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g Table .1 | Physical prOpertles of plezoelectnc fluoropolymers and tourmaline

.:u@mm LAERE Lk,

Piezoelectric material PVDF | VDF-TFE | Tourmaline
Piezoelectric modules d33 (pC/N) 12 9 2
Dielectric constant ratio ¢/¢o 12 10 1.
Density (g/cd) 1.8 1.9 6.0
Sound velocity (km/sec) 1.9 2.4 3.1
-Acoustic impedance . (kg/of xsec) | 3.4x10° | 4.5x10° | 19x10¢

PVDF ; Polyvinylidene fluoride

VDF-TFE Vinylidene ﬂuonde-tnﬂuoroethylene copolymer

" d 33; Piezoelectric modules of d 33 axis

¢; Dielectric constant of pnezoelectnc material, ¢o; Dielectric consl:ant at vacuum

ru‘@Eﬁuﬁ;unﬁﬁQm&ﬂunﬁEﬁ%&
L, FANF =07 v 7OHDVeo b LTHDEA,
ZEOMERA(3) TRT Z LHTED LS BREET
o =< wen

Veo= Q/Cf (3)

F ¢ — 7 Y 7RV B ERAFBIC KT, BN
vy - uEﬂFmLTEﬁ%ﬁF1674"4Z&
L'Cf’Fﬂi'ra awarmﬁuwmemmn
6'0)‘ ; )

Fr—OT Y ERDOL S5 FEL BB,
DMFOL vE— L ANREDTKEL, %#mTi
ET, *+—-U—9%/4xo%§2§ﬂvft&
WOIRBIFETD,

Ptk sz, EEHAREF + -7 7AW
6#M¥Kﬂ64ﬁﬁ&ﬁﬁmﬁET6o
. 8 B
3.1 . H4—=0OHE

MELEENE v+ —ORERFI(ER LI 28R
D7 . K%¥ESFPVDF &L VDF-TFE 0o H®
Table 1k, BN+ v+ —oimid% Fig. 2 &R
+. PVDFi2, WEIERVEAL, *+ A MEIRX
DEEEEE L, OB s k5 EfBELT
o), PHEAEE, n=800~1500, &hILEL
30~50%T»%5, VDF-TFEiX, =/ =—®AlH
VDF : TFE= 80% : 20% C&% 5 LA4+ < PVDF L |
ULThsd, ERABEDOY—F (G, 7THIi=TV4A
BIE(H1, H2) ¥ AECES LR BELRYT
v, 5 mABOEABICN LRERS & Lic, BE
BoaO7A =Y LBEIRY-FR(F1,F2)ER
0.5m, 4 » FKER) L EVIEOHBE =+ + ¥
BIEREER(I V-2 AV (DY, =248V F8

E

'*1 O’O'mm’ |

(a) Schematic of fluoropolymer sensor
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(b) Sections of sensing element

Fig. 2 Schematic of fluoropolymer sensor and sec-
"'tions of sensing element .
(A) Sensing element, (B) Body, (C) Coaxial
cable, (D)-Insulation oil, (E) Shock wave,
(F1,F2) Copper wire, (G) - Fluoropolymer,
(H1,H2) Aluminum electrode
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Fig. 3 Schematic of calibration apparatus
(A) Oil, (B) Reference sensor; Model 136 A
sensor, (C) Calibrated sensor; PVDF or
VDF-TFE sensor, (D) Impact weight
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Table 2 Experimental conditions

Run Charge weight Stand off Scaled distance
(g) (m) (m/kg'’?)
1 100 0.200 0.431
2 100 0.300 0.646
3 100 0.500 1.08
4 200 1.00 1.71
5 500 2.00 2.52
6 300 2.00 2.99
7 100 2.00 4.30
8 200 3.00 5.13
9 200 4.00 6.83

R 15;1____]_»

