Projectile Wth Strike Point Marking Field of Invention [1] The present
invention relates to projectiles with strike point marking. In particular,
these projectiles are useful for training purposes or for use as narker
rounds, Background [2] Practice amrunition has been in use, For exanp]e,
US Patent No. 7,004,074, assigned to Martin Electronics, describes a
practice projectile 10 contai ning a powder dye charge 14 (see FTG 1).

After the projectile is fired, the nose kone 11 bonded to the projectile 12
ej ects the dye at the point of i npact appears that this projectile is
linited to day tinme use. [SPHPﬁdéﬁg@h§ﬂﬂ@§§ﬁbPQMGMB Patent No. RE40, 482,
assigned to Ni co-Pyrotechni k HannsJuergen, describes a practice prOjectlle
in which a marking agent is contained in a frangi ble hood at the head of
the projectile. The marking agent deiseidhengéntwo chenical conponents
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accel er at i onthdsppwestilonart heefipfoj tedting @irjarseal fctlhss&mzhkdnwa;ldb. regions to
allow the two chem cal conponents to react and give a cheno-I|um nescent
light. The lumnous light is emtted through the transparent hood while the
projectile is in flight. Upon strikiBgkbRandarget, the hood bursts to
scatter the Iuninous chem cal dye, thereby making the strike point
optically V|S|b§ aEBears that this projectile is limted to night tinme
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an outer container The "out er "cont ai I's e
54 di sposeddhiépeiesea front cavity. Wien the projectile 50 strlkes a target
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as such, cost .b comes a Vvery ortant factor in providing trainin
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give a chemo-luminescent hght he Juminous 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



Summaiy [6] The following presents a sinplified sunmary to provide a basic
under st andi ng of the present invention. This summary is not an extensive
overview of the invention, and is not intended to identify key features of
the invention. Rather, it is to present sonme of the inventive concepts of
this invention in a generalised formas a prelude to the detailed
description that is to follow. [7] The present invention seeks to provide
a frangiblemgro'eqtile with strike point2marking for training purposes or
for use as nfPf Reamigadlyridévedupnipagentomix delyreandt the ghint offmepakiumid RS GRAicady e
contai ned in._th [.ectile i: tivated after the projectile is |aunched
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substantially coaxial with said |ongitudinal axis of said projectile, and
sai d anpoule contains a first |um nescent dye conponent; a vial disposed

i nside said anpoule, with said vial cbmaimi ng a second | um nescent dye
conponent; a front crusher disposed at a front end of said anpoule; and a

rear crushernoddi $ROSAEL, AL - of said ampoul e; wherein upon |aunching
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poi nt of in%ggttof g%iq QrP'ectiIe. 3 [009] In one enbodi ment, the
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gl ow t hat i gerf§ghtcathilowsi thh lumiigdscentidse on peduicpmeritectivei glawat er perthadi ment
t he rear ofhﬁﬁghprojectile has a transparent plug/w ndow or channel and the
| um nous gl ow of the dye is emtted through the transparent plug so that
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transiti on WPERNthaEs ohsaid pseipdtite apéiskid; annedlespntainera figt damidestentidyous dye
out of said k& RQSE HABsAYinGiak ear er.to mprk the strike point;
wher ei n_ sai d égthod i's usﬁhsdu??hg%%ﬁé&ﬁﬁg t“g%d&&ffﬁlf TR %f“%n%ight
vi si on cameltainep@oidyp chinpensnt héoniemixddi dramted at h&onehh ofl stdappisesnd gni ti ng
sai d oxi dant,andspehasphol onpound rovide .a thermal glow as said rear
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acconpanyi naél Elgegvaa dgest Cciysherpfepys said Tuminous dye out of said broken nose cap to mark

the point of impact of said projectile.




