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[5 7] ' ABSTRACT 

The detonation of charge-around-case explosive de 
vices is accomplished by combinations of initiation 
logic, detonation wave interactions, controlled case 
forming implosion and analog-to-digital methods of 
path control to enhance the directionality, projection 
of kill mechanism and environmental coupling of the 

‘ charge in a variety of warhead/target intercept condi 
tions. Numerous variants are developed to give a wide 
choice of geometries and complexity. 

19 Claims, 52 Drawing Figures 
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INITIATION AIMED EXPLOSIVE DEVICES 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention is directed to explosive 

charges and more speci?cally to arrangements of ex 
plosive, case and buffer materials for initiating and con 
trolling the detonation thereof to improve the direc 
tionality and/or coupling to case and environment. 
New initiation and buffering techniques have been de 
veloped to accomplish this. 

2. Prior Art 
In the past warheads were usually formed of a metal 

case ?lled with a homogeneous mass of explosive which 
was isotropically detonated so that the fragments of the 
metal case would be propagated along a path substan 
tially normal to the local surface of the warhead. At the 
most, the fragments could be de?ected about 7° from 
normal and since the fragments were moving outwardly 
in all directions it was impossible to obtain any concen 
tration of the fragments to provide a more effective 
fragmentation pattern in any speci?c direction. Most 
conventional warheads do not impact the target di 
rectly but encounter the target along one side or the 
other. When a warhead explodes the target subtends 
only a small angle about the warhead center. Making 
allowance for fuse inaccuracies, the target distribution 
will generally extend about 17/4 radians about a side 
Iooking cylindrical warhead. Thus, more than half the 
case fragments are directed away from the target, even 
with maximum aiming in a case-around-charge design. 

With the inability of assymetric initiation techniques 
to substantially improve kill-mechanism efficiency, sev 
eral variable geometry approaches have been tried. 
These methods attempt to re-orient the warhead com 
ponentsjust prior to detonation. Unfortunately, certain 
difficulties militate against this method. Rapid deploy 
ment in a high speed air stream creates impossible 
aerodynamic problems and even the fastest mechanical 
movement has proven too slow in high speed intercept 
conditions. ' . 

Current fuse technology uses a variety of sensors to 
detect and track the target distribution centroid. The 
fuse initiates the warhead at achievement of the opti 
mum geometric relationship vis-a-vis the target. Side 
looking air-air fuses which locate not only the polar but 
the azimuthal target coordinate sector as well have 
been successfully tested. These fuses give the warhead 
two pieces of information, namely when to detonate 
and what direction to aim. Because of the primitive 
state of explosive control prior to the present invention, 
these fuses'have been designed to communicate with 
parallel logic to the warhead. For example an eight-way 
aiming warhead would require eight detonators, each 
with a safe-arming mechanism. The fuse would choose 
the appropriate detonator to fire. 

SUMMARY OF THE INVENTION 

The present invention is directed to secondary explo 
sive network means which accomplish the decoding of 
electrical fuse outputs into detonation of the charge in 

i the appropriate aim direction. Any number of aim di 
rections may be selected by serial coding (time se 
quencing) only two detonators. 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
The present invention also comprises numerous sin 

gle point, sequenced, muIti-point and line initiation 
methods which are adaptable to realistic warhead 
packages and which operate in conjunction with the 
secondary explosive network means. 
The present invention further comprises analog-to 

digital conversions of the detonation of the warhead ex 
plosive mass to provide control of the effective detona~ 
tion velocity. 
The present invention also comprises a unique means 

of using the sacri?cial explosive itself as an incendiary/ 
reactive kill-mechanism. Generalization of this concept 
allows variable C/M (charge mass/metal mass) con 
structions. 
Various combinations of the above features may be 

made to provide an improved warhead construction. 
The present invention provides an improved arrange— 

ment of the explosive, case and buffer materials for use 
with the above network means, initiation methods and 
detonation velocity control to provide a more effective 
warhead with a more efficient concentration of frag 
mentation and a more effective utilization of the explo 
sive force. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram showing the fragmen 
tation of a conventional prior art warhead. 
FIG. 2 (ad) shows the explosive sequence for a cy 

lindrical warhead having the charge surrounding a cas 
ing with insuf?cient velocity of collapse to achieve 
ejection from the surround. 
FIG. 3 (a-d) shows the explosive sequence according 

to the present invention for a cylindrical warhead hav— 
ing the charge surrounding the liner, the liner being 
thin enough to achieve ejection. 
FIG. 4 (a~c) schematically shows several conceptual 

modi?ed arrangements for the explosive material to ef 
fectively extend the path of the explosive detonation 
around the periphery on the cylindrical charge. 
FIG. 5 shows another embodiment of the present in 

vention wherein a ring charge is utilized to detonate at 
least one explosive charge located radially outwardly 
thereof. 
FIG. 6 is a schematic view showing the problem en 

countered with the two point detonation of a ring or cy 
lindrical charge. 
FIG. 7 is a schematic view similar to FIG. 6 but utiliz 

ing a plurality of explosive diodes to render a two point 
detonation feasible. 
FIG. 8 is a schematic sectional view of a warhead ac 

cording to the present invention showing the relation 
ship between the detonation ring and the main explo 
sive charge. 
FIG. 9 is a fragmented detailed view of the end'plates 

shown in FIG. 8. 
FIG. 10 (a-c) is a schematic view of a diode network 

for connecting the explosive elements of the warhead 
shown in FIG. 8. 

FIG. 11 shows an electrical diode network corre 
sponding to the explosive diode network of FIG. 10. 

