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Evaluation of the Dynamic Modulus by using the Impact Resonance Testing Method
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PURPOSES : The dynamic modulus for a specimen can be determined by using either the non-destructed or destructed testing method. The
Impact Resonance Testing (IRT) is the one of the non-destructed testing methods. The MTS has proved the source credibility and has the

disadvantages which indicate the expensive equipment to operate and need a lot of manpower to manufacture the specimens because of the low
repeatability with an experiment. To overcome these shortcomings from MTS, the objective of this paper is to compare the dynamic modulus

obtained from IRT with MTS result and prove the source credibility.

METHODS : The dynamic modulus obtained from IRT could be determined by using the Resonance Frequency (RF) from the Frequency
Response Function (FRF) that derived from the Fourier Transform based on the Frequency Analysis of the Digital Signal Processing (DSP)(S.
0. Oyadigi; 1985). The RF values are verified from the Coherence Function (CF). To estimate the error, the Root Mean Squared Error (RMSE)

method could be used.

RESULTS : The dynamic modulus data obtained from IRT have the maximum error of 8%, and RMSE of 2,000MPa compared to the
dynamic modulus measured by the Dynamic Modulus Testing (DMT) of MTS testing machine..

CONCLUSIONS : The IRT testing method needs the prediction model of the dynamic modulus for a Linear Visco-Elastic (LVE) specimen

to improve the suitability.
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Impact Wave Testing or Impact Resonance
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Fig. 1 MTS 810 System for DMT
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Table 1. MTS 810 System vs IRT System

MTS 810 System| IRT System
Source Credibility High Low
Testing Diversity High Low
Repeatabllllty for a Low High
specimen
Labor Force High Low
Time—Consuming High Low
Cost of )
the equipment High Low
3. SEHAI= SEHe SAIA
2 AFoA F 7HA] AR S E S oA E 23
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Table 2. Mixture Ratio for SMA

Type Ratio(%)
SMA 0-19 3.8
SMA 0O-13 347
SMA 0-10 43.73

No. 8 1.42

No. 16 2.86

No. 30 2.37

No. 50 0.96

No. 100 0.96

No. 200 0.96
Filler 3.46
AP(PG 76-22) 4.2
Additives(rubber) 0.57
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Fig. 11 Dynamic Modulus by using IRT

o+ Fig. 119 23 Eq. (ol 2late] AR = 01
grolo] IRT AlFHoA =& E ol 7]ofepof et
T ZE o Fig, 129 gy, SAPE T 7] o]

1.00
0.90
0.80
0.70

0.60
050
0.40
0.30 — 5;0C0herence
020 o e

—— 35, Coherence
0.10 —— 45" Coherence
0.00

0 2000 4000 6000 8000 10,000 12,000
Hz

(a) 10% Porous SMA

1.00
0.90
0.80
0.70
0.60
0.50
0.40
e — & Coherence
0.20 | |=— 15 Conherence
~— 20 Coherence
0.10 || — 35 Coherence
000 l=— 45 Coherence

0 2,000 4,000 6,000 8,000 10,000 12,000

Hz

(b) 15% Porous SMA

1.00
0.90
0.80
0.70
0.60
0.50

e = 5" Coherence
0.30 [ — 15" Coherence
0.20 20" Coherence
—— 35 Coherence
0.10 [ — 45 Coherence
0.00

0 2000 4000 6000 8000 10,000 12,000
Hz

(c) 20% Porous SMA

Fig. 12 Coherence Function Results

T Z FHR st 2] ofHE = ey &= <
?011*1 AHE ST gAY AlFgge] wue

HehA|7]7] fIRtolt,
thS Table 3, 4= MTS 810 A|2Hof| &J3t FEbA
Ag 2 IRT Al&H"o] o3t FRAASE et of
714 IRT A g Axtol| 3Fuk9} Fig, 129 CFA ¥}

Table 3. Dynamic Modulus Results (MTS)

10% Porous SMA

Temp(C) 5.3 20.1 40.1 537
Freq(Hz) DM DM DM DM
20 15124.1 7953.8 | 4097.0 2005.5
10 14262.3 8956.2 | 3399.0 1686.9
5 13534.1 78441 2839.3 1368.2
1 11191.1 5703.6 1841.5 969.1
0.5 100927 | 4834.9 1561.4 858.4
0.1 8013.6 3330.6 1189.8 652.3
15% Porous SMA
Temp(C) 52 19.2 39.1 53.6
Freq(Hz) DM DM DM DM
20 19868.8 | 11696.3 | 37733 1971.0
10 182235 | 104565 | 3224.0 1632.7
5 16713.3 8991.3 2653.9 1307.2
1 13636.4 6255.7 1675.4 838.68
0.5 12120.7 5058.3 1364.2 7275
0.1 9373.2 32753 909.8 552.4
20% Porous SMA
Temp(C) 47 19.7 39.2 54.4
Freq(Hz) DM DM DM DM
20 8226.8 4677.0 1646.3 797.1
10 7709.3 4063.3 1357.3 664.2
5 7100.1 3414.4 1135.8 545.8
1 5792.5 2256.5 719.4 384.0
0.5 5188.8 1844.9 593.1 338.6
0.1 4038.0 1181.8 4313 280.2

Table 4. Dynamic Modulus Results (IRT)

10% Porous SMA

Temp(C) 5 15 20 35 45

RF(Hz) 5636 | 5496 | 4644 | 3844 | 2790

DM 24922 | 23700 | 16921 | 11594 | 10765
15% Porous SMA
Temp(C) 5 15 20 35 45
Freq(Hz) 5026 | 4678 | 4352 | 3966 | 3860
DM 21014 | 20241 | 19201 | 14767 | 12056
20% Porous SMA
Temp(C) 5 15 20 35 45
Freq(Hz) 5250 | 4722 4514 | 3760 3234
DM 21420 | 17328 | 15835 | 10987 | 13115
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