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7 KRBT £ FIA LIk p s i i E 71 > —
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—T7vRREITFOTFHEELEN Y — RO BR—

FHERE", Sz, miEEx, e

7 o RFGEYFOME, P, BRSO L KPERBEREREH Y — L LTOHREEE DH
BREMHT D10, RY 7ok =UF L 2BRBNATAWRZ L7 ke =YF L MY
TINFaxF Lo ORESRERIERFITHWEEAE VP —2BR L, RERMEROKPTHRER
EREHE Y —L LTOMEIZOWTRI LT 7,

THERMRBROMER, X 50pm OEF o — MBS EIORBIC AV -7 v ¥R FOMEIC L

LR OHERENER TS Z ERRENT,

XBEPAFOHR, 7okt =YF b M) TAdaxF Lo OFERIED 1 7D brEatER
BNTWBZ LURENT, I6IC, #HaEREhET vk =Y F o L b7t uzFLonit
HEENKPHRBEHERAEE o — L LTRb BN EEEL T T2 AR ENT,

. # E
BAl3E1EICBNT, KEEEXHETS
Z7ovFEFRGHFTHDHIRY 7ok =YF v
(polyvinylidenefluoride, LLTF PVDF LBRiEd 3) &
7 »{b ¥ =Y 7 (vinylidenefluoride, LLF VDF &
BEaCd B) & b Y 7t aF L (trifluoroethylene,
LLATF TFE & B&3ES %) D3t H A (vinilydenefluoride-
trifluoroethylene copolymer, LA'F VDF-TFE & BaE
T3, b=y s L RBRISKPESRRNERE D
oY —~DIERABRTETHY, ¥ VDF-TFE *
FIALIZESE Y — 3R K RIE (Pmax) A3 100
MPa ¥ 8B X EHFEBICESWHTY, EhEr$—&
LTENMREEZETILERLE,
AL T, oML EES RS RME D
7 v RHREF OB CBHENITE 11k o —DMkiE
IZEZ BB WALMITD-0IZ, PVDF RUHTA
HENEERZT- 2 MBI HEA KR VDF-TFE (a) &
20004 3 A 24 A2+ N
200127 B 9 A%RE
*BAifE (BR) S EATRE T8 oM s
T470-2398 FaRALBREITFIL/MRH61FO1
TEL 0569-72-0921
FAX 0569-73-7376
E-mail kenji_murata@nof.co.jp
“HKEXRFE TFERFFE EXHE
T010-8502 KRBT FREREr 1 1 %

TEL 0188-89-2468
FAX 0188-89-2465
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(*VDF-TFE (b) » 3 XD 7 v #HR& 5 T1- % ek
L LTHEETIT o1, 7 v RRED FOMM R EMR
HOEE R OSHERRBOMEDRV &, TR
WE Sk o — Dk P E s B EERE DBIRIZ ST
@545,

2. BRI VERESF
PVDF 3 (1) icfgv&p L, VDF-TFE(a) RT*
VDF-TFE (b) i3 ) iZfEV & L 72,

(i-Pr-0-C-0),-0;
nCHr') = CF 2

-(CH,-CF)n- (1)

2Ny

nCH,=CF,+ mCHF=CF,
(I'P l'O‘C"O)z'Oz
—_—

-(CH;~CF,)n-(CHF-CF)m- (2)
H,0, 90°C

VDF-TFE (a) X (*VDF-TFE (b) » 2 i 3t &
K13, HALEAER(LSEITSHMR LTS
N C A

HERISL, AR —nEe—F —Dftui-fiiig
BBIUr=UFrAt54 FE/*~—(,1-
Difluoroethylene, ¥ Z/<=FNFY v F xRy
B, HE>9%)E MY IR FLIE ) v —
(Trifluoroethylene, b K7 A{L¥R, #E=97%)N
HAFZRV A~ L—TNT, MY T

KRELL



EA AN AR SO — b (H ARG (BN, #E
E50%) % 7 S TAMEGA & LT B Less
590CETMRL, BB 452 L cfibhr,
HENIEHTHORIERESRANIFEIZ0. 2MPa TH»
toar%rdnuua% AL EETHAIL, K