FIG. 12 is a schematic view showing the details of a 
linear diode. 
FIG. 13 is a schematic cross-sectional view of an ex 

plosive diode network to accomplish line detonation of 
the explosive means shown in FIG. 10 utilizing linear 
diodes. 
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FIG. 14 is a partial view of an explosive logic element 
according to the present invention for controlling the 
commencement of detonation of a selected explosive 
segment in an explosive means. 
FIGS. 15a and 15b are explanatory schematic views 

, showing the operation of the explosive logic element in 
FIG. 14. 
FIG. 16 is a schematic sectional view of a modi?ca 

tion of the present invention providing for isotropic ini 
tiation in the event of fuse failure. 
FIG. 17a is a schematic view of an initiation ring simi 

lar to FIG. 16 for an eight sector warhead. 
FIGS. 17b and 17c are schematic views of modi?ed 

isotropic initiation devices. 
FIG._18 is a schematic cross sectional view of a sim 

ple detonation delay for end initiated explosive seg 
ments arranged around a cylindrical case. 
FIG. 19 is an elevation view, partly in section, of FIG. 

18. 
FIG. 20 is a schematic sectional view of a planar det 

onation control system for arbitrary surfaces. 
FIG. 21 is a schematic flow diagram for the shock 

waves showing their path of travel in FIG. 20. 
FIG. 22 is a schematic top plan view of the arrange 

ment shown in FIGS. 20 and 21. 
FIG. 23 is a sectional view of an hexagonal array of 

explosive elements utilizing the diode interconnection 
of FIG. 20. 

FIG. 24 is a schematic view showing the diode inter 
connections of the explosive segments of FIG. 23. 
FIG. 25 is a sectional schematic view similar to FIG. 

20 showing the relationship of continuation segments 
to the dilation elements. 
FIG. 26 is a cross sectional schematic view of a war 

head utilizing the arrangement of FIG. 25 to provide 
explosive shaping of the case. ' 
FIG. 27 is a schematic plan view of a warhead having 

a cylindrical charge ?lled with a fragmentation core. 
FIG. 28 is a schematic view of an arrangement similar 

to FIG. 27 showing a detonation sequence to achieve 
directionality of the fragmentation core. 
FIG. 29 is a cross sectional view taken generally 

along the line 29-29 in FIG. 28. 
FIG. 30 is a schematic view showing the arrangement 

of pyrocore in each explosive segment. 
FIG. 31 is a schematic sectional view showing a mod 

i?ed asymmetric timing arrangement similar to FIG. 
19. 
F lg. 32 is a schematic sectional view of an arrange 

ment for sequencing explosive segments by means of 
metal shock prisms. 
FIG. 33 shows a plurality of circular T-shaped linear 

‘ AND gates shocked concentrically about an explosive 
core. 

FIG. 34 is a schematic view of a typical line wave 
generator. 
FIG. 35 shows a buffer device for eliminating colli 

sion fronts in the line wave generator of FIG. 34. 
FIG. 36 is a cross sectional schematic view of a line 

detonating sheath showing a plurality of linear AND 
gates. 
FIG. 37 is a schematic view of clustered AND gates, 

either linear or planar. 
FIG. 38 is a modified schematic view of two sets of 

clustered, opposed linear or planar AND gates with a 
“shaped-charge" bootleg. 
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4 
FIG. 39 is a modi?cation of the opposed linear or pla 

nar AND gates with controlled delays to permit the 
outer set to “pass through” the inner set. 

DETAILED DESCRIPTION OF THE INVENTION 

Although the isotropic detonation of many warheads , 
is acceptable and sometimes even desirable there are 
numerous times when it is desirable to concentrate the 
explosive kill mechanism in a speci?c lateral direction 
relative to the direction of travel of the warhead. Often 
times a missile having a cylindrical warhead merely ap 
proaches the general vicinity of the target and is so set 
up that it will explode as the missile passes the target. 
In situations such as this, the entire kill should- be di 
rected transversely to the axis of the cylindrical war 
head in a direction toward the target. Such an objective 
is impossible if the cylindrical warhead is isotropically 
detonated thereby sending the fragments of the sur 
rounding casing radially outwardly 360° about the axis 
of the cylindrical warhead. Such an arrangement is 
shown in FIG. 1 wherein a cylindrical warhead 10 is 
detonated in close proximity to a target 12. The arrows 
14 show the pattern of the fragments and it is obvious 
that only those fragments of the warhead casing sub 
tended by the angle a will effectively reach the target 
12. Thus, the majority of the case fragments are di 
rected away from the target in a case-around-charge 
design even with the best selection of initiation points. 

With the inability of initiation techniques to improve 
the kill-mechanism efficiency, several variable geome 
try approaches have been tried in the past. These meth 
ods attempted to reorient the warhead components just 
prior to detonation. However, rapid deployment in a 
high speed air stream creates impossible aerodynamic 
problems while even the fastest mechanical movement 
has proven to be too slow for high speed intercept con 
ditions. 

In an effort to overcome these de?ciencies, the ar 
rangement shown in FIG. 2 was attempted wherein the 
cylindrical charge 16 surrounds a hollow casing or kill 
mechanism 18. If the cylindrical charge is detonated 
along the line 20 in FIG. 2a which is on the opposite 
side of the casing 18 from the target, the liner or casing 
18 is initially driven toward the target as shown by the 
sequence in FIGS. 2a-2c. However, simultaneously, the 

- detonation is proceeding around the casing by a deto~ 
nation rate of about 25,000 feet per second. This is 
generally many times faster than the fragment velocity 
so the detonation quickly surrounds the casing or core 
nullifying the initial impulse as was clearly shown in 
FIG. 2d. The only way the full bene?ts of this design 
can be obtained is for the inner shell or casing 18 to 
cross the warhead diameter before the arms of the det 
onation can meet as they travel in opposite directions 
around the cylindrical charge. If this can be accom 
plished the fragment velocity will be given an extra 
boost rather than being impeded. 

