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Safe-and-Arm Device

Field of Invention
[001] The present invention relates to a safe-and-arm device or mechanism for a projectile
equipped with a second-stage propulsion. Such a projectile is equipped with a second-stage

propulsion to increase the range of projection and may be launched from a hand-held rifle.

Background

[002] A safe-and-arm device or mechanism is required for a munition projectile to ensure
that the munition is not armed and not detonated until the projectile has been propelled to a
minimum safe distance away from the launcher and conditions are safe for arming. MIL-
STD-1316E requires two unique environments to be sensed before it is safe to proceed

with arming of projectile.

[003] Cartridged 40mm projectiles are in common use, and they have the advantage of
being deployable from a barrel connected to a hand-held rifle. To increase the projection
distance and/or to increase the payload of the such projectiles using existing rifles, these
projectiles are configured with a second-stage propulsion or ignition. It can thus be seen
that there exists a need to provide another safe-and-arm device or mechanism for such a

new type of projectiles.

Summary

[004] The following presents a simplified summary to provide a basic understanding of the
present invention. This summary is not an extensive overview of the present invention, and
is not intended to identify key features of the invention. Rather, it is to present some of the
inventive concepts of this invention in a generalized form as a prelude to the detailed

description that is to follow.

[005] The present invention seeks to provide a safe-and-arm device or mechanism for a

new projectile equipped with 2-stage propulsion.
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[006] In one embodiment, the present invention provides a safe-and-arm device or

mechanism for a projectile equipped with 2-stage propulsion comprising: an unbalanced
rotor that is configured to rotate inside the safe-and-arm device or mechanism, with a rate
of rotation of the unbalanced rotor being controlled by a pinion and verge assembly; and a
lockpin located on the unbalanced rotor, with the lockpin being disposed in a bore formed
parallel to a longitudinal axis of the projectile, and the lockpin is being urged by a spring to
extend, so that a tip of the lockpin is engaged in a locating hole formed on a cover plate
that is disposed over the safe-and-arm device or mechanism; wherein, after the projectile is
propelled out of a launcher barrel and the projectile is a safe distance away from the
launcher barrel, a second propellant is ignited, and the projectile experiences a second
acceleration force or impulse together with spin forces, the lockpin, in response to both the
second acceleration and spin forces, retracts and releases the unbalanced rotor to turn, such
that after a predetermined elapsed of time, the safe-and-arm device or mechanism is rotated
from a “safe” state to an “armed” state, as the projectile continues on its trajectory to a

target.

[007] In another embodiment, the present invention provides a safe-and-arm sensing
method in a munition projectile comprising: arranging an unbalanced rotor to rotate in a
safe-and-arm assembly, with a rate of rotation of the unbalanced rotor being controlled by
a pinion and verge assembly; disposing a lockpin in a bore formed on the unbalanced rotor
and arranging a spring in the bore to urge the lockpin to extend, with the bore being
parallel to a longitudinal axis of the munition projectile; and engaging a tip of the lockpin
in a locating hole formed on a cover plate that is disposed over the safe-and-arm assembly;
wherein, after the munition projectile is propelled out of an a launcher barrel and the
munition projectile is subjected to both an acceleration force caused by a second-stage
propulsion and spin forces, the lockpin is retracted against the spring and the unbalanced
rotor, in response, is released to turn from a “safe” state to an “armed” state after the
unbalanced rotor has turned through a predetermined number of rotations and an elapsed of

time, as the munition projectile continues traveling along its trajectory to a target.

[008] Preferably, the locating hole of the lockpin is of the same size as the lockpin but the
lockpin has a collar to limit extension of the lockpin into the locating hole to restrain the
unbalanced rotor from turning when the projectile is in the “safe” state. Alternatively, the

locating hole is smaller than a diameter of the lockpin, so that a tip of the lockpin engages
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mto the locating hole to restrain the unbalanced rotor from turning when the projectile is in

the “safe” state.

[009] Preferably, the above safe-and-arm device or mechanism comprises an electric
detonator, which is operable to be set off by an impact sensor that is connected to the
electronic timing module, when the projectile is in the “armed” state and the projectile
impacts the target. Alternatively, the above safe-and-arm device or mechanism comprises a
point detonator, which is operable to set off the stab detonator once the stab detonator is
substantially aligned with the point detonator, when the projectile is in the “armed” state

and the projectile impacts the target.