[0013] FIG 1 illustrates a 'nmown training ammnition as described in US
Patent No. 7,004,074; [0014] FIG 2 illustrates another known training
anmuni tion as described in US Patent No. 7,475,638, 4 [0015] FIG 3A
illustrates a projectile according to an enbodi ment of the present
invention; and FIG 313 illustrates a cross-section view of the training
projectile shown in FIG 3A; [0016] FIG 4Aillustrates a cutting edge on a
from crusher according to another enbodihent of the present in [0017] HG
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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;



[0022] The front exterior of the nose cap or ogive 110 is substantially
hem spherical in shape and it extends to its rear 116 in a cylindrical
shape. As can be seen from HG 313, the nose cap fornms a shell 112 and
defines a cavity 118 therein. The shell 112 conprises three regions of
varying thicknesses; at the front tip region 112a, the interior surface is
substantially fiat; this flat surface is dinmensioned to accept a front
crusher 120. The tip region 112a continues to a mddle region 1121, which
i s partial | ylo%ShipRarilesghtepuprofeetilaticopeling tbhh emeoditb@ns tHaerdsed ihegian 112a.
The third re stanti al | indrjcal .in manner and has a

t hi ckness su stantalszzaﬁPét’sate\%\n%%é)S? he I?IhY%%ﬁéégtlﬁplngtﬁ’éo«‘?ﬁltfcfp%mt &dilon’A: 1 2p.
The changes [b#i6t HaGt hACklhnetSzS@S aofuttidgecdebl alfdn@atrutie Jc&ﬁ@iﬁg rt@gén%ﬁt%t formed
t wo tranaheq}odu eﬁ%flll 14 on the interior surface of the Shel

These transi®ion 11 nes ‘?L@%gci‘llﬁ"e&&?‘? 'ne lines of weaknesses al ong V\hl ch t he

shel | 112 Or[OG’lOFﬂC%t&B I@Bhss auseRRbIRLE ¥idw Rireak: 5’&39@ %&Bﬂ{ etBCAnBﬁte
impact. In on 0 t he nose cap 110 is nmade of nig
pol year bonat®’ OE‘P@(’ fg‘lfeﬂlﬂ}ese’t‘the"eﬁﬁ%‘e cap 110 is translucent or opaque t hese
features wiljboibeEIOTRCGHRAREOE 2 WD I c 0023] A
front end 141 g{‘a the projectil e@%s()e@tﬁ&?hﬁ%@@ @e?:%s\%lﬂl Fgldl’hgt (?gaélgﬁ
with respect?®t®dipge E@é‘ﬁﬁlreénb&%@ntpfig@ieeﬂeeteewthn 46dis cylindrical in
section and ihas @Gr f gcess 14 i s shaped and
di mensi oned 1o T ece%gﬁgp%t%%fmésr;u%ﬁw%tvgwfo e Jg(ﬁtl OF 8P §2'd epyrqnpght
projectile Wl&&@ybeqrm@ewmb@énmnwemmmtwanhom he nose cap 110 and the
cartridge case 160 has two projected rings 147. The ring 147 surfaces have
substantially the same di nension 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 pr 'ecl%ciebe 100. [0024] The cartridge shell
160 has a general ly cylindrical ott’¥{'GEPEGHPY% 162. The base of the
cartridge shell 160 extends out of the cylindrical surface 162 to forma
fl ange 164, ar/(},hé heI S ret spent cartridge shell in the firing
chanber of {178 AGHE RFe sPegiiac @’ératlt?tnéfg"é cgheflimens of fho pragent innentiontyill sow
invention i se typticaalWidh RV f cripti f the
cartridge shell is provided. Wghgtggg%n(g!@a&oh ?;lﬁﬁ Eéegl‘)ﬁ)gl%ﬁtet((:)toH o %Cg])’) 140,
there is a SPdelehastyehsiahdiningentionmag b pladgsedfwithoet quptopptecﬁmldetdb@dyommo and
an interior ypf I The oW pr.essure
chanber for prggﬁﬁgﬁwl&ggéj?‘gaﬁgét }Jc?‘c’%h N ?gonogg)t? Scmelgﬁ "tvﬁ?tboulgﬁmteﬁ%: Yore of
its |aunc hetefelfIGGMmWeﬁlmbmmpnmleot selne$ dzﬂﬁhme&alaaﬁlem)h@d thibhighoGeMET €,
with respec bet ween the front
interior engglhgs \L‘%zl I‘%fgléﬂéégoa%e i% 1dmtah eaWéeéég@leﬂg’ ‘Bhﬁglﬁ'%s prosj/eevafe body
140 is | ocabwdsr oumntatmmtqungompomt actith ibdpectfis MRtratd] dsiebn 428e pRfkcAlRPOUl €
le 122 is a plastic contalner