In order to accomplish this the detonation is line initi 
ated parallel to the cylinder axis as shown in FIG. 3a. 
By detonating the bifurcated charge 20 at a point 
spaced from and parallel to the hollow cylindrical 
charge two separate explosive waves will collide in the 
cylindrical charge thereby giving the linear an initially 
sharp peak. This is very desirable for both ease of cross 
ing the void and the formation of a knife-like slug. The 
high C/ M (charge mass/ metal mass) would be primarily 
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for high speed encounters or armor penetration. The 
detonation and liner collapse will proceed as shown in 
the sequence of FIGS. 3a—3d. As most clearly shown in 
FIG. 3d, the ?nal explosive detonations of the cylindri 
cal charge will meet after the liner has started to move 
outwardly through the charge so that the ?nal explosive 
detonations will aid rather than oppose the liner ejec 
tion from the charge. ' 
‘ The velocity v of the liner can be approximated ac 
cording to the following formula: 

v = k(D+d)/21r(l}l-d) inches per in./,u.-sec. 
where k is the scale factor (how many diameters the 
liner travels), d is the inner'shell diameter, D is the 
outer shell diameter and 11' (D+d) u-sec. equals the 
time it will take detonation to travel halfway around the 
cylindrical charge to a point opposite the point of initi 
ation. Thus, d= k/2 1r (10 exp 6/12) feet/seconds. 

v =k(4/3) X 10 exp 4 feet/sec.= 11,333 feet per sec 
ond where k equals 1. ‘ 

The required liner velocity of nearly 12,000 feet per 
second is quite high but should be achievable. 

In a cylindrical warhead several techniques are avail 
able to help, such as having a high C/M and evacuating 
the core. By evacuating the core the energy transferred 
to the case is improved and pressure-volume working 
of air in the central void is eliminated. Line detonation 
also helps optimize the detonation head and sequenced 
initiation along the z-coordinate long axis of the cylin 
der will provide con?nement on the z-axis by creating 
surfaces of shock collision, thereby utilizing the colli 
sion surfaces as arti?cial con?nement. 
As an alternative to imparting an extremely high 

speed to the liner as it is projected across the central 
void in order-to obtain directionality it is possible to ob 

. tain an equally effective design if the detonation simply 
takes longer to travel its path around the circumference 
of the cylindrical charge. It is not practical to lower the 
detonation velocity directly but the effective velocity 
can be lowered by increasing the path length. Such an 
arrangement is shown in a rather primitive form in FIG. 
4a wherein a portion of the cylindrical charge 24 is 
shown arranged in a sinusoidal manner so that if deto 
nation takes place at point 26 the explosion will have 
to travel a much longer path to reach a point diametri 
cally opposite from point 26. A more re?ned version of 
the elongated path is shown in FIG. 4b wherein the ex 
plosive ring 28 has a plurality of notches 30 extending 
inwardly from the circumference and alternated with a 
plurality of indentations 32 extending outwardly into 
the ring. In FIG. 40 a variation of the construction 
shown in FIG. 4b is shown to obtain shock converging 
(or diverging if desired) in all sectors instead of alter 
nating as shown in FIG. 4b. 
The above principles of operation can also be applied 

to the construction of a detonation ring which in turn 
would. initiate the explosion of another explosive 
charge in a warhead. An example of such an arrange 
ment is shown in FIG. 5 wherein a thin ring 40 of high 
explosive material is detonated at point 42. The explo 
sion travels in opposite directions around the ring 40 
and meets at point 44 thereby causing a jet effect which 

'- will penetrate a buffer ring 46 and detonate the high ex 
plosive charge 48 located radially outwardly thereof. 

In order'to vary the point on the ring where the deto 
nation collision will take place, it is possible to detonate 
the ring at two spaced apart selected locations accord 
ing to a predetermined timing sequence. As shown in 

3,820,461 
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FIG. 6 it is possible to obtain a detonation collision at 
any point along the short are of ring 50 between A and 
B by varying the timing of the detonation at each of 
these points. Unfortunately, there will also be an image 
point where a collision will occur. If the desired detona 
tion is at point 52 then it is obvious that the detonation 
at point A has proceeded through an angle a and the 
detonation from point B has proceeded through an 
angle B. Meanwhile, the detonations have proceeded in 
the opposite directions from A and B through angles a 
and B, respectively and the collision image will occur 
at the midpoint of the remaining angle. Assuming a 
third detonation source or point C is added to the ring 
50 and the three detonation points A, B and C are 
equally spaced about the ring it will be possible to se 
quence A and B to obtain collision on their short arc 
at a predetermined location. Once again an image point 
is formed but to produce the image point one of the A, 
B detonation arms must pass through point C. 
By arranging the three points A, B and C as shown in 

FIG. 7 at equally spaced apart locations on the ring 54 
v and inserting two blocking diodes 56 and 58 on either 
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side of point C the suppression of the image point can 
be obtained. Since the detonation could occur at any 
two of three points, it is necessary to locate the diodes 
60 and 62 on either side of point A and diodes 64 and 
66 on either side of point B. The diodes may be con 
structed and arranged in accordance with the disclo 
sure set forth in US. Pat. No. 3,430,564, granted Mar. 
4, 1969. Assuming detonations occur at points A and 
B of FIG. 7 in the same sequence as described above 
with respect to FIG. 6 the explosions will meet at ap 
proximately point D. The explosions traveling along the 
segment 68 from point B toward point C will pass unim 
peded through diode 64 but will be extinguished by 
diode 58 before it can meet with the explosion traveling 
along segment 70 from point A toward point C. Thus, 
the desired collision and subsequent jetting can be ac 
complished along any of the three arcs of the ring at a 
predetermined location by properly detonating any two 
out of the three detonation points in the proper se— 
quence and the collision of the explosions will be pre 
vented. 
A practical arrangement for a detonation ring such as 

described in FIG. 7 is shown in FIG. 8 wherein a cylin 
drical warhead is provided with a thin outer case 72 
and a cylindrical explosive charge and liner 74 interi 
orly thereof. A pair of explosive end plates 76 and 78 
are provided and the detonation ring 80 or one of the 
other multiplexers detailed later is located within the 
hollow cylindrical explosive charge 74. Only two safe 
arming devices are necessary in the fuse 81 while still 
maintaining the ability to selectively detonate in any 
desired arming direction. The explosive end plate 78 
may be separated into pie shaped wedges as shown in 
FIG. 9 so that the end plate detonation is synchronized 
with the detonation of the warhead segments. 
Reverting to the cylindrical arrangement of the high 

