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Table 1 The relation between pulse width of quasi-é signal and frequency range calibrated

Frequency  Pulse width | Frequency  Pulse width | Frequency Pulse width | Frequency  Pulse width
f/(kHz) 7/ (ps) f/(kHz) 7/ (ps) f/(kHz) 7/ (ps) f/(kHz) 7/ (ps)

5 34. 87 20 8.72 40 5. 78 100 1.74

10 17. 34 30 7.71 50 3.49
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1. Charge amplifier; 2. Pressure sensor; 3. Oil chamber; 4. Strain gauge; 5. Hopkinson bar; 6. Gas barrel;
7. Bullet; 8. Solenoid valve; 9. High-pressure air cavity; 10. High-pressure gas source;

11. Data acquisition system; 12. Super dynamic strain gauge; 13. Piston gauge
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Fig. 3 Block diagram of dynamic calibration system

3 92 3 TR 7 3 o S R A L s 5 4
A FE 5 1 BRI 4 = Z

BB 1 B St o, VB BE AR ) — 12 mm, : ;E%%f
{5 3 2E 4% d, =170 mm, & SE 4% d, =12 mm., : =
U3 S S g R A T p T : —

_ %M(”/ Dd: ) SIS
(n/D)d?

FE TG 1 T 25 e W] B3 50 kg, *Eﬁﬁ&it(ég)ﬂif%‘ 1. Pressure sensor; 2. Oil chamber; 3. Hopkinson bar;
143 3o 9 7 A B KR J3 R 870 MPa, S LS 1. Strain gauge; 5. Welgth; 6. Piston;
F I 5 T A A S [ 0 A 7 Pressure multplier piston

ST R 2 PR A i e — BB A B 7 ke 4RI IE S
B AN L 24 T B o A 4 AR T I AT TR R Fig. 4 Piston gauge

T3 B S 3800 3 S DT 38 A T B A TR e ) T D W A

W O A5 T Rl 1 o o R S AR AR R R AR AT B BB R L 1 A ELAR
TR AR EAR . ML — 0 ) P R I AR N T ke S« 5 R L LA
SH R 2B A B < AR AT B v A R Y B ¢ il

T = ZCL 9
R HEZ G A F 3R B2 6 mm, AR (9) AT 11550 3 1 77 I bk o S B ) B
CL P 2XEXI00
¢ 5012
i 15 508 R B2 SR v, 5 F SRR 35 2 ARAT (0 B4 RL 5 BE 2 o, U T 0 I R B 0 55 T
6 = pcv,/2 (10)
HUAE F 5 R B R LA AR A9 [ ok 98 0 e o 1R . B AT A X R Oy kR AR B HE 6 R S kTR T~

10 ps,
Y A R RN AT S R AR e WU TE R A AR AT AT i I R AR Ak R 15 S 1 AR A

5 REXRERYELE

K R HE R GEXT Kistler 6215 1T ot 20 ) 2 B 2EAT T 2l A5 R PEACHE L 1A% SR A9 L T ek 1] /)
F 1 ps, RS AR 600 MPa, BA MR KT 240 kHz, %A% B3 32 0 TAS MR R A5 5 0 i 4 4
JBETEAR 5 B TR ) LTS R0 2~6 ms, FREERS A FE 10~30 ms Ji [ N A %0 %8 0~10 kHz,

X B A AR I 400 MPa B I Of I K738l o SR s )R 59 43 ol 22 3 4 AR AT ™ AR IR (B /N Y



5 6 ] KA O Y i TR AL AR HE O RRVEUNK e I T 8l 2SR v ik 925

I O TR 3 bk i [a] I SR B A SRS it A5 5 FIRL AR A5 5, 1A 408 A0 7 it L) S 6 40 o A7 b B s A5 F
B T 2 TR 4 R M O A P

5 2 IR B AR R i RS S BV AR AR AU S 5 R S K2 8 ps. TR 6 UGS
AR RO o PR 7 SR AT B T 0 A% SR O R LA T TR 8 R WAV AF T B X RO . S B VAR A
H A5 5 AL RS B0 A5 # 1h 22 K e £ 5 AR o PR A R R b RS e B A A RN
e IR 7 AR 5 A B T A R O e AE A B — A K b A BE A DR R A T e N A

