1 Projectile With Strike Point Marking Field of Invention [001] The present invention relates to
projectiles with strike point marking. In particular, these projectiles are useful for training purposes or
for use as marker rounds. Background [002] Practice ammunition has been in use. For example, US
Patent No. 7,004,074, assigned to Martin Electronics, describes a practice projectile 10 containing a
powder dye charge 14 (see FIG. 1). After the projectiie is fired, the nose cone 11 bonded to the
projectile 12 ejects the dye at the point of impagct, Jt ears.that thjs projectile is limited to day time
use. [003] In another example, US Pﬁé?ﬂlf“ﬁ‘c% &Etbogg R $Nico-Pyrotechnik Hanns-
Juergen, describes a practice projectile in which a marking agent is contained in a frangible hood at
the head of the projectile. The marking agent consists of two chemical components contained in
separate, adjacent compartments. These com‘f)‘ﬁ%‘?émé“’éﬁ% a common partition that has

predetermingghiitregiensa MR fisaccihe acspleration farsessandheoRioisglm break thesa thin wall
regions to allow the two chemical components to react and give a chemo-luminescent light. The
luminous lighRGecaRFRiRsE e 8lfgrrehd tRIrEpBIRRPRTRECHHOTMECHbBRENENEH ifght. Upon striking the
target, the hood bursts to scatter the luminous chemical dye, thereby making the strike point optically
visible. It appears that this projectile is limited to night time use. [004] US Patent No. 7,475,638, also
assigned to Nico-Pyrotechnik Hanns-Juergen, dBaekiresnsh improved projectile 50 that is usable for
both day and night time use. In this projectile, two chemically active marking materials are separately
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54 disposedssigied thdvinvavitiicirheigthdeproestilepbl stdkovjadaligdf, toethiontcavitywder dye
charge 14 (see FIG. 1). After the projectile is fired, the nose cone 11 bonded to the
projectile 12 ejects the dye at the point of impact. It appears that this projectile is limited to
day time use.
[003] In another example, US Patent No. RE40,482, assigned to Nico-Pyrotechnik Hanns-
Juergen, describes a practice projectile in which a marking agent is contained in a frangible
hood at the head of the projectile. The marking agent consists of two chemical components
contained in separate, adjacent compartments. These compartments share a common
partition that has predetermined thin regions. When fired, the acceleration forces on the
projectile break these thin wall regions to allow the two chemical components to react and
give a chemo-luminescent light. The luminous light is emitted through the transparent hood
while the projectile is in flight. Upon striking the target, the hood bursts to scatter the
luminous chemical dye, thereby making the strike point optically visible. It appears that
this projectile is limited to night time use.
[004] US Patent No. 7,475,638, also assigned to Nico-Pyrotechnik Hanns-Juergen,
describes an improved projectile 50 that is usable for both day and night time use. In this
projectile, two chemically active marking materials are separately contained in two
containers 55, which are placed side-by-side to each (see FIG. 2). These containers 55 are
then encased in an outer container 56. The outer container 56 is embedded in a dye powder
54 disposed inside a front cavity. When the projectile 50 strikes a target, the front cavity
bursts and the containers 55,56 become broken; as a result, the the dye powder 54 is

released and the two chemically active components react to give out light. It appears that



bursts and the containers 55,56 become broken; as a result, the the dye powder 54 is released and
the two chemically active components react to give out light. It appears that 2 the chemically active

components mix and react at the point of impact and the chemical reaction may not give an optimal
luminous effect. [005] It is appreciated that larger quantities of projectiles are used in training than in
service; as such, cost becomes a very important factor in providing training projectiles. Coupled with

limitations of R GRATPFBIBCARY SICORPRNGEHads s dnisenh sfctlisciRednh pleBBP6r BiHhey priftaining

projectiles tomegseHIESMoRBH fulHIs GhaliengesoRWiRary [006] The following presents a simplified
summary to provide a basic understanding of the present invention. This summary is not an extensive

overview of tneeﬁh%éﬁ_ti@ﬁp@g@éﬁtgdw&taink@rgeémeqaémifyf@spj@ﬁimwr@f Wedinve HEBANR ARt is to
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detailed description that is to follow. [007] The present invention seeks to provide a‘frangible projectile
with strike péintiphedkivith fonkietinirgop lpose Py doiilaselbeamtrie beceaa sty botis ey aed night.

O R e BEOIRE16  G E RE  o oa 1n

flight time allows Inescent produce an eftective glow at the poirit of impact. [008] In one
embodiment, the present invention provides a projectile having a hollow nose cap threadedly
connected to a forward portion of a projectile bod %Qld grcartridge case bonded to a rear portion of
said projectile body, such that said projectile is elongalf% and defines a longitudinal axis. The projectile
comprises: an ampoule disposed inside said hollow nose cap, with said ampoule's longitudinal axis
substantially[cosXidlewithseinl laegtivtdinalmpifiet saidnuoyectipeogidd saiskrnopdelscoiitgios tdirst
luminescent dIye com onent;ﬁlvial di%[i)osed inside said ampoule, with sgid vial containigq a second

present mvention. 1his summary 1S not an extensive overview of the invention, and’1s not

intended to identify key features of the invention. Rather, it is to present some of the

inventive concepts of this invention in a generalised form as a prelude to the detailed

description that is to follow.

