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‘This invention relates to new and improved fuseheads_ 10
for instantaneous or delay elecmc detonators especially
though not exclusively to those for ventless electric de-
lay detonators. |

Instantaneous electric detonators are invariably of vent-
less construction but in order that a delay detonator 15
should be capable of a ventless construction it is necessary
that the amount of gas resulting from the ignition of the
electric fusehead and the delay fuse composition should
be insufficient to create an internal pressure sufficient to
burst open the closure at the mouth of the casing. There 20
are ordinarily used for the purpose delay fuse composi-
tions and fusehead beads whose products of reaction are-
substantially entirely mon-volatile and which are fre-
quently referred to as “gasless” although they all yield a
small amount of gas. 25

" The fuseheads to which this invention applies are of
two kinds; viz. so-called “low tension fuseheads,” which
comprise two pole pieces of electrically conducting ma-
terial separated by an electrically non-conducting medium,
said pole pieces being connected together at one end by 30
an electric resistance wire bridge which is embedded in
a match-head bead of which the core consists of a com--
position highly sensitive to ignition by heating, herecafter
referred to as a “priming composition,” an intermediate
composition ignitable from. the core but not necessarily 35
ignitable from the bare wire, having a powerful flame,
hereafter referred to as a “deflagrating composition,” and
an outermost protective film; and so-called “high tension
fuseheads,” which are similarly constructed except that
they have no resistance wire bridge, the composition sur- 40
rounding the pole- pieces itself being in this case one that

is electrically somewhat conducting and capable of igmi- -

tion upon the passage of a current through it- when a
suitable voltage is applied across the pole pieces. An
outer skin of mitrocellulose or the like protective com- 45
position is customarily present. Both these kinds of fuse-
heads will be referred to throughout this specification and -
in- the claims, coﬂectwesly as “fuseheads of the kmd de—- |
scribed.” = o
- According to my mventwn a fusehead of the kind de- 50
scribed comprises. in progressive dgnition relationship a
core consisting of a kernel of a priming composition whose
products of reaction are substantially all non-volatile and
which accordingly burns with very little or no evolution
of gas, and a layer of a deflagrating composition which in 55
turn is surrounded by a protective layer and, except.in
the case of an instantaneous fusehead, one or a succes-
sion of layers of slower burning composition whose
products ‘of reaction are also substantially all non-volatile
and thus burning with very little evolution of gas, said 60
layer or layers of slower burning composmon, when in~
cluded, being interposed between the prmmng comp031-'-
tmn and the deflagrating composition. T
The thickness, number and physical and chemlcal struc--
ture of the kernel and any surrounding layers of .com-: 65
positions which bumn with very little evolution of - gas

(hereafter referred to as “gsasless compositions”) will de- '

termine the time delay between initiation and detonation
of the. prlmary initiating exploswe charge of a detonator
mcorpc}ratmg a fusehead according..to ‘the invention., 70
Thus, the greater the said time delay is required to be,
the rtb.lcker will be 'the layer or la.yers of gasless delay

2 .
compositions for any particular composition. The normal
method of applying layers of gasless, deflagrating or in-
deed amy other compositions to fuseheads of the kind de~
scribed is that of dipping the fuseheads in a liquid con-
taining the required ingredients for the layer comncerned,
a binding agent, for example, nitrocellulose, and a sol-
vent, for example, amyl acetate, and thereafter drying off
the solvent whereby a layer of composition is deposﬂed-
on the fusehead. .

The invention enables the detonators in a delay series

~to be made shorter than when the conventional tubes
- filled with the delay fuse composition are interposed be-

tween an ordinary fusehead and the charge of the pri-
mary initiatin'g composition and if desired for all the
detonators in a delay series to be made of the same
length. |

There is a limit to the thickness of such a layer which
can be deposited in one dipping and a fusechead may
therefore have to be subjected to two or more dips (each
followed by drying-off of solvent) in respect of each layer
of composition. Moreover two or more successive layers
of gasless composition of different physical or chemical
structure may be applied, and in this way a series of gas-
less delay detonators having a range of delay times from
approximately 10 to several hundred milliseconds may be
produced, but it will be appreciated that a detonator with

- a delay time of the order of 10 milliseconds is to all in-

tents and purposes an instantaneous one.