explosive material such as shown in FIGS. 4a—_4c in 
order to accomplish a longer effective detonation path, 
it is noted that it is also possible to provide a plurality 
of individual explosive segments connected together by 
an explosive diode network to provide the proper se 
quencing and timing. Such an arrangement is shown in 
FIG. 10a wherein the ring generally designated at 80 is 
divided into a plurality of explosive segments 82 and 84 
separated and connected by means of a suitable diode 
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network 86. FIG. 10b shows an enlarged detailed view 
of the diode network arranged between the two seg 
ments 82 and 84 and FIG. 10c shows a detailed ex 
ploded view of the diode network. The diode network 
is constructed from three buffer plates 88, 90 and 92 
with the high explosive diode formed in cutout portions 
of the buffer plate 90. Each of the outermost plates 88, 
92 of the sandwich arrangement are provided with cy 
lindrical bores 94 ?lled with high explosive. These 
bores are aligned with the ends of the diodes 89 and 91 
formed in the intermediate buffer plate 90. In opera 
tion, if the charge segment 84 is initiated ?rst at the left 
hand end as viewed in FIG. 10b, the explosion will 

travel in the direction of the arrow until it reaches the 
explosive charge 94 intermediate the ends of the 
charge segment 84. The explosion will then travel 
through the diode in the direction shown by the arrows 
and initiate the explosion of the charge element 82 and 
so on around the cylindrical network. The electrical an 
alog of the diode network is shown in FIG. 11. 
The foregoing arrangement of the explosive segments 

connected by means of a diode network are suitable for 
end initiated explosions such as previously discussed 
above with respect to FIG. 8. However, the delayed 
path techniques may also be applied to a line initiated 
warhead and the proper operation for any aim point re 
quires a network of the same type as that used for the 
end initiated warhead. In this case, however, a new 
logic device, the linear diode, is required to maintain 
line initiation. The linear diode is an extension of the 
explosive diodes disclosed in the classi?ed successor to 
US. Pat. No. 3,430,564. Such a linear diode 100 is dis 
closed in FIG. 12 and is comprised of two planar sec 
tions disposed at right angles to each other with one 
planar section 102 having a thickness considerably less 
than the thickness of planar section 104. This arrange 
ment utilizes the corner effect which is a phenomenon 
which takes place when a thin explosive layer is deto 
nated along its surface. The thickness required is de 
pendent upon the explosive used. For duPont EL 
506-C sheet explosive this layer is about .025 inches. 
More sensitive compositions may require a thinner 
layer and less sensitive explosives require a thicker one. 
The thickness is generally called the critical thickness 
and is just sufficient to sustain a detonation. At these 
thickness levels the detonation can be inhibited easily 
especially by sharp changes of direction and the corner 
effect occurs when shock is forced around a sharp cor 
ner. Under these conditions, the shock must swing Wide 
around the corner leaving a sizeable “half moon” 106 
of undetonated explosive. By making the channel into 
which the shock is trying to turn so narrow that its ter 
minal end at the corner is entirely within the un 
detonated region the shock simply runs out of explosive 
and shuts itself off. Thus, the explosive cannot turn 
from a wide channel into a narrow one even though a 
shock coming from the'narrow channel into-the wide 
one has no dif?culty negotiating the corner. Thus, we 
have an explosive diode with a continuous path of sec 
ondary explosive. 
By utilizing the linear diodes described above the var 

ious segments of the warhead may be each connected 
together by a quartet of linear diodes in the manner 
shown in FIG. 13. The explosive segments 110 and 112 
are separated by four buffer elements 114, 116, 118 
and 120 arranged with respect to each other so as to 
provide wide channels 122, 124, 126 and 128 and nar 
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row channels 130, 132, 134 and 136. Thus, an explo 
sion initiating in segment 110 will proceed through 
channels 122 and 134. Since the explosion proceeding 
through narrow channel 134 enters into wide channel 
126 the explosion will be able to turn the corner and 
proceed through the central chamber 138 whereas the 
explosion proceeding through wide channel 122 is 
quenched since it cannot make the turn into narrow 
channel 130. Likewise, as the explosion proceeds 
through central chamber 138, the explosion entering 
passage 128 will be quenched since it cannot make the 
turn into narrow channel 136 whereas the explosion 
passing through narrow channel 132 can make the turn 
into wide channel 124 and thus initiate the explosion of 
segment 112. Thus, the line initiation of each segment 
is accomplished in the proper sequence and with the 
proper timing so as to effectively lengthen the path of 
travel of the explosion around the circumference of the 
warhead. 
A linear AND gate is accomplished with the arrange 

ment shown in FIGS. 14 and 15 by utilizing the flag or 
comer effect. An explosion or detonation started and 
traveling along the top arm 140 is maintained due to 
the su?icient thickness of the top arm but the vertical 
arm 142 is too thin and the detonation is trying to die 
but is continually renewed by the progressing detona 
tion of the top arm as shown by the wavefront 146. A 
plurality of horizontal output channels 148 and 150 are 
connected to the vertical arm 142 and if the shock is 
only traveling along the top arm and vertical segment 
the shock wave will be too weak to turn the ‘corner 
from the vertical segment 142 into the horizontal seg 
ment 148 and 150 as best shown in FIG. 15b. However, 
if a detonation is progressing in the opposite direction 
on the bottom arm 152 a similar dying shock will be 
traveling along the narrower vertical arm 142. When 
the two dying shocks meet each other as shown in FIG. 
15b, the two dying shocks are suf?cient to give an out 
put into the horizontal arm 148 or 150 depending upon 
the point where the detonation of the top arm 140 and 
the bottom arm 152 meet. Thus, by properly sequenc 
ing the detonations in the top and bottom arms a se 
lected output segment may be intiated which in turn 
will initiate the proper segment of a cylindrical war 
head to give the desired aimed detonation of the war 
head. 
Another form of demultiplexer ring for cylindrical ' 

warheads is shown in FIGS. 16 and 17. In FIG. 16 the 
fuses deliver pulses to the high explosive channel 160 
in timed sequence at points I and II so that the detona 
tions proceed in opposite directions around the chan 
nel 160 and meet at point 162. When the detonations 
meet at point 162 the explosion will jet through the 
buffer 164 to initiate the cylindrical’warhead 166 at 
this point. Simultaneously, detonations proceed along 
channels 168 and 170 from points I and II into a delay 
172 which is effectively longer than the channel 160. 
Thus, if either of the fuses should fail a detonation will 
travel through the delay 172 to initiate a central isotro 
pic detonation of the warhead. _ 
FIG. 17a shows the isotropic initiation of FIG. 16 ar 