[007] The present invention seeks to provide a frangible projectile with strike point marking

for training purposes or for use as marker rounds during both day and night. The

luminescent dye contained in the projectile is activated after the projectile is launched and

the flight time allows the luminescent dye to produce an effective glow at the point of

impact.

[008] In one embodiment, the present invention provides a projectile having a hollow nose

cap threadedly connected to a forward portion of a projectile body and a cartridge case

bonded to a rear portion of said projectile body, such that said projectile is elongate and

defines a longitudinal axis. The projectile comprises: an ampoule disposed inside said

hollow nose cap, with said ampoule's longitudinal axis substantially coaxial with said

longitudinal axis of said projectile, and said ampoule contains a first luminescent dye

component; a vial disposed inside said ampoule, with said vial containing a second

luminescent dye component; a front crusher disposed at a front end of said ampoule; and a

rear crusher disposed at a rear end of said ampoule; wherein upon launching of said

projectile, impulse of said front crusher crushes said front end of said ampoule and said

vial, thereby allowing said first and second luminescent dye components to mix and

produce a luminous glow, and upon said projectile striking a target, said nose cap breaks

and then said rear crusher throws said luminous dye out of said broken nose cap to mark

the point of impact of said projectile.



luminescent dye component; a front crusher disposed at a front end of said ampoule; and a rear
crusher disposed at a rear end of said ampoule; wherein upon launching of said projectile, impulse of
said front crusher crushes said front end of said ampoule and said vial, thereby allowing said first and
second luminescent dye components to mix and produce a luminous glow, and upon said projectile

striking a target, said nose cap breaks and then said ?‘ear crusher throws said luminous dye out of
said broken 98k En91e FEPRAURE MoiHtcoPIRIpEREofYaRTItojactlE. BOYI50] ditRsekriBBheid, the

projectile cogipAseR aiyRRRWHRRAISRASH RIBUIHRAY JRpAWIE §'&Qt§ﬂ?5'tt HHSD A0 SRSy e

powder comprises a catalyst that is reactable with' said luminescent dye to produce a stronger glow. In

another emb%%@ﬁipﬁﬁ@eayéwdé@dm@qwmﬁrglawaéh@nqﬁl%rr@ﬂb@dmoﬁhﬁém; Wﬂ?@_ject_ile
contains a phogBREEHS: SAMPOIENAL higRied WORRHRG T SRE PHSRERIS HruRsoxtRlmargectile

body during impact and this provides a thermal glow that is noticeable with night vision equipment. In
another embudirpewtd thatsaigoftidevdiojabtiechnerastremisphrewnplug alithdawoprcoitahody dinehthe
luminous glo: ye.is emj th rent. at t jectile: jectory can
be traced orl\p%(?t;tceq;l?n téﬁlcgz gﬁfeq%gléc})}v%%yﬁgtl S%gafsl?fr% gﬁgl%%i&%eﬁll mi‘r?egg(%:%e%liJ d@é&{ \%ﬁé%?the
projectile is wsethan anchidierntorimeendr [@0HE] progrotlecras mbodispersnttipbugfesehiivinvestiomplovides

2 method for marking & sirke point af g projectle naficeaple, Jhemathod comprises: braajing an
ampoule and a vial containedfn said ampo e%ya ront crusfRer, mixing two lumingscent dye
componentspsgpaiatelyrgeotainedrirbsaic@ahpoyibaad Uiht tohgivebdllowndus glopwlbi@algimgtopen a

nose cap of agaid ﬂ‘go ctile alontq R Iin% of ickness.Lransitio({muponlién%)act ata s{trike point; and
sputtering sal W Fnélﬁ%ll&?fec%lut of SAIaThYBRIPIEY eé%lBSBy & RSy CrUSHEM S Wark the strike point;
wherein saidooeshad ismueed duibodithennight gidswithitivendionopeonighy visidtheameranddad]dn
another embodiment, the method comprises igniting said oxidant and %ho phorus
strike point of a projectile noticeable. The method comprises: breaking an ampoule and a
vial contained in said ampoule by a front crusher, mixing two luminescent dye components
separately contained in said ampoule and vial to give a luminous glow; breaking open a
nose cap of said projectile along a line of thickness transition upon impact at a strike point;
and sputtering said luminous dye out of said broken nose cap by a rear crusher to mark the
strike point; wherein said method is used during the night and with the aid of a night vision
camera.
[0011] In another embodiment, the method comprises igniting said oxidant and phosphorus
compound to provide a thermal glow as said rear crusher is thrown out of said projectile
body at the point of impact. In yet another embodiment, the method comprises emitting the

luminous light through a transparent plug/window or channel disposed at a rear of the

projectile body for tracing or plotting the projectile's trajectory.

