B R B X
LT )

St DOKHBHRE

H£R=

Y, ER—IY, Rk

TWHBRFORB R X ~ I €= SYBFLEFL, W7 LBV 2 F ORPEHREY FIE
Liso £ UTHITFEENSRDLBMED & HRRIN Uiz

1L % & ‘

EEOR, R, REBEEO BREENC 19755
DO LTS TR Y, TO—BE LTHRMER
DOFRTRBMPEFELRNTIZ LT LI, TOB
A, ZHRORECOVWTINT TITEEY Lieht, K&
MPEICOVTIE, HORFEBSMEV 2D, HED
= VYRFTCHETLTY 1 XDONDICERLMMNRED
bhinhholee TZ TS Tk, TO/ 1 XRBED
mﬁawmmowr&wu.e=7$¥exmo*»

F—itBARTHIZ/ 1 XOBEIPRL B LA
ofetmu%oﬁ&?EﬂWE&ﬁ&ortorb
%o

Lmb._ﬁbtﬂﬁhaEbu.mmtﬁ«t
5RHEYTL, BHAROENLRITZ EB
FHIND, BONENMNRHETHENE I 0
FLhddidicil, Y= YRENOLECYS
EhBRfie HETHZ LRAE Ly ZhORAIC
133, SREGEEEND R ENMHIC X - THRE
Lizd%, KRoBAl, BPHERERIIXEEEN
HiNE DRV LIREAEEE LRV, £2T4E
I2AORTHIEEIZ X DB L H& Lo

2. PYEFISENRAE

2.1 (hmeR

BUMBRE LTI, 7ok _vy rRiTLAS
DX AV e TOHERTTREALEY LTHDHOT,
FOBRERRT,

Thbd, 7oEAR7 oy - LBERA»LH
#HL, HA=nkAf vr—E LTHEY, AERIZR
Ml LTSS T I YT ARBRYTSHT,
#-T, RKBORLTY v >¥FOREH 2 T
EUXHICLTEN Lo TORKERIXE2mg, B/
EEIX1TegTH S, REUTEL TIX, TORMEL mep
72CDA5 7 4 VEHEL, Bkl

mmsam
SIRIMBITT T4 PHNEAGI—3—4

Vol, 40, No. 5, 1579

EAREROHEL LT, BAMBKKRDO6 8
TEBEERXAE I,

2.2 FEAE

EHWBC Avic €=V B, $A7-#80
6TABTHY, ZHIRHH® CRIFLLKB LY
— (Type F) ¥/ LT vk TORMAOF +
-7 7k, RgHEO, SARGRAE7 12~
A S04E BiCh B, Frar sy —if, HER
FKKH0O DM—703ETHH, +vrmAra—7iL,
B0 SS—4511 FCh Do

ENFEETRL, 7oEfaxvy b, TOELE
iy, BEBE TOERY €= /@ (TR
oty -
23 EHEE _
KBENRBY, +o8Aa-7CRBLI-F%
Fig. 1 @70 Bic\T, 10~1dpsec XHLELT
DHIRENE, WMT BN L Sice= Y RFORFER
BTECLIDLELOND, TOEBOMTIL, =
DILXRESBBETHINCL > TEVSRSTL S
n, BFoWDY ~7 &, LTORUOhMLES X
SRhEHTHHETHE, —NOKXFHRHROENY

Fig. 1 Example of shock wave profile
Pb (Na)g 520!1‘18
d 2 20cm
seale  : 40kg/cm3/div., 10u sec/div.



LI, PU)=Pactl® RTHHENBEB LD,
Z T2 Pum IZMETRONAWIRES, 0 (LR EE
¢ EREIITH B, COX 5icLT Fig. | OEHNER
PORREERDB L, K 600mg BEDT oL
DERENS 1d~15usec LiEBo

— AN K RO [ AT B (REDEL
RIE) BWESD P i3, it W LER d L ORIZ,

P.=K(q). )

OBORDBEAMGMEN, TNT, ¥RV v 50
REERIIZOWTIE, P, W, d olifiid kg/cm?,
kg- m ‘:t‘?f:ké’n

A

P.'=.szo(_7- )

NABGATWAY, T TEELL7 etz onT
HERERGRTHTIID B0, Pa b (WIR/d)
DEHBR Y5 727wy P LTHD L, Fig. 2 585

