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Ballistic Shock Wave Measurement and Spectral Analysis in
Different Media Based on Flexible PVDF Sensor
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Abstract; Objective To clarify the characteristics of shock wave sources generated at different medium
interfaces. Methods The experiment used an in vitro adjustable impact pressure shock wave generation and
signal acquisition system combined with a flexible PVDF sensor. The waveform of the shock wave generated by
the applicator at the interface of different media ( soft tissue-mimicking phantom, water and air) was explored.
The characteristics of the shock wave source in the time and frequency domains were analyzed. Results When
the same impact pressure was applied, shock waveforms generated at the interfaces of the phantom and water
exhibited similar characteristics from a time-domain perspective. At the same time, both differed significantly from
those generated at the air interface, where the absolute values of the positive and negative pressures were
noticeably reduced. The characteristics of the shockwave spectra in various media revealed three distinct peak
frequencies, with the modulation frequencies varying in the phantom (12.2 kHz) , water (8.5 kHz) , and air (7.2
kHz). In contrast, the carrier frequency remained relatively constant ( between 82 and 83 kHz). When different
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impact pressures were applied, there was little influence on the waveform at the same medium interface,
indicating that the impact pressure affected only the shockwave amplitude and not the peak frequency. As the
impact pressure increases, the absolute values of the positive and negative pressures at the medium interface
increase linearly. Conclusions Shockwave sources can be effectively measured using a flexible PVDF sensor.
Shock waves generated at different medium interfaces exhibit temporal and spectral differences, indicating that
the characteristics of shock wave propagation in air or water cannot be substituted for those in biological soft
tissues. These findings provide crucial information for evaluating shockwave devices and formulating treatment

protocols in the clinic.

Key words: extracorporeal shock wave therapy (ESWT); shock wave source measurement; PVDF sensor;

spectral analysis
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Fig.1 Schematic diagram of the experimental extracorporeal shock wave system

(b) PP EESFHSRELRRS

K45 (MCPA 10, Mueller Instruments 23 ), f5[H ) |
{55 R4+ (Analog Discovery 2, Digilent 2\ ], 3
) At AU [ WL 1(b) ], Horfr, PVDF &)
AT EREZ) Ry 28 pum , REFE N 50 mV/g, I HAHH
B8 AT N, 7E 0. 01 Hz~100 MHz Z []

N TR B A5 I i, e Y A
0.01~100 V Z [] ; HL i LK #4053 i 100 Hz ~
10 MHz, FCKREEUE 1~ 100 F5 AT, B 92 S50 F
HE 1 (c) BiR,

(o) MWHEERTE

(a) Shock wave generator,

(b) Experimental system for shock wave generation and signal acquisition, (c¢) Shock wave experiment platform

1.2 EWHREXWRE

Oy BB SO AL 21 Ik F 2SR 3 Bl BT Sk
BAgT ., Hor B U AR R S % A AT A
(KxFEXE, 100 mmx 100 mmx40 mm , 35 5 2
h10.3 MPa) , AR SCOGTE HUy AR o 7= A= 1 b o ok o
PR, G vhidi g 0.7 MPa i Jik 8 76 Sl 1) M
FEA AR IR RN T T 0, L IR I B AN i
30 mm , % RF I 05 PR RSN 25 52 31 8 300 AR 459
B IMAER R W52, 5 S 5 2 % 3
YRR LU S B Y, (5 AR Il & B, PVDF
PR B IR AR R U 7 4 T b it Sk 19 2R T 5 0 1A 42
ik, K o ) 2 s T B B0 KR, KA Ok E Oy A
(500 mmx500 mmx500 mm) , PVDF g sl 1% Ji& a4 ki
Wit 4 @ vh i Sk R m IR A KT (AKY

10 mm) , EZSASH i), PVDF &8s 1 40k I

6

£ 4

= 2

# o0

-2
0300 400 600 800 1000 1200 1400

I T /us

() ik Fri = 2 B b T Bk i . (it FR0.7 MPa)

B2 fRSh iR SEUE FR g A O A SR T 7 A Y B B o Bk

JE 5%/ MPa

FE4JE vhili Sk AT, G ISR T S B 55 IE ,
SRAERT AR, b R 5 A KA 31 57 A 1 IEI/BJ
SRy Sk 7 AR B B UK I I X R T, 3

gt B2k FH A —4~ PVDF %Eﬂi%gﬁmmi,%sﬁ%
Geiy wh o K CE BN 0.15,0.3,0.4,0.5,
0.7 MPa, SEBGHF sl i sk o i, T4l S5
WE BN 10 R AR RS E 5 20 H ik
FAHA AD R G A-08 BT S, (55 RAE AR
10 MHz , 808850 Hr 7€ Matlab R2022b |58k,

2 #R

&l 2(a) Jy il KA RSV T 7 A= 1 R oo
HWIE (P K 0.7 MPa) |, BEASRAERTE] A 1.4 ms,
R TAETIEEH T, $eH T B P 0. 15~0. 25 ms
E’Jiﬁﬁj\ g v BEE [ WL 2(b) ], Mepidi kA

50 160 170 180 190 2(I)0 2i0 2é0 230 240 25‘0
B TRl /us
(b) vk IA) B T 405

Fig.2 Typical waveform at the interface of phantom in shock wave experiment platform ir vitro (a) The waveform produced at the

interface of the phantom (under 0.7 MPa impact pressure), (b) The detailed waveform in the expanded time scales for 100 ps
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