PVDF L f& /R R U BT BT R R

wie F AL B RE TE AR

Key Design Techniques for PVDF Sensitive Element Used in Dynamic Compression Experiments
ZHANG Xu, QIN Shuang, YANG Shuqi, PENG Wenyang, ZHAO Feng, YU Jun, ZHONG Bin

FIHASL:

SRIE, FX, HEFBL, 4F. PVDFE ALAL B M U e i T OCBERE R D], TR 3224, 2020, 34(2):023401. DOL:
10.11858/gywlxbh.20190796

ZHANG Xu, QIN Shuang, YANG Shuqi, et al. Key Design Techniques for PVDF Sensitive Element Used in Dynamic Compression
Experiments[J]. Chinese Journal of High Pressure Physics, 2020, 34(2):023401. DOI: 10.11858/gywlxh.20190796

FELE IR View online: https:/doi.org/10.11858/gywlxb.20190796

BT BRI HA S T

Articles you may be interested in

HIPVDFHE F13H0FFE R [ BT B-90 1448 24 (1 Gr i neisenZ4L
Using PVDF Gauge to Study Gr ii neisen Parameter of Unreacted JB-9014 Insensitive Explosive

= B4R, 2018, 32(5): 051301 https:/doi.org/10.11858/gywlxbh.20180524
h BT VR R PZT-5 1 L B e 1) ) LR

Dynamic Behavior of PZT-5 Piezoelectric Ceramics under Impact Loading

B TEYFIAEAR. 2019, 33(5): 054204 https:/doi.org/10.11858/gywlxh.20180708

A RIEVEAT BROTAEAA R Sl 2 i AT Hh 4 10 FH 2E
Advances in the Study of Dynamic Response of Crystalline Materials by Crystal Plasticity Finite Element Modeling
R R B4R, 2019, 33(3): 030108 https:/doi.org/10.11858/gywlxh.20190725

<5 o B 2 AR s TR B o SRR 24 iR AR 4 52
Effects of Metal Interlayer and Air Gap on the Shock Initiation of Insensitive Explosives
e PB4 2020, 34(3): 033401 https:/doi.org/10.11858/gywlxh.20190816

ST e A BT A SR A

Attenuation of Plane Shock Wave in PMMA

B4R, 2018, 32(4): 044201  https:/doi.org/10.11858/gywlxh.20170643
BETHRAGNAL R BT 2SS IT ) 2505 ) S s

Structural Health Monitoring of Filament Wound Pressure Vessel by Embedded Strain Gauges
e R4 2019, 33(4): 043401 https://doi.org/10.11858/gywlxh.20190726


http://www.gywlxb.cn
http://www.gywlxb.cn
http://www.gywlxb.cn/article/doi/10.11858/gywlxb.20190796
http://www.gywlxb.cn/article/doi/10.11858/gywlxb.20180524
http://www.gywlxb.cn/article/doi/10.11858/gywlxb.20180708
http://www.gywlxb.cn/article/doi/10.11858/gywlxb.20190725
http://www.gywlxb.cn/article/doi/10.11858/gywlxb.20190816
http://www.gywlxb.cn/article/doi/10.11858/gywlxb.20170643
http://www.gywlxb.cn/article/doi/10.11858/gywlxb.20190726

34% Hom [=/ S SO 7/ B (= S e Vol. 34, No. 2
2020 4F 4 A CHINESE JOURNAL OF HIGH PRESSURE PHYSICS Apr. , 2020

DOI: 10.11858/gywlxb.20190796

PVDF [% B8 15 R g5 MU BT i it KRR
k #LE L aEELYXEL R £ F BLe 8

(1. 1 TR B 5T B S AR BT 5T T, U1 486 621999;
2. E TRV A B WF 5T AT, U1 4RFH 621999)

