ELECTRONI C FUZE PAGKAGESHELESES THE | NVENTION 5 This invention relates in
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BACKGROUND OF THE INVENTION

Electronics for high acceleration (high g) and extreme

15 'temperature environment applications such as projectile fuzes
must survive and function both during and after launching.
Modern electronic fuzes have become more complex as demands
have increased for electrical as well as mechanical performance
options. The increased complexity of fuze systems makes

20 production of fuzes capable of functioning in extreme dynamic
and thermal environments even more difficult. Performance
reliability and high volume producibility of electronics fuze
systems typically decrease as fuze system complexity
increases, mainly due to failures at system levels.

25 A typical electronic assembly in a fuze system comprises
various electronic components, including a printed wiring board
(PWB), PWB support or housing, connecting wires or pins and
sockets, and encapsulant. One of the most critical components
of an electronic fuze is the PWB. To produce a high quality PWB

30 which will function reliably requires time-consuming and labor-
intensive processes for the steps of laminating fiberglass
woven layers, drilling, cutting, adding connectors and standoffs.
Most electronic components mounted to a PWB would not be able
to withstand the dynamics of gun launching without a mask, PWB



of an'electronic fuze is the PWB. To produce a high quality PWB 30 which
will function reliably requires time-consumng and | abor- intensive
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331). In addition, these encapsulant techniques are not easny

controlled, are messy, and typically yield poor reproducibility,

e.g., when unpredictable shrinks, cracks, or voids occur within
45 the encapsulant.

Thus, what is needed is an apparatus for electronic fuze
packaging with a higher degree of fuze system integration. Such
integration is desired to eliminate the use of encapsulant
material and reduce the number of components and assembly

50 processes associated with the fuze assembly. By reducing the
- number of mechanical and electrical interfaces between
components in an integrated fuze package, the fuze assembly
will achieve a significant improvement in electrical and
mechanical performance reliability, improved
55 manufacturability, and reduction of unit cost.

SUMMARY OF THE INVENTION

60 An electronic fuze package is contemplated which includes
a left casing comprising a substantially flat left surface having
left casing recesses and a right casing comprising a
substantially flat right surface having right casing recesses.
The combination of the left casing and the right casing,

65 positioned with the substantially flat left surface placed
against the substantially flat right surface, defines a fuze
casing having casing recesses formed from the combination of
the left casing recesses and the right casing recesses, wherein
the casing recesses are confined within the fuze casing for the

70 mounting of fuze components. The fuze package also includes
plated-on electrical tracks on the left casing, wherein the



material and reduce the nunber of components and assenbly 50 processes
aSSOC|ated with the fuze assembly. By reducing the number of mechanical and
el ectrical interfaces between conponents in an integrated fuze package, the

fuze assembly will achieve a significant inprovement in electrical and
mechani cal performance reliability, inproved 55 manufacturability, and
reduction of unit cost. SUMVARY OF THE | NVENTI ON 60 An el ectronic

fuze package is contenplated which includes a |left casing conprising a
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comprising a substantially flat left surface having left casing
recesses and molding a right casing comprising a substantially

80 flat right surface having right casing recesses. The combination
of the left casing and the right casing, positioned with the
substantially flat left surface placed against the substantially
flat right surface, defines a fuze casing having casing recesses
formed from the combination of the left casing recesses and the

85 right casing recesses. The casing recesses are for the mounting
of fuze components. The method further includes the step of
plating on electrical tracks on the left casing, the plated-on
electrical tracks including component connections immediately
adjacent to the casing recesses for electrically coupling the

90 fuze components in a fuze circuit when the fuze components are
mounted within the fuze casing.
The above and other features and advantages of the present
invention will be better understood from the following detailed

description taken in conjunction with the accompanying

95 drawings.
BRIEF DESCRIPTION OF THE DRAWINGS
100 In FIG. 1, there is shown an exploded view of an electronic
fuze package in accordance with a preferred embodiment of the
invention.

In FIG. 2, there is shown an exploded view of a second
electronic fuze package in accordance with a second preferred

105 embodiment of the invention.
in FIG. 3, there is shown a cutaway view of the electronic

fuze package of FIG. 2 mounted in a fuze casing.



pl atetl-on el ectrical tracks include conponent connections inmmediately

atlj acent to the casing recesses for electrically coupling the fuze
conponents in a fuze circuit when the fuze 75 conponents are nounted
within the fuze casing. A nethod for nmaking an el ectronic fuze package is
al so contenpl ated which includes the steps of nolding a |l eft casing
conprising a substantially flat left surf e havi ng | eft casing recesses
and nolding a right casing conprising a substantially 80 flat right
surface having right casing recesses. The conbi nation of the left casing
and the ri?ht casing, positioned wth the substantially flat |left surface
pl aced agdf®st the substantially flat right surface, defines a fuze casing
havi ng casi ng recesses forned fromthe conbination of the left casing
recesses and the 85 right casing recesses. The casing recesses are for. the

