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Shock wave detection and evaluation techniques for individual protection
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Abstract: With the extensive application of new-type ammunitions and large-caliber heavy artillery, the non-contact killing
mode caused by explosive shock is rapidly substituting the original direct-contact killing induced by bullets, fragments, etc.
Characterized by high lethality and precision, it poses a greater threat to combatants and equipment. This study focuses on the
technology of explosion shock wave detection and evaluation, especially in the field of personal protection. It reviews typical
explosion shock wave test environments, such as real-explosion tests and shock-tube tests, and analyzes the pros and cons of
electrical and non-electrical test measurement methods. The progress of piezoresistive, piezoelectric, and optical-fiber sensors
is discussed. The trend of sensors towards miniaturization and intelligentization is emphasized, and the urgent need for new
sensing technologies is proposed. This study also introduces the shock-wave signal processing and over-pressure field
reconstruction technologies integrated with artificial intelligence, and investigates the application of new technologies like
compressed sensing technology and deep neural network technology. In addition, the overall situation of typical foreign

portable explosion shock wave sensing systems are summarized. To enhance the comprehensive protection and emergency
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treatment capabilities of combatants in extreme environments, the necessity of rapidly developing a portable explosion shock
wave detection and evaluation system with independent intellectual property rights is discussed.

Keywords: explosion shock wave; shock wave sensor; signal processing; personal protection; shock wave testing
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AR G 0 AR, WD 80 TO0 T B 28 BRI R 1 iy “ T AR 7 e B, AR IR AR FROT R 2
HAZ LR ZR . B H#E 7 e .

2.1 BEERBHRIK

211 EMEXAERIERE

1954 4, Smith™ J R A B T AN, B A0 3% ) el S SosUsb B o gs ) & A2 B A8 (B0
A5 ) T FE BEAEL ™ A AR A I S o T R B, R B ] TR B R R R . P2 R k4
J& . B aMRE 2 RMR L K B A R AR AT R B AR, v, BRAR L Bk L B A A DA R B A AR
HRTAFZE O ) 5512 1 Fe BE SR AL O A 2 1 FH B 7 i BELRA REEL, 20 28 60 4RAR, Bl2% T2
V0 R 2 T80 A B R e A% S T Bl A e IR R B g U U788 ZAEBF SR R WY, FE IR
120 GPa W = R IAEE T, AR R B B AN 22 & A m AR, IRASHEXS R o PR, BTz bR & 19 e BH X
JE AR B BAA R AR K (B AT 35 100 GPa 247 ) | Ml bR . 2Pk B 4 A Re s 0, i S AU 8 v AR Oy
I3z, SO B KR B s A I A SE PR SR, R R T — RSN AR B LA JRIA % 1 GPa,
BF ] A 0.8 ws M 4 A4 E e BH 3 0 A% 8% 8%, AT 2 AN R 0 SR B XA oKk . 20 22 70 4R LK,
Bifi 5 22 T AR R B TR e R, R T R S AURR A R T BEAS SRR 2 A0 B T s A R4, rER RS
FEBH UM B B A5 WA S5 A8 4 OB 2, VR BL I AR R BR 5 1 2 ) 2 B B B 2R A, 18 75 7% 18
W R £ v I DL SORE N R 2 1) 32 2 R ™ R i PR T, Ak R BH X e A% IR Iy R A T I R M, S
B 1 B i S R AR SRS B4 P00, R 22 ik B e B = ) A% IR A R i IR B S —20~80 C.,
BE XTI TG AR A DB, Aryafar SF0Y 0 FoKP 0 SEAnJRPY | FRLLAR AR kg b 45050 3 i 48 B
P B 2l I BE R BOR , FE SRR B 3R 1 55 ORI L YR AR R R A ) 55 O U AR I T AR B (Y T
L TOCYERE, P m 1A PRI B D R R, A0 R T IS . A TR R R IR RE T, e G
FHYG I, GEARAELS it T — i i 25 35 s BH 20 T A% Jdt, 32 A et 25 1 T MG vl BEL 80 7 o 48 1T ok, >4 it fm
SN, AT e e BORE ] B A ELAE TR, Sofd 52 5 H BELBELAE 4 28 B A8 Ak, A% B )iz v T
KM ST . ERLLE T WL T —Fh 55T 5 2 Sl A R 0 BH g Fe A% S, 38 5 7 BB Rk v e S
DGR S B G 8 2, TERE i 4B 2 H A 4 Ja MR B HAE O L IR EE il RE 7 DL ST s T4 R
20 20 90 AFEARTF R, ik A AHZ T Bk A4 ST ) BT 5% B0, IR 9T I, e b sk ) SR R R R A 1) 20 £,
SEELRY 2 A%, TR AR R A% Sk 0 I A e A, R AR (107 Pa, £ % 10° Pa) B A9 I1L
TOROY, o, BT 22 0 S WO R R A SR, 2 R SRR A5 3 Oy 4 MHz B, AT R I
8~ 1000 mbar( 1 mbar=10 Pa) A f/]NE F7271,