Brief Description of the Drawings

[0012] This invention will be described by way of non-limiting embodiments of the present
invention, with reference to the accompanying drawings, in which:

[0013] FIG. 1 illustrates a known training ammunition as described in US Patent No.
7,004,074,

[0014] FIG. 2 illustrates another known training ammunition as described in US Patent No.

7,475,638;



compound to provide a thermal glow as said rear crusher is thrown out of said projectile body at the
point of impact. In yet another embodiment, the method comprises emitting the luminous light through
a transparent plug/window or channel disposed at a rear of the projectile body for tracing or plotting
the projectile's trajectory. Brief Description of the Drawings [0012] This invention will be described by
way of non-limitingFembodiments of the present inverftion, with reference to the accompanying

drawings, in WMehFTo0 23] iestratansprisstHadrsridingifimg smbodiron ekthe sesisabif e8 Patent

No. 7,004,07¢ [BQL 4G aHUSlaies 3BQIBER KRR WRHAIRING RIProjtiRn RS HescHke iR, US Patent
No. 7,475,638; 4 [0015] FIG. 3A illustrates a projectile according to an embodiment of the present

invention; af®HGFER iltAstritesatesoss QuEnsnadeqy o tHe framirgyshsieafieoshis®nion mahgn;
[0016] FIG. %ﬂﬁ&ﬁ%ﬁ%ﬁ%ﬁtﬁy&Si@%ﬁ?&%&ﬂi@ntfont crusher according to another embodiment of the

present invention; [0017] FIG. 4B illustrates a cross-sectional view of a projectile according to another
embodiment[@d 1k Pesehit inlestitites; OISSFGHAG|usrates a prowstleciopridiigntof anpilaiectile

with heat ang&ggai%q{'pgf @l%ci%cgm ] v@ﬂt%ﬁ?r embodiment of the present invention; and [0019] FIG.

4D illustrates a cross-sectional view ot a projectile for use in cold environment according to yet
another emhio@iBieht(of 4hei e aies invertiortchDetall et D edcriptigaciiie 20jtiDheabamd drehs pewifig and

alternative embodjments of me Qr%s%nt inve {ﬁn will ncgv.v be descrilaed with reference to the attached
I cmbodi
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drawings. It Shafbe p?p%{}%n o one skified in' thE'&rt nhtl)wg\r}éﬂnfh%} this invention may be practised

without such[emegifitCGletBildluSoms ot the-detdibaahaie waifhepesctiketbatdengitokbeasinairt@atbscure

the invention. For ease of : . .
according to yet another embodiment of the present invention.

Detailed Description

[0020] One or more specific and alternative 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. Front/forward
or rear orientation of any component is with respect to the travel direction of the projectile.

[0021] FIG. 3A shows a projectile 100 according to an embodiment of the present
invention. FIG. 3B shows a cross-section of the projectile 100. As shown in FIGs. 3A and
3B, the projectile 100 comprises a plastic nose cap 110 threaded onto a forward end of a
projectile body 140, with a rear portion of the projectile body 140 being bonded to a
cartridge case 160. The plastic nose cap 110 is designed to break upon striking a target.
The projectile 100 is generally elongate along a centre axis C.

[0022] The front exterior of the nose cap or ogive 110 is substantially hemispherical in
shape and it extends to its rear 116 in a cylindrical shape. As can be seen from FIG. 3B, the
nose cap forms a shell 112 and defines a cavity 118 therein. The shell 112 comprises three
regions of varying thicknesses; at the front tip region 112a, the interior surface is

substantially flat; this flat surface is dimensioned to accept a front crusher 120. The tip



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. Front/forward or rear orientation
of any component is with respect to the travel direction of the projectile. [0021] FIG. 3A shows a
projectile 100 according to an embodiment of the present invention. FIG. 3B shows a cross-section of
the projectile 100. As shown in FIGs. 3A and 3B, the%ro'ectile 100 comprises a plastic nose cap 110
threaded ont6EIBrVErY ERRLIBESES SrojkcliidHediFaian, Witha Vg &b GHINsroRRINEBOBPYL 40
being bondeg Q9 GARITIHRE #a88nkaEHh F&%H'%QQ. ﬁ%ﬁlﬁ?@&éﬁ)ﬂﬁﬁ%@%&%ﬁ% é&@%ﬁf'&gﬁ(ing a

target. The projectile 100 is generally elongate along a centre axis C. [0022] The front exterior of the
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118 therein. The shell 112 comprises three regions of varying thicknesses; at the front tip region 112a,
the interior slinksckli& 1dtsstaheianligien; sthiedtaosthdabelisldindheioriemsviaedassd froht €dediner 120,
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thicknesses of the shell 112 at the three regions formed two transition lines 113,114.on the interior
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shell 112 or heseeagchi€y istsusciptibletodbreaks upodee@xiperlencing an impact. In one embodiment,

the nose ca is made of high-impact pol bgnat referably, nase cap 110 js translucent
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ned {§58ce 1o 150.