In practice, delay detonators are frequently used in
blasting work where it is desired to detonate a number
of high explosive charges in a pre-determined order and
with pre-determined time delays between successive det-
onations. In such an event it is desirable that the det-
onator employed for the detonation of the first high ex-
plosive charge should be substantially instantaneous. It

- is well-known that the electrical firing characteristics of
" all the detonators in such an arrangement should be sim-

ilar since otherwise one or more detonators may fail to
detonate. Consequently it would be undesirable to use

an instantaneous detonafor of the conventional kind (i.e.

one evolving gas upon initiation) and preferably when -
using gasless delay detonators incorporating a fusehead
according to this invention, to use in association with
said detonators an instantaneous detonator which incor-
porates a fusehead according to this invention and such

 that the said instantaneous detonator is in effect, as al-
ready described, a gasless delay detonator with a very

short delay time.

It is also well-known that in practlce the ﬁrmg current
required for a number of fuseheads in series is a function.
of that number, in order to make sure that all fu-seheads'__

- are initiated. - I have found that the rate of increase in

ﬁrmg carrent with increase i number of fuseheads in
series is lower for fuseheads according to the invention:
than for conventional fuseheads. )

Preferably gasless delay fuseheads acwrdmg to the

- Invention have successive la.yers (applied by successive
dips) of (a) a gasless prlmmg composition, (b) one or

more gasless delay compositions, (¢) a deflagrating com-
position, (d) a barrier composition and ﬁna_lly_(e) an
outer skin. - For low tension fuseheads, the priming com-
position may be a mixture of red lead and ﬁnuly ground

- silicon, and for high tension fuseheads a priming com-

position consisting of a mixture of lead dioxide and

finely ground silicon has been found satlsfactory Mix-
tures of red lead and coarse silicon have been found
suitable as - gasless delay compositions for time delays-’_

up to 70 milliseconds or thereabouts, and mixtures oft
- zing omde copper oxide and boron have " been found". |
suitable as gasless delay compositions for longer delay-_j_ |

times. Mixtures of lead monoxide and silicon and mix- .
tuires of red lead; sﬂlcon and sxhca have also. been SUC-: !
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cessfully used as delay compositions, and, depending on
the number of applications, delay compositions made up
from the latter mixtures may conveniently be made to

give a range of delay times which are intermediate be-

tween the upper and lower ranges which have been
obtained from campomtlons containing the first two men-
tioned mixtures.

Delay compositions consisting of a mixture of bismuth

and selenium powders, and delay compositions consist-
ing of a mixture of antimony pentoxide and manganese
powders have also been found satisfactory, and these
have the advantage that, when applied in delay electric
fuseheads incorporated in ventless electric delay deto-
nators, such fuseheads may be initiated in certain In-
flammable atmospheres met with in practlce, for exam-
ple in coal mines where firedamp is present, without
the hot particles of the products of reaction which are
scattered when detonators incorporating such fuseheads

are fired igniting the gases forming the inflammable at-

mosphere, the amount of incendive priming composi-
tion normally used in the kernel of a fusehead being SO
small that it is unable to ignite the said gases.

I have also discovered that a variation in delay times
may be achieved by varying the amount of binding agent
such as nitrocellulose in the delay composition, and that
in partlcular a reduction in nitrocellulose content causes
an increase in delay times.

Mixtures of charcoal and potassium chlorate have been
successfully used as deflagrating composmons

The outer skin, whose function it 1s to prevent the
fusehead from bursting after initiation and before igii-
tion of the deflagrating composition (in the event of
very small quantities of gas being evolved in the sub-
stantially gasless compositions) may convemenﬂy con-

sist of nitrocellulose or ethyl celluiose and will in prac-
tice be merged with the barrier layer which normally
also consists of nitrocellulose or ethyl cellulose, though
the outer skin is, in the course of the manufacture of
the fusehead, separately applied from the barrier layer,
the nitrocellulose (or ethyl cellulose as the case may be)

of the former layer having been dissolved in different
solvents from those of the latter layer, as will be de-

scribed later.
- Several forms of the mventlon will now be illustrated

with reference to the drawings and the following

examples -
~ FIGURE 1 i1s a cross section through a low tension
and FIGURE 2 a similar cross section through a high
tension fusehead, both according to the invention.

between two brass foil pole pieces 2; a length of resist-
ance wire 3 is soldered at its ends to the brass foil pole
pieces 2 at 4, to form a br1dge a portion of the press-
board 1 bemﬂ recessed at 5, in order to accommodate
the requisite length of resistance wire. One tinplated
copper Jeading wire 6 is soldered to each brass foil pole
piece at 7. The resistance wire 3 is completely sur-
rounded by a bead of priming composition 8 which 1in

turn is surrounded by a layer of a first delay composi-

tion 9, a layer of a second delay composition 18, a
layer of a deflagrating composition 11 and finally an
outer skin 12, consisting of mtrocellulese or the like.

