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Techni cal Field The present invention generally relates to g.dpgiqmmor as
well as to an initiating el enent and an associ at ed net hod. ground of
the Inv | ANgket onators are used either as an expl osive PPETREING16YE
detonate ot her explosives. In a typical enbodinent, a detonator conprises a
| 0 shell having a closed end agai nst whigh a base charge is packed or

pressed. In the other end of the shell, an igniting neans,
pyr ot echni cal fuse, a NONEL tube or an electric fuse head) i%ﬂﬂmmm Ewwwml
Bet ween the igniting neans and the base charge, an initiating C ag

arranged, which can be ignited by the igniting neans. The combust ¥R of the

initiating charge initiates. the det oREIOMATOR t he base charge. Expl osives
are roughly divided into primary expl osives and secondary expl osives. The

primary expl osives 28 are gharacterised in that they are able to devel op
full detonat Fy g heated when present in small quantities in a
free state i.e. vhre phessht ntdvefidhegehbeslhgndeltiiesseconddeyona-
expi osives need Lg Beygonli psdaandnequLisy QSALRE dWANLL Les o leary

mechani cal i npac op detona |on security reaSo
primary explmsthed.is often avoided, and the present invention only relates

to detonators which are free fron1pr|nary expl osi ves. As exanpl es of

secondary expl osives nention can be nade of PETN
(pentaerythréé%¥$€9¥%ﬂ+@£&%@%—1§5§§5¥990ycIotetranethylenetetranltran1ne)

RDX (phl egmat i sedDéesngesrs cyeeousedeehyhepessi ant eaploeiveTNér se or
(trlnltrotoly n&%tolggéygtﬁgglkaigggggglnethylnltran1ne) and m xtures of

one or nore 0
In a typical embodiment, a detonator comprises a

10 shell having a closed end against which a base charge is
packed or pressed. In the other end of the shell, an
igniting means, such as a pyrotechnical fuse, a NONEL®
tube or an electric fuse head, is arranged. Between the
igniting means and the base charge, an initiating charge

15 is arranged; which can be ignited by the igniting means.
The combustion of the initiating charge initiates the
detonation of the base charge. |

Explosives are roughly divided into primary explo-
sives and secondary explosives. The primary explosives

20 are characterised in that they are able to develop full
detonation out of being heated when present in small
gquantities in a free state i.e. when unconfined. On the
other hand, the secondary explosives need to be confined
and require greater quantities or heavy mechanical impact

25 to develop detonation. For security reasons, use of pri-
mary explosives is often avoided, and the present inven-
tion only relates to detonators which are free from pri-
mary explosives. As examples of secondary explosives men-
tion can be made of PETN (pentaerythritoltetranitrate),

30 HMX (cyclotetramethylenetetranitramine), RDX (phlegma-
tised hexogen, cyclotrimethylenetrinitramine), TNT (tri-
nitrotoluene), Tetryl (trinitrophenylmethylnitramine) and
mixtures of one or more of these.
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WO 01118482 2 2 3 FEB 200 PCTI SE00101676 There is a quadratic relation

bet ween the detonati on speed of an expl osive and the shock wave

whi ch devel ops at the detonation. In order to obtain the gré a:i@gg {9@'%9 bl e
expl osive effect, a high detonation speed nust 5 therefore y og)(ﬁgi,gd
This is tWE08A%82| n particular with detonators which are use

detonati on of other explosives, since the detonators generally contaln only
a small amount of secondary expl osi ve, ich should thus detonate at the

hi ghest possible speed to achieve a maxi 10 nmum expl osi ve effect. The

det onat i on iﬁeeg ’.'fl‘ieﬁ?_@(l:& 'aﬁ;&ra%m %ﬁ%?&néﬂﬁtﬁ@éﬁiﬁﬂe%eé&%@%‘&ﬁ%i ve
i ncreases. e opation speed o mati sed hexogen is, for

ot ance. 8 TR Shrth HHRLTRI TS 38 I nEIoGhoPeRs SReTeY W SREAS 6 K s
at the densiteldps @ ctifle ddi o tcion esoneisdén woredtzinothefgtéstssock
wave ener gy S r bpi que are
provi ded w té?/ saibase c’gélo/gl‘% ﬂf"%é’{ us%;l?%}g @%tég%tp{ég %ée%\% %y of about
1.5 - 1.55 g}?l’éﬁﬁ?f@%rmfpm‘gdedﬂékﬁsHyth% @eser bl parthylams not been

feasi bl e i n yactdEConat SHEM Vc10f atdeud &y erd+ Ofle THRa PBOA OP) &%eﬁf t he
i nvention is tgﬁecg)row de a, 25 d ton tor whi ch, %aven € certain nt of
et %

expl osi ve i % ?ﬂﬁﬁftﬁﬁﬁ?ﬁf CRRYHRYS %E I %ﬂ%?%&ntﬂ% al | owed
by prior-arta tsmdil careourt nof esmmda}e abpbssivé, theichvehdbubd tlsuso

provi de f“” re%‘g&% e@é%é’?ﬁ‘f&ﬂﬁé@é @@s?z‘?ﬁ de{&gﬂ@& Pl e38hfle 0 é”vé&tcﬁa .

det onat or, rovi ease a tron Speed, an
enhanceéoexﬂWUE|Q%P¥#$¥Nﬂ ebfecthe det onation charge. Another obj ect of the

invention i,s tomé)Vda«?o@aucm tdpdd b £l rentp 95 Wseihdbrdadiel ongtor, said
furf her |ncreased density to be 1(r)rgarted to

i ni 35 tlatln meni al
= base char gebreRRBtEY rith FHE CRRLTENY CRCHErDef 1648e defonati
speed of phlegmatised hexogen (RDX) is, for instance,
8.7 km/s at the density 1.8 g/cm®, whereas it is only
15 7.6 km/s at the density 1.5 g/cm3, which corresponds to
a reduction of the shock wave energy by almost 30 %.
Detonators according to prior-art technique are
provided with a base charge which is usually pressed to
a density of about 1.5 - 1.55 g/cm’. Even if higher
20 density is desirable, this has not been feasible in

practice.

Summary of the Invention
The main object of the invention is to provide a
25 detonator which, given a certain amount of explosive in
the base charge, yields higher shock wave energy than
allowed by prior-art technique.
A more concrete object of the invention is to pro-
vide further increased density in a base charge pressed
. 30 into a detonator, thereby to provide an increased detona-
tion speed, and thus enhanced explosive effect, of the
detonation charge.
Another object of the invention is to provide an
initiating element for use in a detonator, said ini-
35 tiating element allowing further increased density to
. be imparted to a base charge pressed into the detonator,



3 2 3 FEB 2004 PCT/ SE00101676 said density being maintained until the base
charge is caused to detonate. These objects are achieved by neans of a

met hod and a detonator or an initiating el ement according tBatﬁEBa?B@ pended
cl ai ns. T‘Q lhg'ﬁizi nvention is based on the know edge that apciESER®MIEE can
exhi bit enhanced expl osive effect given a certain anount of explosive in
the base charge if increased density has been inparted to this base charge
10 substantially at the nonent of detonatzon. If the base charge is
conpressed to such a degree that at |east sone part thereof attains a

subst anti al | padd stengitie Raine Taintaigiest antdnd the iPRse teeaxee ohdition, a

signi ficant!| wRidw@nces &ydesiee effect is provided. .15 According to one
aspect of the inveﬁi{ion, use. i s nmade qf. the E}ressure whi ch arises in_the

combustion of an iTEIRTHETHAAGE (FHFUIEPY RGER LT 1R WY 2 an
al ready conpreeskeagbrirser cdwarage iand: 1ax iveg e lanmentheaddiaghd densts yehatap- t he

base charge isenc ecdléqngetonate, 20 resulting in an increased detonation

speed and”t hdsenhanced expl osive effect. Preferably, such high density of
t he base charge | SProGedvVRiRt i intaged an Ihstkpwledde that tains a

substanti al | Yaedorsd 4 | dieh St b1 ACHHA AU ek e aspeet givdhen
i nvention, the 25 conbustion gases from an |t3_|‘.ti ating .char re used to