Brief Description of the Drawings

[0010] This invention will be described by way of non-limiting embodiments of the present

invention, with reference to the accompanying drawings, in which:

[0011] FIG. 1 illustrates a conventional 40mm cartridged projectile;

[0012] FIG. 2 illustrates a 40mm cartridged projectile configured with 2-stage propulsion

according to an embodiment of the present invention;

[0013] FIG. 3 illustrates a safe-and-arm device assembly for use in the projectile shown in
FIG. 2, with the safe-and-arm device assembly being connected to a setback generator and

an electronic timing module;

[0014] FIG. 4 illustrates interior parts of the safe-and-arm device assembly shown in FIG.
3
[0015] FIG. 5A illustrates a position of a lockpin at a “safe” state, whilst FIG. 5B illustrates
the lockpin after the safe-and-arm device or mechanism has rotated to an “armed” state;

and
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[0016] FIGs. 6A-6C illustrate movement responses of the lockpin when subjected to two

stages of propulsion or ignitions, whilst FIG. 6D illustrates location and structure of the

setback pin and setback springs.

Detailed Description

[0017] One or more specific and altemative embodiments of the present invention will now
be described with reference to the attached drawings. It shall be apparent to one skilled in
the art, however, that this invention may be practised without such specific details. Some
of the details may not be described at length so as not to obscure the invention. For ease of
reference, common reference numerals or series of numerals will be used throughout the

figures when referring to the same or similar features common to the figures.

[0018] FIG. 1 shows a conventional 40mm cartridged projectile 10. As seen from FIG. 1,
the conventional cartridged projectile 10 is made up of a cartridge case 20, a body 30 and a
nose cone 40, with the parts being arranged along a longitudinal axis L. A payload 50 may
be disposed in the nose cone 40, whilst a safe-and-arm device assembly 60 is disposed in
the nose cone 40 located aft of the payload 50. Operation of the safe-and-arm device
assembly 60 is now described and with reference to FIG. 4 (illustrating both the
conventional safe-and-arm device assembly 60 and a safe-and-arm device assembly 160 of
the present invention): once the projectile 10 is ignited in a launcher barrel, a setback-pin
62 (as seen in FIG. 6D) experiences a first acceleration force or impulse state and, in
response, the setback-pin 62 is retracted against a set of setback springs 63 (configured by
leaf springs), which results in releasing of an unbalanced rotor 64. Once outside the barrel,
the projectile 10 starts to spin and the unbalanced rotor 64 begins to rotate; the rate of
rotation of the unbalanced rotor 64 is regulated by a pinion 66 and a verge assembly 68 so
that after a predetermined number of rotations, elapsed of time, and the projectile 10 has
reached a safe distance away from the launcher, the unbalanced rotor 64 is rotated from a
“safe” state to an “armed” state; in the “armed” state, a stab detonator 70 on the
unbalanced rotor becomes substantially aligned with an electric detonator 72. When the
nose cone 40 strikes a target, electronically sensed impact forces (for eg, by means of using
a shock or impact sensor) set off the electric detonator 72, which in turn, sets off the stab
detonator 70. The stab detonator 70 may in turn set off a booster charge 32 or an explosive

charge 34 disposed inside the body 30 of the projectile 10.
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[0019] FIG. 2 shows a simplified diagram of a cartridged projectile 100 according to an
embodiment of the present invention. The cartridged projectile 100 has corresponding
parts as the conventional projectile 10, namely, a cartridge case 120 containing a first
propellant 122, a projectile body 130 and a nose cone 140. A second propellant 124 is
disposed in the projectile body 130. The cartridged projectile 100, including the projectile
body 130 and nose cone 140, may be configured with dimensions according to a 40mm
munition type, except that the cartridged projectile 100 is longer in the longitudinal axis L.
For casc of description, after the cartridge case 120 has been ¢jected, the projectile (ie.

projectile body and nose cone) is referred to by reference number 102.

[0020] FIG. 3 shows the safe-and-arm device, mechanism or assembly 160 used in the
cartridged projectile 100, projectile 102 or projectile body 130. As shown in FIG. 3, a
forward end the safe-and-arm device, mechanism or assembly 160 is coupled to an

clectronic timing module 180 and a setback generator 185.

