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Attenuation of Longitudinal Strain Wave in DAP Strip

Noboru NAKAYAMA, Takashi WAKUI,
Yuji TANABE and Hiroyuku TAKEISHI

Longitudinal impact tests on a rectangular diallyl phthalate (DAP) polymer strip were perfor-
med to make clear the attenuation properties of compressive strain waves. The attenuation of the
peak value of the strain pulse with travelling distance was investigated in conjunction with the
duration of the pulse. Material properties, or constitutive equation necessary for the analysis of the
impact response were determined by the complex compliances obtained from the Fourier components
of strain waves. A method, or the offset method for correcting strain pulse profiles was newly
developed. This method eliminates the influence of noise in strain signals on the amplitude spectra,
and contributes to the improvement of the accuracy of determining the complex compliances. The
attenuation of the peak value of the strain pulse with travelling distance was theoretically predicted.
The discrepancy between the theoretical predictions and the experimental values was within 6%.
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Table 1 Main mechanical properties of diallyl

phthalate (DAP) polymer

Density Static Young’s Poisson’s

modulus ratio
E (GPa) v

1210 3.09 0.37

p (kg/m’)

Air gun

Transient Converter Preamplifier
(Riken Denshi Co.,Ltd.) (Kyowa Dengyo Co.,Ltd.)
TCL-01-4000 CDV-230C

Fig.1 Experimental set-up for longitudinal impact test
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Fig.2 Typical records of strain pulses for the duration

of T=90ps
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Fig.3 Amplitude spectra of strain pulses for the
duration of T=90ps

NACSI S-El ectronic

Library

Service



Society of

Mechanical Engineers

2550 DAP A (BT 2 VT A BEOBRERNY

DIEHRL, IRELR S AR PV ERODER
AVTIATVADERE B> 74T RA)]
ERBEABE I T TA TRV REH UL ER
#M3, 4, 5WERTT, M3 BT, BEHS»
#¥2kHz L EDIREARA 7 bV OK BB 12
BEOEMIfE> TR T 2 EABR S %23, 2kHz
PUF TR BB ORI > THEMT 2858650
VHENCAEELERBEON TS, Z0HEREL
T H200F4500 VWA TCEHCEZICES R
585/ A AR OEENELZONS, ZLT, K
3, 4 OFRERICESOTHEE IV FIAT Vv AERD S
ERSWRTLICEBEK IV T IAT VA L iEf B3
2kHz AT CADELZ Y, WHENETAETH .
FITEWRTIZ /A ARG OEEZWY RO AR
JMVEBLLEODICUTOLIICLTVTAEREL2H
EL.., 7, M5BT 2kHz DL & . D
RSB R2 L, SHTE 2 HMEE T &
LTEZEBHKEERE TV ENERETABELSNS,
FHFR TR ORES &5 6 DAP BRI L T=
BHREGETVBEBTE2 D EEEL, AET NV
OFMECE I EPHERRA L Z L L. R
ok bEEN Y — B (x=732 mm) OB R
WHEHL, OFAD0VRAFIETD /4 XA ERET
RO ELBNOOTAEEREL, FOMEEIH
BE»SELE|W, RICZID/ A X 5BELE 2=

0
T=90us x=0mm
< -0}
g8 x=110mm
> 20 X=165mm
- D -
g sop x=220mm
« -
§ -40 | x=330mm
= P
A 5ot x=732mm
-60 . -
0 5 10 15

Frequency f, kHz

Fig. 4 Phase angle spectra of strain pulses for the
duration of T=90 ps
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Fig.5 Complex compliances evaluated from strain
pulses with the duration of 7=90 ps
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Fig. 6 Flowchart of the methodology (offset method)
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Fig.7 Corrected strain pulse profiles for the duration
of T=90 ps. Corrections were made by subtract-
ing certain minimum offset strain values from
each original strain pulse profile
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Fig.8 Amplitude spectra of corrected strain pulses
profiles for the duration of 7=90 ps
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Fig.9 Phase angle spectra of corrected strain pulse
profiles for the duration of 7=90 ps
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Fig. 10 Experimental (M) and theoretical (—) com-
plex compliances for corrected strain pulse
profiles with the duration of 7=90 ps. Theoret-
ical curves were calculated using Equations
(1) and (2) with parameter values: E,=4.04
GPa, F»=36.7GPa and 7=0.508 MPa-s
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Fig. 11 Experimental strain pulses and the correspond-
ing predictions for the duration of 7=90ps
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Fig. 12 Theoretical peak value of strain pulse as a
function of travelling distance with respect to
the pulse duration. Each value is normalised by
the value at xr=0mm. Experimental peak
values are also plotted
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Table 2 Discrepancy between experimental and theo-

retical peak values of strain pulses: Er»[%]

Tws) 45 60 90 150

X(mm)
110 0.5 1.7 0.5 5.3
165 4.1 1.6 3.3 0.6
220 5.8 4.5 0.8 2.2
330 .5 0.7 0.4 3.2
732 0.3 1.5 0.3 1.2

ave. 2.5 2.0 1.1 2.5
aVEtotal 2.0

Epy — E
TH EX
Err =
Eex

x 100(%),

£ex» Ery =experimental and theoretical peak strain values.
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