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The Mechanism of the Generation of
Elastic Waves by Explosives

by K. Nawa

The present paper deals with the mechan-
ism of the generation of elastic waves by
explosives. Results of this paper are as
follows:

1) The amplitude of elastic wave is theore-
tically determined as
uecC¥gt

where # is amplitude, C is charge weight

and g is a function of characteristics for

explosives and rocks.

2) The amplitude is experimentally correlated
with the specific energy and/or the brisance
of explosives.

3) The amplitude is experimentally proport-
ional to the 2/3th power of the charge
weight of explosives.

(Asahi Chemical Industry Co. Ltd.)
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determining the friction sensitivity
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¢:Sliding bar, d: Pressure gauge,
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Fig. 2 Percentage failure-height of fall curves
for single primary explosives
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Table 1 Fall Higlts of Non, Critical
and Complete Explaion of

Various Primary Explosives

Primury State Fall Hight (cm)
Explosives Non | Critical :Camplete
Mercury Dry 10 18 35
Fulminate Wet 40 64 70
Dry | 15 31 55
DDNP Wet up to 120, © — —_
Dry| 1o 19 30
tr:
Tetracene 4 ool 70 pto120, —
Dry| 15 25 40
Lead Styphnate | ool 20 | 27 | 40
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Fig. 3 Percentage failurc-fall height curves of
drop hammer test used for the direct
impact hammer
Weight of drop hammer: 131g

a : Mercury fulminate, & : Diazodinitorophenole

¢ : Tetracen, d : Lead styphnate
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Table 2 Critical Explosion Energies of Various Primary Explosives
obtained from JIS and Direct Impact Drop Hanmer Tests.

Direct Impact

JiIs
Primary Explosives |—:. s = 5
P lgoms” | Chren/omsy | | Guramy | Chgeoimjomy
Mercury Fulminate 36 36 1.44 5.1
DDNP 62 62 1.91 ’ 6.9
Tetracene 38 38 .44 5.1
Lead Styphnate 50 50 1.70 6.0
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Table 3 Momentum Energics for the Critical
Explosions of the Primary Explosives

T~ 1JIS Method| Direct Impact
Primary Explosives (g-cm) | oMethd (g-cm)
Mercuy Fulminate 1,300 2, 200

i
DDNI 2,200 3,000
Tetracene 1,600 2,200
Lead Styphnate 1,800 2, 600
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Fig. 4 Effect of grit particules on impact
sensitvity of the primary explosives
Grit particule
a : None, b:CaSi; (100-1502) ¢ : CaSi. (3252
pass) d : Sb,S; (100-150%) Sb,S; (3252 pass)
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Fig. 5 Impact sensitivities of mercury fulminate
and diazodinitrophenol incorporated with
the potassium chlorate

: Single mercury fulminate

: Mercury fulminate (7)—Potassium chlorate (3)

: Single diazedinitrophenol

: Diazodinitrophenol (5)—Potassium chlorate (5)
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Table 4 Shock Sensitivities of Primary
Explosives
(Direct Method, Drop Hammer; 131g)
= Critical Hight

Primary Explosives (cm)
Mercury Fulminate 11.0
Mercury Fulminate (7

—Potassium C(heorate 3 12.4
DDNP 15.0
DDNP (5)-Potassium Chlorate(5) 13.8
Tetracene 11.0

Tetracene (5)
—Potassium Chlorate (5)

Lead Styphnate 13.0

Lead Styphnate (5)
—Potassium Chlorate (5)

9.8

13.8
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Table 5 Fricition Coefficients of the Sliding Bars and Primary Explosives

Load

o Load | Load |poone:
Sliding Bar (::) Hoad ' Hg(ONC). | DDNP | Tetracene | giorjinaie
40 0.23 0.18 0.21 0.16 . 0.2
Steel 60 0.24 0.17 0.22 0.17 0.25
100 0.24 0.15 0.20 0.14 :  0.25
40 0.15 0.24 | 0.23 0.23 0.27
Brass €0 0.15 0.26 | 0.22 0.22 | 0.26
100 0.16 oas‘ 0.23 0.21 | 0.28
40§ 0.2 0.21 0.21 0.15 0.24
Polycarbonate 60 0.22 0.22 0.24 0.15 0.25
100 0.23 0.21 0.25 0.17 0.25
40 0.15 0.21 0.21 0.13 0.20
Polystyrol 60 0.15 0.23 0.24 0.14 0.22
100 0.14 0.18 0.23 0.14 0.23
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Fig. 6 Initation of the primary explosivs by
friction
a : Mercury fulminate, & : Diazodinitrophenol,

Percentage of explosion (%)

¢ : Tetracen, ¢ : Lead styphnate
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Fig. 7 Eflect of the sliding bars on the friction
sensitivity of mercury fulminate

a : Steel bar, b : Brass bar,
¢ : Polycarbonate resin bar
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Fig. 8 Effect of the sliding bars on the friction
sensitivity fo diazodinitrophenol
a : Steel bar, & : brass bar
¢ : Polycarbonate resin bar
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Fig. 9 Effect of the sliding bars on the
friction sensitivity of tetracen
a : Steel bar, &: Brass bar

