, 52 A3 g5 W] ol we} 1.5~9
GPa®] 2F 2 ol ngr). £ A7) AH8-H AHS
F7 /2 0)7} 0.028 ~0.037>0.025°] 2 & Timoshenko ¥
o o) B} o2 ZA USE T Y BTN T4
& 4 2tk 22y ImodesiiAute] Agte|glen®
23A  AolE £ 7 Atk

dubde 2 Zolubsks AQdg AW FAFITE
Al oA Az FlE-FA BgA8] E FE 7
& 7} i Aozt 29l whgko 2 Ay AW
FAFHTE SAs E o i3 ge AT )
Utk

Table 62 2z} A|H &3 T3 Fopol ez Y #A
Azl elralz o wbgalg 7bzt A48l 13 AT
& el

N

J

548 &

€ Ags 73 F 71A AY BHe AH-sle Timo-
shenko WA A7} Euler WA A& o] % shA5F 53T
Az o g3 e AEE 48 F U

D 5 A9 (EA 712 % 3L 2F F
A BAAATE S 2 uhdeldd. 28, 54 7}
Agal A 5% TPl vjd B} AEEA 2 RAA
5 SAT F Aden 2 g2 % TAYe] B} o]
&3 AT & 5 sdsddh

2) F Ao o8 7§ gke] Aol FA/ZHe] > 0.
025 73$-¢l & A7) A Timoshenko ¥ WA 4]o] Euler
uhAa] Bl A 3}old By) fsA 13l e dF
7} o] F-oi={o} 3}t AE €t

[y

10.

11.

12.

13.

AR A9W A7% (1999)

S|

. S. Spinner and R. C. Valore, Jr. J. Res. Nat. Bur.
Stand. 60 (5), 459-464 (1958).

. S. Spinner, T. W. Reichard, and W. E. Tefft, J. Res.
Nati. Bur. Stand. A. Phys. Chem. 644 (2), 147-155
(1960) .

. J.S. Smith and JM. Poole. J. Sound. Vib 11, 608-
614 (1985).

. Ronald F. Gibson, Principles of Composite Material
Mechanics, (McGraw-Hill, New-York, 1994).

. Daniel. J. Gorman, Free Vibrations Analysis of
Beams & Shaft (John-wiley, 1975).

. D.Hardie and R.N. Parkins., British J.Appl. Phys.
1,77-85 (1968).

. D.P.N. Hasselman, Tables for the Compiliation of
the Shear Modulus and Young’s Modulus of Elastic-
ity from the resonant Frequencies of Rectangular
Prisms. (New York: The Carborundum Company,
Niagara Falls, 1961).

. E. Schreiber, O. L. Anderson, and N. Sega, Elastic
Constants and Their Measurement, (McGraw-Hill,
New-York, 1974) .

. G.Herrmann, J.Appl. Mech. 22, 53-56 (1955).

Carl L. HERAKOVICH “Mechanics of fibrous com-

posites.” (John-wiley, 1998).

Edward Schreiber, Orson L. Anderson, and Naohiro

Soga, Elastic Constants and Their Measurement,

(McGraw-Hill, 1973).

J. S. Smith. and J. M. Pool, J. Acoust. Soc, Vol. 42,

No. 6, 1023 (1982).

A. S. Kobayashi, Handbook on Experimental Me-

chanics, SEM, (1993).