BURNOIEHERKEETHEL, TAMEL
*Maﬁlz%%:?%’ff:o

H/ERIE, termildidtk e 225 £ THRRAKTHRY
WL L, erpeTHEBBL, Foy—y—the
FiREHL, AR E M-, SHBIOT v #ZR
ML, WPFRLHEORRIETHH -,

SHBIORYFL L, BEHE / ~—H ko9 54
BRPOE KRBT, 2TEBU%UETHY, HARFE
N ERBR LSRR OR TS L0 EEZS
na, BEHe / <—0OFABICHT 2188 H5 b
LREMERIOTDT SHARLERKIL, $0.1%Th
A20OT, RYv—DEHREHEIL, 800~1200 F2/E L
EEXNS,

&&= PVDF, VDF-TFE(a) & {* VDF-TFE
(b) D4tk % Table 1 IZ737, 3HEBO 7 v FEFHhMi
Fa U=, Ky BT L RIZTINAL 2223 61K
L, &E0.2mm N> — b ER LIz, RIZEMERN
2w bA7-8, #80mm, KE20mm ORUE
— MU L1,

R — M, 74'niﬁ9—fﬁé%%%ta
A6 1 A7 10, 30, 50, 80, 130um DIEXIT/

F CUE R A 1TV, A 728 }’ﬁ:a@vwm
7=, t560mm FUEIZYID ¥, EMFHA— L E
L.

HERFE D — MY, FOM@ICT N I =0 LR ITE
XL, WL L, BRMREHT LIS
S— b3, BIEOEMARROMV-mIIR2B LM
7V T AR FLHERIE 2 F T U f R e huR Y (100
C)hC2ARFRIMM LT, MBIET %, HikE THEW
L7=OBWEOH v 2 AR L, oy’ 21To 1,

SN E%O L — ML, 1343, 5, 8mmAD
SRBIOEHFERUTEEN I, 5, Smm o 3 fiBiD
Moy b i L, THERERBICETSEEBIC,
10mm fOIESTECEID UL, KSR otk &
L7

3. TvRRBIFOIM

7 o FROIFONNL, %k B iR R
RIS E, ROLEN-TTRIEEL T D EME S
M 50um Oy — MIOWTHHiE X LT,

IS, AT v BRASFIETEESEI BN E
NFTHY, JHBOHYFELEOREEZAELTY
Do ZOF2¥, TR ORI+ D IERRMEAMEL
T ERBERLHARET N ('H, “F, “C-NMR)#A:
HHICHETH-I-,

REsilt, RRSREROMBMATFERBTHS 200CE
TOFB TR N2 T,

BAR(TG) R USRERT (DSCH B Tid, 300
CULOBMIZRNT, wal D EL-ERMD LD
PTHORBEBASRMENTN, BRI L-TRETS
7 LK FES ADER L Bbh 5 AR OKEEIC
Lo TRIENHETHH -,

JERsEORIEL, HELBEDO -2 Y — F&
ENLTFSOAF ara—F2Eg L, £/
OIS0 KU, EAICEC TRET HER
WhzEE" L,

X BEP 347 (XRD) B U453 241 (IR) H O3
FHE, MEARICVERT LI = AL 21T
9 LTI L A, i E%oO S — % 10mm
MICHIT L, KIRTTAI = Alos LKBROEE:
8¢ 0.0l mol - 1" MAIEEE 500ml [ 24 BRI IR E &
L, TAI=LERETRICEHRELLE &S
AP L RS ETHRBKTHYVIELESRL, T
hr—4—thCERLT,

XRD {24, FRETEER (BR) R X BEHrEE (2
Ly 2 A, HEEEE 30kVp, Cu¥—% v b, 0.15418
nm : CuKa ) Z{#EB L=, IRIZIX, Perkinelmer
(+) W FT-IR 3@ (16PC) 2 L 1=,