mounting of fuze conponents. The nethod further includes the step of
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and a right casing, referred to as left half fuze package 12 and
right half fuze package 14, respectively.
120 Left half fuze package 12 and right half fuze package 14
are comprised of a moldable material, such as thermoplastic.
The left half fuze package 12 and the right half fuze package 14,
when aligned and assembled as shown in FIG. 1, form a
completed nose mounted fuze package 10. The left half fuze
125 package 12 and the right half fuze package 14 are fit together by
mating corresponding substantially flat surfaces 13. Right half
fuze package 14 comprises a plurality of alignment pins 62
which mate with alignment pin recesses 64 in the left half fuze
package 12 when the fuze package 10 is assembled and secured
130 (e.g., by epoxy glue).
The outer shape of the assembled fuze package 10 in FIG. 1
is a projectile shape, with the fuze package 10 in FIG. 1
illustrating a nose mounted configuration. The fuze package 10
illustrated is also suitable for body-mounted or other projectile
- 135 system configurations, since the outer shape of the fuze package
10 is adaptable (moldable) to a variety of forms depending on
the particular application. The precise layout of the internal
components of fuze package 10 is also easily modifiable.
The threads 15 on the left half fuze package 12 and the
140 threads 15 on the right half fuze package 14 align when the left
half fuze package 12 and the right half fuze package 14 are
mated during assembly. The combined threads 15 on assembled
fuze package 10 can be used to secure the fuze package 10 to an
explosive projectile body.



BRI EF° DESCRI PTI ON OF THE DRAW NGS 100 In FIG 1, there is shown an
expl oded view of an el ectronic fuze package in accordance with a preferred
enbodi ment of the invention. In FIG 2, there is shown an expl oded vi ew of
a second el ectronic fuze package in accordance with a second preferred 105
enbodi nent of the invention. In FIG 3, there is shown a cutaway vi ew of
the electronic fuze package of FIG 2 nounfed in a fuze casing. 4 110
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT 115 In FIG 1, there
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1, formajsg right half fuze package 14 and the left half fuze package 12 and
the right hand fuze package 14 have been placed together. The
ablation shield may be necessary to prevent degradation of the
nose mounted fuze package 10, depending on the thermoplastic
or other material used in the fuze package 10 and the dynamics

155 of the launch to which the fuze package 10 will be subjected.

Both the left half fuze package 12 and the right half fuze
package 14 contain a plurality of casing recesses for the
mounting of fuze components. Included within both left half
fuze package 12 and right half fuze package 14 are antenna

160 recess 17, battery mounting recess 46, detonator recess 54,
safing and arming device recess 58, and detonator booster
mounting recess 61. Also included in left half fuze package 12
are a plurality of alignment pin recesses 64. Also included in
right half fuze package 14 are component mounting recess 26,

165 processor mounting recess 22, and recesses for the fuze circuit
track 36.

FIG. 1 shows electronic component 24, with component
lead 28, to be mounted in component mounting recess 26 of the
right half fuze package 14. When secured within the component

170 mounting recess 26 (e.g., by epoxy glue), electronic component
24 can be coupled to fuze circuit track 36 via connection 30
(e.g., by wire bonding), forming part of the fuze circuit for the
fuze package 10. Similarly, processor 20 in FIG. 1 can be '
mounted in processor mounting recess 22. When epoxy glued or

175 otherwise secured within the processor mounting recess 22,
processor leads 32 can be wire-bonded or otherwise electrically
coupled to additional fuze circuit track 36 via connections 34,
such that processor 20 also forms part of the fuze circuit for
the fuze package 10.

180 Fuze circuit tracks 36 can comprise plated-on electrical
tracks, e.g. copper tracks. The fuze circuit tracks can be




conpl eted nose nounted fuze package 10. The left half fuze 125 package 12
ahd the right half fuze package 14 are fit together by mating correspondi ng
substantially flat surfaces 13. Right half fuze package 14 conprises a
plurality of alignnent pins 62 which mate with alignnment pin recesses 64 in
the left half fuze package 12 when the fuze package 10 is assenbl ed and
secured 130 (e.g., by epoxy glue). The o er shape of the assenbl ed fuze
package 10 in FIG 1 is a projectile shape, with the fuze package 10 in
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package 14 so long as corresponding fuze track recesses are
190 provided within substantially flat surface 13 of the left half
fuze package 12. Fuze circuit tracks 36 can also be made to
extend to connect to threads 15 to create a common electrical
ground connection for the fuze package 10 and the projectile
body to be screwed onto the fuze package 10.
195 FIG. 1 illustrates additional components which are
accommodated within the recesses in both left half fuze
package 12 and right half fuze package 14. Antenna 186,
including antenna base 18, is shown in FIG. 1 in mounted position
within right half fuze package 14. Antenna recess 17 in the left
200 half fuze package 12 accommodates those portions of antenna
16 _and antenna base 18 which extend outward from right half
fuze package 14 beyond substantially flat surface 13 when the
left half fuze package 12 and the right half fuze package 14 are
assembled. In a similar manner, battery mounting recess 46,
205 detonator recess 54, safing and arming device recess 58, and
detonator booster mounting recess 61 present in both the left
half fuze package 12 and the right half fuze package 14
accommodate battery 40, detonator 48, safing and arming device
56, and detonator booster 60, respectively.
210 The components referred to above are mounted in the
preferred embodiment with their center of mass as close as
possible to the longitudinal axis of the fuze package (i.e.,
aligned with the launch trajectory). Symmetric mass
distribution about the longitudinal (i.e., spin) axis of the
215 projectile provides increased dynamic stability. The safing and
arming device 56 is located between the detonator 48 and the
detonator booster 60.



