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Experimental Determination of Complex Moduli and Internal Damping of Laminated Composites
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Abstract Damping is a property for materials and systems to dissipate energy during periodic deformations. Generally,
damping causes stiff decrease in amplitudes and shifts in phases. Also, even at resonance, amplitudes are substantially
attenuated. This phenomenon of damping helps in reducing stresses developed during vibrations and consequently im-
proves fatigue lives of materials. In this work internal damping and complex moduli are experimentally determined.
An impulse technique is utilized in experiments and cantilever beams are selected as test subjects for the measure-
ments of flextural vibrations since the beams lend themselves easily as simplistic ideal models. A resonance method is
employed to determine resonance frequencies which are utilized to compute storage moduli. Also, loss moduli are eval-
uated from damping capacities and storage moduli. The storage and loss moduli combined yield complex moduli. Final-

ly internal damping is evaluated from bandwidth technique, the real component of the transfer function.
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Fig. 1. General Block Diagram of Instrumentation
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Fig. 2. Single Input/ Single Output System with Extraneous
Noise
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Table 1. Standard dimensions of Specimens
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Fig. 3. Cross-sectional optical micrographs of (a) Carbon-epoxy

Fig. 4. Cross-sectional optical micrographs of (b) Graphite-
epoxy

Zo = F A d = LIRS

REAR/TE (mn:) (mm) (—rr:m) (Ig) (g/cm®)
Aluminum(2024- T3) 114.32 24.66 2.00 15.62 277
Carbon-epoxy (0°) 111.73 12.01 3.80 10.24 1.58
Carbon-epoxy (90°) 111.86 12.07 4.18 11.20 1.56
Graphite-epoxy (0°) 118.83 11.70 421 11.39 155
Graphite-epoxy (30°) 115.84 11.74 4.30 11.12 1.51
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Table 2. Properties of Materials

AHEA1 Fiber LA Modulus | Modulus
volume
/% ] (g/cm® | (E,GPa) | (E,GPa)
ratio(Vy)
Aluminum
- 2.80 73 73
(2024-T3) 8
Carbon= | ¢q 158 142 10.3
€poxXy
Graphite- | 69 158 145 10
€poxy

E 1= 7 AFAHE2) 7)E dimension®} o}& 53 A
g UEZHe e ® 28 24 AR L AlkgE v
w3}7) $18) properties data sheet'®E <l-238le] AHE-5}
At
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Fig. 5. Linear scale magnitude of Resonance Frequency for
Aluminum
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Fig. 6. The real component of the transfer function for
Aluminum
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Fig. 7. The coherence function of the Aluminum
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Fig. 8. Linear scale magnitude of Resonance Frequency for Car-
bon-epoxy(0°)
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Fig. 9. The real component of the transfer function for Carbon-
epoxy(0°)
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Fig. 10. The coherence function of the Carbon-epoxy (0°)
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Fig. 11. Linear scale magnitude of Resonance Frequency for
Carbon-epoxy(90°)
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Fig. 12. The real component of the transfer function for Carbon
-epoxy(90°)
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Fig. 13. The coherence function of the Carbon-epoxy (90°)
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Fig. 14. Linear scale magnitude of Resonance Frequency for
Graphite-epoxy(0°)
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Fig. 15. The real component of the transfer function for Graph-
ite~epoxy(0°)
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Fig. 16. The coherence function of the Graphite-epoxy (0°)
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Fig. 17. Linear scale magnitude of Resonance Frequency for

Graphite-epoxy(90°)
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Fig. 18. The real component of the transfer function for Graph-
ite-epoxy(90°)
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Fig. 19. The coherence function of the Graphite-epoxy (90°)
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technique® A@gg-2] AFH-E o] & Whidf 23 7+
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Table 3. Experimental values of tests from Bandwidth
technique

A FA Storage Loss Loss
Ja Fap Modulus | Modulus Factor
= (1mode) (GPa) (GPa) (n)
Aluminum
128 H 74.3 1.06 0.0143
(2004-T3) | 22 H
Carbon- | 4 oHz | 1110 2.31 0.0208
epoxy (0°)
Carbon- | 143 9.5 0.15 0.0159
epoxy (90°)
Graphite- | 01, | 1240 254 | 00205
epoxy (0°)
Graphite~ | ). 1z 8.9 014 | 00162
epoxy (90°)

Table 4. Experimental values of tests from the real compo-
nent of the transfer function

R 2 Storage Loss Loss
o B Modulus | Modulus | Factor
h (Imode) | (GPa) (GPa) ()
Aluminum
128 H 74. 0. 0.0

(207413 | 12812 43 99 133

Carbon | 4191z | 1110 2.16 0.0195
epoxy (0°)

Carbon~ |45 1, 9.5 0.15 | 0.0154
epoxy (90°)

Graphite- | 00, | 1240 242 | 00195
epoxy (0°)
hite-

Graphite- | -0 4, 8.9 0.14 | 00156
epoxy (90°)

carbon—-epoxy (90°) 2} graphite-epoxy (90°) ¢} v} s
o et B3e]l 2 A Jebtoy AA Afo)r} R
= st AEAFIE AF (fiber) o] wieks} F5-0) B3
HIE 2o fEfA (matrix) & 72 e F AlE
carbon-epoxy (90°) 2} graphite-epoxy(90°), carbon-
epoxy (0°) ¢} graphite-epoxy (0°) 7} A <] 8523k 3H4] A
T & 7HA Qe e Mol 4] AAAsE Aol
A A FAE F Us dold F2 Y2 (ma-
trix) o} &3] 7Fa]7} dojuba 9lg-& RF 9ot 2
2 carbon-epoxy (90°) 2} carbon-epoxy (0°), graphite
-epoxy (90°) ¢} graphite-epoxy (0°) & w|xs] & of 7+
HAAFS A7) v|ste 2 FAFGAS T A9 njeg
A Hole 7o' Hol ZhAAgE dutHo g Fugo
Wistol] wu} W3l= Fgets g BoFa 9ot whd &
QA2 73¢ 2L edre siojets Af-o) ks 5
Foll oa} Wigts B 4 ek 2 Ao des AAr)e)
Al Azel 2lel &HAZE 2l 1modeo] At &
Asled A Bo) JEg WikE 2] s 23
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