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Non-electric blasting caps, preferably of the delay 
type, containing a shell closure plug of new configura 
tion, including a perforation extending through the 
shell and a constriction in the perforation intermediate 
the ends thereof to divide the perforation into upper 
and lower sections. The constriction is cross 
sectionally dimensioned to retard egress of heat and 
pressure from the lower perforation section passed 
thereinto from combustion of one or more of the 
charges in the ignition area, when the combustion is 
initiated by action of a detonator cord positioned in 
the perforation. The volume of the lower perforation 
section is correlated with the cross-sectional dimen 
sion of the constriction to permit egress of sufficient 
heat and pressure from the combustion for maintain 
ing integrity of the shell while retaining sufficient heat 
and pressure for the combustion to propagate the re 
sulting burning front for subsequent detonation of the 
base charge. A further feature of the invention is 
means, such as a web, or diaphragm, at least partially 
closing the perforation intermediate the constriction 
and the ingress end of the perforation for the detona 
tor cord, as a blocking member for spacing the cord in 
the perforation, albeit the constriction, per se, can 
serve, without further means, as that stopping means. 

20 Claims, 17 Drawing Figures 
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NON-ELECTRIC BLASTING CAPASSEMBLY 

Other embodiments include a web member above, or 
below, the constriction serving only to protect the in 
terior of the shell against moisture ingress during stor 
age when the constriction serves as the sole blocking 
member of the cord. 
The invention thus provides for a detonator cord ini 

tiator system free from rupture of the cap shell with 
concomitant venting of pressure and heat not needed 
for the detonation. 
This invention relates to non-electric blasting caps. In 

one aspect this invention relates to non-electric blast 
ing caps containing closure plug structure providing for 
greater reliability of performance, broader range of 
choice of ignition components, longer shelf-life, and for 
greater ease of assembly, than heretofore. Other as 
pects will be apparent in light of the accompanying dis 
closure and the appended claims. 

Blasting caps generally comprise a closed shell 
loaded with base charge, primer, and ignition compo 
nents in that order, together with electric or non 
electric initiator means therefor. Electric type caps 
generally utilize a bridge wire, or an electric arc means, 
disposed in igniting relationship with the ignition com 
ponent and connecting with lead wires extending to an 
external power source; and non-electric type caps gen 
erally utilize a detonator fuse extending from a suitable 
actuator means into the cap shell in operative contact 
with the ignition component for the initiation. Alterna 
tively, in either type, a slot burning material is disposed 
as a delay fuse, intermediate the ignition and the primer 
to burn in response to ignition of the ignition composi 
tion and hence delay communication of the ignition 
with the primer until expiration of the delay period. 
These blasting caps are referred to generally as of the 
"delay' type when containing a delay element and of 
the "instantaneous' type in the absence of that compo 
net. 

Non-electric cap assemblies often fail due to prema 
ture rupture of the cap shell by force from detonation 
of the cord. The rupture causes loss from the ignition 
area of the heat and pressure necessary for sustaining 
the combustion for the subsequent detonation. Further, 
these assemblies must be assembled at the plant, and 
stored with the cord in emplaced position, due to the 
otherwise adverse effect of moisture ingress into the 
combustion area through the passageway support 
means for the detonator cord. Accordingly, cap failure, 
or at least serious impairment of the cap operation, and 
hence, unreliable performance of these assemblies has 
been encountered in numerous instances. 
This invention is concerned with detonator cord 

initiatable blasting cap assemblies having closure plug 
structure providing for improved reliability of perform 
ance and shelf-life. 

In accordance with the invention, a non-electric 
blasting cap assembly is provided which comprises 
a closed shell including a plug closure member there 

for, 
a base explosive charge, and an ignition-primer 

charge system, with or without delay charge, disposed 
in said shell for operative relationship with a detonator 
cord for detonation of said base charge when said cord 
is disposed in said plug as described hereinafter, 
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2 
said plug closure containing a perforation extending 

therethrough in communication with the outside of said 
shell and with the interior thereof, 
a constriction in the cross-section of said perforation 

intermediate the ends thereof and dividing said perfo 
ration into an adjacent lower section extending to the 
shell interior and an adjacent upper section extending 
to the outside of said shell and adapted to coaxially ac 
cept along at least a portion of its length, said detonator 
cord extending thereinto from outside said shell, 
means in said perforation at least partially closing 

same and disposed ahead of said cord, when extending 
into said performation as described, so as to intercep 
tively block extension of said cord beyond said upper 
perforation section, and said constriction being adapt 
able to constitute said means, 

said constriction cross-sectionally dimensioned to re 
tard egress of heat and pressure from said lower perfo 
ration section passed thereinto from ombustion of one 
or more of said charges when said combustion is initi 
ated by detonating action of said cord extending into 
said perforation as described, and 

said lower perforation section having a volume corre 
lated with the cross-sectional dimension of said con 
striction so as to permit egress of sufficient heat and 
pressure from said combustion for maintaining integ 
rity of said shell while retaining sufficient of said heat 
and pressure for said combustion to propagate the re 
sulting burning front for subsequent detonation of said 
base charge. 
Although the constriction in the perforation is advan 

tageously adapted to also function as means for block 
ing further extension of the detonator cord, a dia 
phragm, or web, member, extending across the upper 
perforation section in water-tight closing relationship 
therewith is now preferred. The web member is gener 
ally emplaced substantially adjacent the constriction, 
and is generally integral with the plug material. Use of 
the web member is particularly preferred inasmuch as 
it precludes ingress of moisture into the shell interior 
and hence provides for prolonged shelf-life of the as 
sembly without need for emplacement of the detonator 
cord therein. 
The web structure is of sufficient dimension for sta 

bility against breaking during storage and handling of 
the assembly, but is sufficiently thin to rupture in re 
sponse to force generated by detonation of the cord 
when the latter extends into the perforation as de 
scribed, to thereby permit direct communication of 
shock waves with the shell interior for the ignition. 
Although in some embodiments the detonator cord 