122 and the r 130. The. anpou

cont ai ni ng %6;'? {i q%nﬁt?@@c%rlﬁmwg: g@hﬂ@ﬁé‘h‘tg 230 geiligrent e teamprestne 122 i s
a gl ass vi alnvdidn. Wb 810 sEORtaadr5-s&:(iS 8 6PME pldirtiRePB et shgyzﬁ 1&9@0%% 125
that reacts h the first |um nescent dye conponent to give a ﬁlum nous
gl ow. The s%bﬁnct procele 18%9?]?!9}!8&818P@ﬁﬁcﬂmﬁ%mmbwtth@acteﬂ@mo acfopgdiéend 20a and
anpoul e 122pbhctpaeked 1, tvlflthaa Q@alt %Hftfég cﬁlytﬁe ﬁfe g 14b r!)e{?xnenongeda {Tb odi mant
the front and rear crushers are ma ee

stai nl ess stggfee e dofe é‘ﬁtﬁ’tﬁﬁ‘i‘crr%fﬁ? cap hi lfSrd@ﬂgﬂedrtu@kfak UE@Osmkmg al tatfgttve| y

smal ler in g 8tk TRSSdnban r for exanple, the front
crusher 120 seﬁf(g in a e%rlesstgﬁﬁa %ntgglrcgf@t aXIS he front end of the

anmpoul e 1220&3thhe ﬁant ersiop af Hiedwsd ranwt @JveoTIOt eubstartllyChdshgerid?6h i S

subst anti al t.eri di ter of the anpoule 122, whil st
the anpoul eghél{p %gﬁ g{elr]&esggrt(s:%ushl% mfﬁg Ihlé{v%n@dfﬁs‘tsa%f’tbafqe&}%tgwga% Bt si de
di mensi on. nose tapriomnsof shalb$ B aidfdbicsncayitt NS thean. TeWsder12k30pliss three

subst anti aII .01%08/ to 80%n gaw er tgﬁn the front crusher 120. [0026] In
use, when t'He pr 8] é%‘?t“ﬁ FORPSTCS &f dier Bont fiRyirsion ditre Hbg Hﬁﬂt%rswf@?q iy, the
proj ecti | e shoanexIpeflite teeLBat! sAFrge @QQﬁ‘én%'bﬁ’éd @rhc@é})g aSRInD e e?q?, g; result,
the inmpul se inparted onto the front crusher 120 crushes t ront end of
the plastic anmpoule 122 and the glass vial 124 contained therein; this
causes the first and second | um nescent dye conmponents 123,1.25 to react

wi th each other. The spin forces and the front crusher 120 additively cause
turbulent mxing of the first and second | um nescent dye conponents
123,1.25 to give a lum nous gl ow, even when the projectile 100 is in
flight. When the projectile 100 hits its target, the inpact of the
projectile 100 causes the plastic nose cap 11.0 to crack or break at the

t hi ckness tran5|t| on i nes 11 3, 114 whi | st the |rrpul se of the rear crusher
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7 The piercing of the front crusher 120,120a into the inside cavity of the
anpoul e 122 further ensures turbul ent and thorough m xi ng of the

| um nescent dye conponents. [0028] FIG 4B shows a projectile 100a
according to anot her enbodi nent of the present invention. As shown in HG
413, the projectile 100a is simlar to the projectile of the above

