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& inches and

3.6 inches 0.0561

0.0517

4.8 inches 0.034% 0.0295

& inches and
7 inches

K, and K, mean the average constants
calculated by data of ascending and of

00259

0.0237

descending trajectories respectively, It
is found that these agree fairly well with
ones obtaind by experiments of wind
tunnels, We have calculated 1 from the
formulae (1)~(6), using the observed
values of H, T,, and T: and the value of
K in Table 1.

Thus from the velocity equation of in-
terior ballistics:

V= _l;: (.,[II"I

which was described in my previous
paper {J. of the Ind, Exp. Society, Japan
15, 269, (1953)} we obtain interior bal-
listic constants of the propellant (black
powder) as

Ar=17200, AG=0.256.

Now we can caluculate the pressure in
a mortar, by using these constants. The
calculated values of pressure of 4.3 inch
mortar are rather higher than those
observed by lead plate gage.

(Hosoya Fireworks Co., Ltd.)

BREREOERMBAR

EEEFETOREOBERFICOLT
(g F1824E 3 A 11 8 & 8)

B

N )

(B Al st i m i i)

1. % B

S tau T, BEROWEER 5 1 TP o
AEL IS, RE I EoR RS b5 - S %IFHL
fedi, 252, @xoMESH, RUEE SEIZ2
WTL BT, TofR, BEErhc, SUETE
BL, Wl cHEIERT 2 RIIE AT oERNE
ETac EAEHLMC 20T, T0EBYNET

So

COHGIL, MebhizEENETHDHTIILL, E
PRiIZBSICEEE T S EIRENEI SR LI AT
ENTERLSTEDENEBE ESAET, ShiZEEs
MR BSOS - RRB L BT LA TE,
COBAHREROT £ (, KSR, =28k
AR EBEI A2 L0THS.

EPMTEHEOMRF L, coXHE, B
RIS T h STV BEEN S I ST, Bl
EREBUSTHES LB 2218, T CicWaER

U GRIFFISGIC XD TFHENTL 2D L CH I,
(1948), A=\ TIzEHIC R & L 258508,
RARET S, HH BETEAMSoMmIIcST
1% 2ZLTHRETETETS 5,

ST VEomDkeD S, BT A=
ATIZEEG iiﬂfi@%‘-ﬁﬁ-‘?-i‘ﬁ'q‘“‘b»‘;hmi. G
douhinihot, #TIE, = Lo+ AENE
ARPCFRETES,

2. HREEICHFBBEHED
HHEDZE{L

2.1, EHEERETORENE (FilEp )
—RC, $m/s BEED RIS EE T C I A
&5, 138, oRERERMEIZ A VRS L
-HRHSEREATVES, SoCERyEECzo
T, HARMNSBEMEIRSEAAL T L
ZDEFCRENTLS,
= OEMMEOFLEITE 1 Covtone AEEREIE



226

R HRE Lo 22 20 0125821773), *
O, & OBE, SELXNE LTRSS, H
EEHOBEHFR OISO TiTbn T
2l LHL, SRRSO CHHIR
OREMESIC RN, BUCRBL T35, o0
194SEELIE O by 2 2 Hn TR IENC § R
SREITON TR L I OBRTH2, B2z
fERoBIER CRBMNREC ST 2 —1c b &
TS 2y 0 L LTREI AT ERN,
SO RGN S ERE SR TR L RS
AN—liTH5,

Z OHHEMBIORG RS OMALR, WM
% Kiruiy 50HMRITERLE, Duwes b ORERIC X
D THiNE X hic,

W, HRBUB oA TR AN, EERE A 08
b X, Bl t BT ST u, po, 0 F2REO
PWELIEH, e® dulds THR X1 238 E T,
Lagrange OBSEIc ¥ 2 E8504 L 1T

sl AU
. Xﬂ’—ﬁ. =7 (1)
EiDT, BORE o (=Xt) 12 o~ HilROHST
EETHTEYRL, TLERUET, 12

’:=—rcd£
-k

Tam=it, BEOMRE IS s—E0pifaEn
FEL, ThE LOSSrcizBEE (1) skt
TERT 5. SO Euler oS toTH—
DFERLJFL LN TES,
2:2. HigEORYE:
LEROBRNEERC X oIEHOMER, i
B, TOMTOREEE LI ih~alihes 2 i
VDI ENTED, LALs BRI T CHENRE
EZARESTHERLEL Zalemsidbiug, (18
I8 WO GRS Sl L 72 D YRAW) D ot
AREELOE T EESENRET 5, WHlioz &
2, X20HFTLRD I, BROBAIC RN
HEOBWERLTFETSc L izClvnT, &
L SERN 3 ~SlRR 238 ORIt T
ShTVaERTH 5.
2:3. WmAEEEORE