shaped and B%%WS A58 §ngdi§6_nﬁ*ﬂaed to recelve a rear crusher The

outer surface of the projectile body 140 between the connections with the nose cap 110 and
the cartridge case 160 has two projected rings 147. The ring 147 surfaces have substantially
the same dimension as the outside cylindrical surface of the nose cap 110 so that they fit
with a bore of a launcher (not shown in the figures) to spin stabilise the projectile 100.
[0024] The cartridge shell 160 has a generally cylindrical outside surface 162. The base of
the cartridge shell 160 extends out of the cylindrical surface 162 to form a flange 164,
which helps retain a spent cartridge shell in the firing chamber of the launcher. The
cartridge shell 160 for use with this invention is typically known and therefore no further
description of the cartridge shell is provided. When assembled with the projectile body
140, there is a space 150 between a rear end 148 of the projectile body 140 and an interior
of the cartridge shell 160. The space 150 forms a low pressure chamber for propulsion gas
to eject the projectile 100 through the bore of its launcher.

[0025] When the projectile 100 is assembled, the centre, with respect to the centre axis C,
of the cavity 118 between the front interior end of the nose cap 110 and the recess 146 on
the projectile body 140 is located, in contiguous contact, the front crusher 120, an ampoule
122 and the rear crusher 130. The ampoule 122 is a plastic container containing a first
luminescent dye component 123. Inside the ampoule 122 is a glass vial 124, which
contains a second luminescent dye component 125 that reacts with the first luminescent
dye component 123 to give a luminous glow. The space in the cavity 118 surrounding the

front crusher 120 and ampoule 122 is packed with a coloured dye powder 126. In one



outer surface of the projectile body 140 between the connections with the nose cap 110 and the
cartridge case 160 has two projected rings 147. The ring 147 surfaces have substantially the same
dimension as the outside cylindrical surface of the nose cap 110 so that they fit with a bore of a
launcher (not shown in the figures) to spin stabilise the projectile 100. [0024] The cartridge shell 160
has a generally cylindrical outside surface 162. The blse of the cartridge shell 160 extends out of the

cylindrical suFRRTBOo o niranfi g ree crniiels Helhdietan dafef caridgeishetsinthl Ming
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therefore no further description of the cartridge shell is provided. When assembled with the projectile

body 140, thaesighansigdear soupeaivedt BFexpanle1tg BPIHe bR potin padeprsgsinihiddor of
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projectile 100 through the bore of its launcher. [0025] When the projectile 100 is assembled, the
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component f?és{lo give a luminous glow. The space in the cavity 118 surrounding the front crusher
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front crushend GrsitsdrusheeprossiashdLda fasnieddoithiefminshgidile aopawdetde 2laschitihat the
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dimension. INA8I1S to react with each other. The spin forces and the front crusher 120 additively cause
turbulent mixing of the first and second luminescent dye components 123,125 to give a
luminous glow, even when the projectile 100 is in flight. When the projectile 100 hits its
target, the impact of the projectile 100 causes the plastic nose cap 110 to crack or break at
the thickness transition lines 113,114 whilst the impulse of the rear crusher 130 throws the
ampoule 122 forward to release the luminous dye and provides a luminous effect at the
point of impact; this is advantageous during night time training when night vision cameras
are used; in addition, this projectile 100 may be used as a marker round to pin point a
target. The impact forces also cause the coloured dye powder 126 to sputter and to provide
a visible effect at the point of impact during day time training. The sputtering of the dye
powder 126 carries with it the luminous dye, causing the point of impact to be more visible
from a distance. In addition, the coloured dye powder 126 also contains a catalyst to give
the luminous dye a stronger glow after the projectile 100 hits its target.
[0027] In another embodiment of the front crusher, the front crusher 120a additionally
comprises a cutting edge 121 around a periphery of its rear face that is in contact with the
front end of the ampoule 122, as seen in FIG. 4A. The cutting edge 121 may be a
continuous cutting edge, a saw-tooth cutting edge or discrete sections of cutting edges.
Advantageously, the present invention makes use of the spin forces on the front crusher
120a to ensure that the ampoule 122 and vial 124 are broken after the projectile 100 is

launched and the two luminescent dye components 123,125 are allowed to mix and react.