5 145 The abl ation shield 11 shown in FIG 1 is an optional addition
td the nose nounted fuze package 10. The ablation shield can be placed over
the tip of the nose portion of fuze package 10 and secured after all

i nternal conponents have been properly positioned within the left half fuze
package 12 and the 150 right half fuze package 14 and the left half fuze
package 12 and the right hand fuze package714 have been pl aced toget her.
The abl ation shield may be necessary to prevent degradation of the nose
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coupled into the fuze circuit in fuze pac(ﬁ( ge 1?). Detonator lead
50 contacts detonator connector 52 when detonator 48 is
inserted within detonator mounting recess 54. The
thermoplastic or other moldable material comprising the left
230 half fuze package 12 and the right-half fuze package 14 acts as
a dielectric material important for the functioning of the fuze
circuit track 36 and the antenna 16.
Safing and arming device 56 can be an unwinding ribbon
safing and arming device such as that described in U.S. Patent
235 No. 5,147,974, issued on September 15, 1992 to the same
assignee, the disclosure of which is hereby incorporated by
reference.
The steps of assembling fuze package 10 in FIG. 1 include
molding left half fuze package 12 and right half fuze package
240 14, plating on fuze circuit tracks 36, placing, fastening, and
connecting electronic component 24 and processor 20 to fuze
circuit tracks 36, mounting and connecting battery 40 and
detonator 48 to fuze circuit tracks 36, mounting safing and
arming device 56 and detonator booster 60, and aligning, mating
245 and fastening (e.g. by epoxy glue) left half fuze package 12 and
right half fuze package 14. Ablation shield 11 may also be
attached to the nose of the fuze package 10.
When fuze package 10 is completely assembled, a fuze
circuit results which comprises antenna 16, electronic
250 component 24, processor 20, battery 40, and detonator 48
coupled by fuze circuit track 36. The fuze functions after
launch of the fuze package (as part of an explosive projectile) by
arming and determining the proper time to explode the detonator
48. The determination as to when the fuze circuit is to provide
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preprogrammed instructions and decision-making algorithms,
uses information derived from the fuze circuit processing of the
reflected signals and makes the determination as to when the
fuze circuit produces the electrical signal to explode the
detonator 48 (and thereby the detonator booster and adjacent
explosives within the projectile).

In FIG. 2, there is shown an exploded view of a second
electronic fuze package in accordance with a second preferred
embodiment of the invention. Fuze package 70 comprises left
fuze package portion 72 and right fuze package portion 74, as
well as battery 76.

Left fuze package portion 72 can be comprised of a
moldable material, such as thermoplastic, and includes antenna
82, ‘monolithic microwave integrated circuit (MMIC) 84,
electronic component 88, integrated circuit microprocessor 86,
battery contact connections 79, and circuit test point 92. Each
of the components of left fuze package portion 72 is coupled in
an electrical circuit by fuze circuit track 80. The fuze circuit
track 80 can be plated-on metal such as copper, and forms a
three-dimensional molded circuit board arrangement in
conjunction with the remaining fuze circuit components. For
example, antenna 82 can be formed as an extension of portions
of the fuze circuit track 80 with extended plated on areas, as
shown in FIG. 2. The left fuze package portion 72 material acts
as a dielectric necessary for the functioning of the fuze circuit
track 80 and the antenna 82.