BRI TR CES £ iz, EfkikHlE
HzmlLiBERneET L2 aETd 5,

CD—DDETALELT, ¥ ) ¥ 5B EE
CERSICEHSNIBEZEL S L Dy, (BHET

(2)

28

ITRAKIBD A MBS M3 H”

2y Yy F-2Eninic s, BEAHTRL T
D L2rL, EZICHMIc T hisHEC TS T &
THOTLE3THAT. coBAEREIEL TL
T, BERRov 9 v ¥ - 538 Ve TEET 50T
WSROI LD, VvV ¥ —DFYERTS
TOME 2, WFGHE: BfoEClBET 555,
FOWNE ¢ 12

e"=c(1—e)+£etfe-—1't (3)

2%, el (1) RCRENSHGHETSHS

e
i
e

B 1

LT, SRS D XELFIR I EBT,
FER - EESONNC, BAxoERFEELCREC R
25H5FmMS HHHEL » GEHOENNE S (2E OfF
mISEDIIBEPERD.

< O 2 ol 2R oSBT E-
T3, #2T, LI o~ BRESL2TLHIE
EEFRIOMMAS Tzt (2) 2B|L8litkaT

V:=¢(1—e;)+J-'cde (4)

285, T, HRO &S 5 RFERE
MECICSAHERS, §IREENEELED 215D
CHY T M (Do TR °ha, Moy Yy
FoZmbk LT, B0V cHRLABICLELE
RoR&Er#z Hbhs,
2+4. AN T ONER

FIEEL LOMBAEIT 25 L, S FCo<L )
TREENE LR DA%, BRI ETED
HEHR - M THS L E2 bhs, MEH2ERN
OEBROT{LITCRES R, BAIR

o=pVi (Vi>e,)
EieoC, BROWMELERNEOLTHRESND.,



AR B RLEORRGFR (BN 227

3. BOREDEILIC L BROE
EREORKY

=iz TNT.(40.95g/cc) 300g OWIRESMETIE, 8
DHEAMET15 L IREBE { CTRCHITHED LR
20, cORITEmMECRC L HTREIZAL
= Lot TERERL TR iR oireieE
SO.7% L EDLOTHEA, = OEFGIHED Rt
RHL7-3DI2 99.18% THol, SOMNHTE D
Sonot—loRoEriz, Jon » » OWRES
¥ —fi, THIZ Sb# 2.5, BU 5% §HELHER
BHZOWT, a=30mm OERMUBELEETS 251
DISicic2t, cOFEEREIED ofitkc, = v
27 ML d% 0.025mm iz D THE. E1
IRLEEEGEE o 012 0damm B EoMREEIC X
SO THD, cDihH, W.18%, B H.0% 0=
BRSNHEY T pL (HEIEOMRL{To10
TH5a

DM BELLG2BAHOME, TR0
R B TARREOR s I/RL T4, B
58, SOERIZ B mm, 7~3=% a2 smm TS

Ss

1 ROoHEIZOEEEE
a=30mm, d=0.025mm
183, TNT(20.95g/cc)300g
ME [clE

25 \m acms'ﬂn's: i =
9979 — | 4,500 - I‘uxﬁsmmw
99.69 2 | 4540 -

9.70 2 i-a,r:adl 182 | MNP 8

9970 1 4,1000 187 | @] Epd kA h
99.15{ 2 | 2,630 197 | MUROTMER

99.200 3 | 2,330 190 | MM Ak Sb2.5%
94700 2 2,750} 201 | M1 Sb 5%

SIS 99. 7% EH M TH S, Thiclk
EANAETHLCRETT 5. TL T, WS v.1808
o3 L aMTETFLT 2,630m/s 215, = DFERE
HFGHE T (2R Lk, HED
ETFEE LSRR ERWETHD. L2L, chtid
TCRESARSBHCZ L2, ThizXnicmpE
SLEMHESOFEBICSITS ¢ & v &MYz HE
DEZXLLRBIERIDTEILNS,

ZTT, S0 RBEYEIHLLBLOHE
99.18% O|IZHONWT, ~dBlifiXFRT L E2L%:

a=30mm IZ3lT5

Do ZHD r~d gL, s ¥ X2 VREF—7TE
BuFR24 LT e DThD,

-~
T

$132agess

%4-

w
o

&

X

I 9t D et
W

3
\

16+ a2

11—

o.5 10 .5 2.0
LW, ——

EH2 EHERDO r~d @R

s RBiceZB2DE S I2ieh, Thide

L TEWEEOERE~ERmRIIE L 2 o5,

ﬁm iy iura”"!mﬁm tn % -"'-F@HE on’ I

HRBBNERRROIM THE,

’
en' n— Cn_y Gn-
= n in fn—1 n t, "=1’ 2’3 ......
a"._-a"_: .