ranged within a hollow cylindrical warhead having 
eight high explosive segments 174 separated by buffer 
strips 176. By choosing the proper time sequence of the‘ 
fuses I and II the explosion is traveling in opposite di 
rections along the channel 160 will meet adjacent a 
predetermined high explosive sector and jet through 
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the buffer wall 164 to detonate the selected high explo 
sive segment 174. 
FIG. 17b shows a variation in the con?guration of the 

high explosive channel 160 in FIGS. 16 and 17a. If one 
of the detonators should fail to initiate the explosion 
within the channel 160 at point A or point B the explo 
sion from the other point will travel completely around 
the channel 160 and enter the heart shaped isotropic 
output channel 178. A similar isotropic output can be 
achieved from the T-shaped initiation ring shown in 
FIG. 17c which is similar to the ring shown and de 
scribed with respect to FIGS. 14 and 15. Thus, if one 
of the detonators fail to initiate'an explosion in either 
channel 140 or channel 152 there will not be explo 
sions traveling in opposite directions to generate an 
output in the high explosive segments 150 shown in 
dotted lines. Thus, the single explosion will travel com 
pletely around the T-shaped ring and enter an isotropic 

‘ - output channel similar to that shown in FIG. 17b. Null 
gates “turn-off” isotropic leads at B, A when detona 
tion results at A, B respectively, thus preventing isotro 
pic interference with normal operation. 

In FIG. 18 the high explosive segments 180 are ar 
ranged about a core (solid or hollow) 182 and are sepa 
rated from each other by means of individual ‘buffer 
strips 184. This is somewhat similar to the arrangement 
of high explosive segments shown in FIG. 10 but in 
stead of connecting the various segments by means of 
a diode arrangement, U-shaped lengths of MDF (mild 
detonating fuse) I86 extend between the segments 180 
through the buffer walls 184. The initiation logic, com 
plete with detonators, safe-arming and electrical termi 
nals could be assembled on a plastic disc and secured 
directly to the top end of the warhead as viewed in FIG. 
19. Thus, upon initiation of the explosion of one of the 
segments 180, the explosion would travel along the 
MDF 186 into the adjacent high explosive segments 
180 on either side thereof to detonate the segments 
with the appropriate time delay. Thus, the explosion 
would travel from segment to segment in opposite di 
rections to obtain the proper aiming of the explosive 
force and fragmentation pattern. The core 182 may be 
closed with end plates and evacuated as discussed pre 
viously or may be ?lled with a fragmentation core as 
discussed more in detail hereinafter. A typical con 
struction technique might be to mold a plastic form 
into a metal case wherein both inside and outside shells 
of the case could be made in one piece to insure rigid~ 
ity. After assembling the MDF or similar sheathed det 
onating cord, the main charge would be loaded. The 
plastic would serve as aform for the MDF, a mold for 
the main charge and a buffer. The metal shells would 
serve as both a kill-mechanism and the load bearing 
structure, The only critical part (the initiation logic), 
being contained on a sturdy plastic disc, the design 
would allow signi?cant cost reductions in addition to 
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sion is propagated from explosive segment to'explosive 
segment only in a predetermined direction. 
FIG. 22 shows an arrangement of high explosive seg 

ments 198 having the MDF cord 200 arranged cen 
trally of each sector with diode interconnections desig 
nated by the lines 202 extending therefrom to each of 
the four sectors located adjacent the four sides of the 
main sector respectively. Each of the branches 202 is 
formed with a diode similar to that described above at 
196 so that the explosive force may travel only from a 
major section 198 to an adjacent sector and upwardly 
through the MDF cord 200 to initiate the adjacent sec 
tor 198. Utilizing the principal body of this arrange 
ment the individual explosive segments 198 may take 
any suitable geometry such as the hexagonal array 
shown in FIGS. 23 and 24. The isochrone 204 in FIG. 
23 is complete and concentric about the original point 
of destination 2% and the arrangement of the diode 
connections between the various hexagonal segments 
to achieve this isochrone is shown in FIG. 24. The 
isochrones have the same shape as the element in cross 
section but are rotated so that the locations of side and 
angle are interchanged. Although the elements can be 
of any size and shape, space-?lling shapes of uniform 
size would be preferred in practical applications. Since 
the time dilation depends upon both element size and 
length, both of which are in?nitely variable within lim 
its, any reasonable dilation can be achieved. In prac 
tice, requirements vary from about 4:1 for light case 
warheads to about 8:1 for heavy cased charges. To min 
imize the parasitic loss due to buffering the element 
size (or grain) would be the largest consistent with re 
quired uniformity. Since regular hexagons are the most 

> nearly circular of regular ?gures that ?ll the plane, the 
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markedly improving the performance over conven 
tional warheads. 
A variation of the detonation control shown in FIGS. 

18 and 19 is achieved in FIG. 20 wherein the MDF or 
sheathed detonating cord 188 extends between the ex 
plosive segment l90and is formed into a diode 192 in 
the manner previously described. The diode 192 is 
formed with a wide leg I94 and a narrow leg 196 so 
that the explosion can only turn the corner in one di 
rection. The net result of this arrangement is the explo 
sion path‘pattern shown in FIG. 21 so that the explo 
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elements would normally take that shape although 
other shapes might be chosen to ?t external geome 
tries, e.g. make the isochrones confront the case uni 
formly. 
For a long charge, the element chosen for proper 

time dilation may not be more than a small fraction of 
the overall charge length. As shown in FIG. 25 continu 
ation segments 208 of high explosive may be provided 
to accomplish this. Such continuation segments may be 
utilized to assist in forming the fragmentation dart as 
shown in FIG. 6 wherein the casing 210 is disposed ad~ 
jacent the end of a plurality of continuation segments 
212 which in turn are aligned with the individual ele 
ments of an array 214 of dilation elements similar to 
that shown in FIG. 23. In this way the shock waves des 
ignated by the lines 216 will reach the fragmentation 
plate at a predetemiined time sequence to achieve the 
fragmentation form shown in dotted lines at 218. 
As mentioned before, the aimed warhead is ?rst opti 

' mized in its gross geometry. The inside-out or charge 
around-case design is considered optimum if all~way 
aiming is desired. The two main variants are the hollow 
and solid designs with the hollow design being dis 
cussed previously with respect to FIG. 3. Such a design 
delivers a very narrow, dense fragment beam, similar to 
a focused or shaped charge. The solid or fragment core 
variation offers advantages if a more dispersed but still 
aimed warhead is desired. The primitive fragment core 
has been previously proposed but without control 
proved to be ineffective. 
Considering the basic fragment-core design in FIG. 