WE:HET R _HA LW (PVDF) EMERARBEEAET R ITXER AT E ., &
HHERBRRET R ERHE RAUFHEARELAG R, FEHS T EEE TSR, B E
& 8 PVDF t2 B B £ T Bl JE /7 BIEATAR € fn A K0 € AT, SE I 304 i A K 1 %% 2 JE 1
T 10%, V9 BT #F %1 89 PVDF JE 6 R B/ & . E B 47, 8 4 % 2 0.3~10.0 GPaz) & 9 &
EAMENAER. B F R X ATFEAZNOR, GEEH—FPFREFGE LA M EA
Wt IR EANME R ML H R A TR A T

X H218): PVDF JE # f4 &% %5 A FI1F; A3 5% 20 S A2

& 5> 2 5:0521.3; TISS SCRKARIRES: A

PRIBERBOR L AR HAR L TFENLE AR B T IAUE BHRAEY 3 Kk o e 2 A% I8 A LA i 5
RN, B B0 o0 S U3, Ok B B R A b ) 5 /N AL T 2 Th BEAL 2 1 1 BB e 2 —
TR AR s F AL SRR 1) BB B TT N R R A W, AR T R L KR L ZDAh L R A A 2 A S
MHTZ o FAE 19 A 40 AR ANTETF G T 540 F R A W R B P REAF 52 ™%, (H B 3] 70 4R A0 3L
il H AL SRR . R R A W R AR S kA RE, N EEE B A TS s G L LA
RAERE SR T8 1 25 T (R ZE AR . AR5 ), A B r far 9 51 0wt mT AR kAR, DT AR LA R H
W 43 T e BT . 8 DL o T R F A RO M (PVF) L R 9 &% (PVDF) . RA LI
(PVC)., e 11 %,

) e e 2R G ) B St R A O AR 2 — SR BB R T R L PE BB IR SE T %) PVDF A% %25 1) BUR%
HIT/& PVDF KM M . PVDF Mg T R4 M & o+ REW, WX 207 4 B BS54 (o 4H
B y AR oA, Fo B M R B S M B A A OC . 7ERIRE KT, AL PVDF iS5 & S ml 28 &
133 PVDF ¥ 44 B =8 LLARN P o A8 355 X PVDF %) 16 B 4T 20 gk o i v vl P W AL AL B, AT 7 24
HA WL gAY PVDF H L e

AHESE B SR PVDF AL R (0 B AR T2, 45400 46 ] 2% L SR ol or Ak B ) 375 5 1 R A
1o PRI AR B0 | e 4 R B 5 AR5 SR B W A5 TR 45 v T &) U PVDF SR, X640 s S 4 7 5 A 3 fof
TR, 43 BT A (] P 3R | 7 o SR 0L A Y BE Xk PVIDF 8 JI5E v 45 (A B4 S 0 5 422 25 7 7o H 37 38 il Ak
S e, S BT AN [ L 37 45 R R (B X PVDF 3o 557 % FRL IAE 14 5% T, 3R A5 3 R AAE A2 8% Fi 3 il 2k 5 I S XoF
FEIRAR AR . R R R AT, B3 52 il PVDF JE H i AL 88 . 75 AW 98 45 oA B T2
PVDF #4475 sl 25 o 2 A v A 60 0 B g R o] S e, kg o B L S L9 . REBUE R R A
THE SN et A A B v s SR TR A R

* s HHEA: 2019-06-26; &[] HEA:2019-07-14
E4£mB: HR TR AR H (JSZL2016212C001) ; BH2=#k & 1% (TZ220118001)
EZE T 3 W 1972—), B, A5 A, W14 0, FZNF D) J7 22458, E-mail: caepzx@sohu.com

023401-1


mailto:caepzx@sohu.com

34 4

I
F{
N
=
i
&

o5 2 1

1 PVDF (B8 Tigit

PVDF JE J1it . T AR & A 5850 H Al
JREATE . 2440 J1 {8 PVDF JE 13t B 8Us e ot & A
B ARG X O A TR =R (1)) R Rala o= D VAV A N