When an electric potential is apphed across the lead-

ing wires 6, the resistance wire 3 18 heated sufficiently
to ignite the priming composition 8 which in turn ini-
tiates the delay compositions 9 and 18.
compositions burn at a controlled rate and eventually
ignite the layer of deflagrating composition 11, where-
upon the fusehead bursts.
the invention are intended for use in conventional det-

onators and, when so used, upon bursting as afore-

Re-
ferring to FIG. 1, 1 is a piece of pressboard sandwiched

These delay

The fuseheads according to
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as the low tension fusehead shown in FIG. 1, except for
the omission of the resistance wire 3 (and therefore
also of course, the recessed portion 5). The part num-
bers listed in the description of FIG. 1 therefore also
apply to FIG. 2. As was mentioned earlier in the
specification, the prlmmg composition 8 is inself elec-
trlcally conducting, and 1n operatlon a suitable voltage
is applied to the leading wires 6, to produce a current
through the priming composition 8 of sufficient magm—
tude to ignite it. Thereafter the sequence of events is
the same as for the low tension fusehead, described above.
High tension fuseheads are less commonly used than
low tension fuseheads, but high tension fuscheads ac-
cording to the invention may be used in conventional

detonators.
The following examples illustrate different methods of

manufacturing fuseheads according to the invention, and
typical test results. All parts are parts by weight.

Example 1

IL.ow tension fuseheads, having a resistance wire of
0.0013”" diameter, were dipped in the fast burning mix-
ture comprising 70 parts of red lead and 30 parts of ﬁnely
oround silicon (i.e. substantially between 5 and 10 mi-
crons) which had been made to a suitable consistency in
a solution comprising 90 parts of amyl acetate, 10 parts
of amyl alcohol and 2% parts of nitrocellulose. After
drying, the fuseheads were further dipped in the slow

" burning mixture comprising 70 parts of red lead and 30

30
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‘said initiate the explosive composition of the detonators

w1th which they are associated. |
.- The high tenston fusehead shown in FIG 2 is con-

- str,u_ct.ed_ in design to operaic in exactly the same way

parts of coarse silicon (i.e. substantially between 10 and
20 microns) made to a suitable consistency in a solution
comprising 90 parts of amyl acetate, 10 parts of amyl
alcohol and 2V% parts of nitrocellulose. After drying they
were further dipped in a mixture comprising 1 part of
charcoal and 3 parts of potassium chlorate made to a
suitable consistency in a solution comprising 90 parts of
amyl acetate, 10 parts of amyl alcohol and 712 parts of
nitrocellulose. With drying between each dip, the fuse-
heads were then consecutively dlpped once in collodion
(a solution of nitrocellulose in a mixture of ether and
methylated spirits), and thereafter four times in a solu-
tion comprising 90 parts of amyl acetate, 10 parts of amyl
alcohol and 15 parts of nitrocellulose. ‘When fired by a
nulse of electrical energy of 50 millisecond duration and
a current of 1.5 amps, the times in milliseconds between
application of the current and the bursting of the fuse-
head, for a group of fuseheads, were as follows:

35, 36, 35, 36, 32, 35, 33, 34, 36, 35, 35, 33, 40, 32, 37
30 36, 32, 34, 34.