10C0

Tt T T Ty

Peak pressure (kg/cm?® )
3

T 1 T I TT

Lt ! [ NE T
36 8 w0 20 30 40 60 80100

-

3
Reduced distance (em/g%)
Fig. 2 Peak pressure vs. scaled disance.

hizo HhOMRE, R 2 Bc X 5H8E0THh
HzbDTHAH, (DRCHTIDTARS L,

.=451(l_7—w-)"" @

MnIohize

5 LTSGR Pu b% HEIKFTO P
LED L S RBRchHhkASih, AXTiLL=
YHELJIT, RORTFHEDONELFTE-T, Th
NERMENDENM LR LA ZORBCIXES
BERHREGERE LicoT, BEABFICOVWTY, Lk
LFALAHETE = VRIERTR o lco TORPL, K
TR FEEDOHMBINHOENL E HE L TER D,

—364 —

8. XKOUTFBEICKIENHE

3.1 HITFVREORER

RN, ¥iE, AhligErsRpdohd, o
D kY IFEEsucs, HROILEOKE IRy
AL, SR XGHOBTEROE{E»LHTFRIES
RDBHFYUS L EMb Do FHOIRLv= v bk
TERERDBZ L2 Ui, PSRBT, A X
R RAECRE, BRTEANRCHTEELRE
LTahize L LEBEDD HHINRLRIRMN /D
T, AXWE R VERE, KTOMEERTL 7R
HMTED L5 REBLACTHEL .

HEE /K, $8H745 (32X 40.9mm, KZ0.56
mm) ¥V, hoDE viLFig 3D X542
7 2 Y AHUCEAR LR, O v ROE (O X, HE
+0.0025mm D<= A{ 7 e 7 X 2 —TRDMX,

PU— 1

Fig. 8 Installation Pins.

Fig. 4 &o, RFHEOMERARLR LI K
(90% 90 x 80cm) LB/ ¥ CAREmMEML LIz L 5T
BFACRE L, HAMARIL6 STIBECHY,

Time
counter

T e Sieter— -

Fig. 4 Schematic diagram of the instrument
for measurement of particle velocity.

NILFTERERE d OKPICEROENEX RS L IR
Wite WRE ik, TOREDOK@EETEV N, &

ISk Ba0E



HEWE YOEEIKEE 0. 1mm LIAITH S L 51T
L. ChADKDEBESR P Y H -V,

&Y vic, Fig. 5 DEIgER € vORKTER L.
ZOEKIL, APBRBOF AROWRMIC FVH L0
LBAUTCHD, BXANMOHMFORIREHKRTS L,

-8V

‘ $10ko
To pin

. 5ke
504#F

Oup put
1k2

i C;ommon‘ line __|__

Fig. 5 Electric circuit of water contact
detector.

WO 5 ABELR4:T5, HD Ri%10kQD
BERALHVC20T, ALNOEMIEIN» LD AE
{THTAEHMNIBENRD S, NEMFCIL, BIRO7
—~ACRVCRERYORY, #AEF1 v LTART
FEH Lo ERO HNESO BEEY 2Urdid
L, EEORBIRY->TiS, Fig.5 OMHBEL S/
AHY R~ AN, BAKAEZIE Y vy 5ilD4
v ECORENMLAEL, ©vEo% @) »b6E
BYHA L, FALE Y v 2 —i3, HIRMNOR
K9999u sec, M/ 0.1usec ¥ CHMETCEZH6F+ v
FADLDTCHBo

3.2 WEEROATHER

Fig. 5 ORI OM DB AY + v e 2 2~ 7 CRRAT
& Fg.6 DX HiE-ofze EiL 0.479mm fEhr: 2
ADEATL HHNBSOI LY TS/ Y 2BRERL
Lz dDChH B, MIIRMIL 204 sec/div. ThBHHS,

70

Time (msec)
Time (msec)

Distance (mm)

60|

o
o
T

F-3
(-]

-
o
T

Fig. 6 An example of oscilogram.
Sweep velocity : 20u se/div.