A s
(a) Experimental arrangements
' 36m
] ] —— I
8m 4m1 l ]
A B
iOm

{b) Underwater explosion testing tank

Fig. 4 Experimental arrangements and underwater

explosion testing tank
(A) Charge, (B) Sensors, (R) Stand off
distance
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Fig. 5 Example of pressﬁre waves by calibration
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Table 3 Results of underwater shock waves meg‘gufements -

: ;l;ynpgg ;)f {138 A 10 sensor | PVDF sensor | - L VDF-TFE_é}ag_spt -
Peak pressure | Shock energy Characteristic time Peak pressure | Shock energy | Characteristic time | Peak pressure ‘Sligci(}ériéi:éy Characteristic time
Run (MPa) (MJ/ ke) (fssec) (MPa) | (MJ/ke) (usec) (MPa) | (M)/ke) (psec)
1 - - - - B - 107.. " 0.867 38.1
2 - - - T - - - 57.8 0.810 © 50.1
3 * * * - - - 36.9 0.854 | " s2.0
4 20.9 0.788 78.6 19.7 0.01 3.0 21.0 0.802 7.1
5 14.4 0.803 107. - - - - 15.3 0.864 103.
6. 12.4 0.821 88.9 - - - S 13.4 " 0.863 79.9
7 7.66 0.777 73.2 - - - 78,40 0.850 65.9
8 6.70 0.793 87.2 - - - 7.32 0.842 81.6 ..
9 4.83 0.777 8.8 | 5.8 0.07: 6.0 5.37 0. 845 79
#; Damaged by strong shock wave —;Non experiment - ' -



- “Table 4 Results of underwater bubble pulses measurements

' “T%psgffz ‘ 13BA10 sensor PVDi*‘ sensor B VDF-TFE sens;r
C Rem Bubble time |Bubble energy | Bubble time | Bubble energy | Bubbletime |Bubble energy
; © o (msec) - (M)/kg) (msec) (M)/xg) (msec) (M)/ke)
1 - -~ - - 108.5 2.04
2 - - - = 108.4 2.03
3 * * - - 108.4 2.03
4. 136.6 2.04 135.7 2.04 136.6 2.04
5 183.8 1.99 - - 183.7 1.99
6 "155.8 2.02 - - 155.8 2.02
7 | 108.4 2.03 - - 108.4 . 2.03
8 135.8 2.00 - - 135.7 2.00
9 " 135.9 2.00 135.9 2.00 135.8 2.00

%; Damaged by strong shock wave
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—; Non experiment.

(a) Model 138A10 sensor
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" (c) VDF-TFE sensor
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Fig. 8 Example of shock wave plofiles
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Development of pressure sensors using fluoropolymer for underwater -
shock wave measurements (l) - : g

by Kenjl MURATAY*, Katsuhiko TAKAHASHI‘ Yuklo KATO'
and K01ch1 MURAI*“' '

vy

To realize pressure gauge which'can sustain underwater shock pressure hrgher than
100 MPa, we developed new type of | pressure gauges usmg ‘two materials as sensmg ele-' '
ment, PVDF and VDF-TFE copolymer. Measurements of underwater shock wave proﬁle
were performed usmg new type of pressure gauges and compared with the results obtamed. ‘
by pressure gauge usmg tourrnahne Expenmental results using VDF-TFE copolymer is
very sumlar to that using tourmalme We succeeded in measurement of underwater shock
wave profile (rnaxunum peak pressure 107 MPa) using VDF-—TFE copolymer On the
other hand, ysing PVDF gauge can measured peak pressure (20.7 MPa). However, dif-
ficulty is to measure decay. part of shock wave profile accurately.
(*NOEF-. Corporation Aichi Works Taketoyo-Plant 61—1 thakomatsudam
- Taketoyo-cho Chita-gun, Aichi 470—23, JAPAN)
**Department of Matenals Engineering and Applied Chemistry, Mmmg College,
Akita University 1 —1 Gakuen-cho Tegata Akita-city, Akita 010, JAPAN)
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