AR, B2 S AR B 28 AR N T8 AR AW 25, i BH 2 745 J8R2% RS IR BB OR ik
NC<T mm), P32 AR AN W3 R G BR 42230 58 4 100 MPa) , I3 _E I [A] 48 45 (<< 0.5 ps), (5 1L
AR, W T 3 1 A TAE B R 0 A8 38, 33 R b A T e BE = ) A% SRk 14 Y BB, 38 28 v
TR AR . X T 8 R AR %) 3 A5 R 3 I (A 1~ 1000 MPa), JEBH = 7 & I 38 (9 AR/R (AR /DN,
AN BRI, DAL 0B 8 LA AR SRy A N R I SR R A, PR ) o R A e BEL VR DU R e kA v A, A1 ot
P 4 1 R L) oS G B 0 P A 1Ay e i o FH A 25 A T 00 R i 3R e, 418 1 BH A% e g 2
N LRI P B, AR T O Y Y A s BRI SR, AT SEEUIC T R Y ek B . B
TR, FTFHALH R 4 (micro-electro-mechanical-system, MEMS) £ A (19 Ji BH 2 % 1 4% @ 53 6 2 B
P e BHBUR AR AS B B REE, Anfsom 2 A (228R . 98 R sl i =0 45 ) 19, ROSF R N i AR JER ) 1OV
55 S 7 (ARG ™ A TA] SO T R I, R BELABURR A Rk R A, ST RSSO, D)
JE A% 8 1) R OB ey, HL Y e BB A LA TE D5 T I, SRR BT s Y208 Fe B BUSR A B AR R
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FER, (A LM P A 2% 5 > e PELABUR T B AT A S Eh i, M R U 8w . 2017 4R, Riondet 5501
1 Sanchez 261" 43 GBI & T — T 3 1 40 45 4 el S SRR e 11 e BEL X 0 A% R A8, I S BUAL SR AR AR L
AAR S R IE IR, AT H] ORS00 S AR L b BREE T s i i M R (R . ST MEMS 4R, Zhang 451
il 28 17— ol ) T B 1 A% SRR, A SRt A S R B 6 R RS, AR I I S 0 B0 T A2 R ] PR AR
b, I RBE e 4 212 . I R IR, 2 A% B USSR R B R B0 0.0125 GPa ' (A IS 4L ),
WL E] g 37 ns(Sh AR, BE25 TR S0 12.66 GPa), i& 4 W TN T T f 8 v R I

FEAG B i U, EAMIF R A B, 7 SRR Gl R . U AR Al 3 R A4 S8 [
Kulite, ENDEVCO, Entran Fli E B & £F DUAg S50 w0010 Horpr, 28 [ Kulite 23 B E 2R3N S T {1
AT A B 44, H XCL £ 5 (4 XCL/XCEL-072, XCL-100 %5 ) Fil XCQ £ 41 (41 XCQ-062 il XCQ-080
85 ) WO S AL IR A ) I T U NS R R ) 8 A B S SRR RN o BRIGZ A, 1228 sl 04 3 H
T4 A i A BT R op i W3 S i AR B ™ i, RS TS AR L AN L VR B TIL. AR AT
LER A . ENDEVCO AL T 1947 4, 2019 4R PCB [ HL A& B RS 28 w0, JHe fhl s 1) 3 25 16 BHL
S TG R 2 W DB 3 S | el R TR AP e LA R I s ] o 7 B 1 e 44 1, R e s AN 3
BT IR . TR TR S A RS BB 98 TR 46 T 20 142 60 4R, FRA 15 B+ F BAAE 20 40 80 4FAX
W B A ELAA TR A AR B R B 2 A% 88 (55 CYG-40) ™, i L B i FE 2 490 kPa~
12.25 MPa, [E A 352 AN & b ARl S fs bre i . B, FEA RN ER . pF5E (Be) Bir 28 A7 41 X e B
I IR AR T AT, A7 A S50 1 Al (AR RN R T B Ll B AR e IR R A PR A H] L il
RURAG AT PR A AT B R A BR 2 7] 45 ) BRI 5T AR i 1 7 RVNAG A it o TELRIE L
W 40, 5 B 0™ 22 BB IEAE B 4 /N o INHRTE A SCEE TR, B AR it S 7005 iy ) i 3l B 30 T O, L 7
I B | A, A AR A T AT o 4 e o
212 BREXENERSE