27, it is noted that the core 219 is formed from a plural 
ity of segments which completely ?ll the internal por 
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tion of the casing about which the high explosive 
charge 220 is disposed. Assuming the charge is deto 
nated at 222, the aim direction will then be along the 
arrow 224 on the opposite side of the charge. The core, 
although initially driven in the end direction upon deto 
nation of the high explosive, subsequently experiences 
an almost equal impulse in the opposite direction be 
cause the detonation velocity is about ?ve times that of 
the core. Therefore, the explosion travels completely 
around the high explosive ring before the fragmenta 
tion core can be expelled from the warhead. By apply 
ing the digital techniques described above to the frag 
ment core design, it is possible to effectively delay the 
detonation velocity but in so doing the explosive sector 
directly between the core and the target must be sacri 
?ced. Although the smallest possible sacri?ce is the 
sector just equal to the size of the core and located be 
tween the lines 226 and 228, a somewhat larger sector 
approximately equal to 20 percent of the charge mass 
and located between the lines 230 and 232 is more real 
istic to allow for core expansion or dispersion. This sac 
ri?cial sector is functionally a part of the core so in ef 
fect it adds to the metal mass M while subtracting from 
the charge mass C. 

In applying the digital technique to the warhead of 
FIG. 27, the explosive ring may be divided into three 
concentric rings 234, 236 and 238 (FIG. 28). The 

inner annulus 238 is divided into eight reasonably 
chunky pairs of cells. Eight-way symmetry is desirable 
for an eight-way aiming design. The second annulus is 
divided into twenty chunky cells, or 10 pairs. The outer 
annulus 234 is divided into 24 cells. Each cell is buff~ 
ered from its neighbors and will be connected to diodes 
as necessary. The numbers of annuli and divisions 
thereof are somewhat arbitrary. The depth of each an 
nulus will be varied to adjust the time delay required. 
Since it is desired that the cells adjacent to the sacri? 
cial section be detonated just as the core leaves the 
warhead, detonation will be symmetric about the aim 
line and started on the side opposite the target. It is de 
sirable for the outer annulus to “lead” the inner ones, 
both to shape the fragment spray and to provide an im 
ploding effect. In FIG. 28, the various isochrone lines 
are shown at 240 and the sequence of detonation as in 
dicated by the numbers which represent time units 
achieves the desired result. Detonation is started on 
both sides of the aim line in the middle annulus at 0 and 
both the middle and inner annuli can conveniently have 
delays at two units/cell. The outer annulus, with more 
cells to accomplish, is given delays of one unit/cell. 
Thus, after about twelve detonation units, the warhead 
has completed its functioning. Now during this time the 
core should travel a sufficient distance to put the core 
center near the warhead rim, leaving it partly still in 
contact with the propelling charge. 

If the core velocity is, for example, 8,000 feet per 
second, this means that: 

12 time units = R(feet)/8,000 feet/sec. 
foot/8,000/feet/sec. 
= l/l6,000 secs. 

Thus: 
I time unit = l/l92,000 secs. 
= .0052 X 10 exp (—3) sec. 

or 

1 time unit = 5.2 microseconds. 
This is well within the delay capability of the digital 

method, yielding a cell height of about one-half inch for 
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the outer annulus and about 1 inch for the inner annuli. 

FIG. 29 is a cross section through FIG. 28 showing 
the relationship of the time dilation elements and the 
extensions which surround the core 218. 
The warhead designer, plagued by a highly inefficient 

system from the beginning (less than 1% of the possible 
chemical energy of the warhead mass is normally deliv 
ered to the target) is loath to tolerate a 20% sacri?cial 
loss in the fragment-core design. A method of partially 
recouping this loss, potentially applicable to many ex 
plosive systems will now be described with reference to 
FIG. 30. Although detonation of the sacri?cial sector 
in the warhead cannot be permitted, the sector can be 
detonated after ejection or forced to de?agrate. Ejec 
tion of the core is accomplished in about 60-micro 
seconds so after several hundred microseconds the 
ejected material cannot appreciably in?uence the core 
fragmentation whether it detonates or not. Indeed def 
lagration to detonation transition about 10 milliseconds 
after ejection would locate the ejecta near the target 
with most desirable results. 
The ejecta is already segmented into “chunks” by the 

digital requirement and these may be expected to at 
least partially survive ejection forces. Minimal modi? 
cation to the buffering strength as well as segmenting 
the continuation segments (that is making them more 
chunky by adding buffer layers with detonation pass 
through areas) would suffice to make the explosive 
ejecta a useful part of the kill-mechanism if a practical 
means of inducing non-detonating decomposition can 
be found. “Pyrocore” (or a similar fabrication) is pre 
cisely appropriate for the accomplishment of this task. 
By threading pyrocore 239 through the sectors 237 (or 
in the buffer layer 241), decomposition, at the speed of 
detonation, but without detonation itself, may be in 
duced. Such an arrangement of pyrocore in the various 
sectors is shown in FIG. 30. 
FIG. 31 shows a method of increasing the dispersion 

if over aiming occurs by use of in-line diodes 240 be 
tween the legs of the U-shaped MDF connectors to 
make the path length longer in one direction than the 
other. The assymetry thus induced results in multiple 
linercollisions and increased scatter. 
A delay technique slightly different and possibly 

more compact than that detailed in FIG. 20 would 
make use of the interaction between explosive and 
metal or other type shock conductors. Explosive slabs 
242 are alternated with layers of buffer material 244. 
Metal caps 246 form shock prisms alternating top and 
bottom to form a meandering path. The straight 
through paths would allow thinner explosive layers and 
the strength of the shock reentering the explosive from 
the metal prisms can be focused for local enhancement. 