"Example 2

Fuscheads were made as described in Example 1, but
two applications of slow burning red lead/silicon com-
positions were made instead of one. When fired by a
50 millisecond pulse of electrical energy at 1.5 amps, the
times in milliseconds between the application of the cur-
rent and the bursting of the fusehead for a group of fuse-
heads were as follows:

© 70, 69, 67, 58, 67, 63, 70 66, 72, 75, 65, 69, 63, 64, 62,

64, 66, 69 64, 65.
Example 3

Fuseheads were made as described in Example 1, but
without any slow burning red lead/silicon composition
applied. When fired by a 50 millisecond pulse of elec-
trical energy at a current of 1.5 amps, the times in milli-
seconds between the application of the current and the
bursting of the fusehead for a - group of fuseheads were
as follows: -

13, 14, 14, 12 12 12, 12,13, 12,
Example 4

Fuseheads were made as descmbed in Example 1, but,

o instead -of being dipped once in the slow burmng red

75

1¢a;_1(_s_;11c0n composition, they were _d1pped three times in
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a composmon compnsmg 60 parts of zinc oxide, 15 parts

copper oxide and 25 parts boron, made to a suitable con-
sistency in a solution comprising 90 parts amyl acetate,

10 parts amyl alcohol and 2%% parts nitrocellulose. When

fired by a pulse of electrical energy of 50 milliseconds
duration at a current of 1.5 amps, the times in millisec-

onds between the application of the current and the burst-

ing of the fusehead, for a group of fuseheads were as

follows: .
278, 200 191, 290, 226 215.

Example 5

Fuseheads were made as described in Example 1, but

after dipping in the slow burning red lead/silicon com-

position and drying, and before dipping in the charcoal/

potassium chlorate composition, they were dipped twice
(with drying between dips) in a mixture comprising 70
parts of zinc ox_ide and 30 parts of bamn, made to a suit-
able consistency in a solution comprising 90 parts of
amyl acetate, 10 parts of amyl alcohol and 2% parts of
nitrocellulose. When fired by a pulse of electrical energy
of 50 mlliseconds duration at a current of 1.5 amps, the

times in milliseconds between the application of the cur-

rent and the bursting of the fuseheads, for a gmup of
fuseheads were as follows:

221 244, 329 226 343, 229, 239, 195, 301.

' Exam;ale 6

Fuseheads were made as described in. Example 1, but
instead of dipping in the slow burning red lead/ sﬂlcon
composmon they were dipped twice (mth drymg between
dips) in a slow burning mixture comprising 64 parts of
bismuth powder (passing a 300 B.S. mesh) and 36 parts
of finely ground selenium powder (commonly known to
the trade as “selenium blackpawder”) made to a suitable
consistency in a solution comprising 90 parts of amyl
acetate, 10 parts of amyl alcohol and 2 parts of nitrocel-
Iunlose. ‘When fired by a pulse of electrical energy of 50
milliseconds duration and a current of 1.5 amps, the times
in milliseconds between application of the current and
the bursting of the fusehead, for a group of fuseheads,
were as follows:

19 26, 28, 33, 32, 35, 35, 30, 34 31, 30, 28 31, 27 23 .

31 31, 28, 28 33.
49 fuseheads, manufactured as aforesald were each as-

sembled in a copper detonator containing a base charge

of 0.25 g, tetryl and a priming charge of 0.35 g of an
aluminium-lead styphnate-lead azide composition (111 the
proportlons 3:30:70 by we1ght) ‘The detonators were
fired in a 9% methane air mixture, and none of them
1gnited ﬂ:lIS mﬂammable atmosphere. |

Exampie 7

Fuscheads were made as described in Example 6, but
four applications of slow-burning bismuth/selenium com-
position were made instead of two. When fired by a 50
mﬂhsecond pulse of electrical enargy at 1.5 amps, the
times in milliseconds between the application of the: cur-

99 fuseheads, manufactured as aforesaid, were dssemis
bled in a copper detonator containing a base charge of
0.25 g. tetryl and a priming charge of 0.35 g. of an

~ aluminium-lead styphnate-lead azide composition (in the
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rent and the burstmg of the fusehe:ad for a group of fusa- |

heads were as follows

47 63, 58, 57, 65, 60, 56, 63 71 54, 64 67, 40 56 41

68 64, 70 46 61.
- Example 8

Fuseheads were made as described in Example 6 ex- |

cept that the quantities of bismuth powder and selenium

65

powder were 80 and 20 parts respectively, and that three

applications of the slow burning mixture were made in-
stead of two. When fired in the manner aforesaid, the
times in milliseconds between the application of the cur-

70

rent and the bursting of the fusehead for a group of fuse-

heads, were as follows:
58 37, r66 66, 51, 59 55 76 53 73 78 51 91

o .

proportions 3:30:70 by weight).