Internal electrode

PVDF film
BCIE R i o AR I BUBER JT ST A Sensitive element
3 mm x 3 mm, B8 B 2 A 20 pm 530 pm M1 TR
PVDF £ a8 BB /NT 0.1 mm, A ) T 32 = i Fig. 1 Sensitive element design

LI IA] . R ERIT AR S R I AT 1 TR
1.1 BERFEMR L

MU AT FHAUZ RS540, T AR Pt A8 50 nm, [ HLHE Au )R EE R 250 nm. BUECRIT Y
RS 2520 PVDF 858 9 2% i R I, PRI O RS 4 il SO SR T I RS o o T 8RB R TR R i Y
FL A 4 4548, i M A5 7: 7F PVDF SRS Ae) I L (4 a8 7 B AR 4 I F A 254 o Ry T 4 e BSURR B e T
FRURE B2, SR FHOUTH] 8 RSSAR 285 480, b . 1 8 RS ) o 0 4 J3E 2 S #E < 0.05 mm AN . PVDF 58 A9 i B 7
FEZ R 170 °C, it U, 7 98 f Al AR R IR R A9 TS5 R F A 5 PVDF 5 fR] A4 A 7 388 K, 5
LB I PVDF R (0 86 45 B2, ELXT RS 1 R 3 p s i, 81 b A O RH 4 i v AR T, 5 X O RN T B 4R A7 7™ %
FEhl. LRk Au B9 HPELF, (H S PVDF B0 & 24K 25, 142 )8 Pt 55 PVDF 3 1 255 B 80 4F,
R IEPERAR, T LR Aw/Pt BUZ 4 J8 Fo A 2548, RB 6% 445 P D 4 J8 09 45 100 A5, ff A AR 45 4 1) B
AL I A S O

W 5 4 e v TR P A R v, A AN I B S O OGBS R AR R . YIRS T
BELRAT, HLES A AR RE SRR, S A DS R 2 Rk, B IR R AR K, 5 TS H
e 2 AR 5 AEL T SR ) 23 aek T I, W ST 1) R B R 23 7 A RO L X A IS R B o 2 AR
SHR R W SRR T 1 v R A 2l A e AR v 32 B N AR BIO B LSRRG R, R B DO B R T e i
HAFEPRLAR NN o e 0 AR R o 23 B IR DT AR SR S8, SR 101 e 22 F A 5 Tl IR Y AR R s 23 4 0
R F AW 2 TRDREL R B2 1S R . A S50 R FH 22 YR ) ol S5, 0 S0 T B85 Ry 3 o T A5 1) PVDF 8 A IS AR
& B AR ZE A I 2(a) IR, BT 0L, 4 JE e 5 R TG R A, H A R T AT

High voltage input

I Thermalcouple

~ Silicon oil for insulation

Upper electrode

r\\
=1 PVDF film sample
Lower electrode |~
Controlled heating
foundation
(a) Internal electrode deposition of PVDF film (b) Schematic of the thermal poling method

2 PVDF il i g5t AP e i

Fig.2 Schematic diagram of PVDF film electrode and thermal polarization
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Fig. 3  Effect of polarized electric field on 20 pm thick PVDF film
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Fig. 5 The equivalent circuit of electric charge mode of PVDF film sensor

A 5E 1EH 50 QAR AE BELHT 1 [R] b v 45, BHL B VG B (90 38 2 48l B R 6 s, Hovb €, i g5
25, R, A% s ik Y F BEL R E 4 F BHL, Z, o 1)l F SRR AE BT (50 Q) , R, 25 [l Fi 45 BH e DC e iy i BHL
FHAE (50 Q), C 4 0.1 uF.