Turning now to an improved method of line initiation 
of a cylindrical warhead, an eight-way aiming device 
will be assumed although the constructions, as are the 
ring and detonation control methods, are equally appli 
cable to any number of aiming directions. The conven 
tional solution would merely feed the eight outputs 
from the T-ring of FIGS. 14 and 15, via detonating 
cord, to eight separate line wave generators. Although 
feasible, this approach is highly inefficient, since eight 
explosive layers with suf?cient buffering to isolate each 
would be required. Such parasitic loss might well ne 
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gate the advantages gained by aiming. Two alternates, 
each with its own advantages, are proposed. 
The ?rst is shown in FIG. 33 where a plurality of T 

rings 250 are stacked about the explosive material like 
doughnuts on a stick. A pair of time sequenced detona 
tors 252 and 254 each control a respective channel 146 
and 152 of each T ring respectively. The desired war 
head sector will then be multi-point detonated. This 
method has the advantage of a continuous explosive 
path from'the detonator to warhead sector but will 
yield the usual Strati?cation of multi-point detonation. 
The desirability of this would depend largely upon the . 
kill-mechanism. 
A second alternative, somewhat more complicated, 

can provide either multi-point or continuous line initia 
tion. A typical line wave generator 260 (FIG. 34) con 
sists of a triangular piece of explosive sheet with nu 
merous holes 262 disposed therethrough. The holes are 
equally spaced in rows parallel to the sides of the de 
vice so that when the generator is detonated at the ver 
tex 264 the shock front must travel'a meandering path 
through the “gate" between the holes. The shock front 

‘ ' is thus broken into numerous small fronts which arrive 
at the base of the triangle with an essentially ?at al 
though somewhat-bumpy pro?le, roughly illustrated by 
the shock wave line 266. . 

Instead of a triangular shape, a cylindrical shape 
which just ?ts over the periphery of a cylindrical war 
head may be utilized. Holes may be cut in the sheet 
with the holes arranged in vertical and horizontal rows 
with‘ alternated rows staggered. If this cylinder is deto 
nated at one point half way between the ends of the cyl 
inder the shock will proceed in both directions around 
the warhead and collide along a vertical line on thecy 
lindrical element directly opposite the starting point. 
The shock collision can be used in standard ways to 
propagate into the warhead either by jutting through a 
buffer or by using linear AND gates at the aim points. 
The line wave cylinder is constructed of explosive sheet 
at the critical thickness when linear gates are used. Lin-, 
ear gates offer the obvious advantages of reliability 
over the jet-through method. 
The reliability of the gate method can be negated in 

' practice since the detonation collision must occur at 
the gate junction .with the cylinder. This is best illus 
trated in FIG. 36 wherein a plurality of gates 270 are 
disposed through the buffer ring 272 so that the shock 
waves traveling about the explosive ring 274 from the 
detonation point 276 will meet at’278 and pass through 
the gate 270 into the high explosive charge 280. In the 
case of certain sheet explosives the size of this target is 
only about .025 inches. , 

It would not be possible to merely widen the gates 
270 to increase the chance of the short waves meeting 
at agate since the width ‘of each gate must be limited 

Y to prevent the explosion from “tuming the corner” into. 
the ?rst gate the shock wave reaches. 
By ' stacking a series of junctions or gates 282 as 

shown in FIG. 37, each separated by a thin buffer 284, 
numerous targets can‘ be provided. Collision of the 
shock fronts at any one of these gates 282 will propa 
gate the explosion to the appropriate sector radially in 
wardly. ' 

Unfortunately, the collision has an equal chance of 
occurring at one of the buffer regions 284 and to elimi 
nate failure when this occurs it is possible to arrange an 
identical stack of junctions 286 on the opposite side of 
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the explosive sheet cylinder 288. In this modi?cation 
shown in FIG. 38, the explosive ?ngers or pass-through 
areas 286 are opposite the buffer regions 284 in the 
original stack. Thus, no matter where the collision oc 
curs, one of the ?ngers is properly positioned to deto 
nate. If the explosion passes through the ?ngers 286 
and explosive path may be provided at 290 to a linear 
shaped charge 292 which will shoot through the buffer 
material 294 and 296 into the aim sector. The shaped 
‘charge can be made as large as necessary since only 
one is required in each of the sectors to be ?red. 

Still another method of widening the “target region” 
for linear gates is shown in FIG. 39 wherein the explo 
sive sheet 300 is divided into two explosive paths 302 
and 304 with the path 304 nearest the output having 
delays D and D’ on either side of a set of ?nger gates 
306 similar to the paths 282 and 286 described above. 
Assuming the buffers 308 are of equal width as the 
diode output and the delays D, D’ are not quite equal, 
the shock collision will occur along the outer path 302 
away from the output well before the shocks collide 
along the inner path 304. Another set of diode ?ngers 
310 are located along the inner path with buffer strips 
312. The inner and outer ?ngers are aligned so that if 
the explosions traveling along the outer path meet adja 
cent an outer ?nger 306 the explosion will cut across 
the inner path 304 and through the inner ?nger aligned 
with the outer ?nger. Thus, a set of destructive cross 
overs are located along the inner path. However, if the 
collision takes place adjacent a buffer strip 308 along 
the outer path 302, the shocks on the inner path will 
continue and collide at an explosive region with a resul 

' tant output. 
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1 Such an arrangement of cluster ?ngers (FIG. 39) 
may be used in FIG. 17a to transmit the explosion 
through the buffer element 164 into the explosive seg 
ments 174. Once an initial segment 174 is detonated 
the time sequencing of the detonation of the remaining 
segments will be accomplished in accordance with any 
of the means previously described above. 
What is claimed is: 
1. An explosive device comprising primary explosive 

charge means divided into a plurality of segments, ?rst 
explosive logic means interconnecting said segments in 
a manner which will determine the direction and 
lengthen the path and travel time of the explosion 
through all of said segments in sequence subsequent to 
the detonation of at least one of said segments and sec 
ond explosive logic means for determining which of 
said segments will be detonated ?rst, said ?rst and sec 
ond explosive logic means thereby controlling the 
order and time sequencing of the detonation of said 
segments. 