enbodi ment except that a front portion of the projectile body 140 is made
up of a separate piece 141a that is threaded onto a projectile body 140a.
By provi di ng°gihe 1f1%ﬁ@nlm§¢‘t o middla refion Hé2lprwhiclctis patibiodyeridgheasal aut

separate pi £ 41a f the dye powder 126 and
it makes fi ﬁ??ﬁéél%thﬁ tﬁ%‘yﬁg ugvﬁmn 1%% At ](IJI%t‘?FéOIb g(?‘lct‘%/suﬁémé Odid@uent
assenbly of in mémmr@pébaa 4 élckﬁ)fﬁas@atsnteiﬂly t\inne i ohibRfesesRdh@Rre@bn | 9.

projectile, o 126 i ed in sachets 126a, where each
sachet 126a lfhg%hg)ége% cl)d?lﬁsm 2\}1&1@’ ﬁ?g&ﬂ@ JUFfficagns ivemedr ttragsitieher 120
and anpoul e lmam 13 D@Zﬁ]thd%h@no%ﬂﬁ&b@ﬂﬁheashél[ 0] 2 Thbde@rad GG 1866 013 1% FiR:

anot her ean Ir| Ff th g 3 E |nvent|on As shown in FIG 4C, the
interior cyllfu?i¢d “?Eﬁsﬁg’ 8 VGich threshelf 11264t npteup 149 i spagepiiproisibraali upen coat ed
with a compeupdicldy aemhgicli MGHnBRASPMAHS meSHLD '
addition, the ou£25| de su?ﬁE ace (;lf the rear ]é:rlus é:?ﬁll%(g%l @Q%epos% gr?qucp

coat ed wi t h PRRCYRIMEn Frefesably. b noss crR A& Hbiraasiwianh ot hpagptidkesh drausescwitpound
142. In use,bewmlsamm@%@&taﬁb%mm% RIdidspss @ target and the rear crusher
130 is thrown forward, the oxidant 131 on the rear crusher 130b conies into
contact and [MGFA fiArtend hé! pibsphisetis b@dyrﬁﬁ@ mﬁda 1£4@s (Mﬁ &t ve cdntrontitipesieton
141.a of the, BLLAR! diEcPRLY: us in the co ound
142 to activate and B(uf% he | Je12314t% lggﬂglr%aﬁ %e%P Pﬁll?ﬂj'd tt?rﬂe onpound
142 provi dedotein g8 diet Iiecmalmﬁmt sm@mbdamd elshaision&htmgccavesi neakempm nBo. Trer
exanple, w S ner as. In a variation of
t he above eto (e){j%?ﬁ%%%&f%%%?ﬁ?e%%m gtwgﬂ” ?:Oélllf)cftlo h@‘t dtcean 2 3¢ coat ed

with the oxﬂﬁtaznltllldgéj;aselllﬁoamwh¢>[01®tﬁdaﬁhgm Thd Ay PHQSERGS MSc GRRAMNY 142 is
coated on tgq% s%’Ut i de of nP oul e 22 and/ or rear crusher 130 whilst the
oxi dant 131"1°s*d&HoLi el aB ]etorli'ég Gerrydrsal sutiagepf dheonose gap HooedBat 1y fiind/ or

filler plugwil#hbare of @@3ihdhel Oloyﬁi)wﬁrlp@]@ﬁ§u1€m$1ﬁ§ﬁ%lll§cqp§[f Qerctﬁg' 00 roj ectile,
a through hol e 14|scgowde in the rear crusher aongt centre

axis C. A hBP&" 149 ciridesghedl k0P b 2 Benerdly cHinduigH duiside saiarel62. aitrfwaqmrafvu ded
at the rear gendiQlget M1 A6OIEEhds! & h Aeols i eaded and s
fitted with a tlranggpar ent S | ug Sor 1\%??1% C}ﬂ%ﬂ]‘g;ﬁ %J Bgﬁl 36%?%){)181 nefhatnge ‘f%{j