is advantageously extended in the perforation into sub 
stantially abutting relationship with the above de 
scribed blocking means, it is, in other embodiments, ex 
tended in the perforation to a point spaced from the 
blocking means to thereby afford a void area adjacent 
the constriction in each of the upper and lower perfo 
rate sections. This practice is particularly advantageous 
in those embodiments utilizing charges having a rela 
tively high gas generation rate, and thus offers more 
space for egress of excess pressure and heat from the 
combustion area to maintain integrity of the shell. The 
additional space in the upper perforation section serves 
to absorb excess energy from detonation of the cord to 
afford selection of core loadings over a broader range, 
without risk of rupture of the shell in the ignition area. 
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When adapting the constriction to function also as 
the interceptive blocking member, the upper perfora 
tion section is substantially unobstructed and is in di 
rect open communication with the outside of the cap. 
Hence, prior to emplacement of the detonator cord, 
the shell interior is vulnerable to ingress of moisture 
from outside the shell. In that embodiment, it is neces 
sary that the device, prior to emplacement of the deto 
nator cord, be stored in a low humidity atmosphere in 
order to assure against undue rapid deterioration of the 
charges resulting from moisture ingress. However, al 
ternatively a diaphragm type member is emplaced in 
water-tight closing relationship with the upper perfora 
tion section in a length thereof adapted to receive the 
detonator cord, to protect the cap interior from mois 
ture ingress, thus enabling long shelf-life properties. 
This diaphragm member is readily ruptured by pene 
trating action of the detonator cord during its emplace 
ment in the upper perforation section, and hence pro 
vides no further function after the detonator cord is 
emplaced. 
The constriction element and associated void space 

intermediate the constriction element and the cap in 
terior, and their correlation above described are criti 
cal to the practice of the invention. Thus, during opera 
tion of the blasting cap the burning of the combustible 
charges generates heat and pressure which must, to a 
minimum degree, be retained within the combustion 
area to propagate the burning front to the detonation 
function. Due to the limited volume in the burning 
area, the heat and pressure often develops in amounts 
to cause the shell to rupture, thus venting to the atmo 
sphere the heat and pressure needed to propagate the 
burning front. The result is, of course, failure of the 
shot. In accordance with the invention, the lower perfo 
rate section provides additional volume for receiving 
sufficient heat and pressure from the burning area to 
prevent its accumulation in the shell interior in amount 
causing rupture of the shell. However, it is necessary 
that the quantity of heat and pressure passed into the 
lower perforation section be limited so that the amount 
of heat and pressure retained in the burning area is suf 
ficient for the required propagation of the burning 
front. 
The invention provides for that balance of heat and 

pressure. The volume of the lower perforate section in 
the closure plug is correlated with the cross-sectional 
dimension of the constriction to prevent undue loss of 
heat and pressure from the burning area. Accordingly, 
the cross-sectional area of the constriction means, on 
the one hand, must be limited to preclude venting more 
than the permissible amount of heat and pressure from 
the lower perforate section, and on the other hand it 
must be sufficiently great to permit flow of hot gases 
and energy from detonation of the detonator cord into 
the cap interior. Further, the volume of the lower per 
forate section must be limited so that in conjunction 
with the cross-sectional dimension of the constriction, 
the amount of heat and pressure withdrawn from the 
cap interior is correspondingly limited to provide the 
requisite amount of heat and pressure in the ignition 
area for sustaining combustion. 
Dependent on the core loading of the detonator cord, 

and the composition of the particular combustion 
charges in the shell interior, the cross-sectional area of 
the constriction, expressed in terms of diameter of a 
constriction having a circular cross-section is generally 
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4. 
within a range of from 0.02 to 0.18 inch and the volume 
of the lower perforate section is in the range of from 
0.00002 to 0.196 cubic centimeters; the respective 
lengths of the lower perforation section being in the 
range of from 0.04 to 0.50 inch. Each dimension to be 
correlated, varies inversely with the other to provide 
the requisite correlation above described. I have found 
however that a minimum volume of the lower perforate 
section in the order of about 0.004 cc. at a minimum 
diameter of the constriction in the order of about 0.06 
inch, are generally applicable to practice of the inven 
tion. 
The closure plug of the assembly can be made from 

any one of a number of suitable materials such as rub 
ber, plastic, particularly polyethylene or polypropyl 
ene, cork, lead and the like. Generally the detonator 
cord to be extended into the perforation has a core 
loading in the order of from 2 to at least 7 grains per 
foot (PETN or equivalent) and often from 15 to 25 
grains per foot or higher. 
The web or diaphragm member adapted to function 

as a blocking element, above described, and generally 
integral with the plug material, generally has a thick 
ness in the order of from about 0.001 to 0.02 inch al 
though thickness values outside that range can be uti 
lized dependent upon the core loading of the detona 
to. 
The invention is further illustrated with reference to 

the drawings which are elevational views, mostly in 
cross-section, of various embodiments. 
Thus, 
FIGS. 1-4 are cross-sectional views of the various 

blasting cap assemblies of the invention without the 
detonator cord emplaced therein, and particularly illus 
trate various types of blasting cap charge components 
and combinations thereof generally utilized; 
FIGS. 5 and 6 illustrate the blasting cap assemblies of 

FIGS. 1-4 containing a detonator cord emplaced in the 
upper perforation section of the closure plug; 
FIGS. 7-13 illustrate different configurations of clo 

sure plug structure, including integral web structure in 
the perforation, utilized in practice of the invention; 
FIGS. 14A-E illustrate a now preferred blasting cap 

of the assembly, including a detonator cord initiator 
(FIG. 14E), and a now preferred method for manufac 
ture of same (FIGS. 14A-D); 
FIG. 15 illustrates an embodiment of blasting cap as 

sembly of the invention devoid of web or diaphragm 
structure, in which the upper perforation section is in 
open communication with the exterior of the cap shell; 
FIG. 16 illustrates an assembly embodiment of FIG. 

15 in which a diaphragm closure member is disposed 
across the upper perforation section solely for main 
taining the interior of the cap free from moisture, and 
penetratable by the detonator cord during its emplace 
ment; and 
FIG. 17 illustrates an embodiment in which the con 

striction member is adapted to also interceptively block 
extension of the detonator cord beyond the upper per 
foration section. 

