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Experimental Determinations of Elastic Constants

Composite Materials, Carbon-epoxy and Graphite-epoxy,

Using Two Dynamic Vibratory Techniques

D. H. Lee, S. M. Bahk, M. K. Park
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Abstract

Structures

in current use are required of weight reduction and strength in many instances. This naturally

necessitates frequent applications of composite materials in many areas. Elastic constants are one of key
parameters in determining design guidelines for the specific applications of particular materials. In this research
two vibratory techniques (acoustic resonance method and impulse technique)are utilized to evaluate elastic
constants. Both techniques are suitable for the measurements of dynamic elastic constants. The Impulse
technique provides a quick method for the measurement while the acoustic resonance method produces the
values of elastic constants which agree better with theoretical values.
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Fig 1. General Block Diagram of
Instrumentation for
impulse technique.
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Table 1. standard dimensions of specimens for
impulse technique.

AHgAE | o) | & | FA | BE

/78 | (mm) | (mm) | (mm) | (g/cm®

Carbon-
epoxy |111.73]12.01 | 3.80 1.58
0" )

Carbon-
epoxy |(111.86(12.07( 4.18 1.56
90° )

Graphite—
epoxy |11883]11.70 | 4.21 1.55
0" )

Graphite—
epoxy | 11584 11.74 | 4.30 151
(90° )

Table 1, 29} Table 32| properties data sheet®
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Table 2. Standard dimension of specimén
for resonance method.

AHEAIE | Zol | & | FA | ¥
/7% | (mm) | (mm) | (mm) | (g/cn)
Carbon-
epoxy | 14092 12 4 1.511
)
Carbon-
epoxy [140.12] 12 4 1.659
90" )

Table 3. Properties of Materials.

ve| = Tae ] o]
x

T AN (g/cm’)| (GPa) | (GPa)
Carbon- | 63 | 158 | 142 | 103
epoxy

Graphite- | 0y | 158 | 145 | 10
epoxy
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Table 4¢] AF3A }E-L Carbon-epoxyol] thal
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BGPas] & Aolg Bk

Table 5914 Carbon-epoxy B%89 A% E,
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Table 4. Experimental and Theoretical
values of tests from impulse
technique.

ol &gt Agg
| B lguas| F2 lagas
A (GPa) N (GPa)
(Hz) a (Hz) a
Carbon | yr | 1310 | 42 | 1110
epoxy(Q” )
Carbon-

epoxy (90" ) 144 11.2 133 9.5

Graphite- | yos | 145 430 124

epoxy (0" )

Graphite—

@oxy(%“ )L 133 10 126 39

Table 5. Experimental and Theoretical values of
tests from Acoustic resonance Method.

olgg Y3k
28 | g0 oy | TY gy |uEE oY
iy A el 2 7 A
Fae AR ) LT s | Gpa
THET TTT
(Ha) |(GPa)| ) |(GPa)]
Carbon-
epoxy | 1927 | 1310 185 | 122 | 3816 |5529
© )
Carbon-
epoxy | 544 {112 564 |12.02| 3008 |3.729
90 )
Table 62 z} AlH &3 T Fd5d 249
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Table 6. Comparison between Euler beam eq.
and Timoshenko beam eq. for
Carbon-epoxy.
3 .
a s Timoshenko | Euler
oy | NE Ty | EAF e
-] z
(1mode) (GPa) (GPa)
Carbon-
epoxy 412 111.0 1088
=4 ")
1
7Hid Carbon—
epoxy 133 95 9.48
(90° )
Carbon-
ePOXy 1856 122 121.4
% | (0)
A% | Carbon-
epoxy 564 12.02 12.02
(90° )
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