The left fuze package portion 72 also comprises battery
mounting recess 78, which accommodates the battery 76 when
the entire fuze package 70 is assembled. Battery contacts 77 on
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directly on substantially flat surface 13 of the right half fuze package 14
sb long as corresponding fuze track recesses are 190 provided within
substantially flat surface 13 of the left half fuze package 12. Fuze
circuit tracks 36 can also be nmade to extend to connect to threads 15 to
create a common el ectrical ground connectign for the fuze package 10 and
the projectile body to be screwed onto t he9f uze package 10. 195 Fl G
1 illustrates addltlonal conponents which are acconmodated within the
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300 portion 74 is mated with the left fuze package portion. The left
fuze package portion 72 and the right fuze package portion 74
can be secured during assembly with epoxy glue, or by other
suitable means.
In FIG. 3, there is shown a cutaway view of the electronic
305 fuze package of FIG. 2 mounted in a fuze package case 94. The
fuze package case can be formed in two longitudinal half
sections which can be placed around fuze package 70 for
assembly. The two sections can be fastened together, e.g. by
epoxy, encasing the fuze package 70.
310 Fuze package case 94 comprises a case access hole 96,
which allows access to test point 92 of the fuze circuit in FIG.
2. Thus, the case access hole 96 allows access to a fuze circuit
test point for testing of the electronic fuze circuit within fuze
package 70 after assembly within the fuze package case 94.
315 Threads 98 in the fuze package case 94 provide a convenient
method of assembling the fuze package case to an explosive
~ projectile. FIG. 3 shows the case access hole 96 in the threads
98 of the fuze package case 94. Positioning the case access
hole 96 in the threads 98 allows the portion of the explosive
320 projectiie which screws onto the case threads to cover the case
access hole 96, so that the case access hole 96 is not exposed in
the combination fuze package casing 94 and explosive projectile
as finally assembled.
Thus, an electronic fuze package and method has been
325 described which overcomes specific problems and accomplishes
certain advantages relative to prior art methods and
mechanisms. The improvements over known technology are



possible to the | ongitudinal axis of the fuze package (i.e., aligned with
the launch trajectory). Symmetric nass distribution about the |ongitudinal
(i.e., spin) axis of the 215 projectile provides increased dynamc
stability. The safing and arm ng. device 56 is | ocated between the detonator
48 and the detonator booster 60. 7 When battery 40 is inserted into
battery nounting recess 46 in the right hdl9 fuze package 14, battery | eads
42 contact 220 battery connections 44. The battery connections 44 are
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functioni ng of thaefmggéuze package. A significant reduction in per unit cost
335 also results. In addition, a molded electronic fuze package can
be inspected internally via low-energy Xx-rays.
Thus, there has also been provided, in accordance with an
embodiment of the invention, an electronic fuze package and
method that fully satisfies the aims and advantages set forth
340 above. While the invention has been described in conjunction
with a specific embodiment, many alternatives, modifications,
and variations will be apparent to those of ordinary skill in the
art in light of the foregoing description. Accordingly, the
invention is intended to embrace all such alternatives, _
345 modifications, and variations as fall within the spirit and broad

scope of the appended claims.




circuit track 36 and the antenna 16. Safing and arm ng device 56 can be an
unwi ndi ng ri bbon safing and arm ng device such as that described in U S
Patent 235 No. 5,147,974, issued on Septenber 15, 1992 to the sane

assi gnee, the disclosure of which is hereby incorporated by reference~ The

steps of assenbling fuze package 10 in FIG 1 inclug |, el left half
fuze package 12 and right half fuze packade 240 141ﬂ'ﬂp#ﬂﬂ’ ﬂ 'H
circuit tracks 36, placing, fastening, and connecting €ke ' onent
24 and processor 20 to fuze circuit tracks 36, nmounting and connecting
battery 40 and detonator 48 to fuze circuit tracks 36, mounting safing and
arm ng device 56 and detonator booster SAIMS aligning, mating 245 and
fastening (e.g. by epoxy glue) left half fuze package 12 and right half
fuze package 14. Ab&ﬁﬁibﬂ shield 11 may al so be attached to the nose of the
fuze packd®® 10. Wh alj% ¢j3imedeiSio is conpletely assenbled, a fuze
ci.rcuit results which conprises antenna 16, electronic 250 conponent 24,

6. “The fuze’ functi dns aPEroIPGiRBR spe Bafiis SFop complishig.r ! t10¢k
expl osi ve projectile) byaathtegrdimensianalnmeldgdt né'cwgtob@ardi 2% 0 expl ode
Efgvﬁgteonator 48. The debelifcpft tratkaantehdeB2) eolipied € It thiee-t o
355 dimensional molded circuit board (72); and
an outer fuze casing (94) in which the three-
dimensional molded circuit board (72) and the electrical circuit
track antenna (82) are housed.

360 2.  An electronic fuze package (70) as claimed in claim
1, wherein the three-dimensional molded circuit board (72)
comprises thermoplastic material.

3. An electronic fuze package (70) as claimed in claim
365 2, wherein the three-dimensional molded circuit board (72)
further comprises an integrated circuit microprocessor (86).

4. An electronic fuze package (70) as claimed in claim
3, further comprising a monolithic microwave integrated circuit
370 (MMIC) (88) coupled to the three-dimensional molded circuit
board (72).