JE FL RSN J2 4 e S8 b L ZEATLAR N, 7 4 T 799 i 18R] 7 A P e G, T L SR I A5 IR AR TE R B T
W ASONE T 1R 31T & 1 I R 2, 29 1 1) BBURR BA T RN 4 e i 14 350 Sk e RO e SR 0 4%
AR Z AN TIVE AR TE I, AT 5 BG40 R W AR 5, 28 i np IO 85 R0 kPl % 25 2 4 b 1L/ i o1 1
P T sz Ay i H B o 32H R/ el s L X ) A% 8 v R F A RE B B AR R O L A A H B, e
TR « AT RN SBUB R I A8 R (L6 TRl B . AR, ) 45 DR 22 Ll ple g 0%,

B UL s AR TR L A HLE AN 5 R0 Hodr, DU L SR (0% | s H B e
A HL S 4 RISy At i 2% 1 e L 3 AR AR I F ) 2 M B R A R R R AT R
IR il £ He L X B B R, HobERE RS e, N5 4k, TR 5E (-10~500 C), ZHF
SR . R i T A AR e e R A S, H AT C B P b R B B A R (S KR T (PZT) | 4k
R (BTO) A4 AL AR (ALO,) ) B AR, 57 3 i AR L, e Fi B 28 LA BB 4 i LR R e o o Mk i L o0
e 114 Fe L R B A R ey (i T SR 3 FH 9 LR RS BE AR 3 1 KRR A BB B HOR AT 4D,
Tnfey SEIR A R L TSR — B A E R O E A . Liang 51" BT PZT JE MR % ) Uk
IR R 25~100 pm) B IHHIVE T HE g i e v X e I A% 8, i ik i 8 % B, A% IR AR TR 45
BRI N EA LR E- R LR CR . SRTGERERHA L, PZT JE AL R as 2500y 5 . REE
15 (813 mV/kPa), AL & F M 2 AL B FHAT ™ 7 R4 JEmt . XIAH SR 550 5§ PZT-PZN-PNN-PCN f
JCHE LR R il 28 T R RS O AL 8, I X RE R AT T ORI, SR UE I T ARAE R T o8
Gl KR o DB R ) RN R e A A I R SR 0 4 SR G T K o e R v e U s ) 0 A
RERE SRR . TR, AHLE T M EEA R RN (PP) . R ERFR R (PC) AR (W 9 £ )6
(PVDF) ) PR 5 7 i ot R AR LT ZIUEROK) « S5 i T ARBLAS AR 5 9 R i M i (e 2R B50RI s At
Wi ) SEIE 34T LA AR R, bk PVDF MRS 5] 2, 20 28 70 4RA0F iR, & ERHIE TAE#
SR 5L T PVDF AR RS ) A% B I J T 4 28 5T, Bauer! ') 43 1) 2R FH g 37 4 AR AT T oo S A 52
5, XPIZ UG JRARTE 0.1~35 GPa 1 [l P (1 2l A e W RRPE HEAT 1, & B & 1 il 2 A2 M A, v
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6 ALK e . PVDF R s ) A2 J T2 R T e A5 E CIRMA RS A 20, (ELEH X T 1A g
J 3 DR T AR X (R VR, 1y e 7 S AR e PRl ) U