€,
heat until i GRS AEPHRF & oY% b 16, KA, SRR TG bR Thed,
secondary expresised wharsel eneiayy been huspamordeasedshidnilodsé | eladtgeresul t s
in detonatio [Ss r i { ausges char ge
whi ch isfélo %&%ﬁ%ﬂ%ﬁ%r%ﬁ@%%ﬁ%% eatt%?%r?é% c%%? I n%eto yet
anot her aspecthaggq Hies ierrepnsIFed &P | FHIh & idrpreenEt | at pteastesomer use

in a detonat Qaito 1Gas2A M@f@%dsmmﬂfymaﬁmﬁéwgei n the
n

detonator to detonate. 35 The [nitiati el ene according to_the inpvention
conpri ses a d&dtir é%esﬁecb"ﬁe'rreaﬁé ‘%bf'ﬁ"c"?'ﬂi stqgefr FPBe ActEILHLTARLY
conbusti on gasgmnaodd cdxpleveiwp efifadie Lomprowidéd] 18482 4 2 3 FEB 2004
PCT/ SEO04 Q1676 bust| f i i td afd i4 0 ther

conpr essighe base%:%%}g&éngic%cdogﬁénaé%t%tﬁg %\E;ieéntji%‘gé,gg%oé’ni%%%t?% el ement
is al so provimate afhitde atPIFQﬁ/%JIFR)t“%'é’eﬁFbL%JﬂF&ﬁ s 5 g r PP BBt Bor ofBust i on
of the initiaf nthihadtend CHBRSSe | 1 Ofartod Hedrads L e he @éhapgedofn the
initiating el ement and which is adj.acent to a base charge arranged outside
the initiati r‘?d‘éﬁe‘?earfi}f JRIRSIFAMTE PR p'?%s'ggﬂmb‘?lﬁn fif i ned

secondary exiigg denssitpr efrer bl yharbasg ethaxiie whs cdausedntendetohatbe
heat ed ugti |l _ignjtd Y.t i C ion. r sal d base
charge i ngi r#a ylﬂc%&te)%lpt%?dﬁ%ﬁ%%& 'Ig%t"ej‘c"b(|y‘?15¥/11'eln<?’|l 853?%?%03% a éefg ?116 an

initiating ehangrd wHRIraEe efhfecabovRreksnalied TepbuBighndgasesytef heat
15 and conpr agfe t¥isd QsREYe PILSSEsh SRSl exd| DSt wer| Oat least

partially, attains a substantially crystalline state.
According to another aspect of the invention, the
25 combustion gases from an initiating charge are used to
heat until ignition and to compress a loosely packed, or
unconfined, secondary explosive whose energy is thus in-
creased, which finally results in detonation of this sec-
ondary explosive which thus causes a base charge which is
30 compressed to increased density to detonate.

According to yet another aspect of the invention, an
initiating element is provided for use in a detonator to
cause a compressed base charge which is arranged in the
detonator to detonate. |

35 The initiating element according to the invention
comprises a compression means which is arranged to be
acted upon by combustion gases, which develop in the com-



cause the sane to detonate, at the sane tinme as the conpressed base charge
is exposed to a force, which originates fromthe burning iniéi@i @g‘ char ge,
which force further increases the density of the base char@e, | east
sone part %f hgfqzbase charge attaining a substantially crystci/$Eao®iciat e.
Pr ef erabl‘ﬁy, ¢ oosely pressed secondary explosive is already heated until
ignition when the conpression thereof begins to take effect. According to
the invention, a base charge in the 25 defonator, which is conpressed when
manuf acturing a detonator, is thus caused to detonate wi.th the aid of an
initiati ng chasgdasy afeans igH tdateMoEharami di FESH & FeE i FMevel ops

in the conbugrie(yg ehhd e ddidi=aatdeng charge is used to further conpress the
base charge before the 30 de.to@i an th%lr eof . _Accordi:.ng to a preefélz__r r.ed

enbodi nent of t he AGRAFHHNG E &S Ve e PEheit: Tt % sdeetc difdar y
expl osi ve whiadlsd prswiategrd win aiausld odet dreett icominfs i e s farage tihe a
detonator,. 35 |In a.particularly. prefer.tr j t n.Jd nitiagtyng

el ement akcor |"}?dlﬁt21qrhe°%:“lﬁ\%ent]i@ntﬁatq{%en%ge%{%r ﬁ)?p%)ss?l\r}le‘id;fal tcﬂ’%{r{l
initiating elementhicdusies agagrgrd oin ¢the g tGAtHgM 2 ey @ERl Hjvich

PCTI SE00/ 01676, tala?at@e?r& RO due SAHARe@Mage NS de dial nihheat ed
until ignition and conpressed by neans  of corrglg)stl 01{1 ases i ch develop in
the conbusti Gl HLEHERY 'atﬁrhgell?ﬁ‘l a I hLTFTITR NG enent .
5 One enbodi resifinfed stetanktnyr aglodivey o grefernlely | arramyed hus

compri se, AN LR 00 B GBI hauing, A EhaTher 6l d sopagnagied with 2
base chaf e, sdi cHarber containing a conparativel oosel y pressed or
unconfi ned serIRkimMg Qi tion MATSRy HNSTRRY H3Eh PR ChaNEe & in the

conmbustion ofg @i} tdAtddty tchaddiesndthe. vol ume of said chanber is reduced,
resulting in a pressure rise in said chanber. At _the sane fine

t he
combustion of the 54 iUSHY Thft § 7 R R N base
char ge whi ch whiksh aidess nshea shidysd amdntaldned canysstal dn neases dto |est very

conpr ess st The lani-,  t4 t j '%ﬁpe t he
bur ni ng ggsesaaéi Ct%@%fé\%i%lﬁ niggégiéa)tir é%%%%ﬁggﬁ%gasﬁd%%é er, b&/\/\Si)wer eby
t he expl osi vecause Hike chaibeio | detruatedl (il i1he gFATe ohimevsh §hR Pt osi ve

in the chanbgs dase PasssLbhLad£di sindipodditd 0, £dhee Prekseli or ad- t hus

th , Inth hanb t hat thi | osi finall
attains det orPATSM, Cr OBy RHEM RS Lt 74 CARERE (URTER oRT e In’

preferred enbfktivst Sindiweaspsesshe edensiety nof aille 25aghanhargée s provi ded by

a positi pr e ich J he lpltiati char ge ihng a
Tovabl y 40 At i o TS FReSn et hifye SLLEEnEAR SelERRd
reduced. Prefiably, cryetahlthpescate. tFreehesthy sthpehpereliapr®s38dm

and smal | er tfafoda@rymexpfodive dianelpsady héetehouariknigapetonhanber is
preferably greater than the crg’iti ca getonat' on di'égma% L gf t he expl osi ve
which i's int eMRRECPTPHREPI AL et FREPhePTPhMBer® TRESCFITTEAr det onati on

di ameter for PETN Apectdinyttwitét tovemiiont g basef chargst dmceheabout 1
mm 35 Purd h?%%?éﬁat&f mgﬁiéﬁeﬁsfeaggrewg%dt@ﬁeheaghnfaetabgnghanaseocnts

axi al exténs i's adVant ageousl at . i .
nator, is thus caused to detonate with the aid of an ini-

tiating charge by means of a method in which the pressure
which develops in the combustion of the initiating charge
is used to further compress the base charge before the

30 detonation thereof.