XRD iz L 2EFA K L EFE— 7 BE0 MR E
Fig. 1127, Fig. 1iICHib6Me L 51z, PVDF &2
fi¥ioo VDF-TFE i1, tiCRIFFAIEN 20 & (Cu,
Kao)louWEHr e— 2 ARl &hi-, EfEIRS
FdE L - S SEIR D DR RS & L BIBIRICH Y,
47 £ 5 20 JEA> S 3HEL L 729> FB2A L =R E R o
O F-BR§IL 2. 3nm TH B, Ei—7ickiT 54
PO R x Si3, REOEBHEOFRIA L7

Table 1 Characteristic of ﬂuoropolymer samples

Polymer

VDF monomar (mol%) 100

TFE monomar (mol%)
Polymeryield (wt%)

Kayaku Gakkaishi. Vol. 62, No. 4, 2001

PVDF‘ VDF -TFE(a) VDF—TFE(b)

75 ‘ 60
25 40

88 86

— 185 —



>

' 53 PVDF |
! /\ VDF-TFE {a) copolymer i
3000 -/ VOF-TFE (b) copolymer ;

NN
S o
S 38
& o
] ]
<

1000
500 F

X-ray diffrection peak intensity {cpm)

0 1 L_?'.'l.‘.yl ] 1 [l 1
10 20 30 40 50 60 70 80 90
" X-ray diffraction angle (degree)
Fig. 1 X-ray diffraction analysis of fluoropolymers

FEIA LSO & L MR H Y, EOKE
&i%, VDF-TFE(a) ; 3800cpm >VDF-TFE(b) ;
2000cpm >PVDF ; 1200cpm DI TCH 72, ¥~ T,
VDF-TFE (a) 23 $ £ RIS/ AL Lo diiE R
ELPTFI— b THDHI LHUBILT,

IR ORIEFERE Fig. 21077, Fig 2ic81o2 ek
3z, IFMEOT7 v REHEITFICIE, WBNRET >
FBHLARORIBA BN Sz, 1050~1450cm '(vs)
vO-Fi, RFE—7 v REQIZEICRRTHY,
3000em™ v(m)C-H X, AF L L DRE—AFES,
VDF-TFE (a) R VDF-TFE b)ich» TIEAF L~
L AF L DRFE—KRFREFIIESICBNTH D,

St S —B % Table 2 12577,

4, 7YERBSFORTRIERR
7 o RBEN FOMBR OSEM QB GO & L il
SEOMUEE ST B9, WMERSE LT6H

(2)

Also B (b)

“ b

S 120 b

s (c)

- A

b

.; ao i '\VM\_\

-]

=3

-3 3

-
40
0 A O V.
4000 3000 2000 1600 1200 800 440

Wave number (cm™')

Fig. 2 Infrared absorption spectra of fluoropolymers
(A)PVDF, (B)VDF-TFE (a) copolymer,
(C)VDF-TFE (b) copolymer

jﬁ
Fig. 3 Schematic of fluoropolymer sensor
(A) Sensing element, (B) Body,

(C) Coaxial cable, (D) Insulation oil,
(E) Cap, (F)Shock wave

SHoHERRICOVH L7 v RRBS FREZ SN
Fh Fig. 3107 EDE N o —ITHAAATE,

ZRRIEEAE, BEE 10mm O Ry BIER CHZ
L 2mm D% 2ANE LIRF 112 — FRTR
e BE R~ e L, EXOEREITY LLLICM

Table 2 Piezoelectric properties of fluoropolymers

Piezoelectric materials PVDF VDF-TFE(a) | VDF-TFE(b)
Piezoelectric modules (pC-N') 12 9 9
X-ray Diffraction angle (degree) | 20.5 36 20.0 36 20.0 36
X-ray Diffraction peak (cpm) 1200 trace | 3800 trace | 2000 trace
Lattice distance (nm) 2.3 1.3 2.3 1.3 2.3 1.3
IR Absorption band vC-F(cm ') | 1050~1450 (vs) | 1050~1450(va) | 1050~ 1450 (vs)

vC-H(em™)

2980, 3000 (m)

2980, 3000 (m)

2980, 3000 (m)