Ji Fe e g 2 et ) O O B8 3k 52 B T R R REAS B ) R WA A0, S8R BTG R 1 | A% TR AR B IR AR 46
Ha L BCIMAR BT (RAE L HILBRIR 3 45 25 AR 200 ) 25 I s B A B 22 ma ) S TS i IR R 55, At
ZUARAEN e B, AN R A5 AL B4 1 oh 3 s AR i (2 UL AU A UL A, W D & AR5
RURKEIR 5y 7 A, e B A M AR IS 2 nh i PO B R 2% AN 5y W s vl 87 1) i, el S
FPaREh b 1L I s 7 BEEAT 207 ) U, wf 18 FH £ L AR o 3% I 0% 1 F O ) A% R oI &4
Ha 22 S R R, RIVAZE o T A2 IS S 1 ) o i A 3 P A Dhg v O A 7 Bl R AR AR I . P58 e B, A
T R X A% G T v i R D i P R DAy Rt T A 1 T L T A s O R I 2 1 B, 2 R et/
I 55 T EE A R T B, SR FH 990 5% 1 4 7 b AT 228, BRI H L B HE JC Ah 3 A B9 155 B0 T AT 22 7K 52 — 5 T
J1o BEmE, AR BT BIAR I | RS AR 2 T A o o A TR 1 0 1 i A R
Wi o A 1 i DN et e v I A UL R X A R AR A, PR TR o) v 40 OV | K8 )« O B o B4 /L 8 b
A LA A SN S Uk TR P FAP R A T A S B o IS = A8 U0 S e T L A A S TR, S 2% TR ML b
FLFE B ANET A 2 A5 2K, S 2 el A It AT e il A St 14 v B 7, L 50 7 e R 2T 8 A 114 003X
RACTURIRIL AR S 7 )N DR A ol 5 | 2 o T4 30 T 22 JEete 14 RS D 8 4 DRI ik 2 2 A 2%
JOF, fiff e s PR s g St RO iy b7 2 45 [ AL, 2 [ AR B33 k384 A BRI 454 O ) &5 45 SR DL 25
T3k, vl T L e R 2l L ek Jan s R R A X R A 4 1) Bh A AR T S, A ARt S i AR AR P fE
RIFFETH, PVDF 4R s ) Al I HISE R B 58, ASGE 23710, 7K S5 Rl AR A ooy 3R 05,
TR R AR AT B R RE ], by T30 A At D 7 5 00 P A SR T, DR e SR e 5 T 1000 ) J ) ) B
REPE XIS SRR e A, DM 073k % PVIDF IR I g A sy A bl AL LA T FEIEDRG 2 . BRI
ZAh, SR 512605 3 SRR PR A T Y LS JEE R R SRV IR AR R | B IR AR DL SO MR R SR 2
Xt PVDF 5 1T g A s I a0 B8 7 AR R IR o T2 7K iR A5 U20 SR AR [i) a2 (4 A R (SR I o (P A1 2R
XoF 4 Z HURRZE R BH(PET) ) ARG 45 7 B4 bk (B 2H 03 FXUAE 3 B S il ) % 592 56 28 1 45 19 PVDF AR5
T A% Tt B I 0K B HEAT IR, e B AL O3 R AR A PET WA B AR P AR B PERE SR (I o SRS
WFFE T AN JEEE BELJE J2 X PVDF A 85 1T ) A2 SRt DM 308 2 4 52 ), 24 B o 8 o BELJE )2 8 K Wi e 11
A T IR, P 1 S DN R A 5 B Jok o R

(a) Pencil probe!!'”) (b) Blunt cylinder mount!''*] (c) Skimmer plate!''®!

1 RFEEREGEN S R R
Fig. 1 Schematics of different sensors!''*''*l

R AR % SRR P S 2 15 i A S R A, T H T ) A% s T 4 Dy v, s i 1 AL (TEPE A4 5l ICP #Y) il
H far i 4 28 (PE BY) o F far i ) 28 42 i 3 5 IO P 3 R e 25 T T 00 AR s O I 8l vy ) a8 0 (A%
SR T ICHL T IT ) B B TR AR RS I 3 b U2 1345 T MEMS BRI & &, HL T i
AL g DR R AT IO A8 PN, A3 I 3 A e DRI e 2 0 Ok 1 SR R [ L, JB i 1 R B A Y L v 15 T
PO i SRR SR AR AR D03, DT 32 1oy ] M e v o B Sk il 42 25 s 25 3 s . s 40k, BHUF A B
eI ¥ LB AR | hAAMERR W U il R /2 s F D fil R HOR e 22 il Rk R A
ARG, M HBAT AT, A 7 MR T 1 F GE M (5 ) P R o o