According to a preferred embodiment of the inven-
tion, the initiating element comprises a secondary ex-
plosive which is arranged to cause detonation of the base
charge in a detonator.

35 In a particularly preferred embodiment of an initi-
ating element according to the invention, the secondary
explosive of the initiating element causes detonation of



WO 01/18482 6 2 3 FEB 20Q PCT/ SE0O0/ 01676 than its dianeter, but snaller
than about ten tines its dianmeter. Mreover, in preferred enbo&gg@ ts use
is made of a suitably piston-shaped conpression neans to p F id 5
further osopumsszon of the base charge, the above=nen tioneRCT/ERONEST6beEI Ng
arranged as a preferably axial duct in the conpression neans. It has been
found that the diameter of the conpression neans is advantageously at |east
1.1 tinmes greater than the diameter of swch a duct. 10 More preferably, it

I t ' an ferably.abqut twq tines greater
Lﬁaﬁtthga3|a%%% ggs gggg @y ?gégngsggﬁgaFXv§ﬁ§}8ﬁlXFI%ﬁ&nﬁbﬁﬁ¥§6¥hre of
initiating em@ﬁﬁhtsghaVFQQ anﬁocampreaged by BezBsmuf womblnsts ors
conpar abl e Wgégeéhﬁhﬁéhnaé¥eﬁéﬁlQﬁ'ﬁﬁecgaﬁgﬁshgoﬁek% Q%F %it%%%prdlng to

rior-art techni i n whic prlnaﬁy expl osi ve
Pn the i nitiGRrRYCCREFERIRE %9pFE§IP915569ﬁHS glemengo Brlef Descrlptlon of
t he Drawsngs The GaelemBodfméutesfaﬂddéuaﬁ&t@BSa@EoEHQngnﬁénEh%n be

t f n_bel o a nu erre nents
P e deser ToREERHCREy PRLETBEbEYAR" o8 PHEBSh: S habRIerE S, BavRgS o n
whi ch 25 F|gChﬁmb@ﬁewh%¢bai$ycehnﬂstadcwmsh sebasenchhrge(eisaid eham-
according tObéPecbﬁﬂgﬂﬁiHQ aFEQ gréEg g?% ?8h5¥l%h9¥@5§e8r8 S sect|on of a

det onat or prdin he 1 nvention ation phaseée “8hd 30
Figs 3-9 schgh%? g???“éﬁﬁ%/GﬁPiﬁﬁévéanHFhﬁﬁt§no#niﬁiﬁtapnnghebenents
accordi ng toitée invehél@@mbhétiént@fbﬁnnﬂhﬁﬂlébihgpéhh§g€r Rkt i ons havi ng

the sane or I ar or,.function.in the_ Figures are provided
with the saﬁgaf% er%%c%gﬁﬁneﬁ er 3s r?é?ﬁi?iSﬁgiu% Qgg EBBazpres-
PCT/ SEQO 01676 PelEfe pin opa bdl GhemberedAEnbhdlaaméstlme, the combus-

tion of the initiating charge causes further compression
of the base charge which thus attains a substantially

15 crystalline or at least very compressed state. The igni- -
tion of the base charge is provided by the burning gases
in the initiating charge passing into said chamber,
whereby the explosive in this chamber is heated until
ignition. When the explosive in the chamber has been

20 heated until ignition, the pressure, and thus the energy,
in the chamber is increased so that this expiosive £i-
nally attains detonation, whereby the base charge is
caused to detonate.

In preferred embodiments, the pressure rise in said

25 chamber is provided by a positive pressure which is
caused by the initiating charge pushing a movably ar-
ranged piston into the chamber, so that the volume
thereof is reduced. Preferably, the thickness of the
piston is greater than 0.15 mm and smaller than 1.0 mm.

30 The diameter of the above-mentioned chamber is pref-
erably greater than the critical detonation diameter of
the explosive which is intended to be placed in the cham-
ber. The critical detonation diameter'for PETN (penta-
erythritoltetranitrate) is, for instance, about 1 mm.

35 Furthermore, it has been found that the length of the
chamber (its axial extension) is advantageously greater




Wth reference to Fig. 1, a preferred enbodi nent of a detonator according
to the invention will now be described in nore detail. According to this
embodi ment of 5 the invention, a detonator conprises a shel) glrp@isgp has an
open end and a_closed end, the outer dianmeter of the shell Qej&ehoRpent 6- 5
mm A ba§¥°@ﬁ9?ﬁ% 2 of a secondary explosive is pressed against the cl osed
end of the shell (to a density of about 1.5 - 1.55 g/cnB) and at the open
10 end of the shell an igniting nmeans S,g n this case a NONEL tube, is
arranged by neans of a seal 4. Inside the shell 1, adjacent to said base
charge 2, anthant igki Agamkegent bhti smallatgedanhia®bultr &rsf €ismean iit@ni ting

i npul se fronhgg% ggNEL tube 3 to the base.charge 2 to cause 15 detonation

t hereof. The |n|FiaFan elenent is basically cylindrical, one of its ends
facing the NONEL MabeoSeandinhprefhuredndmbadinmgntise usgsd schmadgeoZ. aAt t he
end of the |8iikabhopekeBRObhapEACkAthokReNENERLIRe b 20 ARRNIAY P |
made. In the initrating elenent 5, adjacent to said 20 opening 6, a

pyr ot echrfi cafuEhBege COTPEegEiqRgRd tHesPRSEs ChpdFea $E&CORPIME 885i-osi ve 10.
The pyrot echpieakdchabgbenBeig aecandady agxpl @ere ra®aet B aflowmcan

initiating charge. The rotechnical charge is describ LN e detai
bel ow. The ségog§§r§°8?%¥8§%98 TsaP§-aﬁgaﬂaédﬁgaﬁa%fyﬂﬁgﬁbaﬁggkﬁ initiator
whi ch conpri désmeteirr of &hd gowpressipinstreans? isndd¥anteggesilyelag. One end

face of . the;flbgst 10hStQReL ?Eéaée%th'aﬁ ¢REPHESHRY RasT Ghahde Juakd can
therefore hardly nove, this Tirst piston therefore.belg&‘referred to as
I

static. 3¢ wMPFe REREFERPLIBe ARd&PsBS0desGtt Ral tHESS: FheAtSTEsAHR 7 in nost
cases will nreetapthdetadlst aboatd cwewaitest bechtse ehargehdudiageties
initiation ph%sg Ig Ehis piston 7, a central cylindrical duct 11 is
formed, whicfTe B&n Erong the central |ongitudinal axis of the static

pi ston 7 and i s aThenpreasdntninvantdbnonllbwai manuiactomer e€sdtibase charge
2 and at theoLBenseadeheltteflabing QOKallY denaRgedoetandpl Sia f Since

t he second pi ston can_nove congsi derably nore_than the ~ WO 0 8 23
FEB 200 ¥°CT/ SE0GPTPB¥BLLRr Withsthe PrifmeEan explics ipieschirrgs dncgeted a
dKnam' C pist ﬁato}b?aduetrdiﬂagceat g}:ﬁ&raa&ecaadmmq%pl dsl whikd, tiel ch in
this case i s,{PEIN n r Ltoltetranitrat H . s