Referring to FIG. 1 elongated shell 10 contains base 
explosive charge 11 in integrally closed end 12, and 
closure, or ignition, plug member 13 in the opposite 
end. Primer-ignition charge 14 is superposed on base 
charge 11. Closure plug 13 is in water-tight closing re 
lationship along substantially its entire external surface 
with the inner wall of shell 10 and is superposed on ig 
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nition-primer charge 14. Plug 13 is supported in shell 
10 by any suitable means, generally by interference fit, 
preferably in combination with suitable crimp means, 
including crimp 19 further described herein. 
Closure plug 13 contains perforation, or bore 16 ex 

tending therethrough so as to communicate the outside 
of shell 10 with the interior thereof through top end 17. 
Perforation 16 is constricted in cross-section interme 
diate the ends thereof by constriction 18 to thereby di 
vide perforation 16 into an adjacent upper section a 
leading to the outside of shell 10 and an adjacent lower 
section b extending to the shell interior; and when re 
ferring herein to the shell interior it is meant the inter 
ior shell portion containing the base explosive charge 
and associated ignition-primer charge(s), and delay 
charge when utilized, specifically illustrated with refer 
ence to intermediate shell portion 10' of FIG. 1. 
Upper perforation section a is adapted to coaxially 

accept, at least along aportion of its length, extending 
from upper end 17, a detonator cord extending therein 
from outside shell O. Diaphragm, or web member 21, 
integral with plug 13, transversely closes upper perfora 
tion section a in water-tight relationship therewith, and 
is disposed substantially adjacent constriction 18. Web 
member 21 not only functions to bar ingress of mois 
ture into the shell interior prior to emplacement of a 
detonating cord in section a, but also as a stop, or 
blocking means, to preclude extension of the detonator 
cord beyond section a. The cross-sectional dimension 
of constriction 18 is correlated with the volume of 
lower perforate section b to provide a desired balance 
of heat and pressure egress from the interior of shell 10 
for sustained combustion of the ignition charge, as de 
scribed herein above. 
Lower perforation section b, dependent on its per 

missible volume, has any suitable cross-sectional di 
mension. Section b provides an open, or void length 
portion of perforation 16 intermediate constriction 18 
and the shell interior to receive any undue excess of 
heat and pressure that is generated in the shell upon ini 
tiation of the ignition-primer, and delay charge when 
present, to thereby preclude premature rupture of the 
shell under those conditions, as above described. In the 
embodiment shown, section b is of less cross-sectional 
dimension than that of section a, and the minimum 
cross-sectional dimension of perforation section a is 
that for accepting the detonator cord, generally in sub 
stantially force-fit relationship. 
When the detonator cord, emplaced in perforate sec 

tion a, is initiated, the forces of explosion of the result 
ing detonation on the plug inner wall forming the perfo 
ration 6, are of such magnitude that in many instances 
the explosion will cause the plug and shell to rupture 
along the length of the cord. This difficulty is reduced, 
in degree, by limiting the core loading of the detonator 
cord. However, constriction 18 is advantageously 
formed by a peripherally disposed crimp 19 extending 
through plug 13 into perforation section 16; and crimp 
19 not only functions to form constriction 18, but it 
also serves to stengthen shell 10 about web 21 to fur 
ther assure integrity of the shell after initiation of the 
detonator cord. Crimp 19 further serves to support 
plug 13 in position during detonation of the detonator 
cord. Optionally, as further support for plug 13 in shell 
10 adjacent, or encompassing, crimp 19, plug 13 can be 
glued along its external surface to the inner wall of shell 
10, and/or staked to shell 10. 

10 

15 

25 

30 

35 

40 

45 

50 

65 

6 
The cap assemblies of FIGS. 2-4 are the same as that 

of FIG. except that they illustrate various combina 
tions of delay, primer, and ignition, components uti 
lized in the cap assemblies of the invention, which is 
turn often determine the length of shell 10 nd the rela 
tive dimensions of the lower perforate section and con 
striction 18. All embodiments of FIGS. 2-4 utilize a 
conventional base charge 11 and a diaphragm 21 in 
section a, substantially adjacent constriction 18. 
Thus, as shown in FIG. 2, base charge 11 is in the in 

tegrally closed end 12 of shell 10 and primer charge 
14", delay charge 22, and ignition charge 23 contiguous 
with the other and in that order extend from closed 
shell end 12 to plug 13 which is superposed on charge 
23. As further illustrated with reference to FIGS. 3 and 
4, various charge systems can be utilized. Thus, in FIG. 
3 loose delay charge 22' is pressed into position, and 
ignition charge 23 is superposed thereon as shown in 
FIG. 2. In FIG. 4 delay charge 22' is of the well known 
core type loaded in a lead tube 24. In the embodiment 
of FIG. 4 a wafer charge 23' is disposed intermediate 
delay 22' and ignition charge 23, to burn in response 
to ignition of charge 23, but at a higher temperature in 
order to effect ignition of the core delay charge 22' 
which is longer burning, but less sensitive than corre 
sponding charge 22 of FIG. 3. Dependent upon selec 
tion of delay and ignition systems of FIGS. 3 and 4, 
delay times are reliably effective over a broad range, 
often from about 100 milliseconds to as high as 16 sec 
onds. 
A non-electric blasting cap of the invention, assen 

bled for detonation of the main charge, is illustrated 
with reference to FIG. 5 which is in turn directed to 
closure plug embodiments illustrated with reference to 
FIGS. 1-4. Thus, assembly 9 of FIG. 5 includes a deto 
nator cord 26 extending from outside shell 10 through 
upper shell end 17 coaxially into perforation a into sub 
stantially abutting relationship with web 21, and is se 
cured in that position by crimp 19 in turn forming con 
striction 18. Supplementary auxiliary peripheral crimps 
27 and 28 extending from the periphery of the shell 10 
through plug 13 into engaging relationship with cord 26 
in section a, are advantageously utilized. The supple 
mentary crimps 27 nd 28 are helpful from the stand 
point of not only providing for resistance of the assem 
bly to accidental pull-out of the cord during emplace 
ment and use, but also as support against premature 
disintegration of the shell portion surrounding the cord, 
upon detonation of the latter. 
FIG. 6 shows the assembly 9 which is the same as as 

sembly 9 of FIG. 5 except that the terminating end of 
cord 26 in perforation section a is spaced from web 21 
to provide an intermediate, and additional, void space 
a' in perforation a which serves to absorb any excess 
energy generated by detonation of the detonator cord 
which, if not arrested, would cause premature bursting 
of the shell with undue loss of detonation energy for the 
shot. 
The core loading of the detonator cord is dependent 

upon the particular charge combination of ignition, 
primer, and delay when the latter is present, and upon 
the particular shell casing material. Generally, how 
ever, the core loading is in the order of from about 2 
to 7 grains (PETN or equivalent) per foot. 