5. An electronic fuze package (70) as claimed in claim
3, wherein the three-dimensional molded circuit board (72)
375 further comprises a plurality of plated-on copper circuit tracks
(80) coupled to the circuit track antenna (82) and to the
integrated circuit microprocessor (86).
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8 255" an electrical signal to explode the detonator I s based on

el ectromagnetic signals produced by the fuze circuit- {steh—as—mcrowave
frequency radi ation) which are transmtted by the fuz a 16
to a target. The interaction of the el ectromagnetic m “ mﬂ ll:lﬁﬂnt ar get
produces reflected 260 signals which are {gceived b

antenna 16 and processed by the fuze circuit. The processor 20, based on
preprogranmed instructions and deci si on-naking al gorithns, uses information
derived fromthe fuze circuit processing of the reflected signals and nmakes

the dfterm na}ign a?tg VAR Neldetrot® fulzez a@kagal 10y eduymisinge el ectri cal
signal to pl ode the deto or 48 ereby .t he det 00 r and
adj acent @%él osives withi%h q@&ute é {]ﬁ)e Pﬂﬁpg %suﬁ?g?@{'?@y ’ﬁ%

expl oded vi ew déftasarfaced helvirg ra)rpluralutyeobdeﬁagasing a'ecesdasc(am 64, a

second preferr Zég 5@{;‘0 g pt of the invention. Fuze package 70
conprises |eft pac g portion 72 and right fuze package portlon 74,

as wel|l as battery 76. Leﬂtl’lghtz@a@a@ga@é)pwmﬂﬁmg @asubstantially sitat of a
mol dabl e nat er '% t SUFfACRS HaVvith &?amg an%gmcbu@ﬁfg Fecessss 2(te, 48,

monol i thic
th 38r5n ° rCUIt matlo)n o?' the left casing (12) and

54, 53 I6n1t)egwﬁereln the com
the right casing (14), positioned with the substantially flat left
surface placed against the substantially flat right surface,
defines a fuze casing having a plurality of casing recesses
formed from the combination of the plurality of left casing

390 recesses (17, 64, 19, 46, 54, 58, 61) and the plurality of right
casing recesses (22, 46, 54, 58, 61), the plurality of casing
recesses confined within the fuze casing for the mounting of a
plurality of fuze components (24, 20, 16, 40, 36, 60; 48); and

a plurality of plated-on electrical tracks (36) on the

395 left casing (12), the plurality of plated-on electrical tracks (36)
including a plurality of component connections (30, 52, 44, 34
)immediately adjacent to the plurality of casing recesses for
electrically coupling the plurality of fuze components (24, 20,

_ 16, 40, 36, 60, 48) in a fuze circuit when the plurality of fuze

400 components (24, 20, 16, 40, 36, 60, 48) are mounted within the
fuze casing.

7. An electronic fuze package (10) as claimed in claim
6, wherein the left casing (12) and the right casing (14) each
405 comprise thermoplastic material. :

8. An electronic fuze package (10) as claimed in claim
6, wherein the plurality of plated-on electrical tracks (36)
comprise copper.

410

9. An electronic fuze package (10) as claimed in claim
6, further comprising an antenna (16) mounted within an antenna
recess (19, 17) in the fuze casing, wherein the antenna (16) is
coupled to the fuze circuit.
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el ecttoni c conponent 88, integrated circuit mnicroprocessor 86, battery
contact connections 79, and circuit test point 92. Each of the conponents
of left fuze package portion 72 is coupled in an electrical circuit by fuze
circuit track 80. The fuze circuit 280 track 80 cg _ ta
such as copper, and forns a three-di nensi onal nol demummmmﬁmmme
arrangenent in conjunction with the remidithg fuze crrctitt canpenents. For
exanpl e, antenna 82 can be forned as an extension of portions of the fuze
circuit tyaek 80.-with extended plated on areas, as 285 shown in FIG 2.
The | eft #uze packaqe portion 72 material acts a? a, diel?qtric_necessary
for the functioningl& t W rleetrenice finze ipackaaso (104 asslaimeadhia gaimThe
left fuze pack@gefuptheri @ﬁnﬁﬁ'iﬂhgoacpfﬁveis%w @)t glouredndéhnthg 96ftss 78,

whi ch acconmodat es tgﬁ gattﬁgg 6._when 290 he lee fuze package 70 is
aosendl od.  Bat CEPING diRRWENIY 2 procSgsqr, fegess d22) 8 S dIght £o8HNG er y
cont act connec{i4)swhereitorihecprogessior (20)t & coupled toh¢hé uluzecicircuitt track
80. The ri,ght rti LS hsed of nol dabl e

mat eri al , ch('%e% ﬁgﬁﬁggﬁagfiéﬂo(yaéﬁééfﬂé(?rﬁnd%@%gg 's 295 for conponents

90. Recess for conmponents 90 is a "hol |l owed

—_—
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out" portion of right fuze package portion 74 which accommpdates the

el ectronic conponent 88 (e.g., a nonolithic mcrowave integrated circuit
(M C, the mcroprocessor 86, and associated fuze circuit track 80 when
the right fuze package 300 portion 74 is mated with the |left fuze package
portion. The left fuze package portion 72 ﬁ#d the right fuze package
portion 74 can be secured during assenbly th epoxy glue, or b¥%£é£§?
suitable nmeans. In FIG 3, there is shown a cutaway view of the 8nic
305 fuze package of FIG 2 nmounted in a fuze package case 94. The fuze
package case can be fornmed in two |ongitudinal half sections which can be
pl aced around fuze package 70 for assenbly. The two sections can be

fastened together, e.g. by ep RO f age 70. 310
Fuze package case 94 conpri se?gEgggagéGegyﬁoléﬁé ) ich allows access
to test point 92 of the fuze circuit in FIG 2. Thus, the case access hole