[0021] Now, FIG. 4 shows part of the interior of the safe-and-arm device assembly 160.
The above description of the conventional safe-and-arm device is still applicable, except
that the safe-and-arm device, mechanism or assembly 160 now has a lockpin 190 located
in a bore 192 formed on an unbalanced rotor 164, with the lockpin 190 and its bore being
substantially parallel to the longitudinal axis L of the projectile 102. Operation of the
lockpin 190 is now described with reference to FIGs. 5SA-5B and 6A-6C.

[0022] FIG. 5A shows the safe-and-arm device, mechanism or assembly 160 in the “safe”
state with the lockpin 190 located in the bore 192 with the lockpin 190 being urged by a
spring 194; the lockpin 190 is thus being extended and engaged in a locating hole 196
formed in a plate 161 that covers the safe-and-arm device, mechanism or assembly 160;
the plate 161 is part of a body of the safe-and-arm device or assembly 160 and is thus

stationary with respect to the unbalanced rotor 164.

[0023] As seen from FIG. 6A, the locating hole 196 is smaller in diameter than the lockpin
190, so that a tip of the lockpin 190 is engaged in the locating hole 196 to prevent the
unbalanced rotor 164 from turning. It is also possible that the locating hole 196 has a step
or is conical. It is also possible that the locating hole 196 receives the tip of the lockpin 190
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6
with the lockpin 190 having a collar to limit the extension of the lockpin 190 into the

locating hole 196, as seen in FIG. 6B. When the cartridged projectile 100 is ignited in the
launcher barrel and experienced a first acceleration force or impulse, the projectile 102 is
propelled out of the barrel, and both the setback pin 62 and the lockpin 190 become
retracted in their respective bores. The projectile 102 experiences the first acceleration
force or impulse only momentarily; as a result, the spring 194 pushes the lockpin 190 back
into the locating hole 196 and prevents the unbalanced rotor 164 from rotating, ie. the
projectile 102 remains in the “safe” state. Once the projectile 102 is outside the launcher
barrel, the projectile 102 experiences spin forces but the safe-and-arm device or assembly
160 remains in the “safe” state, as seen in FIGs. 5A and 6B. With the present invention,
both the setback pin 62 and the lockpin 190 provide a double-safety feature, where both the
setback pin 62 and the lockpin 190 ensure safe mechanical handling of the cartridged
projectile 100.

[0024] Shortly after the projectile body 102 is ejected outside the launcher barrel, for eg.
2m away, the second-stage propellant 124 is ignited; the lockpin 190 then experiences a
second acceleration force, together with spinning forces; in response to the second
acceleration force, the lockpin 190 retracts and releases the unbalanced rotor 164; in other
words, the lockpin 190 is retracted from the locating hole 196 and the unbalanced rotor
164 becomes free to rotate in response to the second acceleration and spinning forces, but
under control by the opinion 66 and verge assembly 68. After a predetermined number of
rotations and elapsed of time, the projectile 102 is propelled to a safe distance away along
its trajectory to a target and the unbalanced rotor 164 is being rotated from the “safe” state
into an “armed” state, as seen in FIG. 5B. The lockpin 190 is provided to ensure sensing of
the second ignition or second propulsion before arming can take place. In other words, the
double-safety feature is to ensure that the setback pin 62 satisfies the mandatory safe
handling requirement of the cartridged projectile 100, whilst the lockpin 190 provides a
means for sensing the second ignition of the propellant 124. In the “armed” state, the stab
detonator 70 on the unbalanced rotor 164 becomes substantially aligned with the electric
detonator 72. As the projectile 102 continues on its trajectory to its target, and when the
nose cone 140 strikes the target, electronically-sensed impact forces (for eg, by means of
using a shock or impact sensor connected to the electronic timing module) set off the
electric detonator 72, which in turn, sets off the stab detonator 70; alternatively, it is also

possible that the impact forces thrust the safe-and-arm device or assembly 160 forward and



WO 2023/277816 PCT/SG2022/050453

10

15

7
a pointdetonator (not shown in the figures) then sets off both the stab detonator 70 and a

chain of explosive charges.