In FIGS. 7-13 various configurations of plug closure 
strucutre 13 including alternative perforation sections 
a and b, constriction 18, and generally, web 21, struc 
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ture in the cap assemblies of the invention are further 
illustrated; it being required in all instances that the 
perforation section a be adapted to receive the detona 
tor cord to the degree of desired extension therein, and 
that the volume of the perforation section b, be corre 
lated with the constriction cross-sectional area to pro 
vide the desired balance of heat and pressure egress 
from the ignition area. Thus, perforation section a of 
FIGS. 7-13 is always of dimension sufficiently for ac 
cepting along at least a part of its length a detonator 
cord extending from outside shell 10. In the embodi 
ments of FIGS. 7, 8 and 11 the web 21, in perforation 
sectiona, serves as a "stop' to block extension of the 
detonator cord beyond a predetermined point in sec 
tion a. HOwever, when desired, as illustrated with ref 
erence to FIG. 6, the detonator cord can be extended 
any desired distance along the length of the perforation 
section a, and, by any suitable means such as by pe 
ripheral crimp, it can be supported in any desired 
spaced apart relationship with the web 21. Although 
constriction 18 in the closure plug assemblies of FIGS. 
7-13 is generally formed as illustrated herein with ref 
erence to crimp 19 of FIGS. 1-8, it can be formed in 
any suitable manner prior to emplacement of the clo 
sure plug in shell 10. In the embodiments of FIGS. 9 
and 10 the web member 21 is disposed in perforation 
section b and hence below constriction 18, to maintain 
the shell interior free from moisture during storage 
prior to emplacement of the detonator cord. It is rup 
turable in response to impact of force of detonation of 
the detonator cord. 
Thus as shown in FIG. 9, perforation section a is di 

mensioned along an initial portion of its length a 
extending from upper end 17 for accepting the detona 
tor cord. However, the cross-sectional dimension of the 
remainder of perforation section a is reduced to less 
than that of the detonator cord. Hence, at the point of 
reduced cross-section further extension of the detona 
tor cord is blocked. FIGS. 10, 12 and 13 further illus 
trate the relative dimensions of the perforation sections 
a and b and associated stepped perforation structure 
embodiments. 
FIG. 10 illustrates still another plug configuration 

which is substantially the same as that of FIG. 12 ex 
cept that the web structure 21 is placed in the end most 
portion of perforation b. In this manner web 21 is of ne 
cessity of limited thickness so as to rupture in response 
to force of detonation of the detonator cord, when en 
placed in section a, to thus permit detonation energy to 
enter the shell interior and mingling of the hot gases 
from the detonation among the ignition particles. 
With reference to FIG. 15 is shown an assembly 9' 

of the invention including a detonator cord 26 em 
placed in the perforate section a, and containing a sys 
tem of base explosive, primer, delay and ignition 
charges the same as that of FIG. 4, except that the igni 
tion charge 23' is a high temperature burning charge 
in lieu of the ignition-wafer system of FIG. 4, and there 
is no web structure 21 in perforation 16. In this en 
bodiment, the constriction 18 and the lower perfora 
tion section b function exactly as described herein 
above with reference to their correlation requirements. 
Intermediate constriction 18 and opposite end 17 of 
perforation 16, is a peripheral crimp 29 about the shell 
10 extending through the plug 13 into perforation 16 
to reduce the cross-sectional dimension of perforation 
section a sufficiently for it to function to block further 
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8 
extension of cord 26 into section a, and, often to also 
supplement constriction 18 in the latter's function in 
combination with perforate section b. Hence, in this 
embodiment there is a void space in perforation 16 in 
each section adjacent constriction 18. Additional 
crimp means for support of plug 13 and detonator cord 
26, such as peripheral crimps 31 and 32 intermediate 
crimp 29 and shell end 17 and applied after emplace 
ment of cord 26 in perforation section a, are advanta 
geously utilized. In other embodiments not specifically 
shown, the crimp 29 can be dispensed with and in lieu 
thereof constriction 18 also serves as the blocking 
member to preclude further extension of cord 26. 
FIG. 16 is a partial section of FIG. 15, additionally 

shows web member 21 transversely closing a portion of 
section a adapted to accept a detonator cord from out 
side shell 10, to assure protection of the shell interior 
from moisture ingress prior to emplacement of the det 
onator cord. Web 21' is sufficiently thin to be ruptured 
by penetration of cord 26 upon emplacement of the lat 
te. 