96 all ows access to a fuze ci rRB"JS %A@*OP@WE%%PL@S’B#{E?Q of the electronic
e

fuze circuit within fuze package after ass y wthin the fuze package
case 94. 318 Threads 98 in the fuze package case 94 provi de a conveni ent

met hod of assenbl i ngAf helebHoid FakaIsasiEge tdhdmetHdPmoladescaceft | e. FI G
3 shows the case acceg_g%)hol e 96 in the threads,98,0 ckage case

“the ¢ e84 g tjﬂe fuﬁze
94. Positioni n¢a3@dc £AnREsHY & syibstapHally flat Jetto surfacs,D1aving
portion of the |eifptasingerecesses (17, 64, 19, 46, 54, 58, 61) and a right

casing (14) comprising a substantially flat right surface having
10 right casing recesses (22, 46, 54, 58, 61). The combination of
the left casing (12) and the right casing (14) defines a fuze
casing (10) for the mounting of fuze components (24, 20, 16, 40,
36, 60, 48). The fuze package (10) also includes plated-on
electrical tracks (36) on the left casing (12), including
15 component connections (30, 52, 44, 34) immediately adjacent to
the casing recesses for electrically coupling the fuze
components (24, 20, 16, 40, 36, 60, 48) in a fuze circuit. The
fuze package (10) can be made of thermoplastic left and right
casings (12, 14) which can be epoxy-glued together. Copper can
20 be used for the plated-on electrical tracks (36).
FIG. 1 accompanies this abstract.



320 projectile which screws onto the case threads to cover the case access
hol e 96, so that the case access hole 96 is not exposed in the conbination
fuze package casing 94 and explosive projectile as finally assenbl ed. Thus,
an electronic fuze package and nmet hod has been 325 described which
overcones specific problens and acconplishes certain advantages relative to
prior art nethods and nechani snms. The inprovenents over known technol ogy

care 1 0 significant. The use of encapsulent material can be elim nated.
~Internal conponent support occurs as a regglt of use of three- 330
di nensi onal PWB tqghnolgx. @e use of plated-on circuitry on a nDIdabqe

substrate which als
conponents and theil
manuf acturability, a
reduction in per uni

- electronic fuze packag
Thus, there has al so be

the fuze package housing elim nat eg

i nterfaces and inproves the strength, ,

'tx of the final fuze package. A signikmfant
al'so results. In addition, a nolded |,

¢ i nspect ed ¥¥nternally wvia | owenergy x-pays.

ded, \i\nooac“@rdance with an epbedi ment t he

i nventi on, B e

! 3t bee=tihat) ¥ sati i es
: ai ms and advant ag?s sef forthy /’/ \§W\\\
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340 - above. Wiile the invention has been described in conjunction wth a
speci fic enbodi nent, many alternatives, nodifications, and variations wl|
be apparent to those of ordinary skill in the art in Iight of the foregoing
description. Accordingly, the invention is intended to enbrace all such
alternatives, 345 nodifications, and variations as fall within the spirit
and broad scope of the appended cl ai ns. 1. An el ectroni c fuze package
conprising: a three-dinmensional nolded circuit board conprising 5
thernoplastic material and an integrated circuit mcroprocessor; a circuit
track antenna coupled to the t hr ee- di mensi offal ol ded circuit board; and an
outer fuze casing in which the three-dinensional 10 mol ded circuit board
-and the electrical circuit track antenna are housed. 2. An el ectronic
fuze package as clainmed in claim1l1, further conmprising a mnolithic

m crowave integrated circuit 15 (MM C) coupled to the three-di nensional

nol ded circuit board. 3. An_etectroni c fuze package qﬁ,clained in claim.
1, wherein the three-di nensi c%\ pl ded circuit board/F urt her

Fig. 2



conprises a plurality of plated-on copper circuit tracks coupled 20 to the
circuit track antenna and to the integrated circuit m-cropracessor. 4. An
el ectroni c fuze package conprising: a left casing conprising a
substantially flat |left surface 25 having a plurality of left casing
recesses; a right casing conprising a substantially flat right surface
having a plurality of right casing recessgs, wherein the conbination of the
| eft casing and the right casing, positiﬁﬁed with the substantially |eft
flat surface placed agai nst the 30 substantially flat right surface,
defines a fuze casing having a plurality of casing recesses fornmed fromthe
conbi nation of the plurality of |left casing recesses and the plurality of
right casing recesses, the plurality of casing recesses confined within the
fuze casing for the nounting of a plurality of fuze conponents; 35 and a

plurality of plated-on electrical tra the left casing, the plurality
of plated-on electrical tracks includi aA plurality of conponent
connections i medi ately adjacent to t pAurtal ity of casing recesses for
electrically coupling the plurality z onponents in a fuze circuit