~and 2 parts of mitrocellulose.

proporuons 3:30:70 by weight). The detonators were.
fired in a 9% methane-air mixture, and none of them
ignited this inflammable atmosphere.

Example 9

Fuseheads were made as described in Example 6,
except that, instead of being dipped twice in the slow-
burning bismuth/selenium composition, they were dipped
twice (with drying between dips) in a slow burning mix-
ture comprising 60 parts of antimony penoxide and 40
parts of manganese (both passing a 300 B.S. mesh), made
to a suitable consistency in a solution comprising 90 parts
of amyl acetate, 10 parts of amyl alcohol and 2 parts of
nitrocellulose. When fired as aforesaid, the times in
milliseconds between the application of the current and
the bursting of the fusehead for a group of fuseheads
were as follows:

123, 189, 145, 105, 128, 130.

25 fuseheads, manufactured as aforesaid, were ecach
assembled in a copper detonator containing a base charge
of 0.25 g. tetryl and a priming charge of 0.35 g. of an
aluminium-lead styphnate-lead azide composition (in the
The detonators were
fired in 4 9% methane-air mixture, and none of them
ignited this inflammable atmosphere. |

Example 10

Fuseheads were made as described in Example 6,
except that, instead of being dipped twice in the slow-
burning bismuth/selenium composition, they were dipped
once in a slow-burning mixture comprising 65 parts of
lead monoxide and 35 parts of silicon, made to a suitable
consistency in a solution comprising 90 parts of amyl
acetate, 10 parts of amyl alcohol and 2 parts of nitro-
cellulose. When fired as aforesaid, the times in milli-
seconds between the application of the current and the
bursting of the fusehead for a group of fuseheads were
as follows:

45, 47 57 52, 48, 55, 45, 56.
Example 11

. Fuseheads were made as described in Example 10,
except that two applications of the slow-burning lead-

- monoxide/silicon cox:apo-s_ition were made instead of one.
80

When fired as aforesaid, the times in milliseconds between
the application of the current and the bursting of the
fusehead for a group crf fuseheads, were as follows

77, 109 113 115, 86 115 131, 146, 121, 118.

Example 12

Fuscheads were made as descrlbed in ExamPle 6,
except that instead of dipping twice in the slow burmng_
bismuth/selenium composition, they were dipped three

~_ times in a slow burning mixture comprising 70 parts of

red lead, 30 parts of coarse silicon (i.e. substantially be-
tween 10 and 20 microns) and 10 parts of finely ground
smca, made to a suitable consistency in a solution com-
prising 90 parts of amyl acetate, 10 parts of amyl alcohol

When fired as aforesaid,
the times in milliseconds between the application of the

- current and the bursting of the fusehead for a group of

fuaeheads were ‘as follows: o
119, 72, 112 105 106, 80, 100 106 102 1(}5 104

" Example 13

Fuseheads ‘were made as described in Example 2, '
except that the silicon in the delay mixture was of such

‘a particle size as to give a medium burning speed; the

delay mixture was made to a suitable consistency in a
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solution comprising 90 parts of amyl acetate, 10 parts of
amyl alcohol and 2¥% parts of nitrocellulose. When fired
as aforesaid, the times in milliseconds between the appli-

cation of the current and the bursting of the fusehead for

a group of fuseheads were as follows:
28, 27, 27, 27, 27, 29, 28, 25, 25, 21.
Example 14

Fuseheads were made as described in Example 13,
except that the delay mixture was made to a suitable
consistency in a solution comprising 90 parts of amyl
acetate, 10 parts of amyl alcohol and 1 part of nitrocel-
lalose. When fired as aforesaid, the times in milliseconds
between the application of the current and the bursting
of the fusehead for a group of fuseheads were as follows:

47, 45, 37, 48, 47, 40, 36, 45, 49, 49.

Example 15

High tension fuseheads were dipped in a fast burning
mixture comprising 60 parts of lead dioxide and 40 parts
of finely ground silicon, made to a suitable consistency in
a solution comprising 90 parts of amyl acetate, 10 parts
of amyl alcohol and 2% parts of nitrocellulose. After
drying, they were further dipped in a slow-burning mix-
ture comprising 70 parts of red lead and 30 parts of coarse
silicon made to a suitable consistency in a solution com-
prising 90 parts of amyl acetate, 10 parts of amyl aicoho}
and 2v% parts of nitrocellulose. After drying, they were
further dipped in a deflagrating charcoal/potassium chlo-
rate mixture and this and the subsequent dips were
exactly as in Example 1. When fired at 50 volts, the
times in milliseconds between the application of the voit-
age and the bursting of the fusehead for a group of fuse-
heads were as follows:

91.0, 79.1, 81.7, 51.1, 89.3, 72.3, 56.4.