[0025] While specific embodiments have been described and illustrated, it is understood
that many changes, modifications, variations and combinations of variations disclosed in
the text description and drawings thereof could be made to the present invention without
departing from the scope of the present invention. For example, the electronic timing
module 180 may be configured so that when the impact forces fail to trigger the electric
detonator 72 or the stab detonator 70, a self-destruct signal is sent to the electric detonator
to trigger self-destruction of the projectile body; it is also possible that the electronic
timing module 180 is additionally configured with an electronic impact sensing circuit to
generate an impact signal to trigger the electric detonator when mechanical impact fails to
trigger the stab detonator 70. A more complex system of clectronically controlling the
impact firing signal can also be adopted as disclosed by the Applicant in US Patent No.
9,163,916.
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CLAIMS:
1. A safe-and-arm device or mechanism for a projectile equipped with 2-stage
propulsion comprising:

an unbalanced rotor that is configured to rotate inside the safe-and-arm device or
mechanism, with a rate of rotation of the unbalanced rotor being controlled by a pinion and
verge assembly; and

a lockpin located on the unbalanced rotor, with the lockpin being disposed in a bore
formed parallel to a longitudinal axis of the projectile, and the lockpin is being urged by a
spring to extend, so that a tip of the lockpin is engaged in a locating hole formed on a
cover plate that is disposed over the safe-and-arm device or mechanism;

wherein, after the projectile is propelled out of a launcher barrel and the projectile
is a safe distance away from the launcher barrel, a second propellant is ignited, and the
projectile experiences a second acceleration force or impulse together with spin forces, the
lockpin, in response to both the second acceleration and spin forces, retracts and releases
the unbalanced rotor to turn, such that after a predetermined elapsed of time, the safe-and-
arm device or mechanism is rotated from a “‘safe” state to an “armed” state, as the

projectile continues on its trajectory to a target.

2. The safe-and-arm device or mechanism according to claim 1, further comprising a
setback generator to supply electric power to an electronic timing module disposed

adjacent to the safe-and-arm device.

3. The safe-and-arm device or mechanism according to claim 1 or 2, wherein the
locating hole is of the same size as the lockpin but the lockpin has a collar to limit
extension of the lockpin into the locating hole to restrain the unbalanced rotor from turning

when the projectile is in the “safe” state.

4. The safe-and-arm device or mechanism according to claim 1 or 2, wherein the
locating hole is smaller than a diameter of the lockpin, so that a tip of the lockpin engages
into the locating hole to restrain the unbalanced rotor from turning when the projectile is in

the “safe” state.

3. The safe-and-arm device or mechanism according to claim 4, wherein the locating

hole is stepped or conical.
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6. The safe-and-arm device or mechanism according to any one of claims 2-5, further
comprising an electric detonator, which is operable to be set off by an impact sensor that is
connected to the electronic timing module, when the projectile is in the “armed” state and

the projectile impacts the target.

7. The safe-and-arm device or mechanism according to any one of claims 1-5, further
comprising a point detonator, which is operable to set off the stab detonator once the stab
detonator is substantially aligned with the point detonator, when the projectile is in the

“armed” state and the projectile impacts the target.

8. A safe-and-arm sensing method in a munition projectile comprising:

arranging an unbalanced rotor to rotate in a safe-and-arm assembly, with a rate of
rotation of the unbalanced rotor being controlled by a pinion and verge assembly;

disposing a lockpin in a bore formed on the unbalanced rotor and arranging a
spring in the bore to urge the lockpin to extend, with the bore being parallel to a
longitudinal axis of the munition projectile; and

engaging a tip of the lockpin in a locating hole formed on a cover plate that is
disposed over the safe-and-arm assembly;

wherein, after the munition projectile is propelled out of an a launcher barrel and
the munition projectile is subjected to both an acceleration force caused by a second-stage
propulsion and spin forces, the lockpin is retracted against the spring and the unbalanced
rotor, in response, is released to turn from a “safe” state to an “armed” state after the
unbalanced rotor has turned through a predetermined number of rotations and an elapsed of

time, as the munition projectile continues traveling along its trajectory to a target.

9. The safe-and-arm sensing method according to claim 8, further comprises sensing
an impact using an electronic impact sensor connected to an electronic timing and sensing
module when the munition projectile is in the “armed” state, so that an output signal of the
electronic impact sensor impacting the target is used to set off an electric detonator, which

in turn triggers a chain of explosives disposed in the munition projectile.

10.  The safe-and-arm sensing method according to claim 8, further comprises thrusting

a stab detonator onto a point detonator when the munition projectile is in the “armed” state,
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so that setting off of the stab detonator triggers a chain of explosives disposed in the

munition projectile.
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