22 PVDFERBHASPHEEHZELBIRE S E

SR JH X R Al 45 5 vk (6O FITEE A [R] Rl b ORL) B € PVDF AL RS 4% 1 2 25 TR 46 il 2. I ek 44 KL
PMMA, LY 12§51 45 #4, ¥ PVDF % AR 7 AR f A A f i i b, aniel 7 frs o KO o Sk 2

023401-4



534 % ik B4 PVDF H L& B AU oc B SR A ER

= b  B—3

Oscilloscope

PVDF

K6 ARG L

Fig. 6 Measurement circuit of PVDF film sensor test system

o ST PO S8 B 3 00, ) T TR SE DR 33k B o Sabot Flyer Sample
R[] 5 516 2 0 16 55 75 9 6 450 11 2%, 90 5t
Wil 3 BOGEF A, 5 2% OCEF 1) BE 8.5 mm,

i VT 7308 B v i3 BEL AT DG FE v, % BR R fe
S B e e T R ) 2Rl

» \ I N N Velocity ;‘
JEFX? Uy 0] 1/2, z%éﬁu%*j*’l' 3] {El:'ftT Hugoniot %/% _— I ‘ ~———— PVDF sensor

3, 38 5 0 ol R A E R TR ) )

Velocity measurement with fiber

1 1
o = poDuy, = po (co + Auty) u, = = (Co + —/luo) uy (5)
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S 56 v BT A FH 8 o5 A1 R Hugoniot 28081 T3 1. ' ' '
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Table 2 Experimental results by charge method

Exp.No. Material of flyer ~ u/(m's ") p/GPa Up/ V' (Q/A4)/(uC-cm ) dy/(pC-N)  P/(pC-em?)

0830-1 LY12 Al 48.434 0.361 2 0.598 67 0.665 2 12.0 82797
0830-2 45 steel 83.384 1.4730 1.097 90 1.2199 10.8 7.528 9
0830-3 45 steel 109.557 1.942 8 1.367 27 1.5192 10.5 7.878 1
0830-4 45 steel 129.536 2.303 8 1.433 01 1.592 2 15.5 7.987 1
0831-1 LY12 Al 126.221 0.950 6 0.813 58 0.904 0 15.2 10.301 7
1128-1 LY12 Al 47.137 0.3515 0.459 01 0.5100 15.1 7.806 1
1030 LY12 Al 628.531 5.3950 1.636 01 1.817 8 15.6 6.934 0
1026 PMMA 1 004.704 24261 1.120 07 1.244 5 15.3 7.8322
1107 LY12 Al 970.275 8.069 3 1.883 43 2.092 7 11.4 7.2163
1108 LY12 Al 1250.441 10.725°5 2.357 62 2.6196 12.8 8.2872
1.8 3.00
~ 1.6} ~ 275t
£ 14 ‘g 250
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Stress/GPa Stress/GPa
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Fig. 8 Calibration curve of 30 pm-PVDF in low pressure Fig. 9 Calibration curve of 30 um-PVDF in high pressure
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Key Design Techniques for PVDF Sensitive Element Used
in Dynamic Compression Experiments

ZHANG Xu', QIN Shuang’, YANG Shugqi’, PENG Wenyang?, ZHAO Feng', YU Jun', ZHONG Bin'

(1. Institute of Fluid Physics, CAEP, Mianyang 621999, Sichuan, China,
2. The Graduate School of CAEP, Mianyang 621999, Sichuan, China)

Abstract: This paper introduces key design techniques for PVDF sensitive element used in dynamic
compression experiments. Based on the sensitive element design, electrode design, sensitive element
polarization and sealing, PVDF dynamic pressure sensors are well design and produced. We also made
dynamic experiments in order to calibrate the PVDF sensor. The results show that A-type uncertainty is less
than 10%, which can be used in the dynamic pressure range of 0.3—-10.0 GPa. We will extend the application
to higher pressure range and consider the temperature effects.

Keywords: PVDF piezo-electric sensor; PVDF sensor electrode; polarization and sealing; dynamic
calibration
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