2 EMHENOGEMIRTETHER
za: ¢ (Pb=%9.18%)

E = MmO E

amm o m/s
80 2,320
45 ! 2,400
30 | 2,630
20 2,500
10 2,180

f AL e
y
/
=S
60



228 IRAKIBAN BIEE ¥3H@

L~
—7i, COfRORG-EREROREGEE:,
4sop e=20mm Tit 270m/s 3 Ko, ok
F ! SEEEERMIC A7 - a=10mm TiZ 600m/s B
pres Ltk EAERBENS, TDc Lk v OR{ES
5, BEHECRERCHL BRI SEICD
D SFCREBEoT, FHRNBIEXET S, 8T
LR TEEL, SETEERT IR
BRI O EL A DHED I,
FQK A5 : ZOZEOSIT oW TEEEEE E0RER
\ % SriasL <. (R4 EEScESTE

b

s : L ERERRES A TH . LAL,
< N : GEBOEARBHADE 25 b b T AR

B

753 EH 2R S, Hicizlsnibic&oBs $m
LTi5¢e SR80 & S eRiETa b, WY
DFRETLAECES TV RV 2B TH S,

, B4 55, ERESIN FRELN LOEAT

- o cRESREREET, Tl EOEATIRES

i ) |
|
|

Y JUTHU T30y —e
g

e
020 30 40 0 W M W ) B e T R
BE Bl e ——e REUBEMICT s LW EFRENS S T N
pivi. EHESTIIIOEREARSTEVE
E3 #HEQRLIED o~ &l s ;

ZHILHD BB, DX R ERERETR

12, ERICEERL - 2oBEEOREII—RBICH

2
n
o Ph At ToN
nr 4 x Ph A9 IAR
I & Fe
]
=
"
= b
I8
SR\
Tiy -]

whe TM(N —

td 8¢ §

—
e
i L OF
-3 -]

wo
3 3 N
:“ ; .{}\"“\‘P““—-a
o — e o — o T
a O KX 0 1w a0 0 40 S0 ¢ f 0 W
o X0 \-‘\':\__‘ Q4 mm e—
.glw \‘\\-—h.': I
e I TR R L 3;
: T
0 L] :nn'.ll .:la““-_- :=
en
B4 RESHENOUREE, ROE ! /
hREER

Inbbha5 L5, BERC SR TS e e

FEET A TAEL T T, BMERTIIC 0 c P
1z, ERERI—TS Evfisich o7
B, LT cOfiROBRAETRN L coLASE

E5 BETOEGEOEHPHREERE

30



EHAH BREEORROTIR (M)

SOLH5ERDTHD I, Thih, HEEEOMR
ic&dlv k2o e,

g - EX T AR R R E T2 5
COLRDc L e OF(ERESTROL S KRETS
THH 52 LHH 4, cheoRHADERERS
HEIZLoTEEToORSMTEHS.

3.2. MEOHSEOERLBG L OBME

CORBICERL-BORERRE-I>TRDYX
SIZEELTv5, BERAECED x> > v R8T
i Ax s i—2—%2HT iom OFENTHER
ICHEL, MEOBATEL > TRLE, 2T, &
WizEMERlE R,

F3 nopEc L HEEAL
PLNE2e e mm

99,70 1.18
W ke AL 0.516
99,18 0,879
87.20 0.448
T I R A R 17 1

EX 1
HOMNE, KR EALIC XSO
ik, 25 99.70%, 72 95.1898, whFt 99.70%5
IKEEAL,

Y1

Bl SEATN" CHEML THERL L, O

' KER 3, 9% BREXE !