(Cycl ot ot r andERFEBnSEorrS LoLpib ok ey SipastiVe in she, dnitin

cycl ot ri met hkdnot chargeadsneypécad lyi rboug 6-7omm.or nore of these
secondary explosives in an unconfined or |oosely pressed state (having a
density of about 0.8 - 1.4 g/cnB). The duct 11 thus contains sone anount of
air (or ¥bssBEieicDegcyipbiona@isthe DYawingss ypical detonator has an
outer dianeter of TheSvaAriand f@eheéngel ahdalFautct@nEmofThesielentficnhe

det onat or has_ |1 _thickness_of out, 0. 8 .nm.and.t e casi ng _of .t he
cylindrical Vﬁ?&?% iﬁ&p3F§ n?rﬁgb%gﬁ gﬁF@Fl§F§ﬁ§¥§$56WF§%%§tqgﬂ?e§ﬁ1and a
val | thicknes$ pireflogeed) embarimeng sts Iy tihed deselriphism c nefsmemesr r anged
in the initiay gEsel eEERhehas cBMpAMLANdIRMRLSGLS @PUHicHh 1 "M and a

| ength of about 5_nmm The duct v |§H is.made in the stati.c plgton is al so
subst ant43al |y cyl FAfri LaPCRRBRRAS2: 1Y SROMS: 2oFTRFSIEeS A aRE 2 I ength of
about 5 mMm deeod@tionr bicabirddng ewethet Husrdmaion,static piston wth an
outer dianmeter whi [ ; [ ater t di_a r of the
duct which is forﬁ% 'i% ?%ggg?é%%gaggg%g%&%T%qqg%%%gfe?ﬁﬂgn%gﬁggﬁtutes
about 35 % ofletkaaterapceordingeso il iventgion Wuwing ithepiigtidia-n this
case, the dyz5opamhaskl ahgn 8 has a thickness of about 0.4 nmand a

di anet er_whi ch substantially correspqQnds to the dianeter of the duct. The
total "l elyth of tﬁégﬁn?fPaPFﬁﬁméFéﬁéﬁayi§ o YR LEPUSMEMRAH MBS Sfce to
Fig. 2, a prdedsdasfinggeilementel ad@cardeiconal awheadaorehitigpri.o t he i nvention

wi || now be descrihe ep.an_iani ti [ l.se.i ] 5t : hani ting
means 3, which in&?hgg ):%'\gs_gei golg%%ﬁ;%t gjbggfést %’é‘l g:’yogc?tfé%:ﬁ‘sgih%%%%:rté% 9 is
i gnited, aft&Rmghioghat I8dTdda@dnaPPEaEaiassiare frmgsiaynin dhenvitigureshort

i nduction pea3®e iprofhidble wiembusld @ar rdfddidd ahima-Lhar ge creates a
hi gh prgﬁiure acting on the pistons 7 and 8. The static piston 7 then

exerts eavy pressure on the base charge




WO 01118482 9 2 3 FEB 200 PCT/ SE00/ 01676 2, said base charge attaini ng a
substantially crystalline or at |east a very conpressed stat.e @{] h‘
density at |east adjacent to the piston. The so-called stat |2(:3\;I1E wil |
then haveudpygfsp short distance 8 towards the base 5 char ggT/$p60/01676 |t
remai ns essent| aIIy static. The construction of the initiator is such that
t he conbustion gases of the initiating charge penetrate into the duct 11
past the dynam c piston 8, resulting in the explosive L2 in the duct being
heated to in|t|on The p| ston 8 |s | O ressed into the duct 11 of the
static pista A y e t he duct. The dynam c

piston 8 is pree;mtﬁd r@lg@ré@cértcgtppg agai Qéréf‘@r%@!ﬂ'%nﬁ&di €n EUSE and/ or

its mass, i tos inertia (57 r’r}__) Qg as rapi dl e CO i On gases
and t her ef ore? B3P ACRFIERT 2Pt HRetate t::'t‘f'l’_l'l vijhéaney %36 Flem tion
al readybef orfecltii@@rmsmmeemetchel duAtcdaﬂdmgsea anpéeémgeaymentﬂgg ener gy

in the dyct dCrE35&3: fon 1 he é €{>Prgo d; Lhe 2 ﬁﬁﬁgﬁ'e in thgeguct 11

i ncrease, and when the energy alne o’ cer ud Vh&c Gﬁdary
expl osi ve | 2% PRRP 194 dRrd ilch@%%@a@@@ sthet autenl dyamaseanbanendsly in

the entire Cbh‘éll Qe taodibe & astmhhat bhee Seropdary ﬁfpéoé{eﬁSnEE | oosel y

pressed and th attains a cri t%cal energ substantl al R tine

in the entir® Ve S RIS rfa?ﬁ’o‘é%%s We‘l’%l%s%tdc%‘ﬂﬁa@ét thel ghedpi d deto
25 nation, wiich plopsigat est tabdile base- chasgeg 2Zomh ahdlug tihd tspdiar d

conpr esgjon Very. getonation process. The
ab(r)ree ng?ltl oér{zﬂd%gjlnt‘lqﬁ o%%lﬁiocag‘gsl rhé’ . s% char gBiE B8 A a

subst ant i al INPNF t'é‘i-‘]P?neJ-%ta?éangeé bxomhame 06r ¢ Begh dendntydeathiehe

nmonent  of d@ﬂ’ﬁ]ﬂlllon adacaieatd 'Eh?d%ﬁé@béﬁaf@ész angl, size. of ]mg pi stons
and by sel ectl n% tabl e di r%eﬁ[\cf ns, of th uct 11 and surta density
of the expl SHRTEnf arlrsa & THOrPhaAIRYCine hrgnise

possi bl e detfoeat |the @m&i.-@atmbe 35tensheeHaséoehargéy2guseaag>ggl osive, in

t he basggch or
PCT/ SEO%/Ol??G 10 The one SEI: s ni%.tuhe art rg%l?]fer?e#j Tﬁ&%sqsﬁ‘?]r%%l e
sel ections W%%’@%’ld tqq%aIOfe%pﬂﬂ)sﬁm far i i NONEL@®ahnee. 3| angoes

wi t hout sayith@ CDtalere\weia Iffadilx@S thalhse 2L & d%@“@ﬂgr%ﬁcﬁ' 4bi g, t he

igniting nean .S a ot her ni ting means, Such as an efectric
fuse head, ﬁ"é‘ﬂ'télag&rﬁe% Sfaflgl%ffd'g? é‘]@%‘%l‘ @stybeyayi 8soBRBSADNEN S
of initiati®gis owdet.s Ih acd'reorzdwtg.a:tcntgma]lerwﬁ DN adiecddtk casi s881@f the

initiatgag lp@ggq 5 ¢a pr y any nat er al , although use
is pr efze(?ab% lilltegsosf %?tytr%e%ng rralg{allalcq%féﬁaﬁl as St ’élfan%‘?% 8 BT HTSss.
Wth a stro?’fé e Be SiegendaRy MH@WQH@C@%@WQ@I&M&& chergdy

allomﬁng t handnitbiealseicon@atgy @ xp 1 AR lodMiHdY form an initiating
charge. The pyrotechnical charge is described in more de-
tail below. The secondary explosive 10 is arranged adja-
25 cent to an initiator which comprises a first and a second
piston, 7 and 8, respectively. One end face of. the first
piston 7 rests on the compressed base charge 2 and can
therefore hardly move, this first piston therefore being
referred to as static. It will, however, be understood
. 30 that the static piston 7 in most cases will move a short
distance § towards the base charge during the initiation
phase. In this piston 7, a central cylindrical duct 11 is
formed, which extends along the central longitudinal axis
of the static piston 7 and is at one end in connection
35 with the compressed base charge 2 and at the other end

a

limited by a movably arranged second piston 8. Since the
second piston 8 can move considerably more than the