PVDF ; Polyvinylidene fluoride

VDF-TFE (a) ; Vinylidene fluoride-trifluoroethylene copolymer (75:25 mol%)
VDF-TFE (b) ; Vinylidene fluoride-trifluoroethylene copolymer (60:40 mol%)

(vs) ;very strong, (m) ;medium
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Table 3 Experimental conditions of underwater
durability test
Charge Standoff Scaled 7Pe£ .
Case ' weight distance pressure

e ™ mekg™  (MPa)
A 100 0.5 1. 08 40
B 100 1.0 2.15 20
C 100 2.0 4. 30 10
BARIBRET AMETH D,

WiZ, 7 v KR FREE R 510 10iaG
(Y ardan) &= L-A% 10mm X & X560
mm DG A WXy o TR, Y aLF gL
Whign L HEELT,

BT 4 W% Bl L =8OR AHIZE# Ay — 71
IHEE LT,

THETRYESRERIY, Table 3 DEBHAMIZIE, =
W a AR REEER ; 3200m - s (6 25 mm HEF,
L), BHE; 1100kg. m™) DBIEKEE (W) & 33K+
CLENE A —DORBIERZNOETOERMR ;
A& KA 7)) e ElL &, B —ilb 5k
REXELXET,

Fig. 412, KHBERBE CREEH VP —0D
BB FIEERY, otikix, KT TOFERM 36
m, SRTESOBEN 10m, BiEHFE COKERSm
Thb, BRIBIIEE LI-xwLy g AR, #hod
RAFEAMOMEIZE Y FL, 6 SBRBEKETOX
WA P LETHRAL TEB L, RIFEHEH—
i3, 1RIKL FEKIET, RAFTEDERO.5 1 KT,
2mOEIZR D L HICHREL, KPEREICLIR
et o —OMHOA 8L HREICRER L 1=,

R Ic k0 MESScBE LB, U—F
#, BF 4 ROERER VR —7 Vv EEHL, 3l
FlcEBLCHIIL -, ZOEAE—OHMET
WiE ik, BIENE TREOIES AT AIONWT
I T HUCHA L, KR seaRBR iR LTI
I L 8 LD T 2 Citgms T 5,

it et BBk AE % Table 4 |27R¥, Table4 o
“O” B, BRERYATHRICH L EBLHETHo75H
BETL, “XTRET, BEBNCI T v IHENT
B 7e CORERE ECBEETRT

WEDDHBEX 50um D7 vy REGDF—FT,
1502 5mm LU FOESFBERUEZESmm LA TOH
BOYE, BRTFOMRIC L O TR HEREICER
TEY, AFY FA7H0.5m OBEAIZENTHKE
BREICH 22 = L RTRETH -7, Ll, BER

Kayaku Gakkaishi, Vol. 62, No. 4, 2001

( ; R Céﬁ%iEEEEEEEiEJ
A B
(a) Experimental arrangements

36m ﬂ/
—

A ¢
8m 4m O -—/
y A_®
5
10m |

(b) Underwater explosion testing tank
Fig 4 Experimental arrangements and underwater
testing tank
(A) Charge, (B)Sensors, R:Standoff distance

RL0um®D7 yFRFEFMITFLETHLTH, BE
BorO~HEN Smm ADEHFF, KV TEEN Smm
DABOFAITIE, —BHARHE L7, FHEXN50um
PAD L — ME, RF 2 FA72R0.5m OHFIZHN
T, FOTEBRICEDSY, <THRBHEL .
A& v FA750.5m OFEIZIIT B KDERED
E— 27 ENL, $940MPa L Eh 3,
BEXB10ymBLTI0Oym EFCEMLABSTF
I MIRZ L FAT7H8 1 m CHEMTA2HA83HY,
JHEA80um U130 um DFESSF— b HEREIZA
& FA7H1m THESEVEZ 507 2 L5558
NdHoT=,