31

229

B IS, GIREESS.7024, 51k 99182, 8
mpOKREANBOLOTHS, ERIZHEEAN
RSO FEC LD TREEL =C Eavbhh

ll

s
L, 2T ), REOT RS- SH s EaSoME,
{, BEBlGoRK: 3 BC-EFRIHE E
Bind, 4bHA, BEDEZATIZ, Thbol
Bofrb ARSI Tiiivy, SENERKO L

noclbEarnohXrla

ok xid, MEGUEORRICE, FHEED o B
fEGHEY, 1, 1. Guuasy O S0 REHUEE* D
PR, HQL LR D o, Tot) ea® 8E, WD ZITHY
THAHT LAHIL TV, WIShoBE S, M—F
EAOIEBRICS LTV THEBShs 2 2L, Rl
FHiOMFildA 50 LTI D Iriznal & L I2REO
BHZELEEZETHD, chboTERALD
THhhbitithidie bt EB 5.

ok X, MR BRI OHOETEIQNT
BETEHAETOREICEEEIRS LR, HE
BOEAENER (BUL) ¥5HeEx, CORR
EnBvTtrolfo L A ERoEENRETS T
CEEMALELD D LHTE, EREERCISN
BREILROIATEED 55, LWIhd, BLLS
WERLALBRIC ISt bR ST 2 EREL
5. FHENAMELLD, BEdUbicizs &, Rad)
BECTLBMzL A D, X EREOESUE
T “yAHE0ER" CWTAZLHTEZOT, WK
L BEREN OBERENZETT 5.

=1, WSSERe B s A TEREh T,
SEAOHRLET S AREAT, ZHHTRER
filz, EERoRMLHETH>TWSRIE, WK
oizThHELEV = L iHETHS I, ThiIfho
I3 nuhchs, T, SEDEITLIRET ~
3 =% Az E IR ERE ORI OEECRHORY LY
FET5 LN TRIEHRTSS.

ki, SERMRESLIASLER
3.

i

.
(%
VIR

g+
)

= _opl—#htR] Lo, tRSARNTO
RS Ehd (0, SHIZERO o) ca i
GaF@THL00H50, FEZ a(ERNAL
W) oM EEEIEEZ TV,
Giaxy oRBEAEERORT T SEHRCR
TELVWEEHNEY, S EERDOBRLE
STHVFTHD, FARESEBLAEZ2mm
N2 2O aRBERE (CNIZEESHATLS
BLELEELYE) 12 4000m/s I438L Tl
D, BRENE{ H~EET 1,580m/s.



230

4. BRNOZEICL SHHROE(ER)

4+1. RDX [z rA5iEe

PEERIL 7= TNT(40.95g/cc) OBz 4,600m/s
THaH, RDX (41.0g/cc) Tiz 5,500m/s TR
HTH5., D RDY 300g i= x5 “H0sa (9. 70,
99.16%) D v~d EHIRIZES £z D, Thinh e DEE
BICLaE(ERDo AT £ D,

Py Y0i0x PoATTOx

PRPIC T Se—
s

i
1'
\
3

o .- —

[T} "
o’ ey —

6 RDX({40.95/cc) ic X580 ~~d Eig

FeYv 3% Fb 19 TOX
- -
»
= -
£
En 2a0
a -
3
e Sem
o W W ¥ W % W 0 0 20 ¥ % W W0
iE St amm 5 fqanmmn

M7 RDXILI3%0cfEEiAiL

SRR Y, BTG O E R EEL, &
it TNT OBf X v EL, FEHERCHRSS
BT, BIGEER TNT 04 L ) S it?2
fEELEISIEL TV 5, DT, oL 2iF a=30mm T
12 e |2 TNT 07 §lic+ Ev2%, viX2EFTH5
IEBERRIER N IEL 22T

COLIZ, INT X038 RDXiCEoLE
PECAREOTR T, TLABENTER—
WEa<{Hbns, -'—::-:-i&;: RDX ZREOASE" i
o2, Bic ZEEAYEDTIT I 2, =

32

IRARBESE BB BIM

RDX =g i-ER
a=30mm Pb=5%.7%

4DX5, LA, BoE SiZcizlMEe
Be DBOHA, BoRSERED s EUETT
He ZOHIGNE TNT, Fiz RDX 2EJL LT,
B2 L 22 CTiT 2 ROERT—EIAG 2 72 lS
NEZ b,
TNT, %' RDX ##EFe LB R
5 e OB

a=30mmT, ¢=4,500m/s Zx=L7 TNT i, &
ELE D 2 2 ZIBAL T, a—30mm OEFHUE
PR+ 5, 102 T 2,07Cm/s, 202 TIXTSCED
TR D, =5, INT E=rs 2%
Y > 10% SF L5 L 2,600m/s, 20% TIREHIC
EFLT 2,250m/s ricoi. cDH ) 2T 2RT
S8 275, TNT BB ST, BB OEE
Ey, ERBEVERE c2ET3 5. ZF~220%TIITSE
Behanh, COBACEBEZEST SEHIZEVH
EHTHAH I 2T, oI TREERT Y
B o fAoEREHREROER TS5, Thk
NEBAE S, EREIFELELIZLYD, TNT
BEEoME B EENCEEE L REXY, Thil
hLWMEHANAT D L, BESCESRECENMER
TAMROBILEESRETS 5 10icoT, BE
SOEEHERETTSDTH 5. *