of mass difference, the rear crusher 130 is substantially 50% to 80% heavier than the front crusher
120. [0026] In use, when the projectile 100 is ejected from a launcher after firing, the projectile 100
experiences large acceleration and spin forces; as a result, the impulse imparted onto the front
crusher 120 crushes the front end of the plastic ampoule 122 and the glass vial 124 contained therein;
this causes the first and second luminescent dye com?)onents 123,125 to react with each other. The

spin forces ahep thiE Mg ArtihBpProushanilaly! 28useothe inside eaxiny Arthsermeedrd 22 Eorber
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vial 124 are broken after the projectile 100 is launched and the tw%lumine%ent dye components
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123125 are 913N % ﬁ.ﬁ;(sglﬁgf§eaa8{05?ectile 100b according to another embodiment “of the present
invention. As shown in FIG. 4C, the interior cylindrical surface of the filler plug 141a is

deposited or coated with a compound 142 containing phosphorus, such as red phosphorus.
In addition, the outside surface of the rear crusher 130 is deposited or coated with an
oxidant 131 that is reactable with the phosphorus compound 142. In use, when the
projectile 100b strikes a target and the rear crusher 130 is thrown forward, the oxidant 131
on the rear crusher 130b comes into contact and rubs into the phosphorus compound 142
on the front portion 141la of the projectile body; this causes the phosphorus in the
compound 142 to activate and burn. The heat generated by the burning of the compound
142 provides an additional method of establishing a strike point, for example, with the use
of thermal imaging cameras.

[0030] In a variation of the above embodiment 100b, the outside surface of the ampoule
122 is coated with the oxidant 131. In another embodiment, the phosphorus compound 142
is coated on the outside of the ampoule 122 and/or rear crusher 130 whilst the oxidant 131
is deposited on the interior surface of the recess 146 and/or filler plug 141a.

[0031] In yet another embodiment 100c of the projectile, a through hole 134 is provided in
the rear crusher 130 along the centre axis C. A hole 144 in register with the through hole
134 is also provided at the rear end of the projectile body 140. The hole 144 is threaded and
is fitted with a transparent plug or window 145. In one embodiment, the transparent plug
145 is made of clear polycarbonate; for use with this embodiment, outlet channels of the

cartridge 160 direct propulsion gases at an angle to the centre axis C to divert the



The piercing of the front crusher 120,120a into the inside cavity of the ampoule 122 further ensures
turbulent and thorough mixing of the luminescent dye components. [0028] FIG. 4B shows a projectile
100a according to another embodiment of the present invention. As shown in FIG. 4B, the projectile
100a is similar to the projectile of the above embodiment except that a front portion of the projectile
body 140 is made up of a separate piece 141a that iSthreaded onto a projectile body 140a. By
providing thePfRRMH ORIt 41eMdhtrobresEkamats aine1 D 484 By At hyadne it sEriligslighller plug
141a for the flyg RRWHRGAARR %5}9 ih%ﬁ%fﬁﬂﬂﬂ)ﬁ’lfetﬁgﬂ%ed%‘ﬁwg@"t}ilrgﬁg'ﬂtﬁléhﬁofé&Vit)!@ﬂﬁlaa{?ﬂ

subsequent assembly of the projectile 100a easier. In another embodiment of the projectile, the dye

powder 126 Hysrdaekéepinreinshides 06 aaxplere dadhreeichethiporas Bﬁck’éﬂiw théhéam 418
surrounding {hie fropterysher 120 A0l amPeBlk 1P [y d G praiectle A0Rp agcording

shows
to another embodiment of thé present invention. As shown in F.IGE%C, theclntenpr cylindrical surface
of the filler prxgmplka isirtgpbsitstzopwoases Withad wotnpo whdhisl Proprsalaihglshe dpaolusineish as
red phospholr- $it 4 ﬁdtﬂi iQn.,. 2yl ife urface o reap Sr . i sﬁg et with an
oxidant 131 t#attis%eacté@%@%&%h?%bipﬁiﬁs g) rrl%o%?r% 1%%}@'{%% e‘,l;\i/lv e%%’he %%?gcag%OOb
strikes a targetraha¢heoearaguesher 130 is thrown forward, the oxidant 131 on the rear crusher 130b

comes into d rybs into the ph compound 142 on the front.portion. 141a of the
oreatlo bol R R AR A R ORI, SRR § B YRS R BRI SRl
generated byniventiomning sidhva donibiGudd, th2 projeciés doGatditionalameihibd abestaplighinidea strike

point, for ex le, with the use of thermal imaging cameras. J0Q30 variation of aboy