when the plurality

82 82
84
74
80
94
72
76
N
80
96
|
98
98
92

Fiz. 3



L ' , (287 ,
of fuze conponents are nounted within the fuze casing. BB T W% ct roni ¢
fuze pac j n.cliaima4a vyt}erei n the left casing and the right

mat

kege—as—el-al-ned-
casing each FEWACEMENTSHERTS St iS6 matjerial . 10 6. An electronic

fuze pac <ag,eD‘§§ﬂEﬂKéi vReged n..obapaged ,...wHerei n t he plur aI"r1—y—~eL_pJated-\on
el ect ri chl Hi&laians) corgaged &\ dopmaed /2. | Anltlectronic f Eackage as

cl ai med | nidPraming(s) Ifged urttbepagednprifsi ng an ant enna, nH w'mn -
ant enna | edesisstract t hepaped e..aaSpaped . wherein the antenna i LI ””,@gé
fuze cirgpuit. 8. An el ectronic fuze |pdCkAlMSas cl ainmed in claif 43

C ODATES DRORBCORIPF €381 mount ed on the left casing within a

pr ocessoi —r—thre—-eFE—Eas+A lherein the processor is coupled to

the fuze circuit vid-a pIAt‘Fa?'iep;m@lé fugecpeckagenaemprising: 25 9.
An el ectronic fuze pACkREE-GIMENSIOABH MBlddd drduit f6ARE cORPRIIRG Ng 2

battery noupteq, within a.battery recegs in.the fuze casing, wherelfn the
battery is ouﬂh@W@'?ﬁécfﬂ?geﬁﬁic%ﬁ‘ @Fa'@fegr@ eFeURat t ery

connections. 30nicroprocé@soran el ectronic fuze package as clained in claim

4, Turther compri <ing 4tfedeadp diEnhi BoBléd o Ho oS aRERBIORa) 120

package as clainmed ih Clal
molded circuit board; and

an outer fuze casing in which the three-dimensional
10 molded circuit board and the electrical circuit track antenna are
housed.

further

2. An electronic fuze package as claimed in claim 1,
further comprising a minolithic microwave integrated circuit
15 (MMIC) coupled to the three-dimensional molded circuit board.

3.  An electronic fuze package as claimed in claim 1,
wherein the three-dimensional molded circuit board further
comprises a plurality of plated-on copper circuit tracks coupled

20 to the circuit track antenna and to the integrated circuit
microprocessor.

4, An electronic fuze package comprising:
a left casing comprising a substantially flat left surface
25 having a plurality of left casing recesses;

a right casing comprising a substantially flat right surface
having a plurality of right casing recesses, wherein the
combination of the left casing and the right casing, positioned
with the substantially left flat surface placed against the

30 substantially flat right surface, defines a fuze casing having a
plurality of casing recesses formed from the combination of the
plurality of left casing recesses and the plurality of right casing
recesses, the plurality of casing recesses confined within the
fuze casing for the mounting of a plurality of fuze components;

35 and

a plurality of plated-on electrical tracks on the left
casing, the plurality of plated-on electrical tracks including a



wherei-n the threads are coupled to the plurality tho
provi de access to an electrical ground. 12. An roni c fuze package
as clainmed in claim4, further conprising a detonato \m‘ ﬁﬂa
detonator recess in the fuze casing, wherein the det“ﬂ“\“‘ MY to
the fuze circuit via a detonator connecter125-13. An'eleetrbonit fuze
package as clainmed in claim 12, further conprising a detonator booster
mounted within a detonator booster recess in the fuze casing. 10 14.
An el ectroni c_fRiEalpycrhgeompanent neannections nimmediately cadjaventi to rifnea
means for. safi nqupdity2of 8és r@b@EééQ”*cﬁ' fe‘l'é@tric‘é*l‘lﬁir %b'ﬂlrp'lihg fhans for

Ing and arm ng recess

thin a sa I'n the fuze

safing and arm I.s” moynt ed [ rmr ]

casi ng and the ﬁiﬁ%ﬁlﬁw er}é'ﬁﬁi fEMRRNGNtS: Iy 4 sfuzec sirsyitowhan:then pluralinat or
and the 15 detogfnfilze comgpodmeéntslare moéumesdosithier thelfuze é‘QsiFh'g?Ct roni c fuze
package conprising the steps of: nolding a left casing conprising a

subst anti aln$)y flat left 20 surface having a plurality of |eft casing
recesses; nol di ng a&.i ghtAr salectroniovfuzei package:last sldinmed yinfdlaim 4,

wherein the left casing and the right casing each comprise
thermoplastic material.

10 6. An electronic fuze package as claimed in claim 4,
wherein the plurality of plated-on electrical tracks comprise
copper.

7. An electronic fuze package as claimed in claim 4,
15 further comprising an antenna mounted within an antenna recess
in the fuze casing, wherein the antenna is coupled to the fuze
circuit. :

8. An electronic fuze package as claimed in claim 4,
20 further comprising a processor mounted on the left casing
within a processor recess in the left casing, wherein the
processor is coupled to the fuze circuit via a plurality of
processor connections.