FE AT 20 4l 50 AR R #E AT 1 i 2R AL s 1 Tl Ak AR 7=, 23 L 4R & &, H T4k # )
BRI Al AR H 1 Kistler 22 7)1, S [E PCB 24 w]U FiIfb4E B&K A w1, Hih, S5 PCB 4w
Ab T H AR SRR I TS BT “ Ok 2 ML, 220 RIBIE & B LU ST L A S A o P B S5 AR S
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5 45 4 WD, A BEXSARBE Y b AR I B A 55 4 3]

A He L 2 ) A% S i LA S A OB 25 3 L ) R0 v AR 1 4 o, it OB E A B v BE AT,
JEHIZAEIAE A PCB113B £#41]. PCB137 &4 Ml PCB105C 81 % 9 )12 1o FH - A b o 0 3. 451
o 3R EAEIZ U FE R AL A X A M, ELF 1998 4F, b st R TR A T g 3k DL H PR S A
JETTAE B H-96 # 75 W SR 20 H FE 1A% I8 88 A HZP2-WA %I 5t 37 = 130, Har, 3k A S A
v (BLFEAEANBR T4 M BL 8l i+ BOR A FR S /A5 ) 322248 77 Dl e o U ook 0 i =R ) A% 18,
ARV 7 i KD R R A% A5 B AT BN B 2y . I B RE PR g . AT SR M s A o o PR R A SR R
AL O T 280 AT . 5 E SRS ™ S A L, FRIE B 30 & 0 s i 2 D A% 8 1 i
FEFNAERG P C IO i 22 85, (BT 2R MK | K I A7 Tl R A 280 i e DR U 77 A 1 2 A 28800 25 ) T T 5
I EBE L g vEREATY R DL AR B T <

213 ARHFERS

HCLFAGIRES 2 25 i e Ry S, LIOGAR 5 8 e FA% s 1) 28008, R DG R 47 4 i (5 5 19—
A IR AR U R AR SR Sl 5 AR EE L 0 L IR (R B2 3 5 2 A iy 3 2 (] INF A7 AR A 1 )
04 S S AR B TR S5 B, BRI M 2 233 B0 A 0 2 (8] A S 76 s 3 5 0 I h A& 4%, A G
FA NG/ INET T8 A BT (100% K3 B, an R e i &) A P 3, YR 2F Pt i s S8 st To 108 il 4 )
5, FEARBOLE T LB, S RN R IZI G B o SCEALIRES il DL 5 53 AO0E
A G 2EAL AR T AT 2 T, o T DAGE S RN 8O 1F S i i o AR S AT A UL W e
JEAR AT 43 R AR U BUAR IERES (R X s B 24T R ) AN 95 AL SRS CEE X AR AL AT IR ) U2, X5 T i
N IR RO )= s BUR= P OUNANE o TR e 1B O e R N = A AT AN 2 ) IR P (X7 S 3
5 IS R AR RT3 5 56 J5 3 T, 3 3 ARG 2F T 0 SO S SRR 4 3l 77 2R DG T8 45 80, K
TN SR B A5 2 D, RS % 1 2 et A R BB R R BB 3 v, (RIS S5 R A 2%, B PR .

VTR, Pudii HL-F1 % 4544 (Fabry-Pérot, F-P) JGET AR AR 2 2 U A IR 0 A, T 0y I B iz
HEH 2 A7 5 TR0 Y %) V- A i T KA N, TR i T () B A F-P RS AR B, 24 AR AP Bl (an s T L R ) 1R
TR b O A2 538 F-P R AR Ak, INITHE S L 3h 15 B o F-POLLF L s LOGLT R &1
R TT AR UE, 43 WAEAY F-P Y2744 845 (intrinsic F-P interferometter, IFPT) FIAEAHE Y F-P Y2744
J&%#% (extrinsic F-P interferometer, EFPI)!% Hirb £ X} IFPT A 58 B4, S 4F ANUE N G155 10 A% i 2%
A, T ELAE AL AR W U A G . B ARIZ AL SR G5 A T 8, (B Z W PR R A VE A T DU iR 2548
Ko EFPLN & Z, HOGE HAR OGS AL MR T5 5 1% 4, S5 BRI 2 8RR AR A B 1T
P, AL R HOCHAFERKR, 4 Fh gAY BFPL 145 #4)78 B2 &1 L] 281