P bociment B e AL el o 10 S B o5 e, e B B 1 Dhother

embodimentcshanhespbandsrecsnpausdd 4. ifegoatrid andibeppsitsidR Afdine ampaulabk2 bankkor rear

crusher 130 whilst the oxidant 131 is depoai%ed og“é'%e interior surface of th ﬁﬁe%%sas§46 and/or filler
gt

plug 141a. [(OF15H JELAHBHEEMBBAIMARTT D b RS JrofRtiand #hoa id pro¥ided in

not limiting, the channels 149 allow hot propulsion gases to convect heat to the ampoule
122 and vial 124 when the projectile 100d is still in flight to its target. With this
embodiment, when the projectile 100d is used in a cold environment, heat from the
propulsion gases can thaw the luminescent dye components 123,125 and thus allow the
luminescent dye to glow more effectively. Advantageously, these channels 149 serve as
windows for the luminous glow from the luminescent dye to emit out of the rear of the
projectile body 100d for trajectory tracing and there may be no need for the transparent
plug/window 145. When the projectile 100d is provided with phosphorus compound 142
and associated oxidant 131, as in the previous embodiment, the heat generated by the
burning of the phosphorus compound 142 will provide additional thawing of the
luminescent dye, thus further ensuring that the projectile 100d is usable in cold
environment.

[0033] In the above embodiments, ballistic performance of the projectiles 100,100a,100b,
etc. is desirably as close as possible to the ballistic performance of projectiles in service. To
achieve this, tests with projectiles made of different materials and mass distributions of the
components were carried out. In addition, safety tests, such as drop test, were carried out to
ensure that these projectiles 100,100a,100b, etc. are strong enough to withstand handling
during transportation and forseeable types of mishandling.

[0034] While specific embodiments have been described and illustrated, it is understood

that many changes, modifications, variations and combinations thereof could be made to



the rear crusher 130 along the centre axis C. A hole 144 in register with the through hole 134 is also
provided at the rear end of the projectile body 140. The hole 144 is threaded and is fitted with a
transparent plug or window 145. In one embodiment, the transparent plug 145 is made of clear
polycarbonate; for use with this embodiment, outlet channels of the cartridge 160 direct propulsion
gases at an angle to the centre axis C to divert the 8 %ropulsion gases from the polycarbonate plug

145 and minthSisereEHinBvEn PR ghithRyhtdfRige fiinbesagrSiriddenRreseifoligcnions Effitted
through the holgs,134 Ifbandaipng JbRasithe Ay Yo WgrbPSIaNE!S tRJIS 1EHEBE: N thisiyaNethe
luminous light seen at the rear of the flying projectile 100c is useful for plotting or tracing its trajectory,
for exampleSQRIAMGEARRIPRIASH5E5C APRN M age Bl guBtprEdatithobe rnmpaleaiadeidiight from
the projectile, 10063 hFRRAAY UsdAGbaRheCRMER e BRTaRILALS KABRHERD! G
opaque. [0032] FIG. 4D shows a projectile 100d according to yet another embodiment of the present
invention. Asieipows iané (Bt Drubkeprojedtileal 0 dspoimiilir Yol yabowkegdrvjibtiles dyoplo doc
except that the feariend ofihe RIaigsila hedk 440p1asERANNSIRAR:NHYCH, SROIBHBICATS:hg recess
146 to the regﬁrer%dgf t%§ proge%tﬁeggody. T es]ﬁ%mt()%g; o? ﬂ]ég cj#art}ﬁeglfg\{r@a'y ragnég{?}o%%o Etri])‘;;i[hree.
Whilst the nigrebedandaizelsf the shanad)s dadigneedotdooidimg, the tbharmelsrd @ialibe hotspnopulsion
gases to convect heat {0 the ampoule 122 and vial 124 n the projectile 100d is still in flight to its
taraet, Wit T A o o e HE o et & S AR o Rl e
propulsion gesgsaarli)aw thiadtiminescdntclytheproporentadi?3 d2bthad tmtsrallowdhaotamirescent
dye to glow rgore effec%igeéy. Advantageously, these channels 149 serve as windows for the luminous
glow from th MUieStent Oc)péntooogggﬁ out of the rear of the projectile body 100d for trajectory tracing
and there may be no need for the transparent plug/window 145. When the projectile 100d is provided
with phosphorus compound 142 and associated oxidant 131, as in the previous embodiment, the heat
generated by the



burning of the phosphorus compound 142 will provide additional thawing of the luminescent dye, thus
further ensuring that the projectile 100d is usable in cold environment. [0033] In the above
embodiments, ballistic performance of the projectiles 100,100a,100b, etc. is desirably as close as
possible to the ballistic performance of projectiles in service. To achieve this, tests with projectiles
made of different materials and mass distributions of tHe components were carried out. In addition,
safety tests,géél%gdrop test, were carried out to ensure that these projectiles 100,100a,100b, etc.

