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Fig. 1 Encapsulation of the quartz gauge Fig. 2 Measurement circuit of quartz gauge
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Fig. 3 The schematic diagram of calibration
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Tab.1 Material parameters

1K B /(g/cm®) C /(m/s) A
PMMACH VLB E) 1.185 2880 1. 327
Ly-12 %8 2.785 5370 1.29
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(a) The piezoelectric signal (b) The pressure platform
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Fig. 4 The output voltage signal and pressure signal
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Tab. 2 Experimental data of calibration

5 € H b P w/(m/s) N7 p/MPa  FEHLZREL k/(pC/N)
1 Ly-12 234. 4 1802 0. 82
2 Ly-12 238 1831 1.79
1 Ly-12 244 1877 1.16
6 PMMA 306 930 2.09
7 PMMA 243 726 2.01
8 PMMA 390 1211 2.17
9 PMMA 426 1336 2.05
12 PMMA 272.7 821 2.19
13 Ly-12 155 1182 2.15
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Fig.5 The probe installed in drifted tube

¥ = 4K, E;/(xD) D

Hop, K, FHRAERICR , HAG K 0. 7~0. 75; Ex SN FHATAE ; D, b0 40 1 FE 7 BB 4%

SLER MR R Ly-12 45 A A AT R A — A ik 2 MR, BEER R AR 70mm, B 10mm, R )2 4R
BRAE 10mm JE R AR R )2 IR 2R 2mm, S B A 7E T 25 805 J2 R RE T SRt 1% 0 2 21
FOZH PR e R He R b Ol Ly-12 B4R, H I BH BT AN A S U B, W A5 A0 559 D 7 A% JER FNRA Ak 35 T 22 [ 1) J
. A AP E R EAR 20mm. JE BN 0. 2mm, FLA-JE B d/1=100, 7] LI Sk F i — 4k v AR
RS, U AW ER JEREL d/ (=20 B, K SRR AR S BEAGRP NS BT —
.

T3/ TR 10 LR B TRSE, £h Uy M WA BRI T o0 S g (E; «
J ZAE D RPIE MR Y EL BT HRCE e R . AR SE 50 N SR AR AN A Y

F, R R S T L PRI A R T ) B R TR, T 2 N DB B B A M RL E N BB T R L R T TR
BB R 6 B R B A L 5 R b R W K A RO B D AL 4G . T 6 g i T REER RN IR S MR 2
BT S BTSN L o H R R A v i SR AR Ry 2 oK R G, A B BRI R T B 1B B 12y 0. 2mm TR Y
WK . WRIZM RS2 AR IR R A D iR & TR 20T N 2 R R R RIS TR B T A SR



%5 AR A - R A A i e R AR 803

®3 HTHRESH

Tab. 3 Parameters of electron beam

No. E../MeV U, /kV I, /kA ©/ns
082 0.391 655 408 154
083 0.438 623 362 152
084 0. 430 646 340 155
085 0. 387 608 369 155
086 0. 446 655 379 149
136 0.402 660 299 94
137 0.210 534 485 85
141 0. 369 647 193 68
142 0.226 603 245 74
113 0. 537 1280 551 70

(a) Non-radiated (Ly-12 and the Paint) (b) Radiated (Ly-12 and the Paint)
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Fig. 6 Changes of the target before and after radiation
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Tab.4 Experimental data of thermal shock waves

No. 4k Er/k] W/(J + em™?) Ousn / MPa
082 Ly-12 25. 30 213 696
083 Paint 25.99 202 148
084 Paint 23.18 177 126
085 Paint 23.22 177 124
086 Paint 27.33 217 137
136 Ly-12 16. 39 153 705
137 Ly-12 7.39 74 151
141 Ly-12 10. 02 94 249
142 Ly-12 11.28 106 280

113 Ly-12 23.4 509 2160
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(a) The piezoelectric signal (attenuator=20dB) (b) The thermal shock wave
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(c) The piezoelectric signal (d) The thermal shock wave
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Fig. 7 The piezoelectric signal and thermal shock wave
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Fig. 8 Intensity of thermal shock wave vs energy fluxes
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The measurement of thermal shock waves induced
by electron beam by using thin slice quartz

LIN Peng, XIN Du-qiang, WEI Yan-ming
(Xijing University, Xi'an 710123, China)

Abstract: In this paper. on “FLLASH II” pulse electron beam accelerator, the measurement technology
of thermal shock waves induced by electron beam using x-cut thin slice quartz piezoelectric transducer
is introduced. By integrating the piezoelectric signal, transducers obtain the thermal shock wave
waveform, which overcomes the thickness limitation of thick quartz crystal sensing technology during
the effective time range of measurement. Experimental results indicate: (1) Under the condition of
one dimensional strain shock, the average piezoelectric coefficient of thin quartz is 2. 10 pc/N, within
the range of 1400Mpa stress. (2) The peak values of thermal shock wave at a fixed position behind the
target increase linearly with the increase of energy fluence of incident electron beam. (3) The coating
material can effectively protect the inner target surface and reduce the peak intensity of thermal shock
wave propagating in the target. (4) Under the condition of one-dimensional strain, thin slice quartz
has large working area and high signal-to-noise ratio (SNR) of piezoelectric signal. It is especially
suitable for thermal shock wave measurement in composite materials.

Keywords: thermal shock wave; quartz crystal transducer; piezoelectric coefficient; electron beam;

energy fluence