Single-mode fiber Hollow-center optical fiber Quartz glass tube

Fabry-Pérot
chamber

Single-mode fiber

Incident light T Incident light "
—_ . Pressure sensitive
T I | diaphragm
Emergent light T Emergent light

Substratum

(a) Hollow-core fused silica fiber EFPI sensor (b) Diaphragm-type EFPI sensor
Single-mode fiber Bubble cavity Metal film \: \Metal film

Incident light Incident light Dielectric film
- -
. \
Emergent light Emergent light \

Single-mode fiber

(c) Bubble-type EFPI sensor (d) Thin-film-type EFPI sensor

2 4 sl EFPL BDGAT B IRER S5 H R R

Fig.2 Schematic structures of four typical EFPI-type fiber optic sensors!'*'!
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F-P YGEF AL AR B R AR AT 35 F 4 )8 S 4 8 S8 Ak (4N Au, AL Ag., Si Fil Si0, 55 )PPy g g 5139
A DL R 245, EFPL Y F-P EAARTT 250 oK A WU A R 55 78 S s A 0 F-P IR,
PLZS SO A BT AR AAE AL F-P OGEF A% I8 8% 0 B5URRSE 7 X A% SR 25 1) P BB A T 25 0, S il Ja A
7R R B8 77 AR, (i 17 B ()RR, SR A 22 BB B = Y, Bl R MEMS H2 R AR & Jig, BHIF A AT 38 2ot
SIAPEE(fb22) DU T 20 L MRk Z0 b R B0 45 S 1 12 R 256 3 b R W 0 310 & i Y F-P O eF 1%
AR, JEX AT RE S BT AL . Macpherson S51°7) I BAAR G F | 1) FH i 6 B AT $h0 2 & 2 AR il £
TR SE RO ET R A i, IR s TR L v AR . Wu AR I T B AF I AR
JCEF A5G Si0, W U BN 3 pm) HilE T @G EF i A2 I IF T ihala el 76 10 psi s 55 2 i
N, ZAL A REUE M 1.93 nm/psi (I &y <10 psi, 1 psi=6.9 kPa), W B} [0 /8T 0.4 ps, 2446 T4,
M 17 Fsf [ ] 14— 25 45 JE 28 200 ns, IR AL 5 2 4.11 MHz(U S H <5 psi) o F-P YGLFL AR bR T 1)
DS BN B — ) i R A TR A0 B A, G AT SEE 2 W B AT EC S T . Bae 51 T MEMS T2
FE AN R Y B AR 43 5] il 28 T HA WU A4S B (1) F-P S IR G548 S 4T AL S, W 2R AL TR AR AR n] S B XT “
J1-IRE” E B WEH N, Ma &M R H MEMS £iR, B L2 2 A S5 EE(EE 100 nm) i F6
£ F-P AGJRAR T, 2% B AT 75 22 (55 RN ARV B 555 S T RS i Ml . 4k, 2T Rk
ZEAED WX LG AR IR T KRB S IR L0 A T2 R . KT oheds i GBI Ml IR T
—RINE LR,

F-P R, ASEAAR A B Y AEAAE B F-P G214 I8 i i A0 07 45 1 R X B e, LR 5 g R Bk 7
8 v T )V — o2 JEE B AR AT 3 AN ) B 2= I . Beard S50 78 G £ ity 1 R FH 9% Ty =CAE T “ 48 -
RHGAR-4 8 7 F-P B ARG F AL B, SEBL T S KO R 11 MPa (R DK . 2 )5, Bl 13 Z1 ik
T2 R BOCHE AR B 5 AU W5 E TR T E e T HA SR TR A5 1 2 FEAL Y F-P sk
HLFAL A o B Bk T2 X YR e A B 18 i1 3, 2545 B T [, SR Lr AR s, BRAIK TR R RE T, 48 T
i 11754, AEBYTIAR T2 MEMS T 200 3D T ERHEL ARG 45 1 G 2T A% s w] i o A% Jak o oo 1) J2 B2 A
AR AT AR AR DT I AR, A R b e 1 & G . AR, BEE F-P IR RDGET SO & Ot 4r
TBIRES . Z 2P 58 G AR AL B AS i el i, F— 2D TR R U, 38/ T 15 5
PARG B,

F3Geit T 5 A ALK whey T B ) AR B I PERE S ALY Bk, e BH 2 ) A% Ik
il T S KRR G, HAA R IR . REUELF, J5ak i Bty 5 IR BUNSEE A (B A

®3 5 MHABBERTINBEG RIS REXT

Table 3 Comparison of the performances of five typical explosive shock wave overpressure sensors'*>"'*!