are strong efqough 1@ yiy %Q@i’ﬂ%‘ﬁ‘ﬂoﬂ&kﬁ%é@&?ﬂﬁ%@ I?Qgrfﬁéééﬁac@'% F¥REE QLRI GRBAINING.
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[0034] While specific embodiments have been described and illustrated, it is understood that many
changes, madifiessns bodriandriscarit dxsnibindiadsdrie e DYl o hatld ocehie hasherntilvention

without depagiing.fegn the $60R¢ Qidhe.Y %%%”hé’?ﬂt%@?@’]o@[u&?ﬁﬁm’i‘?s;%ﬁ@&hcﬂiﬁ“ﬁﬁj%ﬁ%ﬂe may

be configured with a front crusher, an‘ampoule containing a luminescent dye component,’a via

contained witkinptfisessmpoule and holding a second luminescent dye component, a rear crusher and

dye powder surrounging, (16, ARRAUIS K IO ERINEL =R dhab Astike ReiRhis s AlMAtef! with
the dye powder during ytralnlrr])g and with luminescent dgyeg ring night training. In a other
example, a gxénads meiadyscobeisimildrlyacd hdiggiredisdcording toithprigedhingod thedpaegenide
invention. In a%?&?%raeff%m le, the mg@erials of the gmpoule and vial are not limited, respectively, to

plastic and g‘fgss; ey can réﬂ%easl & of Lifer atenals to store the luminescent dye components. 10

CLAIMS: 1. A projestilialndivinnged holidewsniosagauléredadediy e eatathingsaferveart] poiiesceidt a
projectile bo‘gI and a cartridge case bonded to a rear portion of said projectile body, such that said
projectile is %%@%‘f@%%“ﬁefines a longitudinal axis; wherein said projectile

a front crusher disposed at a front end of said ampoule; and

a rear crusher disposed at a rear end of said ampoule;

wherein upon launching of said projectile, impulse of said front crusher crushes
said front end of said ampoule and said vial, thereby allowing said first and second
luminescent dye components to mix and produce a luminous glow, and upon said projectile
striking a target, said nose cap breaks and then said rear crusher throws said luminous dye

out of said broken nose cap to mark the point of impact of said projectile.

2. A projectile according to claim 1, further comprising a dye powder disposed around

said ampoule and front crusher.

3. A projectile according to claim 1 or 2, wherein said front crusher, ampoule and rear

crusher are substantially coaxial along said longitudinal axis of said projectile.

4. A projectile according to claim 3, wherein external dimensions of said ampoule and

rear crusher are substantially the same.

5. A projectile according to any one of claims 1-4, wherein said front crusher is

relatively smaller than an interior dimension of said ampoule.

6. A projectile according to claim 5, wherein a rear face of said front crusher has a

cutting edge that is in contact with said front end of said ampoule.



comprises: an ampoule disposed inside said hollow nose cap, with said ampoule's longitudinal axis
substantially coaxial with said longitudinal axis of said projectile, and said ampoule contains a first
luminescent dye component; a vial disposed inside said ampoule, with said vial containing a second
luminescent dye component; a front crusher disposed at a front end of said ampoule; and a rear
crusher disposed at a rear end of said ampoule; wheldin upon launching of said projectile, impulse of
said front crusher crushes said front end of said ampoule and said vial, thereby allowing said first and

second lumiescery gys;CHIPRRERIR LM PO RIPAULR:A lMIRRIUS 91914 ARFHMROR sdiddveiectile

striking a target, said noSe cap breaks and then said rear crusher throws said luminous dye out of
said broken RlsECEI S arRitHesPEiNtabismpdech e projeetNersa. A projectile according to claim 1,
further comprising a dye powder disposed around said ampoule and front crusher. 3. A projectile
according to claim 1 or 2, wherein said front crusher, ampoule and rear crusher are substantially
coaxial along said |ongiteiditide axdscodisgidprajectie of Klorojectiié aeberdingasl claim Gughisersin

external dimgngions of s31d AMRGLIS ANT [ FRLSFRGE A5 SHBRIAPLAIY (9. SAB, G, A Projectile
?clalms 1f%/ e ? vg;srﬁ?

according to any one o rein said front crusher Is relati ler than an interior
dimension of said ampoule. 6. A projectile according to claim 5, wherein a rear face of said front

crusher has g cutting edge that is in.contact with said front gngd of said ampoule. 11..7. A projectile
acoording to iny o B AT o o e e D s TS M R i RIS i v
is made of glasp, @id/ibe persdei8@nilpe|efttitie @ddasiindg et @ny Daedai@laias ik-filledherein said rear
crusher is

10. A projectile according to claim 9, wherein said dye powder is contained in a sachet.

1. A projectile according to claim 9 or 10, wherein said filler plug has a hole at its

centre for receiving said ampoule.

12. A projectile according to any one of claims 8-11, wherein an interior surface(s) of

said recess and/or said filler plug is/are deposited with a phosphorus compound.

13. A projectile according to claim 12, wherein an exterior surface(s) of said rear
crusher and/or ampoule is/are deposited with an oxidant that is reactable with said

phosphorus compound.