AL L EOT ENINE VR, CVvoBEE
s TIREALEBDIRWE EMtbhB, LizhisT
ZOMHBHEEL 2 hy vE—C AR L EDRYE
tk, 7ediih 10psec LT & Bbhie

KOFEWE, KEiSGBABIZ Ui THIETS
BThhdd, ZZTHLELORTEBETHHMNE,
EFRYELLRDAHIL, RBEOWLESBEYE-
TRLLENRD B, Fig. 71XBENS KT TOBERE
d XVWAWSERLT, £ YORE & AOERISMON
T Tey P LERERTDHD. Db L5k,
d HP R TEBEMSEVGEBAN, KEHh o HERHE
WEBYKIZFH TRV TWAMN, dRmRERBIC
Lo TR TR B EN IR o T B, 20D
KEEV-SRHOFURT, KOMEXRDB I EIEL
e

Fig. 7 &L, € v KEhs lmm HACERL
oL EOHMEKRTHS, ZZCdH 10cm & 15cm

1 1 I 1
o3 04 (-] 06
Distance (mm)

. 2 1
[+ ot 0.2 o7

Fig. 7 Arrival time.vs. distance,

Vol.40, No.5, 1979

— 365 —



OBAILFELEO. 7~1mm ¥ T, d H20cm 33X 0°25cm
OWAILFELE 0. 25mm 33 X U 0. 2mm ¥ CRIBEIFEMN
55 LU TEDORBER KD, Fig. 8 TENYTTH

30+

3

Velocity (m/sec)
o

o m 2 %
Distance (cm)

Fig. 8 Particle velocity vs. distance.

Btk R kPR ER LA GRS S AP CRYET
Hr¥, HHEORHEEIRONTHIED 2L
AT LRILABATVWS, ZORBET SN
EHNAHEHEL A L2 TFRLTIT R ofoht,
KRR DRI BT, ﬂ%ﬁ&%m%oabtﬁﬁ
ggf&)b — &ﬂibﬂ‘oﬁ:o

ZOMET, ARTHEEARHIARVEBHRIL K
DrHic#ELONG, HNRENABAEICELL &,
BEOMEEN 2 T DD, BHRETRELESR
BORHTHD, Ll kOB FIBENETS
E, K EBLEFLATRELL->TLE S, Z0DH
i, FWMCAPEROKAORBNL bMWD LHt
T& D, ZOREOHEX AL LBTENT, Th
BEHAAEELR->TWBTHA5, LLFig. 50
B TIL, €V EARLt0R L OMOIHLRNT
BRI oTWAHDT, KEIrLERLZRENE VT
HEHEHLTHIEBXECEWIETTDH 5,

TR S IR K E LT LR3Il

BIERANE T TN, ZOMETIIE v
DKEE {12 Bicsd, TORPTCKOMTHIEHIG
bhaz titlrb,e

Us L Uy Diicik C #F# L LT, Ui=C+KU,
ORFERD BT LHALA TV B, ADEHA, KikiZ
LAE2.0CinB?  Zhy ERICRATS ETRAMN
fBohb,
P=p(C+2.0U U, @)

L7chi>T, BHEEMIRTHEENLRDONAD.
Table 1§, T X ULTHFEAENLRDIZLO
ﬁé%o»OEﬂﬁu,ﬁﬁOkvéém¢folﬁ
YT B, ' :
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Distance | Particle velocity | Peak: Pressure
(cm) (m/sec) (kg/cm)
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15 16.9 . 253
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25 9.5 B 141
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Underwater shock wave pressure from lead azide

by Senzo Oinuma®*, Kazumi Tanaka* and Kazuo Siino*

In the present study, at first the underwater shock wave pressure traveling
from a detonating small pellet of lead azide was measured by an instrument
composed of a piezo gauge and a larger sized holder reported in the preceding
report. It was found that there holds the following formula between the peak
pressure P. (kg/cm?) and the converted distance yW/d (kg'%/m).

P..=451(.§'?7.)"'°

Then, using a No. 6 electric detonating cap, the particle velocity was
measured by applying the pin contact method, and comparison and evaluation
have been made for the peak pressure obtained by the pin contact method and
that from the above formula.

Experimental pressure data by the piezo gauge and the particle velocity
methods are as follows:

Pu =670(-%-)"“ (Piezo gauge method)

P, =406(—‘IT)"la (particle velocity method)

where P,, P, are peak pressure kg/cm? d being distance dm.
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As is clear from the adove, Pa is 1.65 times larger than P,

This is probably

due to the fact the piezo electric instrument yields higher pressure results than

the particle velocity method does.

It is assumed that the surplus pressure may derive from the reflecting pre-
ssure at the outer face of the piezo instrument.

In considering the above results, the peak pressure from lead azide pellet
under free water is given in terms of P, by the following formula.

P’=273(_,3_/_&_v_[r_')1.xa

where P : kg/cm?, ¥ W/d : kg'*/m.

(*National Chemical Laboratory for Industry, MITI)
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