ZNHHRYT AHE LR L RVBEDENITON
Tixgd+ 3,

5. KepRFEHER

7 v #FW5y FOHTRERRERICESE, &b
M EEEIC BN E IR0 um D7 vy RR&H D TR
AWEIED®E —DMREZ K PRI L > TH
L, MY e —ICERERRELERL
7o, ERICHER Li-x<wA i a B, KPBERR
Bk U H R, WEERBRAFELRICTHS,
oA a VIBEOERLE RS FA 7L, TableS
IR L & 3 ot AR EBEREDS 0. 431 225 6. 83
m kg ORI TELE ¥, Ehtry—ofi@Eics
4% Pmax 73 100 MPa AL CHEILT B L ORE
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Table 4 Results of underwal;er durablhty t.est

PVDF (mm)

0

x
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ONONCHONONIONCRONONO)

O000O0 xxOOO[xxxxx

130 |
80
50
30
10 |

i‘xOOOAUO‘x“xOAx xxxxxx[;olI
O0000 OXO0OO0O X x0O x x|
OC0000 ooooo‘xxOxx
O0000 XO0000 X x O X
00000 x X000 X, x x0O X

Table 5 Experimental conditions of underwa-
ter shockwave measurements

Charge wexght Standoﬁ' Scaled

Case distance
(g) (m) | (m kg |/1)
1 100 0. 200 0. 431
2 100 0. 300 0. 616
3 100 0. 500 1.08
4 200 1. 00 1.7
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
L7,

BIRE U 1o AR PHIRE DI ABERZE (LA S, K Q3)ic
TEVKPHRE T XL X —(Es) 2 HEAL, F 1,47
NDRE(TL) ) LA IZTE /ST xR ¥— (Eb)
EHELL, W

ez R* (50
EBs=—r——"— 2
Cw-ow L P(t)de

Eb=6.84X10-Po’*+ ThH* (MJ)

(3)

4

KEIZBNT, CwidADOF#E(m "), pwitk
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VDF TFE(a) (mm)
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X

VDF-TFE (b) (mm)
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DEME (kg -m™™), P(t) LB ¢ I2B1T 5 A E
BFOILS (Pa), 013KPEREDEINNBEKE
JIPmax 76 Pmax ¥ BAMEDEK e TR - 7=l
Pmax /e ¥ TM¥T 5 £ COBR, +/habbkoig
HOKHEE (8) Th D, (4)ITHVT, Poldthtdk
DKRFIZBT DAL, ToizATAAMTHS, R
(DB 2478 DL, Po#% (100kPa), Eb %
(MJ), Tb % (8) DK FTICH~ - HEBDHTH B,

Table 6 {2 KSR B ORI ERLER %, Fig. 5I-Hi
BOMEF %, Fig. 6 IRREMR-W'?) L Es,
BAERER (0 - W), Pmax OBMRELX T L 0H7-H D
x5rT,

KIMBRRBRBOFHE, b=Vt H—(PCBi:
WEF N 138A10) 1% Case 3, T72H 1 Pmax 4530
MPa BEDOFK4CRERAL T,

Fig. 5IZRLA-L 512, VDF-TFE()[EHt ¥ —
X, KPFRHE D Pmax A% 100MPa 2 88 % 5 Fnkic
FWTH Pmax, 0, EsOBENAETH-T-,

Fig.6 IZR L7k 512, VDF-TFE(b)EHE 24—
%, Pmaxi{Z oW TIZ VDF-TFE(a)[EH 4 — 3
REDRENTETH S, LA L, Pmax 53430
MPa %% % & Pmax DRIEIITHTH B LOD,
Pmax B OBHOMBARL A2y, SRBEAIER
DR—=RFGALL D=L FRM~DRERRY 7 T
vH—a— P RER &N, $HC Fig 5 (B)IoR
L7-#%iZ, Pmax #5100 MPa B2 HKkHETIL,
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o . Damaged by shock wave, —