FIG. 17 is a partial view of FIG. 15 and is the same 
as FIG. 15 except that it is devoid of crimp 29, and the 
detonator cord 26 is emplaced in substantially abutting 
relationship with constriction 18. 
The invention is further illustrated with reference to 

FIGS. 14 A-E which show a now preferred embodi 
ment of cap assembly without the detonator cord (FIG. 
14C), and with the detonator cord (FIG. 14 E) and an 
embodiment of manufacture of these assemblies. Thus 
referring to FIG. 14A elongated plug member 13 con 
tains centrally disposed perforation 16 extending there 
through and web member 21 integral with plug mem 
ber 13, and in water-tight closing relationship with per 
foration section a. Plug 13 at its upper end 17 is of di 
ameter sufficient to enable it to extend into shell 10 in 
force fit contact of upper end 17 with the shell inner 
walls thus forming an annulus between the shell inner 
wall and the remainder of the length of plug 13. 
FIG. 14B illustrates shell 10 containing base charge 

11 and a now preferred diazodinitrophenol primer 
charge consisting of capsule 14a, a diazodinitrophenol 
wafer 14b pressed above and superposed on capsule 
14a and a second diazodinitrophenol charge 14c of 
density lower than that of primer wafer 14b. Capsule 
14a extends substantially coaxially within shell 10 in 
closing or near closing relationship therewith; it is open 
at each end and is superposed on base charge 13. 
Primer wafer 14b is of sufficiently high density to be ig 
nitable in response to contact with flame from ignition 
of delay fuse 24 superposed thereon, and diazodinitro 
phenol charge 14c is of sufficiently low density to be 
detonatable in response to heat developed by ignition 
of wafer charge 14b to in turn cause detonation of base 
charge 11. 
Delay charge 22' as illustrated with reference to 

FIG. 4 is of the core type encased in a lead tube 24 ex 
emplary of which is barium peroxide-selenium. Super 
posed on delay charge 22' is an ignition-wafer type 
system 23-23 of FIG. 4. Thus ignition charge 23 burns 
at a sufficiently high combustion temperature to in turn 
cause ignition of wafer charge 23, the latter in turn ini 
tiating burning of delay fuse 22'. Plug 13 is emplaced 
in shell 10 through the open end thereof so as to be su 
perposed directly on ignition charge 23 and in water 
tight closing relationship about its periphery with shell 
10 adjacent the open end 17 thereof. 
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As shown in FIG. 14C constriction 18 has been 
formed in perforation 16 by crimp 19 peripherally dis 
posed about shell 10 and extending through plug 13 
into perforation 16 to divide perforation 16 into upper 
perforation section a and lower section b, and web 21 
is positioned in perforation section a so as to be in close 
proximity to constriction 18. 
As illustrated in FIG. 4D detonator cord 26 shown 

in FIG. 14C ready for insert into the assembly, is ex 
tended from outside shell 10 into perforation section a 
and into abutting relationship with the web 21. As de 
scribed hereinabove, detonator cord 26 can be ex 
tended to any predetermined point intermediate web 
21 and the opposite end 17 of perforation section 16, 
and supported in that resulting spaced apart position 
from web 21 by a supplemental crimp in perforation 
section a, serving to stop further extension of the deto 
nator cord. As illustrated with reference to FIG. 14E, 
the assembly of 14D is advantageously completed by 
auxiliary crimps 31 and 32 peripherally disposed 
around the shell 10 near the end 17 thereof into engag 
ing relationship with the detonator cord. In this manner 
crimps 31 and 32 also serve to secure the position of 
detonator cord 26 against accidental "pull-out' from 
the plug. One or more additional crimps and/or stake 
marks can be utilized to augment crimps 31 and 32, as 
desired. 
Any suitable ignition charge can be utilized in the 

blasting cap assemblies of this invention such as lead 
selenium, lead tellurium, lead oxide-boron, and lead 
oxide-metallic borides, are now preferred. Further ex 
emplary of these ignition compositions are lead 
selenium (72-28), lead tellurium (62-38), red lead/- 
manganese boride (65–35), lead-selenium (72-28)/- 
lead oxide-boron (97-3), 75/25 red lead/boron, red 
lead-manganese boride, and various known additives 
such as for example 1-2 percent Snow Floss. Exem 
plary delay fuse compositions include barium perox 
ide/selenium (60/40), barium peroxide/selenium/- 
tinned lead (60/20/20), barium peroxide/tellurium/- 
selenium (40/40/20), barium peroxide/tellurium 
(70/30), and the like. 
Exemplary primer charges are diazodinitrophenol, 

diazodinitrophenol/potassium chlorate (75/25), lead 
azide, lead stiphnate, and mercury formate. 
Any suitable base explosive charge can be used such 

as pentaerythritol tetranitrate, cyclonite (RDX), trinit 
rophenyl-methylnitramine, and the like. 
Often, as illustrated with reference to FIG. 1 a com 

bined ignition-primer charge is used, generally in a cap 
of the instantaneous type. Such charge undergoes igni 
tion and detonation in response to initiating action of 
the detonator cord, the detonation in turn causing det 
onation of the base charge. 
The invention is illustrated with reference to the fol 

lowing examples. 
EXAMPLE 1. 

A series of three delay time tests was made utilizing 
a detonator cord initiated blasting cap assembly gener 
ally illustrated with reference to FIG. 5 and having a cy 
lindrical aluminum shell containing a base charge, 
primer, ignition, and delay system of FIG. 4. The clo 
sure plug configuration was that of FIG. 7. The closure 
plug was a molded copolymer of styrene and butadiene, 
and had a diametric cross-section of 0.252 inch, and a 
length of 0.900 inch. The web member was integral 
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with the closure plug and had a thickness of 0.012 inch. 
The detonator cord was emplaced in abutting relation 
ship with the web 21, and had a core loading of 3-6 
grains PETN per foot. The perforation (section a and 
b) not including the bottom flared end, was of circular 
cross-section, and the web member, substantially nor 
mal to the perforation axis was about 0.05 inch above 
the constriction 18, the latter dividing the perforation 
to form upper perforation section a having a length of 
0.6 inch and lower perforate section b having a length 
of 0.25 inch. The flared out portion of section b was 
frusto conical and 0.03 inch in length and 0.210 inch 
wide at the base. The ignition charge was a loose igni 
tion mixture, immediately subjacent the closure plug of 
0.6 gram Pb/Se, 72/28, together with a supplementary 
wafer charge of 0.2 gram Pb/Se/BaO/Al/Snow Floss, 
69.12/26.88/1.00/1.00/2.00; the primer charge was 
0.30 gram diazodinitrophenol; the delay was a core of 
about 1.0 gram of BaO/Te/Se, 40/40/20, swaged to a 
density of about 4.4 grams/cc in a lead tube, and the 
base charge was 0.40 gram PETN pressed to 4,000 
P.S.1.g. 
In two of the three tests, shots were obtained having 

delay, times of 10.2 and 10.4 seconds, with a failure of 
the third test. The unsuccessful shot was the result of 
failure of the delay fuse to ignite, due to repture of the 
aluminum shell in response to impact of force of deto 
nation of the initiator cord, thus blowing the plug from 
the assembly with concomitant loss, by venting, of the 
heat and pressure required for ignition of the delay 
charge. This example demonstrates criticality of need 
for correlation of the closure plug dimensions with the 
core loading of the initiator cord utilized. As demon 
strated hereinafter, had the terminating end of the det 
onator cord been emplaced in spaced apart relation 
ship with the web member 21 to provide a resulting in 
termediate void space, the latter would have absorbed 
sufficient of the force of impact from detonation of the 
cord to preclude rupture of the shell, and the shot 
would have been successful. 

