spark or flame, initial gas volume, initial gas components and the interruption of
burning are due to the composition ratio of raw materials of powder core, the covering
materials and the manufacturing conditions.

It is most effective for prevention of the abnormal burning of safety fuse to
decrease the pressure coefficient #» in burning.

From the statistical standpoint, author commented on JIS (Japanese Industrial
Standard) concerning safety fuse and calculated the probability of inverse shot in

the blasting using the existing safety fuses.

E # 8 B X 0 R %

iR K - s—E

. F WK
I EMERERTS LIBEETITRRT 55,
Zhi— Iz EERG LMRIA TV D, E Clark?
ka3 o7/ =tw7=/—, (DDNP), iz
VTREERSIREVEvDRTVEM, ZolsiR
FEL O ABOMARICINEN DS, DI &iZov
TIRHHHTBRTHI L L LTERRBEOBIET
bBH, TOMBEHEERE LRI,
FEESRIRIZ I3 17 HIEIBIOMRBERHIE &, & HIZERE
AL L Xz g 5REEHE OB EF 651
T3z kil, AFEOMOATROREL, BIUE
MIRERBE O ELSLHELZ LT 5,
1.1 FEELBE
Muracur®? iz T ¥ = 5 % 700kg/em*h ECET
A5 E, BBREROEXTIRIBEEFIZMIZIBR
FHIBAERCN, ThEFIINBESALLYS
TV D, ZOXHIRBEINBTIEKTIBREL
BVELTY, SL7 VSO LD hBBEO DY
ffLTroBEcRBThY, BEEBELBSTS
X523, JOBKOESEFIREX Dautriche A3

BT REEROMMER L IFR RS,
COMREGERBRMBELZSTCRELEVEVDRT
V5

Table 1 1257+ Kast offi®izt i, £© 7Y VB,
TNT 0k 5 ZH— (LIS RRBENEFEELAY
TERT CHEET SRREBEOT T L2 ) AV-ER
FERVE, BELSSZEERLTS,
Forg? i2 7 U4t % 600kg/cm® (2L THBE
OHGEAREH SR holz L B L, Muraour 5912
120°~130°C TR LR Z 5 BHITRBRQOERET
PAEDEITA LICBET 52 L 2R, TRALEE
5 ORI, RRIRROATLE GBELRED
DIEZSVTLRZIF 6N ERRTV S,

2T, MEEISCTHIRERIERAYELTH
BHBLLEVBREET LIRS, BELVIBREEEL
EHLTAV3 L HhiZpiiEo & 5iz DDNP (212
EBRRBRVEVABTHH I, T, GBI oizon
TREETIRZQBELVS I LIZNS,

Taylor® (3 X RFIOBBIFMHEOEMIL IR
MiAFERIEEN DI T LI 5D T, BEIpMLEDss

Table 1 Relation between density p and defonation
velocity D of explosives

Explosive Picric acid | T NT

p(g/cm®) | 0.81 1.30 1.50 1.66 | 0.81 1.31 1.50 1.55 | 1.6l

D(m/sec) | 4,570 | 5,980 | 7,100 | 7,100 | 4,400 | 5,000 | 6,500 | 6,700 ‘ 6,710

B2E6H18RA

* BNAZET2ERELIEH
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HHHAEKHADEHE L KIZ L L 1212, #HXHE
ERHEZL I ZPBERSI LOBBLE{ BN
Bk, BEPRETOEEICSVTIESRREIES
BITHWL3EMEL ORFX Y, FEOEBRAKIC>
VWTRMLTY-5, SOBEIZES LI1F) REMRES
B SESBRMNML TCERoMMIFLV 2 &
i, <18

1 2 ERRBEOMN

Z 5, DDNP 2o {02 iBsRBI0REEIEE (- »
VT Andreev® 3@ Z ) BREFKIE CREL B0,
BB FOMBRICBY 2OIGEE e+ L, Mgl
BRI+ 58RTHEL Lz, ZOWREMBTS
¥, 5,000kg/em* iIEEL B 5 1 g 2 VBROEE
KL IEIZEEFIZIAY, 65kg/em? DEICTH L S8k
THUTHERLE, SOLERT SIRBELAINIBE
Lo, LhL, E6RSROEBEREEM,
# 500kg/cm? IZFHA ZEAETHATH LRI H 1B
BLE,