t r anspar ent Wpichdelpagejain praprnt @filtladgeaihelpm yicafibom abambef of tmmuwhblh Thbi s
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the proj ectié grofdfd b'o§y BT | Rfted, & &Jﬂﬁglﬁﬂ?)ﬁ]t&? hERS tcﬁﬁhe% 159191 uefxcept
that the rear end of the projectile 140a ’has channe i ¢
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allow the | um nescent dye to glow nore effectively. Advantageously, these
channel s 149 serve as wi ndows for the |lum nous glow fromthe | um nescent
dye to emt out of the rear of the projectile body 100cl for trajectory
tracing and there may be no need for the transparent plug/w ndow 145. Wen
the projectile 100d is provided with phosphorus conpound 142 and associ at ed
oxi dant 131, as in the previous enbodi nent, the heat generated by the
burni ng of the phosphorus conmpound 142 will| provide additional thaw ng of
the | um nescent dye, thus further ensuring that the projectile 100d is
usabl e in cold environnent.




[0033] In the above embodinents, 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
conponents were carried out. In addition, safety tests, such as drop test,
were carried out to ensure that these projectiles 100, 1. 00a, 100b, etc. are
strong enough to withstand handling durifg transportati on and forseeabl e
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123,125 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.



5 conpri ses: an anpoul e di sposed inside said holl ow nose cap, with
sai d anpoul e's longitudinal axis substantially coaxial wth said .

| ongi tudinal axis of said projectile, and said anpoule contains a first

| um nescent dye conponent; a vial disposed inside said anpoul e,
with said vial containing a second | um nescent 10 dye conponent; a front
crusher disposed at a front end of said anpoule; and a rear crusher

di sposed at a rear end of said anpoule; 7 wher ei n upon | aunchi ng of
sai d proj ectTHewjerdingef tb@ﬁ@ft cgahal 120,620 oo Ushietdeenvigheshsangbuferiopturged of
sai d anpoul

reb said first and second 15
| um nescent cri‘;?/[ggégl%h%?\teaﬁl By 4 mlx}x%ﬁfl b? @AHW%é eyt ﬁ?yﬁr?PWB?.f?mél ow, and upon
sai d proj ectibaze] UG 4 ﬂlgma et;a‘ogetﬁka 18 edcdﬁ@ﬁg t@@:ﬁ)&ﬁﬁ ealksdimeg df hl%p@s%&dt Lear
crusher throws out sai d. broken nose cap to mar e
poi nt of inpac tsOnf gg A np‘fl(ﬁ%c%ﬁl (e ploj%“leA]%ﬁ?bgjsé‘EW}‘ It%‘l’écP&bﬁ"CﬂFerﬂj thegibeyeaj m 1,
further ComblmbSdhﬂ@niaaxdé{ﬁ tRONeH: fleResard pasQuundh 190 iRRK LS O@Qgepfafa t
crusher. %aect | e according to claiml or 2, wherein said front

crusher, anﬁbﬁﬁFé ref 1y a%ﬁfh?&?e?r?l%}?@%‘ﬂﬂ%ﬂ 48r Palprayidiesake Ebntapiieg 1é1aa| d
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3, wherein %)égvgei nl%|6 al(ljé 1q?nr11?<(lasofr1]llsmg of tlslg ::lye powdglu] 22 into the cavity 118 and subsequent
assembly of the projectile 100a easier. In another embodiment of the projectile, the dye
powder 126 is pre-packed in sachets 126a, where each sachet 126a is packed into the cavity
118 surrounding the front crusher 120 and ampoule 122.