2. An explosive device as set forth in claim 1 further 
comprising bu?'er means, substantially isolating said 
segments from each other. 

3. An explosive device as set forth in claim 1, further 
comprising a hollow cylindrical case, a plurality of said 
segments being disposed about said case to form a hol 
low explosive cylinder and said second explosive logic 
means being comprised of an explosive ring coaxially 
disposed in contiguous relationship with said explosive 
cylinder. 

4. An explosive device as set forth in claim 3 wherein 
said explosive ring is provided with three equally 
spaced input points adapted to be connected to a fuse 
assembly, a pair of opposed explosive diodes integrally 
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formed in said explosive rings on opposite sides of each 
of said input points whereby upon detonation of two 
selected points in proper timed sequence, a selected ex 
plosive segment will be detonated. 

5. An explosive device as set forth in claim 3 wherein 
said explosive ring is comprised of a U-shaped explo 
sive charge having radially directed leg portions sub 
stantially thicker than the bight portion and having op 
positely directed radial explosive ?ngers connected to 
the middle of said bight portion, whereby upon timed 
detonation of each leg at two spaced preselected points 
the oppositely travelling explosions will meet to deto 
nate a selected ?nger. 

6. An explosive device as set forth in claim 5 wherein 
each of said ?ngers is disposed contiguous to a segment 
of said explosive cylinder so that upon initiation of an 
explosion in one of said ?ngers, the explosive segment 
contiguous thereto will be detonated. ’ 

7. An explosive device as set forth in claim 5, wherein 
a plurality of said rings are concentrically disposed 
about said explosive cylinder to provide multi-point ini— 
tiation of said explosive segments. 

8. An explosive device as set forth in claim 4, wherein 
said explosive ring is discontinuous and is provided 
with an initiation point at each end closely adjacent 
each other and adapted to be connected to the fuse as 
sembly and further comprising explosive delay means 
connected to each of said points and having an effec 
tive length longer than the circumference of said ring 
to provide an isotopic initiation of the explosive device 
if one of said two point should fail to initiate. 

9. An explosive device as set forth in claim 3, wherein 
two closely adjacent initiation points are located on 
said ring for connection to the fuse assembly and fur 
ther comprising explosive leads connected to said ring 
adjacent each of said points at an angle to prevent deto 
nation thereof upon detonation of the point closest 
thereto, said explosive leads providing isotopic detona 
tion of said explosive device on failure of one of said 
points to initiate. 

10. An explosive device as set forth in claim 3 further 
comprising a buffer ring concentrically arranged with 
respect to said explosive ring and having a plurality of 
explosive ?ngers extending radially therethrough, said 
?ngers each being contiguous to a selected explosive 
segment whereby upon detonation of said ring at a 
point substantially diametrically opposite a selected 
finger, the explosions travelling in opposite directions 
about said ring will meet adjacent said ?nger to deto 
nate said ?nger and the explosive segment contiguous 
thereto. 

11. An explosive device as set forth in claim 10 
wherein each ?nger is provided with a plurality of 
spaced-apart buffer elements adjacent said ring to pro— 
vide a plurality of connecting points. 

12. An explosive device as set forth in claim 11 fur 
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M 
ther comprising an explosive charge located on the op 
posite side of said ring from each of said ?ngers and 
having a plurality of additional buffer elements ar 
ranged in staggered relationship with respect to said 
?rst mentioned buffer element, shaped charge means in 
said explosive charge aligned with said ?nger to pro 
vide an alternate explosive path to said ?nger if said ex 
plosions meet adjacent one of said ?rst mentioned 
buffer elements. 

13. An explosive device as set forth in claim 11 fur 
ther comprising additional buffer elements disposed on 
the opposite side of said ?rst mentioned buffer ele 
ments from said explosive ring, explosive delay means 
located in said explosive ?nger adjacent each end of 
the ?rst mentioned buffers to delay the initiation of the 
explosive intermediate said ?rst mentioned buffers and 
said additional buffers whereby if the explosions in said 
ring meet adjacent a buffer element the explosions 
travelling through said delays will meet at a point inter 
mediate two of said additional buffer elements to pro 
vide detonation of the contiguousexplosive segment. 

14. An explosive device as set forth in claim 2 
wherein said ?rst explosive logic means comprises a U 
shaped length of detonating fuse extending through 
said buffer means to connect each explosive segment 
with each contiguous explosive segment to provide a 
time delay between the detonation of successive explo 
sive segments. 

15. An explosive device as set forth in claim 14 
wherein one leg of said U-shaped explosive fuse is sub 
stantially thinner than the bight portion to de?ne an ex~ 
plosive diode. 

16. An explosive device as set forth in claim 15 
wherein said explosive segments are disposed in an 
array having U-shaped explosive diodes interconnect 
ing each segment to each contiguous segment said di 
odes being arranged to provide concentric isochrones 
about the initial point of detonation in said array. 

17. An explosive device as set forth in claim 15 
wherein said segments are dispersed in a plurality of 
concentric rings about a central case and arranged to 
de?ne oppositely travelling explosive wave fronts of a 
predetermined character in dependence upon the deto 
nation sequence of said rings along a common radial 
line. 

18. An explosive device as set forth in claim 17 
wherein said segments are extended to de?ne an explo 
sive cylinder and said case is comprised of a plurality 
of individual contiguous fragmentation segments. 

19. An explosive device as set forth in claim 18 
wherein deflagratable elements are embedded in said 
explosive segments whereby those segments not deto 
nated prior to the ejection of the case will be detonated 
upon exposure of said elements. 

* * * * 1k 


