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Fig.3 SEM images of ZnS:Mn?* powder
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Fig.7 Experimental system for dynamic calibration
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Table 1 Model and performance parameters of main equipment
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Equipment Model Performance parameters
Pressure sensor PCB 113B24 Standard range: 0 ~ 6.895 MPa;
(ICP Piezoelectric) Sensitivity: 1.45 mV/kPa;

Resonant frequency > 500 kHz;

Rise time < 1.0 ps

High-speed camera Phantom V2012 Full-frame rate: 22,600 fps @ 1280x800;
Throughput: 22 Gpx/s; ISO sensitivity: 32000
Fiber optic spectrometer ~ AvaSpec ULS4096CL-EVO Wavelength range: 200 ~ 700 nm;

Resolution: 0.05 ~ 20 nm; Integration time: 9 ~ 40 ps
Data acquisition instrument Dewetron DEWE3-A4 Max sampling rate: 10 MS/s
Gapless storing rate: 400 MB/s

Synchronous Trigger NUC-SNYT-08 Trigger delay:
Channel consis ; O ]
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F 2 T T 20 RYERATAAE T OB R ISR« 1F R R 1) DA SO B b R S 45 SR (18
EEFREZE ). SEIFEIEIEMEAZ RS T 0.1 ~ 2.0 MPa RYBCH VG,  1E 5 A1 FH I ) BB s WA T 4
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Table 2 Characteristic parameters of shock wave loading

Target peak Measured peak Positive phase Reflected specific
Case reflected overpressure reflected overpressure duration 7é supulse
Ppear/MPa Ppea/MPa t./ms A%{”‘&ams)
1 0.1 0.111£0.018 5.80 +£0.05 \0ﬂ:0.038
2 0.2 0.187+0.016 5.62 & 0.396 +£0.032
3 0.3 0.300 £ 0.025 5.39 %0.05 0.585 £ 0.045
4 0.4 0.404 £ 0.029 5.2 0.739 £ 0.049
5 0.5 0.495 £ 0.022 3. ) 0.860 = 0.036
6 0.6 0.590 +0.010 ﬁ-ﬂ% +0.02 0.972+£0.016
7 0.7 0.697 £0.010 \}\/ aﬁi 0.02 1.082 +£0.015
8 0.8 0.786 + O.(@ /:64 +0.01 1.160 £ 0.012
9 0.9 0.897 £0.01 A‘ 4.49 +£0.03 1.249 +£0.024
10 1.0 4.37+0.03 1.322 +£0.023
11 1.1 4.26+0.02 1.386 +£0.021
12 1.2 4.10+0.01 1.467 £ 0.007
13 1.3 1.292 £0.018 4.03+£0.02 1.506 + 0.020
14 1.4 ]ﬂQl +0.012 3.93 +£0.02 1.555+0.014
15 1.5 1.494 £ 0.028 3.82+0.03 1.601 +0.029
16 1.6 1.600+=0.011 3.72+0.01 1.642 +£0.012
17 1.704 £ 0.024 3.62+0.03 1.678 £0.024
18 1.823 £ 0.005 3.50+£0.01 1.708 + 0.006
19 1.902 £ 0.025 3.424+0.03 1.726 £ 0.023
20 Z)Q« 1.982 £ 0.009 3.34+0.01 1.732+£0.010
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Fig.19 ML intensity and retention ratio under repeated loading
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Dynamic Calibration of ZnS:Mn?* Mechan jnsgcent Composite Films
: 2
for Shock Wave Fi }‘urement
ZHANG Botian, QIAN Bingwen, angli, WANG Liangquan,

WU Zhenghao, ZHANG Xin in, LI Yishuo, WANG Junhong
(Northwest Institute of Nuclear%\ ogy, Xi’an 710024, Shaanxi, China)

Abstract: Existing quasi-static or -freqgency dynamic calibration methods fail to accommodate the

transient loading characteristics waves. To address this issue and to enable the quantitative

application of mechanoluminesce terials in shock wave overpressure measurement, a dynamic
calibration study on ZnS: echanoluminescent composite films was conducted. High-temperature

solid-state method was, adopigdNo prepare the ZnS:Mn?* powder. The powder was then fabricated into

composite films. A s bebdynamic calibration system was established to synchronously acquire shock
wave overpressurea' AS\m! chanoluminescence images and spectra. Additionally, with the standard light
source metho pedtral matching method as core components, a mechanoluminescence intensity
extraction proposed. Sixty calibration experiments were conducted at overpressures ranging
from 0.1-2.0 .¥The results showed that the film exhibited a sub-millisecond time-domain dynamic

response, with a response latency of approximately 0.174 ms and a rise time of approximately 0.323 ms.
The peak mechanoluminescence intensity showed a strong linear correlation with the peak reflected
overpressure at the end wall over the range of 0.2-1.7 MPa. The calibration equation was Iyex = 44.702
Ppear + 15.052, with a coefficient of determination of 0.9933 and a linearity error of 5.81%. Under repeated
loading, irreversible mechanoluminescence degradation occurred, and the degree of degradation increased
with rising loading intensity. These calibration results demonstrate the feasibility of inverting shock wave
peak overpressure from mechanoluminescence intensity, and provide an experimental basis for the
application of mechanoluminescent materials to full-field visual measurement of shock wave overpressure.
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Keywords: mechanoluminescent; ZnS:Mn?*; shock wave; overpressure measurement; dynamic calibration;
shock tube
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