[0029] FIG. 4C shows a projectile 100b according to another embodiment of the present
invention. As shown in FIG. 4C, the interior cylindrical surface of the filler plug 141ais
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 141a 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



rear crusher are substantially the sane. 5. A projectile according to
any one of claims 1-4, wherein said front crusher is 25 relatively smaller
than an interior dinension of said anpoule. 6. A projectile according to
claim5, wherein a rear face of said front crusher has a cutting edge that
Is in contact with said front end of said anmpoul e. AVENDED SHEET | PEA/ AU
11 7. A projectile according to any one of clains 1-6, wherein said anpoul e
is made of a plastic material whilst sai®d vial is nade of glass, or vice
versa. S. A mregjuéstin jaeesdowothdipatycarboraryphonitsohd elisinti® thrafng W18 RN 158d d rear
crusher is from the luminous dye inside the ampoule 122 is emitted through the holes 134,144 and
plug 145 as the projectile 100c travels to its target. In this way, the luminous light seen at
the rear of the flying projectile 100c is useful for plotting or tracing its trajectory, for
example, during training purposes. An advantage of this projectile 100c is that luminous
light from the projectile 100c is not seen by its target, especially when the nose cap 110 is
translucent or opaque.
[0032] FIG. 4D shows a projectile 100d according to yet another embodiment of the present
invention. As shown in FIG. 4D, the projectile 100d is similar to the above projectiles
100b,100c except that the rear end of the projectile body 140a has channels 149, which
communicate the recess 146 to the rear end of the projectile body. The number of the
channels may range from one to three. Whilst the number and size of the channels 149 are
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,
ete. 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



di sposed in a recess that opens fromsaid forward portion of said
projectile body. 5 9. A projectile according to any one of clainms 2-8,
further conprising 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
claim9, wherein said dye powder is contained in a sachet. LA projectile
according to claim9 or 10, wherein said filler plug has a hole at its
centre for receiving said anpoule 1012. M projectile according to any one of
cl ai ns 8- 11 the \phaengi invaation ntigitodepsting dwe( she abps at dhe’ peass ipRHAI Fsai d
filler plug is/are deposited wi.th a phospharus conmpound. 13. A projectile
accordigg ?6“%?3%h?? 5t @?%Pﬁmﬁﬁh69§%V7gyggﬂ??§€@6%§m forusBerg i 3RPORs usher
and/ or anpoulogtalnsdgar i@milepesi dyedombéln@n vRXtchamiedtRadkn ihs ahBaat ARl R1dhd h sai d
phosphor us conpou E._1514.A projectile according to any one of clainms 8-11,
wherein an iht é?lilfg UnypgEs¢enh (ElélesmePonent, a rear crusher and dye powder surrounding the

ampoule and front crusher, so that a strike point is visually marked with the dye powder
during day training and with luminescent dye during night training. In another example, a
grenade may also be similarly configured according to the teaching of the present
invention. In another example, the materials of the ampoule and vial are not limited,
respectively, to plastic and glass; they can be made of other materials to store the

luminescent dye components.



said recess and/or said tiller plug is/are deposited with an oxidant and an
exterior surface(s) of said rear crusher and/or anpoul e is/are deposited
with a phosphorus conpound that is reactable with said oxidant. 15. A
projectile according to any one of the preceding clains, wherein said rear
of said 20 projectile body conprises a centre hole that is plugged with a
transparent pol ycarbonate plug. 16. A Brojectile according to any one of
clainms 8- 1% LAMMSein said rear of said projectile body conp{isgsda CR%E&%ED
t hat comuni cat es_sai ecess, to said rear of said projectile body.

SHEET 1PEANAU "R}??tﬂﬁaﬁvﬂ‘&ﬁ ohefovatose it %8“&‘360%‘1 teshll adprer aporD ol 6,

wher ei n saiagreyilPegand @ Qides @8scdofdddab ¥ tar Hhbafon lof sdi@ Bl @Bl oW, Lhcrsai d

| um nescent dye to produce a glow that is stronger than said |um nous gl ow
of said Iuﬁﬁ%é@@dﬁﬁwﬁyéﬁsf@ﬁgﬂiﬁé@hﬁﬁmﬁfahﬁ@RWh@ﬂ@X§tMWR@Hp@ﬁ@EW@@ﬁéi
projectigecggbhggable, sai d net hod conpri sing: breaki ng an anpoul e
and a vial contained in said anpoule by a front crusher, mxing two