What I claim 1is:

1. In a fusehead comprising electrical igniting means
and a kernel surrounded by a plurality of layers of ig-
niting compositions in progressive ignition relationships;
the improvement in which said kernel is a gasless priming
composition and said layers are at least one layer of a
slower burning gasless delay composition adjacent and
around said kernel, a layer of deflagrating composition
adjacent and around said delay composition and a pro-
tective layer adjacent and around said deflagrating com-
position, whereby there is a predetermined time delay
between firing said electric igniting means and ignition of
the deflagrating layer.

2. A low tension type of fuschead as claimed in claim
1, wherein the kernel of priming composition consists es-
sentially of a mixture of red lead and silicon with a
particle size of less than approximately 10 microns.

3. A fusehead as claimed in ¢laim 1 including a binder
in said kernel and said layer of deflagratory composition
and said layer of slower burning composition.

4. A fusehead comprising low tension electrical ignit-
ing means, a kernel of gasless priming composition con-
sisting essentially of a mixture of red lead and silicon
with a particle size of less than about 10 microns in pro-
portions of 70 parts red lead to 30 parts silicon, gasless
delay composition surrounding said kernel -and in igni-
tion relationship therewith, a layer of deflagrating com-
postion surrounding said gasless delay composition and
in ignition relationship therewith, and a protective layer
around said deflagrating composition. |

5. A fusehead apparatus as set forth in claim 4
in which the gasless delay composition includes at least

10

15

20

29

30

39

4.0

40

60

b5

60

65

&

one layer of a mixture consisting essentially of about 70
parts by weight red lead and about 30 parts by weight
silicon, the silicon having a particle size between about
10 and 20 microns. -

6. A fusehead as set forth in claim 4 in which the
gasless delay composition includes at least one layer of
a mixture consisting essentially of about 60 parts by
weight zinc oxide, about 15 parts by weight copper oxide
and about 25 parts by weight boron.

7. A fusehead as set forth in claim 4 in which the gas-
less delay composition includes at least one layer of a
mixture consisting essentially of about 70 parts by weight
of zinc oxide and about 30 parts by weight of boron.

8. A fuschead as set forth in claim 4 in which the gas-
less delay composition includes at least one layer of a
mixture consisting essentially of about 64 parts by weight
bismuth powder of particle size such that it passes a 300
B.S. mesh and about 36 parts by weight finely ground
selenium powder.

0, A fuschead as set forth in claim 4 in which the
oasless delay composition includes at least one layer of a
mixture consisting essentially of about 60 parts by weight
antimony pentoxide and 40 parts by weight manganese,
the mixture being of such particle size that it passes a
300 B.S. mesh. -

10. A fuschead as set forth in claim 4 in which the
gasless delay composition includes at least one layer of a
mixture consisting essentially of 65 parts by weight Iead
monoxide and 35 parts by weight silicon.

11. A fusehead as set forth in claim 4 in which the
gasless delay composition includes at least one layer of
a mixture consisting essentially of about 70 parts red
lead, about 30 parts coarse silicon of particle size be-
tween about 10 and 20 microns and about 10 parts
finely ground silica of particle size substantially less than
about 10 microns.

12. A fusehead comprising high tension -electrical
jieniting means having spaced electrodes, a kernel of gas-
less priming composition in contact with said igniting
means, and consisting essentially of a mixture of about
60 parts by weight lead dioxide and about 40 parts by
weight finely ground silicon, a gasless delay composition
surrounding said kernei and in ignition relationship there-
with and including at least one layer consisting essential-
Iy of a mixture of red lead and silicon having a particle

size between about 10 and 20 microns, a layer of de-

flagrating composition surrounding said gasless delay
composition and in ignition relationship therewith and
a protective layer sur_rounding said layer of deflagrating

~ composition.

~ 13. The fusehead as set forth in claim 1 having two
layers of gasless delay composition, the oufermost layer
having a slower burning speed than the inner layer.
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