15 al nost equal s the inner dianeter of the shell 1 and thus also the
di aneter of the base charge 2, whereby a conpressing effect |s pI’OVI ded
across a | arge part of the cross-sectional surface of the bage @B‘

during the |n|é1:% ion phase. 20 The piston system7, 8, 13- i@r@fso&nﬂ@6
|n|t|at|n may conprise a plurality of plstons or may Initra

even be forned as a unit. However, during the initiation phase, there |s or
arises at least one static piston which igcreases the conpression in the
base charge and at 25 | east one. dynam c piston which ensures the

conpressi on dfitdie, | sosely phcken, exipl ospetd? 8 nisheaTbedberdfdamis the

cases where (e plst oM aVSLlem 12 LOLPBELES Adibhaalt Caplaporiant that a

dynam C pl st separa romt he uni I Nni 1 ON
phase (e.g. bxh:r@lanknoﬁh% %%e m%s%%?bé fPWQW%@ﬁb%lt@hr@mltmte),

initiating chnme)cym@tbe@waéwypéﬁé@@tf&uﬁt@&ﬁmﬁ ni@mbk Shildghhe duct of
the statig pisto The materi al rom case to case;

it has, h V\e\/:e’rse%elé‘ra‘?“?%%d ?%%]onﬁJem??ﬁtF’éf?%?t’éﬂQhﬁf e ﬁ£|?rh%3mh:{ﬁ0du| us
of elas 35 titmitey mﬁlcmme|<srsumns¢amf|talhé§'et$mcmh&msemplgs9vaéeruﬁhm t he

nmodul us of el 1.C f S r 0
re5 2004 pcr TR Hde ’fnhf%%%ei% err%% & %% gnlga‘{lng\o% &é% TT¥ %%ston 7
has an out er afipe Sh¥ ch 1 st at %‘Ild@fﬂt Lhehwe swmteings ssineg t he

i ni tl atl ng leb@ﬁcﬂﬁ'titacﬂﬁi dher @é@r éé:tmlé&né%meh pfdad hrﬁlf@éfé‘g of me
initiatipg elenent, durin initi ase i nst an e

casi ng of‘ t he ini t}}%mfggae]r ‘?ﬂn%r;&ﬁ “glc?‘brrﬁlf Jcﬁfﬁ%?e’frfégp—fegsrﬂf?e. At
t he sane ti mand aolensth shipebowtk e65 |mmeafs}nershel.’pr@ﬁsthdaedst@ﬁatﬁoﬁi ston 7

o the casing of Ghe I NILALLAY SF oI 4% g glaths gision i

rel eased from 10 the 1 nner wa he casing o e |n| enent,
use i s made dhen YreRdricabuinibiating mlansny h@?c@nt@u%mpdmemm base

charge. In FigE a?oo&thes SEaffﬁn_Kir&ﬂ_é)fwém tuaiéme@éeaﬁr&bbétsmmrﬁls that
S, Ca nam c pi1 ston

used in e det.ona tln.Fléﬁ 1. In 15 th e, X
8 and th strﬁyjclrbcﬁ 'ar% Yeart FEUhi 3EE279R4 B %ei:’t‘}’iﬁ'\ %19 he
dynam c pi st ceri,eméntcrham amhicuttasedianmeiex ubargbowst stibktant amd | &

conpl enent ar rBSS3 tlon t . i S, in the
StgPl c pi sto?liet%é}bgﬁft 11 i% Mdl%ﬁ%t%&%%’f% yrr\?‘nrg%%é ﬁqsﬂ??h of 5 mm

The outer di &kdtterc @igtrn sltfaﬁjescbl%'ﬂb#@ﬁlsalabb&ﬂlll?dﬂ%%% @m@aln@?p .than

t he di ameter apfd:“.tahﬁetf;éfflacm Caliigd Of rﬁn(éﬁﬂj d Musngtt 18 co Bhbud . 9 b MBBH AN eat er
than the_di anet.er, of. t he duct 11t)11'§.1$ l_ga shows, an initiati el enent whi ch
1

conpri se&’25 ¥R HIE Y s vﬁle§reaatsl‘h %1s%°§h‘6 AP i MEFat i ng
el enent i n whligmetmr piistan sy stsont rist2aditss drea tynanhan ptisé odbade - 15.
Fig. 6 shous al} Idg Ll I R 4 dids L1 Phe! L2 Y81 511 LA LAl Y
consists of a unit 7, 16 ring the 30 initiation phase e pressure
caused by t hWSmihs (ﬁPrb?tltwﬁFﬁnall?céﬁ mP chaHethe | ¢°‘F%35u¢¥0$$r$¢@3-

separation oftlabrmnrtaﬁhJ&ffﬂmé&&wlﬁlsmcmrpoﬁﬁi@%a\sél €Rasdyt ute the
The 1 nveRPi oRSiHh RO cbalas Hor T ABhert BT bl St brGyRerR, Fig. 7.
for instance dlﬂmmmhmhlwbs@@m@m aertesponds t tat the whiahettensi st s
of two partSof the duct. The total length of the initiating element
is about 10 mm.
With reference to Fig. 2, a process of ignition of
30 a detonator according to the invention will now be de-
scribed. When an igniting impulse is emitted by the ig-
niting means 3, which in this case is a NONEL® tube, the
pyrotechnial charge 9 is ignited, after which the secon-
dary explosive 10 is ignited with a short induction pe-
35 riod. The combustion of the initiating charge creates a
high pressure acting on the pistons 7 and 8. The static

piston 7 then exerts a heavy pressure on the base charge



2 3 FEB 200g WD 01118482 12 PCT/ SEO0/ 01676 one part being a static piston
in conformty with the static piston 7 shown in Fig. 3 and the other part
having the formof a disc 17 which is arranged in front of tBe SEBt20% _

pi ston 7.a0d;/idygs covers the duct il of the static 5 pistopcydioseidRr Mty
with that stated above, part of the disc 17 wll be separated during the
initiation phase and function as a dynam c piston. To ensure a correct
separation of the part in the piston systemwhich is to constitute the
dynami c plston in accordance with the enbodi 10 nents described with
reference to2Fi §8i6 §ﬁ537Chﬁé@@s§é§aéﬁlmﬁp@uﬁ@hﬂhﬂﬁtxﬁihﬁnpﬁxsqammmnkxl|n

the areas inowhigh 1@&@5@;)%&9 @'&nﬂp&e@%@t stt%ttealsﬁdﬁﬂ h Hinsilty a
exenplified ons of sai d recesses or

rupture i neLsLeglsé ?gIJSEFél& S%I §§‘Forplsltl‘:’ﬁ?st Fi"eiﬁ"ot‘lc\?é-lrﬂ?r g e mistan
initiating ewéddntheacbevei mgved BhehortediistandehSs & o@eass eheObalsedt ur e

