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KR B M TT ¥ o B A OGN B R B R RO T
Z 81 3 % (Photonic Doppler Velocimetry, PDV)
Bl FH T TR AR RS BB R R R AR A L
TR TP B S A R M RE R AR ST

AR, T4 ] s g 1 4 D7 125, PDV I i T DR
L I 2 A A (E PO TN IE =R i AR
WOGAL fi (5 5 BE A KON BR 25 L T HAF 5, #2050 3k
DR, it AR5 R H PDV H AR il 75 4 5 2
Tl 1B S TORL ¥, O HLd o BT e B3y s L3
SR N T T ST — b R A A R e
WO o RN R R BCE A T ik A R
I3, IR AR LR E

2 LWHEREHER

2.1 XWHEHmA

Wit T =R 9k 25 vpiks % 48 (Slapper Det-
onator) , JF JE B 45 5 OGS Bl O A S TR B B SR
i R AT A AR R RO C9E EE xR )
0.3 mmx3 pm; € ARy 5B e W, RSE Ry
®0.45 mmx25 wm; M &M B ARE W, R+ R
@0.45 mmx0.4 mm, 5 E T B AT W, R T
$90.20 mm,

hi B I — PR 2 R N R (HNS-IV) , —
o2l LU EE R A (RDX) N 0 7 SR B 45 1 24 (1A
T RIFR R PBX-RDX) , 225 HAR ¥ 6.3 mm., KT
& BUAR HEAR 77 b, b B 0 A5 A R ST o X DL Bl
B, AT DATE R 2 i AN AR I A5 A 3 A 0 R A
B2 Y IC R R A AR R ) o S BRSO A IC HE
e X H AR I RS LRI T A R 2y
Bebb (WL 1),

R LB R RS

Table 1 Parameters of explosive load of slapper detonator
No. first explosive second explosive
group 1 HNS-IV:150 mg PBX-RDX:150 mg
group 2 HNS-1IV :200 mg PBX-RDX:100 mg
group 3 HNS-IV:250 mg PBX-RDX:50 mg

phedy TR R, SR 0.2 WF AR L A
7 HL L TR 4 3500 V., PDV & 45 % IR BO6 I K R
1550 nm, /R % #% S8 BN RFER 10 GS-s™'. LiF
FUREEE 9 5 mm S BE B 64 11 20 (1~3) mm,

Chinese Journal of Energetic Materials, Vol.28, No.11, 2020 (1089-1094)

22 ZWERBERE
by 5 TR A A v R I b S R
Tk v AE S A T REAE I R g b e A RO TR
5o I UE DN & 5 VA AP TR RE ), SE 8 R H b s
W RHAIPDVIl ARG, M HESL¥EOZ
[E1) (1% S TR 1 0 B . S 0 ke 4 R R HR An B 1
N, FEEW T EE AL (LIF) G2t 1 AR
3k \PDV EHLHIR B 75 555843 4%

current pulse

temper
metal foll

flyer
barrel

first explosive / :
second explosive TR )

\ slapper

detonator

circulator

Sttt 1

|_— digitizer

(]

1 GRS 6 M I R R

Fig.1 Schematic of the interface particle velocity measurement
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Fig.2 Pictures of the measured interface particle velocity
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Fig.3 Interface particle velocity histories of group 1 experimental
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Fig.4 Detonator output pressure calculated by the impedance

matching method

NG LiF i PMMA 1 o if 79 57 41 (Hugoniot)
ZRCE N, R AE A =R R R Y TR kL
(p-u) Bk . LiF B9 #i 5 Hugoniot #h £k 5 S 45 84 1 o
i Hugoniot B8 15 4 1 22 s Jy i P A 5 T S 5 ) Y
N N SI T TR AR R Y2 30 AT [ 2o ES 0 R 01D
O 8 JF 45 OR8N Y vh i Hugoniot B2 2k . M W
PMMA 18 LiF B , PMMA [ 1 ifi Hugoniot il 28 5 K
B W b i Hugoniot S8 R & M &2 S B K5t 5
PMMA Ft IR 25, e a5 B O A SC5E R R 48 i e
1o 4% BRI A 12 0k = 21 S 6 vh R e D R D R AT I
BRI AN R 2 R .

R 2 R I 9286 R BH BT VE O 2

Table 2 Results of output measurements and impedance
matching
No. u,/km-s™! p/GPa p/GPa
1.411 7.73
group 1 | 388 - 7.64
1.360 7.33
group 2 1.348 7.24 7129
1.290 6.81
group 3 1.261 6.60 o1

Note: wu, is real particle velocity, p is interface pressure, p is mean pressure.