| uni nescent dyeaconponedtgssepaidatst olbonhaicneg wirh sl dnanpoubsegiaudsavi al to

i | um n. | . .breakin en a npose, cap of said projectile
g:gﬁgaa F?ﬁ%ggﬁ”%wﬁﬁkhgﬁéw{P%ﬂ@?@hBWﬁﬁﬁ ﬁl?%%%@%m%FDEC%¥T?@é”ﬁkﬁqﬁqd%and
sput t eri ngcemids b B RAUSesEie dRonPbn&@l d broken nose cap by a rear crusher

to mark the strike point; _ _ S o _
a vial disposed inside said ampoule, with said vial containing a second luminescent

10 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
15 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.

20 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

25  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.

AMENDED SHEET
IPEA/AU



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

vision camera. 19. A nethod according to claim18, further conprising:
catal ysing said lumnescent dye with a dye powder to give said |um nescent
dye a stronger glow. 20. A nethod of marking a strike point of a

projectile
and a vi al

| umi nescent’. dye Acoppoine at®rdepar @ @hy oCdntail e tvherrirsai dhrapnpaub enadnof ey: al
ive a |lumnpg ow, ... . breaki en a nose cap of said projectile
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noti ceabl e, said method conpri sing: br eaki ng an ampoul e

contained in said anpoul e bylla front crusher, mxing two

to

sputtering said | um nous dye out of said broken nose cap by a rear crusher

to mark th
br oken nos

stri ke point; and sputtering a dye powder out of said
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-cap?t RIvE©

AMENDED SH%ES];OAGE%A Acks that opens from said forward portion of said projectile body.
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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.

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.

16. A projectile according to any one of claims 8-15, wherein said rear of said projectile
body comprises a channel that communicates said recess to said rear of said projectile

body.

AMENDED SHEET
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13 21. A nmethod according to claim 20, further conprising: _

catal ysing the lum nescent dye with said dye powder to give the |um nescent
dye a stronger glow. 22. A nmethod according to any one of claims 18-21,
further depositing a phosphorus conpound and associ ated oxi dant separately
on two surfaces, and allow ng said oxidant and phosphorus conpound to rub
and ignite and thus provides a thermal @ ow as said rear crusher is thrown
out of said projectile body at the point of inpact; wherein said method is
used with the aid of a thermal imaging canera. 23. A nethod according to
any one of clainms 18-22, further conprising tracing said |umnous glow that

body. 24 LA et B8 RLE SRaT ALl By BeRaTONm Y ot b 12, S Drapael o
conpri si ngcahpiweh icmglylieant it ramapreopiul %i@nllmﬁﬁcérﬁ am 33 1®aficeQf gl@@lttﬁaé is
rojectile body to sajd anpoule and vial to thaw said |uninescent dye
(F:)orrponent s SW%‘ éﬂ] S&ldpl%]j“g)gf gy ‘%§C‘lf{]é‘éﬂm?ﬁﬁe’& d¥&1 d envi ronment .

18. A method of marking a strike point of a projectile noticeable, said method
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:
catalysing said luminescent dye with a dye powder to give said luminescent dye a

stronger glow.

20. A method of marking a strike point of a projectile noticeable, said method
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;

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

sputtering a dye powder out of said broken nose cap; wherein said method is used

during both day and night.

AMENDED SHEET
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21. A method according to claim 20, further comprising:
catalysing the luminescent dye with said dye powder to give the luminescent dye a

stronger glow.

22, A method according to any one of claims 18-21, 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.

23. A method according to any one of claims 18-22, further comprising tracing said
luminous glow that is emitted through a transparent plug disposed at a rear of said projectile

body.

24. A method according to any one of claims 18-23, further comprising channeling heat
from propulsion gas from a rear of said projectile body to said ampoule and vial to thaw

said luminescent dye components when said projectile is used in a cold environment.

AMENDED SHEET
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