Belyaev 6% 2 1,750kg/cm® TERLAEZ 50
&8Ik KGET 1.5~2.0cm/sec OMEETHRIET D
ZLERLE, BBREZSDOKRAET COREIX2E
IZBZ5. HUIREZ H>O—WMBMEIL TES VR
20, S2RRAORTMEELE IR SBRITOR
SRBTHB. %, WE 3.8g/cm® ETIIEMHL
B O RBEETIIRLS. DDNP oEHizov
Ti, 7,030kg/cm?, 8,300kg/em® HoEH T
BRKTRBLAE LB TV AREHTOER TITH
BEICEERIL 22 FH < TRRBEL 1,

Belyaev!® [3p5HFICJERIL 2 R IMIEF OLASEHIEEIC
SVWTROHEERL T 5,

9 1.55cm/sec, DDNR 0.95cm/sec, b Y =
FrPISRE¥y 0.65em/sec, B2 Y VRN Y S
A 1.50cm/sec, bV Ik~ bIRIABERES I R ¥
Bo ML, FYLR—PMIRVTIZN% I A2 &R
&+5k, 14.5cm/sec I0i.5,

2. RRAEBLUER

©z5,DDNP, =bueiT7+3I FRBIUVFHFTF
€ 2REUREH (Photo. 1) EfV, ZhFh 500
~1,250kg/cm? T 2mmX2mmX20mm OF{FHkic
EWREL, thi—ME ) ALMIBTRKL THRE
HEFEME L2,

2V R H

a. BI5 :KAR, BHARIRESE, HE 9.6%

b. DDNP : #i2iR(a, SHR&M

c. — kAP SRR AgCNLO; . EFH LGRS

&
d. FrSty: HikE, kR
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2. 2 EREHETHE
Photo. | IEFFEBEX EH LI IRALOTC, FRLA
R FEoPROBEOBIZHE LA, KICEMNM

Photo. 1 Compression apparatus

OEEZHIALTVATNET 5. ERESIX 500,
750, 1,000, 1,250kg/cm®* D4 B#EL, = bu T
+ 3 KBIZHVvTix 500, 1,250 kg/cm D 2 BFSE L
e UEOFETRELREOHKUE S Table 2 |
b7 o

Table 2 Relation between compression
pressure and density of samples

Primary Compression pressure (kg/cm?)
explosive 500 l 750 1,000 | 1,250
Mercury Density (g/cm?)

fulminate 3,71 3.81 | 4,00 ’ 4.13
DDNP | 1.39 | 144 | 150 | 1.56
e | 25| = | = s

2. 3 PMEEEORE

a. FLEMZE

REEASEHIZ L >THAKL, TOMBEDORRE
EEKFLAEDT s LB ERZEED L Fig. 1 ©
X alzi s,

(1)

(1) film (2) lens (3) sample

Fig. 1 Outline of streak photography
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BERITOBMII ARz L 3,

87333
v=r,n,L tan @
r: D pxan
L:74p0g
n 2 F 7 LEEE%/Y
wm:?

b. REOERS®

b-1. PHULEEEE

PIEFERRIGE I8, ERREHBEEPICRIKT S
DEBOBHAT 7 YRk, BEBO—lEE
HBEEL, BISTRAEES, B 5, DDNP ¥
hoBELERENCHEL <, BRIELEN LR
POTRMEECTLRIZTE A, TOREARMES
BTHZ 522w Tiz Photo.2, DDNP jzov Tl
Photo.3 2% L, B Fig. 2 1255,

@
= SNAN

(8) one surface fixed

11

(b) fixed onto net

O] W\

(¢) one edge fixed

@ fixing plate
® sample

® bridge wire
@ net

Fig. 2 Fixing method of samples

36

(8) sample

() 750kg/cm?

(c) 1,000kg/cm?

1,250kg/cm?

@

Photo. 2 Burning feature of mercury
fulminate pellet fixed

(220) TRARB S



1,250 kg/cm?
Photo 4 Burnig feature of mercury

fulminate pellet fixed onto net

Table 3 Relation between compression pres.
sure and burning velocity (measured with
streak camera) of the samples fixed onto

@ 1,250kg/cmé

Photo.3 Burning feature of DDNP
pellet fixed on a plate

b-2. 435 UEEAE
ReloBHE &N BT, REted5 @ ki

ERELTHRESES L, B 52V Tik Photo. 4,
DDNPiz 5V Tix Photo. 5 IR X DS #iREEL

25, HUBEL ) IAUEHE & i L /ogk i Table

the net.
Primary | C(;)Tgsl:f:;on Burning velocity
explosives | (kgt/cm?) (m/sec)
1 500 0.9 L3 LI
Mercury | 750 1.3 1.3 1.1
fulminate 1,000 1.5 L3 1.1
{1,250 1.1 11 L3
500 1.3 1.2
750 1.3
DDNP
! 1,000 1 1.1
| 1,250 0.9
Silver nitro- 500 0.5
cyanamide 1,250 0.4
Tetracene t 500 none

3 0ifi) THD,
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(8) 500 kg/cm?