RDX #EH L Loz 2Rz £ ERTH LY,
TNT & hah € 5 fehiiiis’ éﬁtl-ﬁl:fhfu
ADITERTH D,

hommmmwﬁﬁmaﬁﬁaﬁtﬁﬂ, +irhb,
—fit e e S5, —HiIESOWMEETHD
= kit ios, WA EEREof s LT RDX90 = +
By 4 Y 102 OBA, BVl LT, RDXED 2
o 2 2008 DYYE OFFEIZOT, BN 5 30mmBA
DIEERENEET 525D S ZE 8 DELIZHNT
T3H<. N EEEES 0oL LI RE, &
FHITPEO—2 %W T

" Epi:lT, BaxERTSss—S/—7cks
BTV &, Thbd, SHEEELETAR
EHOENOTIRELITVEoTREF~FT
1Y - "’::9

402,

-4
W 5a




RN R MEIE O RERGIRITE

Fig. 8. The Strength of Explosives and the resulted
Wave Velocities
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On Brisance of Explosives (XII)

On high-order plastic .deformatinn of solid produced by detonation of explosives.
By T. Sakurai

For most solid materials, the modulus
of deformation do/de is constant in stress
o and strain ¢ up to the elastic limit
and then decreases. Therefore, plastic
wave propagates with a velocitly which
is lower than that of elastic wave.

If do/de increases at the condition of
high pressure, the wave front becomes
to rise steeply and propagates with a
higher velocity than the elastic wave
until the shock wave is formed.

When an impact occurs at sufficiently
high velocity, the high-order plastic de-
formation begins to start, because the
material can not maintain its cohesion.

From the point of this view, M.P. White
and Le van Griffis ¥ illustrated theoreti-
cally this phenomenon, but experimental
proof has not been done, Therefore the
author attended to make sure of its vali-
dity'. First, he measured the velocities
of propagation of strees waves in lead
plates of 30mm thickness and of various
purities.

In conclusion it was found that the
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velocities of waves decrease remarkably
with decrease of the purity of specimen,
as shown in the table 1,

Table 1. Velocity of wave in lead
versus the purity of lead.

purity velocity of wave
2% m/s
99,79 4,500
99.69 4,500
99.18 2,630
97.1% 2,330
94.69 2,780

The reason why is ascribed to the
existence of a region in which the wave
propagates with a low velocity of about
2000 m/s. On the contrary, particle
velocities rather increase in the region
of relatively low velocity of propagation.

From these results the author concluds
that such a high-order plastic wave may
be more easily occured in lead according
to the decrease of the purity by detona-
tion of the explosive (TNT used here is
ranked to middle strength).

Secondly, since it was thought that
the high-order plastic wave may not occur
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by detonation of a weaker explosive, we
made the explosives of varions strength
by mixing talc or nitroglycerine. TNT
or RDX was choosed as a standard.

The results showed that high-order
plastic waves were formed when an ex-
plosive of a relatively high strength was
used, e. g., in the case of explosives con-
taining nitroglycerine, the waves pro-
pagate with low velocities as shown in
Fig. 8. (p 231).

In Fig. 8 the right domain contains
shock wave, low order plastic and elastic
wave, and the left one high order plastic
wave.

Fig. 8 shows also that wave velocities
change with the distance travelled when
RDX contains nitroglycerine of 102 or
talc of 202 respectively.

In the case of the higher explosive

ITRAERB 2 188 B 2 R/

containing nitroglycerine a region of low
velocity of wave exists as faras 1~2 cm
from impact surface, however the lower
explosive containing talc shows a higher
wave velocity than the above case. But
the particle® velocity of the former may
be higher than the latter.

After all, since the types of stress waves
change according to condition of impact,
we must not evaluate their character
only by their wave velocities.

The same phenomenon is found in the
case of aluminum, but the wave in iron
is still elastic, and in iron shock wave
does not occur even by the highest ex-
plosive of all used here.

1) M. P. White and Le van Griffis J. Appl.
Mech. 19 256 (194B)
(Nihon Yushi Co., Taketoyo Plant.)
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