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ZE: B =R A= S10C, Al6061, Cu-Zn(65-35) A 5o thate] &3k &1 F34E o] &3 A Win}
Z(Internal friction) 70'd ¥ 7] A4 W<l & A5 (modulus of resilience)9}o] dAAE A5t} &1
o, ol IET(Impulse Excitation Technique) = ©]-8-3F SEA A 9 FolFHn|E 7|24 oz ZH3 &
4% W3 39 (Flexural Frequency)o| ™3 FWHM(Full Width Half Maximum) #tS Z}zF 2413 23}
3.96Hz= Al60614] =7} 7]’” %53 T WS(AL 6-f)S 7ML s ST F AT ol 2
FA A &4 e HEE oyAY ‘:(stram energy density)©} €H2 7 4=(modulus of resilience)= Al6061
AE7}F 6.7 Jmm’, 084J/mm3i 7 A S1E AT o] 9 o] 371A] vhE 77 AR ity
A 5T FugE F3 EE}Hﬁ]—}F, SFobgHl HouFabe] ofgh vlasgrier 7] A A el
&= 7)) 5= (modulus of resilience)2k] Aol thate] FARAE A etaral a3l

Abstract: In this study, the relationship between internal friction when using an acoustic resonance frequency and the
mechanical modulus of resilience of S10C, Al6061, and Cu-Zn(65-35) materials was studied. The dynamic modulus
and Poisson’s ratio were measured using the impulse excitation technique. In addition, full width half maximum
analysis of the measured flexural frequencies showed that the A16061 had the highest frequency variation(Af: f,-f}) of
3.96Hz. Moreover, tensile tests showed that A16061 had the lowest strain energy density of 6.7 J/mm® and modulus of
resilience of 0.84 J/mm®. The dynamic elastic modulus, Poisson’s ratio, and internal friction through dynamic acoustic
resonance frequency were evaluated, and their relation to the mechanical modulus of resilience for three structural
materials was determined.
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Fig. 1 Dynamic Elastic & Shear Modulus Test Methods
(a) Resonance Technique, (b) Ultrasonic Echo
Pulse and (¢) Impulse Excitation Technique
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2. Al =

B oA 7 53 mAxzF o] Aol
sk ddbd <l FEAELJ S10C, Al6061, Cu-Zn(65-
) 37HAE AAEon, ASTM E8 g2 g

Table 13} -t}

o] T S10C A=7F 7 =2 AdA=e} A
AEs 7 Jdoem, AAEE Cu-Zn AE
7V M w2 Ao R HoFa gt

Fig. 2% 7} A= oigh Fgdn 7 mja x4
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50mlZ &I, Al6061S S FH57100ml¢} Sodium
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Table 1 Mechanical properties

Material UTS [MPa] EL. [%] Hv [500g]
S10C 270 29 114.17
Al6061 75 12 112.97
Cu-Zn 240 31 36.40

2 LAl -

Fig. 2 Optical micrographs of (a) S10C, (b) Al6061 and
(c) Cu-Zn specimens
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Fig. 3 Calculation of modulus of resilience
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3.1 Strain energy density & Modulus of resilience
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Fig. 4 Dynamic Elastic & Shear Modulus Test Method
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Fig. 5 Typical test apparatus and program for [IET
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3.2.1 Dynamic elastic modulus

S A A2 A 9] Flexural frequency
S Tate] okefel A (el skl 7 5 8l
q,.(3,4)
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E = 0.9465(mf7/b)(L/1*) T, M

m : weight of specimen, b : width of specimen
L : length of specimen, ¢ : thickness of specimen
f;: flexure frequency, T; : correction factor

3.2.2 Dynamic shear modulus
A Aol A Al Torsional Frequency
2 S7skel okale] 4 @)l tSiste] T FeEOY

ft

a=" [B/(1+4)] 2

m : weight of specimen, b : width of specimen
L : length of specimen, ¢ : thickness of specimen
f; : torsional frequency, B, 4 : correction factor
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[ b/t+t/b
4(t/b) —2.52(¢/b)* +0.21(¢/b)°

Aol et BAGATEA, Atk

[0-5062 —0.8776 (b/#) +0.3504 (b/1)* —0.0078 (b/t)?]
[12.03(b/t) +9.892(b/1)?]

A=

2 (M @A T F'E AT (E)9F w4
G AT (G)E ol&3ste]l 24 (3)2 #©] Poisson’s
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W= (E2G)—1 3)

3.2.3 Damping ratio(Internal friction)
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A AL & A H (Time Series Analysis Method)J% Ea
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Fig. 6 Typical method for measuring damping ratio :
(a) Time series analysis method, (b) Spectrum
analysis method
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Fig. 7 Stress — strain curves of structural materials
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4.1 Strain energy density & Modulus of resilience
Fig. 7(a)= S10C, Al6061, Cu-Zn A &l tfst
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Table 2 Test Results of SED & MR

List S10C Al6061 Cu-Zn
Strain energy density
[J/mmS] 62.0 6.7 57.3
Modulus of re35111ence 6.08 0.84 487
[J/mm’]
Table 3 Test Results of E, G, i
List S10C Al6061 Cu-Zn
E [GPa] 209.8 68.7 103.9
G [GPa] 81.4 27.3 38.2
u 0.288 0.259 0.360
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Fig. 8 Natural frequency selection program through
sound FFT analysis
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Table 4 Measurement results of natural frequency and
frequency variation

Material S10C Al6061 Cu-Zn
fy [Hz] 2,653 5,615 3,793
Af[Hz] 2.58 3.96 291

s10C A6061 Cu-Zn

Fig. 9 Acoustic amplitude over time for structural
materials

Utimate Strength
e

Fracture

N z

@
Yield strength | Z |

M|
o
modulusof toughness | - Fi "
/¥ x
fr stress | o

Young’ Modulus -

strain | it

TP

rseory ek o

— o om o0m

Fig. 10 Comparison of resilience energy and FWHM
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4.2.1Damping ratio(Internal friction)

Fig. 9+ 7} 37FA Alge] gk Algtel] & &
o AEFS HoFE O EA FFT 48 5%
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(Spectrum Analysis Method)S & 3F] FWHM(Full
Width Half Maximum) #te] W3}ak& #7125 3
Ul Fig. 9914 E&= npe} 3Fo] S10C A= 1%
ol 7P AA ASEE ¢ F Ao, ol o
& A3 g2 Table 40 ZH2F A 5ol whE ALY
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(internal friction)©] 1¥FE Attt AHAES ow]|shH,
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Table 5 Comparison of E, MR and A f values

Material S10C Al16061 Cu-Zn

E [GPa] 209.8 68.7 108.4
Modulus of rgsﬂlence 6.08 0.84 487

[J/mm]

Af[Hz] 2.58 3.96 291

Fig. 12 Dental, Display and Semiconductor Component
Materials

Fig. 13 Various atmosphere types of (a) induction
resistance, (b) furnace and (c) cryogenic
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% (strain energy density) % € 747 (modulus of
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mm’Z 7 WA ZlE Sk

(2) IET(Impulse Excitation Technique) H < ©]-&
3 FEAAS 2 FolpulE A3 A3 S10C,
Al6061, Cu-Zn(65-35) Aol wuhz} 7—}74 209.8GPa,
68.7GPa, 103.9GPa 2 0.288, 0.259, 0.3602. 2 2}l
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FWHM(Full Width Half Maximum) 2] 23} z}+z}
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2 QYA Fgge] 2 AL owlgit. 19
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