I t.i t he re of the
:hpffar1é% ephasﬁgragygﬁ é§|$%n§l g%%ﬁ%%gf%?%bﬁﬁqln ﬁ#% ﬁh@ SB1n Fig.
9, yet anot hEFTBRESGPNEAL the IRSFAasPradsi wiuchatthag eﬂl‘@nmﬂmmrcdi ng to

the inventiogaske blfi heasaithihe ishathaBar 91f ttr‘&%eo' IHQ ¢ Std‘%{l? L£9nsi sts
2 g .t he sane out gr di alr%%t tpe J'same I anme erq'o t he

of two pistons ha
duct 11p BetREgg ¥h s8YBRELGNPPEFPE 8a 35S %§ nﬁ%1é¥ﬁﬁﬁbéﬁqﬂ$ﬁﬁ$Mhﬂéh a
dynam ¢ pi st dn tbesdpatabedngnheheedbume1gﬁi¢ubmedIm&n@ﬁ@t@@r@ngj;he

nitation pasgeedneatd thal BhctadiPEeALkANGRd ANl kgl ngide,the oasi ng

of the initiating el ement (such as s y inside
the casing (¥PBIS7FCoR BRPFSHESt TRE(BR @h&nﬁ@@ta95WWS@ynemeccaaﬁmgx(F|gs

8, 9). Pref eBabbyprbk}endédl} dleand ERustibe dYRAMst RN QR18 208 Cc'hrCU' ar
in Cross-sec nvention is not lLim ted to any partlcu ar

iQ
geonetry of %Hggdﬁga/°¥hét§em§§sve&tFonIBF tRETGEGre ol Ao¥igs @F a .
certai n caserapidlyntdsethef comhushiencgaskischands ttediededeby hehexene-skill ed

2 3 FEB1200 ¥Q,01138482:43 BCTLSEQ0L01626.1n the art; and my be freely

selected wt e scope o e i nventron an
Descri pti on BPrehEhenPrraslng thafhe duct has risen appreciably.. The

energy in the duct increases as the temperature and the
pressure in the duct 11 increase, and when the energy has
attained a certain value the secondary explosive 12 in

20 the duct 11 detonates substantially instantaneously in
the entire duct, owing to the fact that the secondary
explosive is loosely pressed and thus attains a critical
enexrgy substantially at the same time in the entire duct.
This ignition process yields a comparatively rapid deto-

25 nation, which propagates to the base charge 2 which due
to its hard compression is subject to a very rapid deto-
nation process.

The above-mentioned ignition process allows the base

charge to be in a substantially crystalline state, i.e.

30 have very high density, at the moment of detonation. By
selecting a suitable mass and size of the pistons and by
selecting suitable dimensions of the duct 11 and suitable
density of the explosive 12 arranged therein, a detona-
tion having the highest possible detonation speed can be

35 ensured, for every given explosive, in the base charge of
the detonator.



5 Preferably, the pyrotechnical charge 9 of the initiating charge has a
burni ng speed which is higher than 5 ni's, nore preferably higher than 10
m's and nost preferably higher than 20 m's. The transition fZ‘Q”FEBz

defl agration to detonation in the initiating el enment shoul dP ;SEM)OI

more t hanWh¥B4%. 5 ns, and therefore the burni ng speed of t e

pyrot echni cal charge nmust not be too low. At the sane tinme it is highly
desirabl e that the secondary explosive of sthe initiating charge should
exhibit a substantially plane conbustion™front, which enables the pis 15
tons of the pist orrk&ysirﬁarnéﬂalwd( isy ey enoustill Hiabddethese, suiweabneluct i on
period of said Seqo S|V b h evi at i on, of
zero interval® cgtna or)sbig)égessocnsot ngtc}%gxc?qo e%psyo%lggfh%c ?%ﬁen?l?lﬁ%l
initiator ac@tﬁfmeng- to the present invention depends on the 20 generation

Iof a suI ficiently {4 qﬁ,é@{ ﬁ@ftq-{cﬁld [gat}}lngSCﬁﬁgtStéxﬁéI}hOiff t;hg%é n té@éljtﬂg (r:]har gF
n practice, i ns a e tenperature in the igniting, pyrotechnica
charge i s® pre%@r"é “Q'Ugg'b arﬁ) G? Jt%n‘i‘)erature is
hi gher than mmmnduhestophefeigmtylﬁdj dnegher Isbah 830@6. eBgctlreéchi gh
combusti on tefg}gg_r s Q&Pﬂi cal charge, a rapid and reliable
ignition of the sg’%:_e:)%]%ary Eggsll \c/)eta he initiating charge is also
ensured. Suitable Fgﬁ&)tk(ﬂwrﬁhﬁa{ gramplies ©fF oraninus prpedinerts sof cal | ed
“thermtes”, G COPrd Rendidls HRMRHG (% khdBinddnt fén, Ziphe Whi Ch

serve as fuel, and netallic oxides serve as oxl dants. For instance,

pyr ot echhP calCaf 39 s tha i B L opents (70=%50)P9E288 ahdP¥29- 40)
i + {80- 60)1:1&]2!@851‘535/@&1&&(1 vl owghuses elet onat ¢ Herabl ¥ headasef char ge

within 0.1 - 0. aelt a%l ﬁ'apé" é%é?lo ?Pé%é'égrﬁ}é%‘ tﬁlth a

detonation is t us e%wv at of s using pri
expl osi ve. %@%@mmomf@mm%m oaﬁszmucmsl@mbm@n of Tests

gelt ow, ttwo d'ﬁ‘l‘f%‘é?}ﬁ datltelscsvslt |dhé)€irdig§ifdﬂc?.€d:{%%@$l @r&i/@mébéztrhwﬁfbh
etonati on speed of detanatqrs accordijng to the rese ventign
Exanpl e $5A SFS SHIe B R It s FDSbbeohonBl Hhvse
di fferent tymmfthhatmrma& olfh e; ke thoeend | chma sqpe €2, (wherelbjneaecxcprhosi ve

effect) was ‘ia%{%%%bé’dfﬂeﬁs stl%zocfvad&?rheé $d c”i‘cfdé”:?% £h8f' E}Qe""h' ch a

detonator is Héfgal nst a | ea av ng
t hi ckness of &aff-I9Rtiinaletsurice It Hdhe m%hcwg¢s2 o‘é‘éﬁllag tlh@
det onati on ofjdihe fetanaddsdei ng taken as a nmeasure of its explosive

ffect t t . 15 T d t t di ff [t

ired tRE first (YU0 1SR AATIRR obs i 1 prd rith yoRRpt BLf VEF LRE Rt Rg 1o
prior- art t eciemtquey td'mnmecsmdatghe:abblm oftpistons orthawyt ianyipiiyary
expl osive aC‘-‘é)Jé’A'lQetf’oﬁgécPr 814 &rﬁ%‘”'l&‘&?ev«??d éﬁ‘ﬁﬁ&' et YRS PELAYG

det onators 20 accordi ng He present inven dét onat or s contai ned
an equal anouasH. SRS Ve, Chawises /At eRIX anRe 38dthg PEFRPOThe

det onat ors acmir&h n.ﬂzéleéapéé@rtwétcé 158 SHASR M%Herb&séhcﬁargétaﬁatat
t.he sane resul he di anete

d subst t | |
D5 Uhe’ bapor CHARE IFESSBATT RIRFIA G 1 S TOE R CHRcCOBPERAPSPE OF °
accordi ng to the Joves=ht panicsd i exphosliiee slZnihi that tanbghelldelontheon
speed and mage, ol Q@q&ﬁéét me%?ﬁ% s}éétf_%mei@ Pomﬂéao 251, , 39 Exgmpl e 2

A corrparl son was pes et onatofs as in

Exanmpl e 1. THERIAGRRE m#wﬂesémat% ghoul eh@rﬁf—'??raééép§§€mmat hod
cal l ed "Priorthe hirgid esisighoves ihadideibntypeseoledgt opgt @eanaceer di ng

30 the pressure from the combustion of the initiating
charge) which dynamic piston thus becomes movable in the
duct of the static piston. The material in the pistons
will vary from case to case; it has, however, been found
that the material advantageously has a modulus of elas-

35 ticity which is substantially the same as or greater than
the modulus of elasticity of the éompressed base charge.