Type 01-‘«

Table 6 Results of underwater shock wave measurements

; Not measured

VDF-TFE(a) sensor

Pmax ; Peak pressure (MPa), Es; Shock energy (MJ - kg!), 8 ; Characteristic time ( zsec)

wor » Damaged by BhOCk wave,

Table 7 Results of underwater bubble pulse measurements

— 3 Not measured

VDF-TFE(b) sensor

Tourmaline sensor PVDF sensor
sensor S R o i S
ﬁ(;‘ase Pmax Es _ ’[ 0 Pmax Es ) g Pmax I Es ) 0 Pmax : Es ) } 0
. (MPa) | (MJ - kg) (usec) | (MPa) | (MJ - kg') .,(,f‘,seC) vﬁ(l\f'IPa) i (MJ - kg') | (1sec) : (MPa) | (MJ - kg™') 1 (1 sec)

R B - - - - 10n. 0.867  38.1 945 0171 534
2 | - - - - 5 = - 57.8 0.810 50.1 52.4 0.241 16.9
3 - - = - - 36.9 | 0.854 52.0 31.6 0.267 ' 25.4
4 20.9 0. 788 78.6 ' 19.7 0.01 3.0 210 0.802 - 77.1 . 2.3 0.674  70.3
5 14.4 0. 803 107. - - - 15.3 0. 864 103. 14.8 0. 766 93.9
6 124 & 0.821 88.9 - - - 13.4 0. 863 79.9 120 0.781  78.2
7 | 766 0.777 73.2 - - - 8.40  0.850 65.9  7.75 | 0.801 | 63.1
8 6. 70 0.793 87.2 - - 1 - 7.32 | 0.842 | 8.6 6.96  0.813 78.9
9 4.83 0.777 88.8  5.80 0.07 | 6.0 5.37  0.845 77.9

4.95 0. 790 86. 8

sensor Tourmaline sensor PVDF sensor VDF-TFE(a) sensor VDF-TFE(b) sensor

Case “‘ Bubble time Bubble energy Bubble period Bubble energy Bubble period Bubble energy Bubble period Bubble energy
' (msec) (MJ kg ") (ms) (MdJ - kg') (ms) (MJ -kg") (ms) (MJ < kg)
1 - - - - 108.5 2.04 108. 5 2.04
2 - - — - 108. 4 2.03 108. 4 2.03
3 - - ! - -~ 108.4 2,03 108. 4 2.03
4 ¢ 136.6 2.04 | 1357 2.04 136.6 | 2.04 136.6 2.04
5 | 183.8 Lee | - - 183.7 .99 183.7 .99
6 i 155.8 2.02 | - - s 2.0 155. 8 2.02
7 108. 4 2.03 “ - - ' 108.4 [ 2.03 108. 4 ‘ 2.03
8 135.8 | 2.00 : - - 135.7 2.00 135.7 2.00
9 135.9 2.00 | 13509 2.00 16.8 | 2.00 135.8

2.00



20 °

(a); Tourmaline sensor
{b); PVDF sensor
(c) VOF-TFE(a) sensor

Tims ( L sec)

(A)Three types of sensors
Charge weight ; 200(g), Standoff ; 1(m)

120
(a), VOF-TFE(a) sensor

(b VOF-TFE(b) sensor

0 50 100 150 200 250
Time ( & 3¢)
(B) VDF-TFE(a) and VDF-TFE(b) sensors
Charge weignt ; 100(g), Standoff ; 0.2(m)
Fig. 5 Example of shock wave profiles

Pmax ZH#EH) 5 20 usec BICIXM AT v ¥ —a—
kL7, Z®Di=%, VDF-TFE(b)EHE 49—,
VDF-TFE (a) EHt o #—IZte# L, Pmax A% 30
MPa £ OFIR CILIEH T O 13% /NI HAA
1, Pmax A3 30MPa % # % 5 i Tl Pmax O
LEBITOREINESHENZ, Es b 0 LRIk
ORMRIZH Y, Pmax A 100MPa £ 2 KTl

VDF-TFE(a) [ E/jtz o —IZ e~ 20% T » 1=,

Zhix, VDF-TFE(b) Ot O HAEIL, Pmax ©
HIMZREVARPERE DKM L Y LR D,
Pmax OREIXFRER OO, JEHOMER LT ORIE
BARTEEL 2D, AMniT ko, EsA/hEHIEEN
LtbDLEXLID,