20
0.3
0.2 o -20F ke |
. : M
S 0.1 = [TTinpn
5 60 R
I & -60} . !
O fwrnd " !
—0.1 -100 1 L L
0.1 0.2 0.3 0.4 0.5 10° 10' 10? 10* 10*
Time/(ms) Frequency/(kHz)
F5 # R L 15 5 GRS = Bl 6 RiAR R A5 5 0k o
Fig. 5 Truncated signal of stress wave Fig. 6 Spectrum diagram of stress wave
(excitation signal) with signal truncated
1.5
OF /W\'\
1.0}k L\I\M

|
S
S
T

U/I(V)
&
T
Amplitude
&
S
557

0
o5 0.1 0.2 03 0.4 0.5 _12010" 10 107 10 10'
Time/(ms) Frequency/(kHz)
P7 BT R ) A% SR AR 114 A A 5 B8 He I A% s Wi LA 5 1) X 500 3% &1
Fig. 7 Truncated response signal Fig. 8 Spectrum diagram of pressure sensor
of pressure sensor with signal truncated
9 JEH S AB R AR 1 2 XS T 0 Ha)
D3 ply T M R ) A A 5 A5 40 e it 2 ) P B BT 1l
SEANHLIN . AR A R P 2T DAARAR A s s |
TSR AR, W O WL i, AL 2
R AR 2 252 kHz, HA A E P 7E 0~ 20 kHz g -1}
RHEPH . 7E 0~20 kHz N BIIEES Ll
AL G5 PR £ B A B0 A5 M 10222/ F 0. 2 dB, — —
ﬁn%wﬁﬁﬁf?@%ﬁﬂiﬁﬁ?*@ J@H@E{W i, EE{?@%& Frequency/(kHz)
F 4 2 B 05 T O T35 5B 4 00 9 B0 T
g I e 1000 3 e R A Fig. 9 Frequency response characteristic

of pressure sensor
6 &
Zm  TE

AHIFFE B 1) o T A% SRS v & BREIONK b T T 8l 25 R T 125 RE AR 1S i TR AR IR AR 7 L TAR R I R
FIR AR M 87 A S B 608 S A R S B B8 ARSI o ARl e vb , TR A4 TR AR BE B 12 i 4 Ak 7R AR



926 = JiS 7] B 2% i 827 %

RFEFE b esE 1 I 320K B2 1207 126 fo A4 i) 0 R P T A o 1 T BIR A0 46 B 808 ™ A% b 3k 21 0030 Bt 1) A
E S R G0 22 A0 VR A% S 2 A T R DT 0000 A B R 7 R BT P A v A BRAE DT 0 . i I R O A
WEBOR AT R A% S 28 it I ) f K 2 800 MiPa, A1 - 354 o 2 % 45 AR A7 26 1 28 ik A5 5 1) ik 5
23N 8 s TRLHE BRI R 0~20 kHz, (@SR PEACETR 25028 500 . SEUR 4 SRR W, ootk A9 T 1 JRK
i TEE ORI BNk i T g B SR T 1 T AT Y AH RS HE R G A SR AFAE — B[R] R, 3 O RN 5 L )
T 5 S i A R e D 9 RO HE A A AR BT T /I O 5 S DK O L AR e R v ) A
AR, AT AT i I/ 5 RE EOR T H B AR AR B O R A AR K SR 6 15T . ARIESY B I AL
WETT V5 TRV P T o o B2 A TR I 2 vy A2 T e 45 22 T A% TR BT 3 i O AR P 4 o, A B R — 2P 5

References:

[1] Guo W,YuTC,LiZ L,et al. Dynamic calibration of sensitivity of shock wavepressure sensor [J]. Chinese Journal
of Explosives & Propellants,2006,29(3):62-64. (in Chinese)
M LATG B AR S i B R e R R S ARk [T, K KEZ R .2006,29(3) - 62-64.
[2] Dong B Y,Du H M, Zu J. The blast wave overpressure measuring system based on wireless-control [ J]. Chinese
Journal of Sensors and Actuators,2010,23(2) :279-281. (in Chinese)
KR ALLAR AL W BT LA vhi B N R g )] B AR 24 . 2010,23(2) £ 279-281.
[3] Li H B. The research on experiments of high pressure dynamic calibration [J]. Experimental Technology and
Management,2007,24(9) :29-31. (in Chinese)
R, R S SR ESL TS [T, LR AR AT 2007.24(9) - 29-31.
[4] Pan D H,Lu H N. An automatic dynamic response calibration system for high-pressure transducers [ C]// Proceedings of
IEEE Instrumentation and Measurement Technology Conference. San Diego,1988:43-46.
[5] Gorbunov S F, Tsypin B V. Linearization of calibration characteristics of capacitance pressure sensors [ J]. Measurement
Techniques,2010,53(10):1113-1117.
[6] Kuznetsov E A. Automatic complex for determining static and dynamic characteristics of pressure transducers over
a wide temperature range [ J]. Measurement Techniques,1993,36(6) :682-686.
[7] Changcheng Institute of Metrology &. Measurement. JJG 624 — 2005 Dynamic pressure transducers [ S]. Beijing:
China Metrology Publishing House,2005. (in Chinese)
et K IR T A5 BT TG 624 — 2005 S48 ) & IR A8 4w LA (ST bt b B i d iR 4L, 2005.
[8] Xiao F,Gao D X,Fang X J. The dynamic calibration theory and practice of high-pressure sensor [J]. Journal of Test
and Measurement Technique,1994,8(2) :69-75. (in Chinese)
Mo TR T R R AR IR S AR B A AT 5 IR [T MR R 2R . 1994,8(2) 169-75.
[9] Zhang D Q.,Wang Y. Research on dynamic measurement method for pressure transducer [J]. Transducer and Micro
System Technologies,2007,26(6) :23-25. (in Chinese)
AR . T M R BRSSO R [T A 5 R 5 ,2007,26(6) : 23-25.
[10] ZuJ.Ma T H. Implantation dynamic testing and calibration techniques [CJ]//Proceedings of IEEE International
Instrumentation and Measurement Technology. Canada,2008:1663-1666.
[11] Huang J Q. Dynamics of Testing System [ M ]. Beijing: National Defense Industry Press,1996:32-33.
AR MK RSS2 (M. st BB Tl th iRdt . 1996:32-33.
[12] Wang L L. Foundation of Stress Wave [ M]. 2nd ed. Beijing: National Defense Industry Press,2005:42-45.
EALSE. B el (M. 2 WL AE5C: B Toll B4 . 2005 :42-45.
[13] Gao P. Quasi-d function calibration of dynamic characteristic of high-pressure transducer [ D]. Taiyuan: North
University of China,2007.
PR R AR ME 0 S AR ERGERESY (D] KA Hr LIk, 2007,



5 6 10 KA O Y i TR AL AR HE O RRVEUNK e I T 8l 2 v Ty ik 927

Improved Quasi-6 Function Pulse Pressure Dynamic Calibration
of High-Pressure Transducer

ZHANG Yu',ZU Jing”®,ZHANG Hong-Yan'

(1. School of Computer and Control Engineering  North University of China  Taiyuan 030051,China;
2. Science and Technology on Electronic Test & Measurement Laboratory s Tuiyuan 030051,China;
3. Key Laboratory of Instrumentation Science & Dynamic Measurement (Ministry of Education)

North University of China , Taiyuan 030051 ,China)

Abstract; Based on the analysis of shortcomings existed in quasi-6 function calibration method, a
dynamic calibration method was proposed. In this method, a pressure sensor was under high static
pressure in advance,and then a bullet was used to impact Hopkinson bar for generating a quasi-& function
signal with small amplitude, which excited the sensor being calibrated,and finally a frequency response
characteristics of the sensor was obtained. The principle of quasi-6 function dynamic calibration method
was introduced. The relation of pulse-width of quasi-6 function signal, calibrated frequency range,and
calibration precision was analyzed. The dynamic calibration system was established. This calibration
method realized dynamic calibration of high pressure sensor under actual working pressure,and realized the
tracing from zero frequency to a certain frequency needed. On the current technical level, the maximum static
pressure is 800 MPa, the pulse width of the quasi-¢ function signal is within 7 ps to 10 ps,the calibrated
frequency range is from 0 to 20 kHz, and calibration error of amplitude-frequency characteristics
is 5%.

Key words: high-pressure transducer;dynamic calibration;frequency response;quasi-¢ function
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