25 9. An electronic fuze package as claimed in claim 4,
further comprising a battery mounted within a battery recess in
the fuze casing, wherein the battery is coupled to the fuze
circuit via at least two' battery connections.

30 10. An electronic fuze package as claimed in claim 4,
further comprising threads on the fuze casing.

11. An electronic fuze package as claimed in claim 10,
wherein the threads are coupled to the plurality of plated tracks
35 to provide access to an electrical ground.



right. .surface having a plurality of right recesses, wherein the conbination
of the left casing and the right casing, p03|t|oned th—h—t—he—subsLa.nL;ly
flat left surface placed against the 25 substantiali t surface,
defines a fuze casing having a plurality of casing re ﬂu !i!mmm" t he
conbi nation of the plurality of left casn—ng3recesses of

ri ght casing recesses, the plurality of casing recesses for the nDuntlng of
a plurality of fuze conponents; and 30 plating on a plurality of

el ectrical tracks orl2.he Arfelectronit fuzéepatkage idsy cidimdditindelaimelect ri cal

L me e adj acent
:(r)afﬁz Iplnﬁlrzlild: ?9“@ cgéﬁ" diél'ig egsgwg &&q‘ﬂﬁggl }%ﬁ‘&uﬁl aﬁE‘"HF\é pI urality
of fuze conpondBeessinathefuzei casing, wibarainethe wetbhator3is coupled do
conponent s ar e tRBUIAS ciduit ik g dfshetsP hnectpr:d 16 A method for

making an electronic fuze package as I'n c ai m15, further _
conprising Yhe steps of: nounting a battery within a battery recess in the

fuze casing; mountirB.a d alettronid foie paékégféﬁs)rclélﬁféiﬁn' é'la‘iﬂheﬁuze =
casing; mounti 4G ef el OFEing 2 S4§lontibl Bodsiaf! HoutedaTis"
detonator booster recess in the fuze casing.

10 14. An electronic fuze package as claimed in claim 13,
further comprising a means for safing and arming the electronic
fuze, wherein the means for safing and arming is mounted within
a safing and arming recess in the fuze casing and the means for
safing and arming is located between the detonator and the

15 detonator booster.

15. A method for making an electronic fuze package
comprising the steps of: :
molding a left casing comprising a substantially flat left
20 surface having a plurality of left casing recesses;
molding a right casing comprising a substantially flat
right surface having a plurality of right recesses, wherein the
combination of the left casing and the right casing, positioned
with the substantially flat left surface placed against the
25 substantially flat right surface, defines a fuze casing having a
plurality of casing recesses formed from the combination of the
plurality of left casing recesses and the plurality of right casing
recesses, the plurality of casing recesses for the mounting of a
plurality of fuze components; and
30 plating on a plurality of electrical tracks on the left
casing, the plurality of plated-on electrical tracks including a
plurality of component connections immediately adjacent to the
plurality of casing recesses for electrically coupling the
plurality of fuze components in a fuze circuit when the plurality
35 of fuze components are mounted within the fuze casing.



recess in the fuze casing; and nounting a safing and armng device wthin a

safing and arm ng recess :in the fuze casing, V\/nerel arm ng
10 device is positioned between the detonator and ﬁ, [ﬂl ster.
17. A method for meking an el ectronic fuze package i m 15,

wherein the steps of nmolding a | eft casi rRgl45- and nolding a right casing
conprise the steps of nolding a |l eft casing of thernoplastic material and
nol ding a right casing of thernoplastic material, respectively. 18. A

met hod for meking ar @l ecArmethod for makktg;anaelémromt:aﬁuzedp'aokageias17
further conpri t

termnals on tﬁdégg'aéa |r§/tc?£'ﬁ? Q{rss’t %‘S&gedéﬁ%ﬁ%"@ tﬁé] nec?ll @?éﬁ@]ﬂ
plurality of elkaftenycavithinaakbatteny resesscin rlbeafldzﬁ cﬁaﬁlbg, | ead on the

f're;gﬂgt or to a detonpblhtiAg aCaBiItAter Withil'@ He‘i‘éﬁétdryrétfes% 5 { theF $Uze
5 casing;
mounting a detonator booster W|th|n a detonator booster
recess in the fuze casing; and
mounting a safing and arming device within a safing and
arming recess in the fuze casing, wherein the safing and arming
10 device is positioned between the detonator and the detonator
booster.

17. A method for making an electronic fuze package as
claimed in claim 15, wherein the steps of molding a left casing
15 and molding a right casing comprise the steps of molding a left
casing of thermoplastic material and molding a right casing of .
thermoplastic material, respectively.

18. A method for making an electronic fuze package as
20 claimed in claim 17, further comprising the steps of:
connecting first and second battery terminals on the
battery to first and second battery connections on the plurality
of electrical tracks; and
connecting a detonator lead on the detonator to a detonator
25 connector on the plurality of electrical tracks.