35 to prior-art techni que corresponded to detonator No. 11, whereas the
detonators according to the present invention corresponded to dgé@g@%or No.
13. 5. WD 01/18482 15 2 3 FEB 200 PCT/ SE00/ 01676 The above-&ds

exanpl esw%fb‘i)’i’slsgat the present invention provides a signifpcasEbyolsner eased
detonation speed in the detonators conpared with detonators accord s ing to
prior-art technique. Thanks to the use of an initiating elenment and an
igniting nethod according to the inventihan, an enhanced expl osive effect
coul d be achi eved without increasing the amount of explosive in the base
charge. 10 2 3IpEBoPgorreferxeds embodimarisd dthe gfiatin mistwempressed
base ch?rgeh!a@,. ?_zﬂ?ﬁﬁ@é{ %haﬁehevrﬁ.%&? itc‘dws_rcg@anhﬁﬁ;%_&?ﬁ@g E%&%&%_‘ﬁ by
means of an injtiatin arge, .characterised . [ a e base charge is
further conﬁ?’gsgécﬁ’lt“ggitﬁ‘ér é’g‘s‘é&a&éﬁ‘éﬂt hffor Ak BRETIHPER IE pRsklive from
com bust i oncoaees offfi thedewadiog faforalehe riirt itd taitricn ge daepe @i Dy bttiens
during i RLLL gt p , i ; e f e.c ustio ases acts
on the ggseqé%gﬁégq%n'%%%%Thm§¥&2?gg§%§%%ar%yﬁgﬁgn%%égg) %%é%@ga}?%hged
bet ween t he tRRtENG iSdgmMeRdr erandlinge Ldahtc rtgg,)ersan@imwm- detnsity
bei ng mai nt gheedaxt itli rehe bagm ichar %aga% GrieRd {10 el oAt Zreds Met hod
as clainmed in claim.,l; wherein the fyrl5 they conpression, of the base
char ge whi clrril’les s%ﬁ;\}icd?dsgl?ﬂ %g "lr\(i:éD iL{:rhet iSRS 5"3‘#? SRt R2T At | east
sone part oflementas@scsaioge ag ttdienisipta cs yhisttant i3 |yelsysdédl o state.
3. A nmef hod |_aj I i : rejn 4. 20, second | osi ve
arr ange%gbeﬁ?\%e%nﬂle@qﬁa%iat igaf?itnrﬂgelc asrlgeg \z,igr;ig :?Jhé; lglalgtgl%ﬁlar}%eeail%m%gﬁsed to
det onat e af L&e tiife MFidevicdi en Weatay ersumntdafsithe ipressinmstoxtartye, whi ch

is ignited Bpmphesdetcprata@e ¢hasyjdd secondary explosive. 25 4. A nethod as

clainmed in claim_3, wherein the secondary explosive is present in a |loosely
pressed or unconfifh&dSst t'e,t&?nﬁa%w%lfé(i%tdﬁé@%fe]twq%iﬁ ating

charge are Bhowmersuséctt aseehtirunttid degritdtmy ashbwrn NOMEIESSL ! hen
ilegfprggi?neﬁpg%?;c}é%’c?r'm@l%c\ﬁé?‘ g:crdr%%?l eiysptﬁgﬁ%é@a%geeﬁ%aégo%%%@s [ E)Eogf =
the initiat PA§ SFRRFEtCoMPiESsed e EREERRAGL X hsihe dimamie®@is- by
transni ssi ofodf, Whied MnA thisceAMArE ipasiae, AENESSHEER11y
'~ complementary to the cross-section of the duct 11 which
is made in the static piston. The duct 11 has a diameter
20 of 3 mm and a length of 5 mm. The outer diameter of the
static piston 7 is about 1.7 times greater than the di-
ameter of the dynamic piston 8 {(and thus also about 1.7
times greater than the diameter of the duct 11).
Fig. 4 shows an initiating element which comprises
25 two static pistons 13, 14, whereas Fig. 5 shows an initi-
ating element in which the piston system instead has two
dynamic pistons 8, 15.
Fig. 6 shows an initiating element in which the pis-
ton system initially consists of a unit 7, 16. During the
30 initiation phase, the pressure caused by the combustion
of the initiating charge will result in the separation of
a portion 16 from the unit, which portion will constitute
the dynamic piston, in conformity with the dynamic piston
8 shown in Fig. 3. |
35 The invention also comprises other arrangements of
piston systems. Fig. 7, for instance, shows an initiating
element with an initiator which consists of two parts,



2 3 FEB ypp~ 17 conpressing neans arranged between the initiating charge
and the secondary explosive. 6. A nethod as clained in clai nggﬁq{'
wherein the secondary explosive is first heated until ignitfon,

conmbusti o whi ch develop fromthe initiating charge f | ] t he
secondar ya’ég@ﬁggﬁzve, and then subject to said conpression., 59"_1‘98%&0/1)1%99
initiating elenment for use in a detonator to cause a conpressed base
charge, arranged in the detonalO tor, todgtonate, said initiating elenment
conprising an ignitable initiating charge which upon ignition generates
combusti on gawes gprinshetnefawtahit heidase thacgrfosmiayended tRebe caused
to detonate, a. I i jn that i,t.co [ ses_a base charge
conpr essi ng nééta{ltspc 1%Psmﬁe"|?%hﬁ‘ %\?I&é%étﬂ%%ﬁtigt%%% %ﬁ%%%befspﬁﬁgfﬁ?ﬁﬁﬁa in a
detonat or, | <he r%ﬁ’f@f@o‘?foﬁ dRc ohe Waieh i® aboanggdi hst frbetbasethsar ge
and, on the aitharic tPidHeomct eghdPOHudYcSH £ CORDUSLELN; 9asSeS 1,9 Q?a yed
towar ds the ba.set charge for r essj the sane. 20 8. An rnitrating

co n of
el enent ag I TR 1 I SRR c‘?‘n”@?)n'%??%e%t%tt§§cﬁﬁﬂﬁﬁy BB osf vehehi ch
i s arranged tdidwe 3Doatkl, bavhespateted niuriid nghel EAEBiat SoROShLEONEH4I N a
det onat or, betugan L nj thati ang .t ase_charge and to be
caused to det Qnate%rg%n%%sd}g#%@% _co'nbnﬂ%t?%%gﬁ sB3sCRhtethereRat’e
det onati on oft¥3e Hadd e Rate. 1. the piftImtsygt ehewihchass ctai cenlst - cl ai m

8, wherein thaitseaislaiph Y O5i Mol S I 688 rddnle | QO8R! Mh@r&ﬁg&&“
unconfi nfgl stmaet e. ? 10..,An, injtiati element as clainmed in clarm9,
wher ei n heand A€ HFTRFT FHELTIHRTINGY Qi DHEAN® an@ ohpreecesses

t he5l ocosel y prressydt wer dnidersy BX phans i bvee ,prinir ided atdh | ©He Odrdde Qx@f’d&g:?éﬁon
gases, therelyd ad Se 04 W V. e.jt,is caused to

det onat e. 355%1]53 Erlﬁ?r\a?%?%% ilné ei 'errtgntté g:sﬁ%% %%%&?ﬁf%:’r%iﬁlﬁfe t®in said
| oosel y pres$d@®sddbfddy expindid s dhardjisensionguef $aidore-

al ternativel pearsmmdardtﬂi@di&seedﬁlmleSIﬁEctgd_Eb,lfﬁ!ﬁ 2P ~1 1148 £har ggl
conpr essj ng ns. and a secondary. expl osive conpression neans 1S novably
arr angedi$n trtr:ﬁe edEé"irﬁc’dgec,&’a'u‘ﬁ'l s’%ﬁ%l @d’ﬁ‘&’@s"s‘l% %?e’f‘%t%e%%ﬁﬂ%ﬁWQx‘iﬂ osi ve
under the actihen igfveritd qm,eshese framaddes canhtigitore gobess Wwil2, o8
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initiating element which differs from that shown in the
Figure.