¢ : Polycarbonate resin bar
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Fig. 10 Effect of the sliding bars on the friction
sensitivity of lead styphnate

a : Steel bar, b : Brass bar
¢ : Polycarbonate resin bar

Table 6 Critical Explosion Energies of the Primary Explosives

obtained from the Friction Tests

Critical Loads

Friction

. . . Critical Energy
Primary Explosives | Sliding Bars ¢ 8y
T (k) Coeflicient Ckeg-m/sec)
Steel 12 0.21 8.2
Mercury Fulminate | Brass 15 0.24 14. 4
Polycarbonate 17 0.21 14.0
Steel up to 300 0.19 —
DDNP Brass ” 0.23 —_
Polycarbonate 84 0.23 77.3
Steel 110 0.14 61.2
Tetracene Brass 78 0.22 68.8
! Polycarbonate 11 0.14 5.7
Steel 17 0.24 16.3
Lead Styphnate Brass 20 0.27 13.6
Polycarbonate 7 0.24 6.7
Val. 25, No. 6. 1964 (337) 2
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Table 7 Physical Properties of the
Sliding Bars
: Hardness | Thermal Conductivity
Materials 1 "(HV) | (eal-cm=1-sec1+°C)
Steel 485 0.108
Brass 215 0.280
Polycarbonate 15.5 4.6X10°
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Table 8 Sliding Velocities of the Sliding Bars
and Friction Coefficients of the
Leadstyphnate and the sliding Bars

(Hanmer Weight: lkg, Angle: 30°C)

Load SQI;g l;'riclionr Coefficient
oads| Velocity Poly-car] Poly-
(kg) | {(m/sec) Steel | Brass |yonate styrol

20 2.5 0.23 0.24 0.22 0.19
30 2.4 0.24 0.25 0.24 0.20
40 2.3 0.25 0.25 0.24 0.20
50 2.1 0.25 0.25 0.25 0.21
60 1.9 0.26 0.26 0.25 0.22
70 1.7 0.26 0.27 0.26 0.23
100 1.4 0.27 0.29 0.26 0.24

Percentage of explosion (%)

Load (kg)

Fig. 11 Effect of the sliding bars on the friction
sensitivity of lead styphnate
a: Steel bar, & : Brass bar,
¢ : Polycarbonate resin bar
d : Polystyrol resin bar
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Percentage of explosion (%)

Friction energy (kg-m/sec)

Fig. 12 Effect of the sliding bars on the
friction sensitivity of lead styp-
hnate

a : steel bar, b : Brass bar
¢ : Polycarbonate resin bar
d : Polystyrol resin bar
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Table ¢ Explosion Percentages and the Surface
Temperatures obtained from the
Friction Test of the Leadstyshnate
rubbing by steel Bar

Explosion Percentages Final Temperatures

(%) (%)

0 310

20 440

40 520

50 550

60 560

80 600

100 680
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Behaviours of Primary Explosives VIIL.

“Sensitivity of Primary Explosives to Mechanical Action’

Kazumoto Yamamoto*

Experiments for the impact and friction
sensitivities were carried out with the primary
explosives, namely mercury fulminate, dia-
zodinitrophenol, tetracen and lead trinitrore-

sorcin.

2 (340)

The impact sensitivities were measured by
using the drop hammer test apparatus. In
impact sensitivity, their orders (from higher
to lower) are; mercury fulminate, lead trin-
diazodinitrophenol.

IRKRBaEB

itroresorcin, tetracen,




The primary explosives wet with water
become generally insensitive to impact, espe-
cially diazodinitophenol cannot be initiated.

The presence of grit particles renders many
primary explosives more sensitive to impact.
This provides a method of introducing hot
spots. into the primary explosives

When potassium chlorate was incorporated,
tetracen and diazodinitrophenol had their
impact sensitvities sharpenced, while mercury
fulminate and lead trinitroresorcin had not
their impact sensitvities changed cleary.

The friction sensitivities were measured by
using the friction apparatus applied with the

" sliding bar.

The apparent sensitvity of the primary

explosives to fricton is affected with the
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materials of the sliding bars.
With non-metaric sliding bar, such as
polycarbonate resin, the thermal conductivity
are low compared with that of metals, and
apparent sensitivity to friction is high.
Although,

that has low melting point, apparent friction

using the polystyrol resin bar

sensitivity is lower than that of the case
using the metallic sliding bar.

There may be evident that for the majority
of primary explosives, the initiation is thermal
n origin. The mechancal energy must be
turned into heat and concentrated in a small
region to form a hot spot,

(*Reseach Laboratory for the Department
of Explosives, Asahi Chemical Industory Co.
Ltd., Tokyo)
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