EXAMPLE 2 

A series of 30 delay time tests were carried out utiliz 
ing blasting cap assemblies the same as thoseof Exam 
ple 1, except that they contained the extended most 
end of the detonator cord spaced from the web mem 
ber, a distance of 0.25 inch, thereby providing adjacent 
void spaces in perforation sections a and b. 

In a first series of 5 delay times tests, all shots were 
successful and were within the range of from 9.3 to 
10.0, at an average of 9.6 seconds. In a second series 
of 10 shots, the delay times varied from 9.0 to 10.2 sec 
onds at an average of 9.9, with no failures. In a finalse 
ries of 15 shots there were two failures, the remaining. 
shots being within the range of from 8.9 to 10.8 sec 
onds at an average of 9.9 seconds. Of these 30 shots, 
there Were no failures due to rupture of the shell, dem 
onstrating the pertinency ofthe additional void space in 
section a, which absorbed the excess impact energy 
from detonation of the cord initiator to preclude shell 
rupture. 
The two failures that were encountered were the re 

sult of improper correlation of the volume of the lower 
perforation section b, with the constriction dimension. 
The failures resulted because the volume of thellower 
perforation section b, was of such size as to cause vent 
ing of heat and pressure from the ignition area, to the 
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extent that insufficient heat and pressure were avail 
able in the shell interior for ingiting the delay fuse, 
thereby failing to sustain the combustion for moving 
the burning front to the detonation. In these two in 
stances of failure, had the ignition mixture been of a 
higher temperature burning composition sufficient ad 
ditional heat and pressure would have remained in the 
ignition area to compensate for that drawn into the per 
foration section b, and the combustion would have 
been sustained. This example further demonstrates the 
need for selection of suitable charge composition for 
use in the particular assembly design contemplated. 

EXAMPLE 3 

A series of 19 shots utilizing the blasting cap assem 
blies of Example 2 was made, except that a "hotter' ig 
nition system, illustrated with reference to FIG. 3, was 
utilized, viz., 0.25 gram of a prepressed (2,000 p.s. i.) 
red lead/boron/Snow Floss, 89/9/2, and the cored delay 
charge was varied. Ten of these tests were made with 
delay times of from 410 to 400 milliseconds at an aver 
age of 420, utilizing 0.17 gram of BaO/Se/PbSn, 
60/20/20 as the cored delay fuse. There were no fail 

eS. 

An additional series of the above tests were repeated 
except that the cored delay charge as 0.31 grams 
BaC/Se/PbSn, 60/20/20. A total of 9 shots was made 
at delay times of from 826 to 882, at an average of 854, 
milliseconds. There were no failures. 
The tests of this example illustrate the need for corre 

lation of the ignition mixture composition with plug 
structure, in any given instance, for achieving success 
ful shots. 

EXAMPLE 4 

A series of delay time shots was made utilizing a cap 
assembly of Example 3 except that the length of the 
closure plug perforate section b was 0.25 inch and the 
diametric cross-section of the perforate section b was 
constant and was the same as that of section a, viz., 
0.118 inch, as illustrated with reference to FIG. 11. The 
cored delay charge was 0.31 gram BaO/Se/PbSn, 
60/20/20. Ten shots were made having a delay time of 
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from 828 to 875 milliseconds, at an average of 853. 45 
There were no failures. 

EXAMPLE 5 

Two series of additional tests of Example 4 were 
made utilizing the same cap assembly except that the 
closure plug structure was that of FIG. 8, the web mem 
ber 21 thickness was 0.015 inch, the diametric cross 
section of the perforation section b was 0.060 inch and 
the diametric cross-section of the perforation section a 
was O. 115 inch. 
In the first series, a total of 15 tests, the delay times 

were from 780 to 874, an average of 81.6 milliseconds; 
and in the second series, a total of 21 tests, the delay 
times were from 760 to 810, an average of 870 millisec 
onds. There were no failures in either series. 

EXAMPLE 6 

Several delay time tests were made utilizing the blast 
ing cap assembly of Example 5 except for the plug con 
figuration which was that of FIG. 10, and for the use of 
two different delay charges. In all tests, the length of 
the perforation a was 0.635 inch and its diametric 
cross-section was 0.085 inch along its initial length of 
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0.385 inch and 0.060 inch along the remainder of its 
length (0.250 inch). The diametric cross-section of the 
perforate section b was 0.060 inch. 
A series of 20 delay time tests was made in which the 

ignition and delay system was that of Example 5, and 
the delay times were in the range from 780 to 818 milli 
seconds, an average of 803. There were no failures. 
Another series of the same tests was made except 

that the cored delay was 1.0 gram BaO/Te/Se, 
40/40/20, and a wafer-ignition system of FIG. 4 was uti 
lized in which the wafer charge was 0.20 gram Pb/Self 
BaO/Al/Snow Floss, 69.12/26.88/1.00/1.00/2.0, and 
the loose ignition superposed thereon was 0.25 gram 
PbaO/B/Snow Floss, 89/9/2. The delay times were in 
the range of from 9.0 to 10.4 seconds, an average of 
O.0 seconds. There were no failures. 
Examples 4, 5 and 6 demonstrate proper correlation 

of different closure plug configurations with ignition 
and delay components in cap assemblies of the inven 
tion. 