20 In Fig. 9, yet another embodiment is shown of an
initiating element according to the invention. In this
case, the static part of the piston system consists of
two pistons having the same outer diameter and the same
diameter of the duct 11. Between these piston parts, a

25 disc is arranged from which a dynamic piston is sepa-
rated in the above-described manner during the initiation
phase.

The initiator can be afranged entirely inside the
casing of the initiating element 5 (such as shown in Figs

30 3-6), partly inside the casing (Fig. 7) or only rest on
(be clamped against) the casing (Figs 8, 9).

Preferably, the duct 11 and thus the dynamic piston
8 are circular in cross-section, but the invention is not
limited to any particular geometry of the duct. The se-

35 lection of the geometric design in a certain case is a
matter of convenience which is decided by the one skilled
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()-|~L 10983t the temperature in the igniting pyrotechnical charge
is preferably higher than 2000°C. More preferably the
temperature is higher than 2500°C and most preferably

25 higher than 3300°C. By the high combustion temperature of
the pyrotechnical charge, a rapid and reliable ignition
of the secondary explosive of the initiating charge is
also ensured. Suitable pyrotechnical materials for this
purpose are so-called "thermites", which comprise metal

30 powder (e.g. Mg, Al, Ti, 2r) which serve as fuel, and me-
tallic oxides serve as oxidants. For instance, pyrotech-
nical mixtures, such as (30-40)%Al + (70-60) $Fe0; and
(20-40)%Ti + (80-60) %$Bi,0; may be used, which cause deto-
nation in the base charge within 0.1 - 0.5 ms. The tran-

35 sition time from deflagration to detonation is thus equi-

valent to that of detonators using primary explosive.
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measure of its explosive effect (detonation speed) .

15 Ten detonators of three different types were fired,
the first type being detonators with primary explosive
according to prior-art technique; the second type being
detonators without any primary explosive according to
prior-art technique; and the third type being detonators

20 according to the present invention. All detonators con-
tained an equal amount of explosive, namely 470 mg RDX
and 180 mg PEIN. The detonators according to prior-art
technique, whether with or without primary explosive,
yielded substantially the same result. The diameter of

25 the burst-open holes was in the range of 9-10 mm. The
detonators according to the present invention had a sig-
nificantly higher detonation speed and made holes having
diameters from 12.0 mm to 12.1 mm.

30 Example 2
A comparison was made between the same three types
of detonators as in Example 1. The cComparison was made
according to a generally accepted method called "Prior".
The tests showed that both types of detonators according
35 to prior-art technique corresponded to detonator No. 11,
whereas the detonators according to the present invention
corresponded to detonator No. 13.5.
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invention provides a significantly increased detonation
speed in the detonators compared with detonators accord-

5 ing to prior-art technique. Thanks to the use of an ini-
tiating element and an igniting method according to the
invention, an enhanced explosive effect could be achieved
without increasing the amount of explosive in the base
charge.

10
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of an initiating charge, characterised
in that the base charge is further compressed to in-
éreased density under the action of a pressure from com-
bustion gases which develop from the initiating charge
which burns during an initiation phase, which pressure
from the combustion gases acts on the base charge by way
of a base charge compressing means arranged between‘the
initiating charge and the base charge, said increased
density being maintained until the base charge is caused
to detonate.

2. A method as claimed in claim 1, wherein the fur-

"ther compression of the base charge which is provided

during the initiation phase results in at least some part
of the base charge atﬁaining a substantially crystalline
state.

3. A method as claimed in claim 1 or 2, wherein a
secondary explosive arranged between the initiating
charge and the base charge is caused to detonate after
the provision of increased density in the base charge,
which is ignited by the detoﬁation of said secondary
explosive.

4. A method as claimed in claim 3, wherein the sec-
ondary explosive is present in a loosely pressed or un-
confined state, and the combustion gases of the initiat-
ing charge are further used to heat until ignition and to
compress the secondary explosive, which is finally caused
to detonate.

5. A method as claimed in claim 3 or 4, wherein the
pressure caused by the combustion of the initiating
charge compresses the secondary explosive indirectly by

transmission of force via a.secondary explosiwve

AMENDED SHEET
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and the secondary explosive.

6. A method as claimed in claim 4 or 5, wherein the

secondary explosive is first heated until ignition, by

5 combustion gases which develop from the initiating charge
flowing into the secondary explosive, and then subject to
sald compression. . '

7. An initiating element for use in a detonator to
cause a compressed base charge, arranged in the detona-

10 tor, to detonate, said initiating element comprising an
ignitable initiating charge which upon ignition generates
combustion-gases by means of which the base charge is in-
tended to be caused to detonate, characteris é d
in that it comprises a base charge compressing means,

15 which, when the initiating element is positicned in a
detonator, is arranged, on the one hand, to abut against
the base charge and, on the other, to be acted upon by
said combustion gases to be moved towards the base charge
for compression of the same.

20 8. An initiating element as claimed in claim 7,
which comprises. a secondéry explosive which is arranged
to be located, when the initiating element is positioned
in a detonator, between the initiating charge and the
base charge and to be caused to detonate by means of said

25 combustion gases and then cause detonation of the base
charge. '

9. An initiating element as claimed in claim 8,
wherein the secondary explosive is present in a loosely
pressed or unconfined state. |

30 10. An initiating element as claimed in claim 9,
wherein means are arranged to heat until ignition and
compress the loosely pressed secondary explosive, by the
actiqn of the combustion gases, thereby to increase its
energy to a level where it is caused to detonate.

35 11. An initiating element as claimed in claim 10,
wherein said loosely pressed secondary explosive is

arranged in a duct in, or alternatively around, the base

AMENDED SHEET
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wherein the length of the duct is greater than its diame-
ter and smaller than ten times its diameter.

| 13. An initiating element as claimed in claim 11 or
12, wherein the base charge compressing means comprises a
first piston and the secondary explosive compressing
means comprises a movably arranged second piston, the
outer diameter of said first piston preferably belng
between l 1 and 5.0 times the diameter 'of the movably
arranged second plston.

14. An initiating element as claimed in any one of .
claims 7-13, which has a substantially circular cross-
section with a diameter which is substantially the same
as the inner diameter of a detonator in which the initi-
ating element is intended to be placed.

15. A detonator comprising a compressed base charge
of a secondary explosive, wherein at least some part of
said base charge is in a substantially crystalline state
at- the moment of detonation, the detonator comprising
means for further compressing the base charge during an
initiation phase, at least some part of the base charge
thereby attaining a substantially crystalline state.

16. A detonator comprising a compressed base charge
of a secondary explosive, characterised in
that it is provided with an initiating element as claimed
in any one of claims 7-14.
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