M2 0BG Rk F, = RhE 25 450 5 1 oF
Wyt e F1 8 9 h 7.64.7.29 GPafl16.71 GPa, &
i TR ST BE % HNS-IV 25 B 1% K . PBX-RDX 2 & i /)

N XK 2020 % %284 % 114 (1089-1094)



1092

ot
I\

WM W08/ o XF HO T 5, PBX-RDX A 48 3 H HNS-IV
B4 % 8, d HE B BT PBX-RDX 2 Ht ik 2> X 7 4%
R A — R . X U R [ e R A e 24
[V 4 W NV E E RGeS LT DA S

3 HEHEITE

3.1 HE&RR

K F B A A0 D7 it o] DLTUAR b s e 7R A 19 i o
FE 3 AR T B AR AT T A 2 i RS RS T B S 4 i
ARSI RS TFERAGRMEE L, TERAMEHE
RAHPRE T RSEE T R A B 7 5 A
HESIERFEmBE . LR
HNS-IV " F1 PBX-RD X" B 38 1[5 77 5L 6 A A5 TR
RiE i

ET o A EENEARWT, LI PMMA 32 £,
AT A BRI AR A . HNS-IV /] LAy e B AR 42,
PRIt o i A R e O oA Ak Ry SR AR L HINS-IV
AL 3R T A O T DR RS R A L DA SR DA A R
5P 0.05 mm SR AU A £ 4 fid T4 Sy BRI 4 fil
PMMA F i I k35 S 30 Bt o ohili v 8 48 A0 i b e g
AR E 5 FR .

Initiation Point
HNS-TV
RDX
Flyer
«— PMMA

5 TR R T R

Fig.5 Simulation model of the detonator output pressure

K AR LA RT3 J1 2% F2 ¥ Ansys/Ls-Dyna it
BB, . HNS-IV Fl PBX-RDX % FH 5 BE 1 25 R %
BERIAN W LR S T R . IWLIRZS 5 2 B0 i (3] fa 52
AR OREE A R R IR M (PTFE) Y
FTPMMA2 34 51 588 1k 3 g 24 M5 FD Griineisen iR
IR TR SENE 3 TR
3.2 HEZR5WE

THR T 3R 3 RN R 2 25 2800 vh i B A R
o LLPMMA FUH s BT W L AR AR T = A ke
2 45 K B I B R i L A 6 TR .

M 6 BT LAE 315 BT 45 19 T i 26 5 S 56
fi 1 B TR R AL, Y B RS A . {H R

Chinese Journal of Energetic Materials, Vol.28, No.11, 2020 (1089-1094)

®3 ITREIGE MRS

Table 3 Parameters of inert materials for simulation

material p/g-cm™ C/m-s" S, Yo a

steel 7.83 4569 1.490 2.17 0.46

Al 2.70 5355 1.345 213 0.10
1.123(S,)

PTFE 2.20 1680 3.98(S,) 0.59 0
-5.80(S;)

PMMA 1.18 2570 1.540 0.85 0

Note: p are density; C is the intercept of Hugoniot curve; S, is the coeffi-
cient of slope of Hugoniot curve; vy, is Gruneisen gamma; a is first or-

der volume correction to y,.

10.07 e HNS(150 mg)+RDX(150 mg)
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7.57
&
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Fig.6 Effects of explosive load on the detonator output pressure
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Fig.7 Effects of the shell materials on the detonator output

pressure
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Evaluation of Detonator Output Pressure by Interface Particle Velocity Method

CHEN Qing-chou, LI Guang, LI Yi
(Institute of Chemical Material, CAEP , Mianyang 621999, China)

Abstract: The output pressure is one of the most important feature of detonators. Using photonic doppler velocimetry (PDV) and
impedance matching technique, a reliable measurement method for output pressure was carried out. The interface particle veloc-
ities between slapper detonators and optic windows were measured by PDV for three kind of detonators. The calculation results
show the output pressures are 7.64, 7.29, 6.71 GPa, respectively. The PBX-RDX content has certain influence on the output
pressure. As the PBX-RDX content decreases, the output pressure decreases. The output pressure of the three detonators were
simulated by Ansys/Ls-Dyna. The simulated output pressures are 7.7, 7.1, 6.4 GPa, respectively. Comparing to the simulation,
the pressure difference is less than 6.5%, which validates the method effective. The shell material has significant influence to det-
onator output pressure. For higher shock impedance, the output pressure is lower. Especially, the peak pressure for steel shell
case is undistinguishable.

Key words: detonator;interface particle velocity ; output pressure;impedance matching technique
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