EXAMPLE 7 

A series of tests was made utilizing blasting cap struc 
ture of FIG. 12 containing a shoulder on the plug inner 
wall in the upper perforate section a as a block, or stop, 
means for precluding further extension of the detona 
tor cord toward the cap shell interior. In each assembly, 
the shell was cylindrical and aluminum, the plug was a 
molded ethylene-propylene copolymer and the entire 
perforation was of circular cross-section; and the web 
member, integral with the plug, was in the perforation 
above the constriction 18 a distance of about 0.05 inch, 
and it had a thickness of about 0.015 inch. The length 
of the perforation a portion to the shoulder was 0.385 
inch and its diametric cross-section was 0.1 15 inch. 
The length of the remaining perforation portion a was 
0.025 inch and its diametric cross-section was 0.085 
inch. The length and diametric cross-section of the per 
forate section b were respectively 0.25 and 0.06 inch. 
The detonator cord extended into perforation section 
a into abutting relationship with the shoulder on the 
inner wall, thus leaving a void space of 0.25 inch in 
length in perforate section a immediately adjacent the 
web member. The base charge and primer charge in 
each assembly were those of Example 6. 

In a series of four tests, the delay and ignition system 
in each assembly was that of FIG. 4 in which the igni 
tion charge was 0.25 gram of red lead/B/Snow Floss, 
87.9/9.8/2.4, superposed on 0.20 gram Pb/Se/Bao, 
/Al/Snow Floss, 69.12/26.88/1.00/1.00/2.0, as a wafer 
charge. The cored delay charge was 1.0 gram of BaOf 
Te/Se, 40/40/20. There were three failures, with one 
shot showing a delay time of 10 seconds. 

In a series of five tests, the same as the first series ex 
cept for the presence of a larger wafer charge, i.e., 0.6 
in lieu of 0.2, gram there were three failures with two 
successful shots at a delay time of 11.0 and 11.1 sec 
onds. 
The failures in these series of shots were due to lack 

of correct correlation of wafer composition with the 
particular plug structure utilized. 

EXAMPLE 8 

Three series of the tests of Example 7, utilizing the 
same assembly except for 0.20 gram of a “hotter' 
burning wafer charge were carried out. In one series of 
10 shots, utilzing a wafer charge of PbSn/Se/BaO. 
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/Al/SF, 36/14/24/24/2, delay times of from 3.2 to 4.9 
seconds were observed, at an average of 3.9. There 
were no failures. 

In a second series, a total of five shots, utilzing the 
same wafer ingredients but in proportions of respec 
tively 48/20/15/15/2, the delay time was from 4.1 to 
4.8, an average of 4.5. There were no failures, 

In a third series a total of five tests, utilizing the same 
wafer ingredients but in the respective proportions, 
27/11/30/30/2, the delay time was from 2.1 to 3.0 at an 
average of 2.5, seconds. There were no failures. 
Examples 7 and 8 demonstrate the need for correla 

tion of blasting cap charges with a particular closure 
cap and detonator fuse assembly utilized. In these in 
stances, the delay compositions, less sensitive than the 
shorter burning time compositions, required a higher 
temperature burning ignition system and hence were 
correlated with the "hotter' burning wafer charge. 

EXAMPLE 9 

A series of 10 delay time tests was carried out utiliz 
ing a blasting cap assembly of Example 8 containing a 
closure plug of FIG. 13 which is the same as that of 
FIG. 12 except that an end wall portion of each perfo 
ration section adjacent the constriction was beveled, as 
illustrated. The ignition delay system was that of FIG. 
4, utilizing 0.25 grams PbO/B/Snow Floss, 
87.8/9.8/2.4 (2,000 p.s. i.) and 0.20 gram of PbSn/Sel 
BaC)/Al/Snow Floss, 36/14/24/24/6, wafer charge 
pressed to 2,000 p.s. i. Nine of 10 shots were successful, 
having a delay time of from 8.9 to 9.6 seconds, an aver 
age of 9.3. The one failure was due to failure of the web 
to break in response to the impact of the force of the 
detonation of the cord. The hot gases of detonation of 
the cord could not penetrate the ignition wafer charge 
and the shot failed. : 
A series of 10 of the same tests was carried out utiliz 

ing the same device except that the web thickness was 
reduced to 0.010 inch, and 0.20 gram of the wafer 
charge containing the same ingredients but in the pro 
portions 36/14/24/24/2. The delay times were from 9.1 
to 10.8 seconds, at an average of 9.5. There were no 
failures. 
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4. 
The above tests were repeated except that the web 

member was omitted. All shots failed due to ingress of 
water into the cap assembly. 
Although a wide range of materials can be utilized in 

fabrication of the closure plugs, those materials having 
a durometer hardness of about 20 to 120 are preferred. Butadiene/styrene copolymer, and low density polyeth 
ylene, are now preferred closure plug materials. 

EXAMPLE 12 

Seven series of delay time tests of an assembly of Ex 
ample 7 containing 0.25 gram of the wafer charge were 
carried out except that in lieu of aluminum, each cap 
shell was fabricated from bronze (copper/zinc, 90/10) 
and had a wall thickness of about 0.009 inch. 

In one series, there were 20 test shots, and in each of 
the others there were 10, an average delay time varying 
over the seven series was from 2.3 to 3.1 seconds. All 
shots were successful. 
As setforth herein, the ignition system can be a single 

ignition charge or a combination of ignition and wafer 
charges. Thus with a decrease in burning rate of the 
delay fuse composition, there is an accompanying de 
crease, in its sensitivity, and hence a correspondingly 
"hotter' ignition system is required. I have discovered, 
in the operation of a delay cap assembly of the inven 
tion, that when the burning rate of the delay fuse com 
position is about 3 seconds per inch or faster, any suit 
able ignition system can be advantageously utilized; but 
that at slower delay fuse composition burning rates an 
ignition system having a heat of reaction of at least 
about 110 calories per gram, often in the now preferred 
range of about 400-600 calories per gram, is required 
for optimum fuse ignition reliability. 
Although various single ignition charges having a 

heat of reaction of about 110 calories per gram, or 
higher, are available for the above described ignition of 
delay fuse compositions having a burning rate slower 
than about 3 seconds per inch, a combination of ignia 
tion and wafer charges, such as charges 23 and 23 of 
the drawings, is generally preferred, and particularly 
when the heat of reaction of the ignition system is to be. 
in the 400-600 calorie per gram range. 
What I claim and desire to protect by Letters Patent 

This example illustrates the criticality of correlation 45 is 
of web thickness with the blasting assembly charge ma 
terials to be associated therewith. 