) /N = F 3G /psi RALE/(mV-psi") 43R /mpsi
105C#& %] 100/1000/5 000 50/5/1 0.005/20/100
PCB 113B &% 50/100/200/500(1 000) 100/50/25/10 1/1/1/2
137B %% 50/250/500/1 000 100/20/10/1 10/0.7/1/8.5
Kistler 601CBA 22/50/100/200/500/1 000/3 626 230/99/49/25/9.9/4.9/1.4
WIMELE) KD2004L % %1 145/72.5/29/7.25/1.45 0.345/0.69/1.725/6.9/34.5
R ) ik TR/ kHz L ThEE s JELRMERE /% Jiht/g TREE L/ C
105CH A =250 <2 <2 43~11.6 -73~121
PCB 113B &4 =500 <1 <l 4.5~6 -73~135
137B %4 =400 <65 <1 —73~135
Kistler 601CBA >215 <14 <1 3.6 —55~120
EZEL LR KD2004L £ 5] =200 <2 <1 14 —-40~120

7E: 1 psi=6.9 kPa
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RN, AR 2 5 2 RE DL AR S SN IR D« A AR RSN R, TR Z
BN TR AR 3 M IAEE o e U A% a8 B S5 A 7 50 . AR AT 5 . AR IR B AR I 2 91 ]
S s, AR A7 R T v i YRR 0 00 e A (DR B v s a3 T TR O A ) | S Bl ik
AR BT e) J0 2 (012 S PR A L 7 i) | SR AR AR 5 A PR A A 2 O Mg 75 uf A e R o 00 3 L I 4 2%
PEZER AL &) MR AR AR 8 i AR R o e E U AR IR ) 12 1 2l A4 B3 s D 4k, 2 H i
BRI Tk 5 fe i G op s e . SR 2R AR s B R/, i, Pumil s & brp g T nd re
P, A BT LA 2 e S K, 38 T 4% 28 01 4 A
22 NiEE R RS R I

i B o o R A% SRR T S 2 R | AR s b RS s B A A S B SR fEE S T, AT R
S E AR L R b SO AL P SRR S BRI g A A SRR R T R AR R — A |
I HFIBE JE #4555 41 1 f7 BA )~ AR AR (B i S ) B) R 40 ), L T AR DR R L AR S o AT 2
(kL PRBNIRE) 5 245 B BG4, WA 52 Boxt oy (B30 15 B A ors i, B 445 40 1 VE T A%
JERER B, T B2 A R R B AT TR AR 7 AR AR VR Y, SOl 5 e 1 T A ) (— R i B A R )
RAENIFE B GG OB 224k, W58 BT - B AR B 640, S X S50 Jin 28 38 B A A i kU ), AR 2
TS AR SRS ) — A E AR R, AN TR0 G 6 i A R i e R TR R A A E L B R H R
B2 R b A, R A R I ik b T AR B 10°g~10°g, HRTH H A& g (B R AR RS R E A
FLT PCB 350B21 (& Kb sk 2k 10°g) . Kistler 8743A1000 (f5 K wh s i B 2 1.2x10%g) il
ENDEVCO 2225MS5A (e K iy I 5k 10°g) ST B X FE g 4 25 40 A AR 3 S8 BR i ok, i F
TR 5 B N B3 AT 7 52 19 i A IR R o 8 8 0 R 23 B ik 270g, T AR SR F B AR /N T 2 000g 14 ik
IR o T 20 I 2% A ARG I PR, o sk A% SRR 0 2 L R R s e iR Bl L R e L R T A
WG AT TAERE FHEOR, B A R AR L S IR | ST TP e 7 R e L B (R R o Bt
Z b, RN RS | DR A A B 1 — R A R E B SR B B AR . B MEMS T 204
7 B AR AR A — R AT« B R B i B SRS MR R TR A, b BV A AUAE XY TE S 4 i
S il £ R R D= 30 W0 | B O L B 1 B 95 e e sl B <) O =N i =4y 2 S B I a2 2
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