PVDF [E/& ¥ —iL, Pmax Blif%OBEORE
MR, Pmax DREIZAHETH LA, 0, Es Ol
EXBAETH -1,

Table 7 {IZ K PBRERRIZEB T E T L ORRINF

W, TRAX—BHRERE T, TSN AR

i RTOR A —CHHETHY, F—DTb, Eb%
B,
6. & =

Yagi 5?1k, VDFE/~v—& TFE®/~—®
FSHERCIE, 0.7 RTR0.5 L #IE LTV D, RERIC,
HAHREERA S T BT, PVDF (21X 750~
800 cm™ DALEIZ 2 AD TN I & h 54,
VDF 73 85%LA F ok tto> VDF-TFE (Zi3R UL
ORIAED bRV, PRRUHEEOLSF— ]
®OXRD Ti, PVDF KU VDF 4330 £/ %L ED
VDF-TFE tifi&kici, BERAEA 20 i (CuKa
BYORICHETE— 2 ARSI DL EBELT
W5,

VDF &/ <—& TFE & / = —ORGHELN D, &
HEBC BT A AEMRMOETEEAMMLENHTETD L,
VDF-TFE(a){3 72 : 28 €%, VDF-TFE(b)i159 :
AEN%THY, W4 L bHAARENITIV K
tEZBND,

AEBRIBITD IROJWERHRICHTH, PVDF
121X 750~800cm ™' DAL IZ TV RILABIBI & 4,
VDF-TFE (a) % U VDF-TFE (b) {21 [7) U @129
BRI -T2 LMD, 2Ri8i0 VDF-TFE
D4y (4612, VDF A58 85% LT kil ak
ThdEEILHh, EORBELEMLIMEE LIRS
EHER I BT D,

AERIZE!T 5 XRD OBERRIB T H, &
2350 pm @ PVDF, VDF-TFE(a) XU VDF-TFE
(b) D IWMEDOEFF >— MIiL, FICEFAKEA 20
[ (CuK o 8) ICE#r b — 27 i &z, BiffE—7
DK% X%, VDF-TFE (a) >VDF-TFE(b) >PVDF
DIFTHY, ¥*—2 0 v—73HL ZDATHHT-,
Z?Di=%, VDF-TFE(a), VDF-TFE (b) D% FtiE
21X, #EROEEM: PVDF &R T B To &
P LESHSOPBEEL, ZONFHEOKTFER
%, EHAER USSR ELLOT LR EE 2 T
RNEEZLND,

-8, HEREL O TIHEREPVDF &L
TEIEAENTWBE XA 304m ® PVDF ) XRD
iTo7 & T A, MHTA KN 20 EORLENZ 2000cpm
B~ %#BE Lz, “hid, FER50um D
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Fig 6 Variation of shock wave energy, scaled characteristic time
and maximum pressure with scaled distance
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Development of pressure sensors using fluoropolymer
for underwater shock wave measurements (II)

Relationship between molecular structure of fluoropolymers
and performance of pressure sensors

Kenji Murata®, Katsuhiko Takahashi’, Yukio Kato®,
and Koichi Murai”

To study the relation between the properties of fluoropolymer such as chemical formation, physical
properties, size, Infrared spectra analysis, X-ray diffraction analysis and its performance as sensing
element of pressure sensor, three types of pressure sensor were developed using polyvinylidenefluoride
and two types of vinylidenefluorode-trifluoroethylene copolymer as sensing element. Durability tests
and underwater shock wave measurements were performed using three types of pressure sensors.
The results of durability tests show that fluoropolymer sheet of 50 m thickness has the best durabil-
ity independent of the type of fluoropolymer used. The results of X-ray diffraction analysis show that
one type of vinylidenefluoride-trifluoroethylene copolymer has higher crystallization ratio. It is shown
that fluoropolymer with higher crystallization ratio has good performance as sensing elements of
pressure sensor to measure underwater shock wave.

(*NOF Corporation, 61 —1 Kitakomatudani, Taketoyo-cho, Chita-gun, Aichi 470-2398,
JAPAN

*Mineral Industry Museum, Faculty of Engineering and Resource Science, Akita Univer-
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