(b} 750 kg/cm?

(¢) 1,250kg/cm?

Photo.5 Burning feature of DDNP
pellet filed onto net

c. 16mm EFEREH (L DIHE
BHfi % & iz dionis, BFERBO—REE

(@) ®

(8) mercury fulminate
(750 kg/cm®, v=0.018 m/sec)
(b) DDNP (1,000kg/cm?, v=0.059 m/sec)
(c) silver nitrocyanamide
(500kg/cm®, v=0.049m/sec)
Photo.6 Succession of pictures obtained with

16mm cine camera (64 frames/sec), sho-
wing the propagation of combustion.

Table 4 Relation between compression
pressure and burning velocity mea-
sured with 16mm movie camera.

EREICEHICEREL, fho—ME v HGAXkTSE
LV EEBBIREBYRT. —oREL 642 /B0

AT L. BT I0—i8% Photo.6 (2R,
FHTREMOICIE EMST~EITL, B0k
RE»ISHKIZBDOTVS, RELBZ SicsvTI,

ERAENEOTFREBRETSZ L0303,
WIZE T O OEEBEL REBgEoRNBEIRLT
Photo. 7 3 X T Photo. 8 2554,

PLEDMSEY X U MREEHEEE 3k » 5 & Table 4
DEIThB,

38 (222)

Primary C(::?S;?:éon Burning velocity
explosives (kg/cm?) (m/sec)
500 0.16 0.10 0.03
Mercury 750 0.16 0.02 0.03
fulminate 1,000 0.02 0.02 0.03
1,250 0.02 0.03
500 0.07 0.07 0.06
750 0.07 0.07 0.10
DDNP 1,000 0.06 0.06 0.07
1,250 0.06 0.06 0.05
Silver nitro- 500 0.5
cyanamide 1,250 0.4
IR &



(@) 0.03 sec (b) 0.4sec (c) 0.8sec @ 1.0sec
photo. 7 Steady burning of mercucy fulminate

(@) 0.03 sec (b) 0.045 sec (¢) 0.075séc @) 0.1sec
Photo. 8 Unsteady burning of mercury fulminate

d 44> ¥rvTik +5% Table 5 DY 5% D 3,
Bl s oiti®RMT i, 14 Fr o7 RKEHZIZBZ O 2V,
EoanASLEML, A2u s 57 CEEHERIE

Table 5 Burning velocity of the merncury fulminate
measured by the ion gap method

B

Compression

Mercury pressure (kg/cm®) 500 750 1,000 1,250
fulminate | Combustion 0.04 0.03 0.03 0.03
velocity (m/sec)
. 8 5 L ED#EENSERERR 500~1,250kg/cm® D&
U EOMBERORNRMELI LD THRTRTHIER B TITREESEREIZIZ L A Y IR 2 v,
nrsichs, Photo. 2, 3 B U4 ITRT LS5 izREoEEED

Table 6 Summary of results HHRIc X SR MTEORE AT 552 DDNP
e ORBEHIEIZH bbh, —{EELEEOB AT

Primary

explosive Burning velocity (m/sec) U RBKTRIBT 5 0 CH Ml o/ & R RIBIZ X IRGE
(500 ~klé/2:;?ﬁ) Fixed onto net Edge fixed BT LR xh 5,
Mf;f,‘,‘,'iﬁm  0.9~1.5 0.02~0. 04 BT O E L EREBIET 52 £ 25 5, Photo.
DDNP 0.9~1.5 0.06~0.07 8 (@ IRARLI LS SRR DRIIC RARE 02
Silver nitro- REEBRIZLIEBLNT, TORUIEREIC
cyanamide | *4~0-% .05 B <, FCRREOMETHS 5, £, =0
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Burning of Primary Explosives under Compressed Conditions

Takeru Yanagisawa & Kazumasa Okazaki

Samples of mercury fulminate, DDNP and silver nitrocyanamide were compressed
under varying pressures of 500 kg/cm?, 750 kg/em?, 1,000kgfcm®, and 1,250 kg/cm?
forming a long rectangular shape of 2mmX2mm % 20mm, with the surface fixed. Each
of these compressed samples was ignited at one end for the photographic study of the

burning velocity and “combustion process”.
Table 6 shows the results of burning velocity test.

From these results it is

learned that the combustion velocity is nearly constant in the compression range of

500 to 1,250 kg/cm?.

As shown in Photo. 8, mercury fulminate often undergoes unsteady burning,
and the burning velociby of DDNP, though known to haue no dead pressure, is

affected by compression pressures.

(University of Tokyo)
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