14. A projectile according to any one of claims 8-11, wherein an interior surface(s) of
said recess and/or said filler plug is/are deposited with an oxidant and an exterior surface(s)
of said rear crusher and/or ampoule is/are deposited with a phosphorus compound that is

reactable with said oxidant.

15. A projectile according to any one of the preceding claims, wherein said rear of said

projectile body comprises a centre hole that is plugged with a transparent polycarbonate

plug.



disposed in a recess that opens from said forward portion of said projectile body. 9. A projectile
according to any one of claims 2-8, further comprising a filler plug to keep said dye powder in place
after said inside hollow of said nose cap is filled. 10. A projectile according to claim 9, wherein said dye
powder is contained in a sachet. 11. A projectile according to claim 9 or 10, wherein said filler plug

has a hole at its centre for receiving said ampoule. 12 A projectile according to any one of claims
8-11, whereitfan inferifeisiic A6t g Predys St Porckimsifel Dluherai sifotsdabitid

phosphorus GRIIRARNBods- ARFRIGLIE ARARIIAT{QGlaim AR MO 1RIN RRBXRrior SUHACE(S).4f Said

rear crusher and/or ampoule is/are deposited with an oxidant that is reactable with said phosphorus
compound. T4oicsisjeedle according to any one of claims 8-11, wherein an interior surface(s) of said
recess and/or said filler plug is/are deposited with an oxidant and an exterior surface(s) of said rear
crusher and/or ampoule is/are deposited with a phosphorus compound that is reactable with said
oxidant. 15. A/projestileraicctiteingaarding dneanltimpretedimgcldins, whereiin said dsgr opwaks

projectle bod sAMeUses,AGeNtE QIR elis RIBaS A ensParent RRLRIDONALG Ble 12 16

A projectile according to any one of claims 8 rear o rojectile body comprises a
channel thatstomgautiicatesdsaitirecs g 4o sdishréanofmsaddnpdgiectile body. 17. A projectile according
to any one of claims 2-16, wherein said dye powder comprises a catalyst that is reactable with said
luminescent dye to produce a glow that is stronger than said luminous glow of said luminescent dye.
18. A method®f maskkingth@iriké pairitio$ aaprojietilpaiaticdablerspicietivoidegidm) psisihgnethod

comprising:

breaking an ampoule and a vial contained in said ampoule by a front crusher,
mixing two luminescent dye components separately contained in said ampoule and vial to
give a luminous glow;

breaking open a nose cap of said projectile along a line of thickness transition upon
impact at a strike point; and

sputtering said luminous dye out of said broken nose cap by a rear crusher to mark
the strike point;

wherein said method is used during the night and with the aid of a night vision

camera.

19. A method according to claim 18, further comprising sputtering a dye powder out of

said broken nose cap; wherein said method is used during both day and night.

20. A method according to claim 18 or 19, further comprising:
catalysing the luminescent dye with said dye powder to give the luminescent dye a

stronger glow.

21. A method according to any one of claims 18-20, further depositing a phosphorus
compound and associated oxidant separately on two surfaces, and allowing said oxidant
and phosphorus compound to rub and ignite and thus provides a thermal glow as said rear
crusher is thrown out of said projectile body at the point of impact;

wherein said method is used with the aid of a thermal imaging camera.



breaking an ampoule and a vial contained in said ampoule by a front crusher, mixing two luminescent
dye components separately contained in said ampoule and vial to give a luminous glow; breaking
open a nose cap of said projectile along a line of thickness transition upon impact at a strike point;
and sputtering said luminous dye out of said broken nose cap by a rear crusher to mark the strike
point; wherein said method is used during the night ahtl with the aid of a night vision camera. 19. A
method according to claim 18, further comprising sputtering a dye powder out of said broken nose
cap; whereinsaid methegisi Used:aing bath day andaigbt 291 AmmetBod AGALHIRa R HaiMi8 or
19, further comprising: catalysing the Tuminescent dye with said dye powder to give the luminescent
dye a strondBmglews Z1ova Hathisdeatiésetitgaechng dinaspreainisues dedeithat deprasitifgsald
phosphorus 58 ﬁ!a“%@cﬁﬂd associated oxidant separately on two surfaces, and allowing said oxidant
and phosphorus compound to rub and ignite and thus provides a thermal glow as said rear crusher is
thrown out of said projectile body at the point of impact; wherein said method is used with the aid of a
thermal imagjg cameigudd &2.fMPhat Aseerigin e shelAla Aed el femRtising
tracing said Tuminous glow that is emitted through a transparent plug disposed at a rear of sal
projectile bodypn23hé\ prgthlothacsording to sy oheaot ghaiesgilsRElyfiwthedconpnigingndhanhéding
heat from the propulsiongas.fiom,a tcar, of said projectie bod (9. seid ampaul aadyis g, fhaw said
luminescent dye components w en salglﬁrqecﬁle iISLEEa A cold Bnvironment.