EXAMPLE 10 

Three delay blasting cap assemblies of Example 1 ex 
cept that the perforation in the closure plug was devoid 
of the web member 21 and constriction means 18, were 
tested for delay time, and the diametric cross-section of 
the perforation was 0.12 inch. All three caps failed to 
detonate due to rapid escape of heat and pressure from 
the burning area in the shell through the unobstructed 
perforation. 
These tests, as compared with those of Example 1, 

demonstrate the criticality of the perforation section b 
and the correlation of its volume with the constriction 
cross-sectional dimension. 

EXAMPLE 11 

Five non-electric blasting cap assemblies of FIG. 3 
were immersed in water for 24 hours. The detonator 
cord, was thereafter emplaced by crimp, as illustrated 
in FIG. 5, and initiated. All shots were successful. 
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1. In a non-electric blasting cap assembly, 
a closed shell including a plug closure member there 

for, 
a base explosive charge, and an ignition-primer 
charge system, with or without delay range, dis 
posed in said shell for operative relationship with 
a detonator cord for detonation of said base charge 
when said cord is disposed in said plug as described 
hereinafter, 

said plug closure containing a perforation extending 
therethrough in communication with the outside of 
said shell and with the interior thereof, 

a constriction in the cross-section of said perforation 
intermediate the ends thereof and dividing said 
perforation into an adjacent lower section extend 
ing to the shell interior and an adjacent upper sec 
tion extending to the outside of said shell and 
adapted to coaxially accept along at least a portion 
of its length, said detonator cord extending there 
into from outside said shell, 

means in said perforation at least partially closing 
same and disposed ahead of said cord, when ex 
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tending into said perforation as described, so as to 
interceptively block extension of said cord beyond 
said upper perforation section, and said constric 
tion adaptable to constitute said means, 

said constriction cross-sectionally dimensioned to re 
tard egress of heat and pressure from said lower 
perforation section passed thereinto from combus 
tion of one or more of said charges when said com 
bustion is initiated by detonating action of said 
cord extending into said perforation as described, 

and said lower perforation section having a volume 
correlated with the cross-sectional dimension of 
said constriction so as to permit egress of sufficient 
heat and pressure from said combustion for main 
taining integrity of said shell while retaining suffi 
cient of said heat and pressure for said combustion 
to propagate the resulting burning front for subse 
quent detonation of said base charge. 

2. In a non-electric blasting cap assembly of claim 1, 
said closed shell being tubular, and said plug substan 
tially coaxially disposed as an end closure therefor. 

3. In a blasting cap assembly of claim 2, said means 
for interceptively blocking extension of the cord dis 
posed intermediate said constriction and the opposite 
end of said upper perforation section. 

4. In a blasting cap assembly of claim 3, a diaphragm 
closing said perforation as said means for blocking ex 
tension of the cord, and rupturable by force from deto 
nation of said cord when extended into said perforation 
as described. 

5. In a blasting cap assembly of claim 4, a crimp 
about the periphery of said shell extending through said 
plug closure into said perforation, as said constriction, 
in a plane subjacent said diaphragm. 

6. In a blasting assembly of claim 2, said constriction 
adapted to also constitute said means for blocking ex 
tension of said cord. 

7. In a blasting cap assembly of claim 6, a crimp 
about the periphery of said shell and extending through 
said plug into said perforation as said constriction. 

8. In a blasting cap assembly of claim 3, a crimp dis 
posed about the periphery of said shell extending 
through said plug and into said perforation intermedi 
ate said constriction and the opposite end of said upper 
section to partially close said perforation as said means 
for blocking extension of the cord. 

9. In an assembly of claim 5, said diaphragm integral 
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6 
with said plug member, and closure means for said 
shell, integral therewith, at the end of said shell oppo 
site said closure plug. 

10. In an assembly of claim 9, a base charge, a primer 
charge, a delay charge and an ignition charge disposed 
contiguously in that order from the integrally closed 
end of said shell, and said plug member superposed on 
said ignition charge. 

11. In a blasting cap assembly of claim 2, a dia 
phragm in transverse water-tight closing relationship 
with said lower perforate section, and rupturable in re 
sponse to force of detonation of said cord when extend 
ing into said perforation as described. 

12. In a blasting cap assembly of claim 2, a dia 
phragm in water-tight closing relationship with said 
upper perforate section in a plane in the portion 
thereof accepting said cord, in open communication 
with the outside of said shell, and yieldable to penetrat 
ing action of said cord when said cord is extended 
within said perforation as described. 

13. In a blasting cap assembly of claim 5, a detonator 
cord extending into said upper perforate section into 
substantially abutting contact with said diaphragm. 

14. A blasting cap assembly of claim 13 wherein the 
core loading of said cord is from 2 to 7 grains per foot 
(PETN or equivalent). 

15. In a blasting cap assembly of claim 5, a detonator 
cord extending into said upper perforate section into 
spaced apart relationship with said diaphragm. 

16. A blasting cap assembly of claim 15 wherein the 
core loading of said cord is from 2 to 25 grams per foot 
(PETN or equivalent). 

17. A blasting cap assembly of claim 1 containing a 
delay charge having a burning rate faster than about 3 
seconds per inch. 

18. A blasting cap assembly of claim 1 containing a 
delay charge having a burning rate slower than about 
3 seconds per inch; and, as an ignition system, an igni 
tion charge, with or without a wafer charge, having a 
heat of reaction of at least 110 calories per gram. 

19. A blasting cap assembly of claim 18 containing 
said ignition and wafer charges in combination. 

20. A blasting cap assembly of claim 19, wherein the 
heat of reaction of said combination of ignition and 
wafer charges is within the range of about 400-600 cal 
ories per gram. 
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