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tubi ng as del ay el enents. Achi evenent of desirabl e sl ower propagation
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and reproducible performance for practical systems have
" signal propagation velocities of around 2000 m.s” 1, which
20 leads to inconveniently long lengths of tubing as delay
 elements. Achievement of desirable slower propagation
velocities has been frustrated by the lack of suitable,
reliable, precise, reactive compositions for low energy
shock tubes. For an inter-hole delay of, say, 10
25 milliseconds at, for example, 5 metres interhole separation
a propagation velocity of from around 500 m sec’l'to, at .
most, say 1000 m sec™! would be desired for the low energy §
fuse to allow for short or at least manageable lengths of
_ tubing to be used. At 20 milliseconds interhole delay the
30 desired maximum propagation velocity would drop
correspondingly to about 400 to 500 metres/second.

There have been various past approaches to reducing the
overall signal transmission rate of shock tube systems - by

35 interposing pyrotechnic delays along the tube lengths and
mechanically by introducing artifacts to the tubing, such as
coils, or forming constrictions in the tubing itself.
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Fhe |jterature contains reports of exanples of various chem cal
conposktions that give |ower signal.trqysnission rates. Thus signal
vel oci¢ ires of around’ 1200 ms[err] have been reported for reactive :
donposliti ons conprising aluminium5 and sundry-oxidants, e.g. a potassium
. bichromate, alum nium sugar nixture at a charge density of 10 mg.m . '
Usi ng a nor heofitexaspre: CORERENEH ERPOITt Sc Ofp S¥XPPPS SR Ee VEE 18M8| ead
.. Oﬁi de, éi rCEﬁleﬁE[Faﬁ&%ﬁb%@iE@.&h? it@h%t @ilirgc Qewaird sdgaaphetanaiesich a i of
charge density of’ m, as been reporte Wrn speed o
820 m[err] ?sachF@ggd?19Ha§haeiﬁ§§%8?sonbSﬁﬁ@P%i;?%érgbgbtsb%%éhqs not
been possi bbeehorapoeted forr eldagiiiviet wompogicdionisocomprilsdag gadumiiniugy
conposigtiong _i.n %ﬁgn ' ck .t uoe | &t S ! Q1IRERHAMEE
;,these-Fégor%@g Fégq s%§%§a?§%écﬁr§3e3e€@%Bf§3%B{?%mer vgl ocities have :
- general |y bevgamsdxitureces p eharge diersicy afed O Mdaghievi ¥§H¥ & Poduci bl e
perfOr'mhcemo&U%ohﬁléﬁgyr@%e@hﬁ@@rﬂem@ha GompiRIRAtAR YadgUupalomnt |
sanples it Is often found that, sonme _of the sanples vvlll.fl.ren gﬂ:zﬂ :
irregul ar . speds OXtdeot FHESARFIM s VATRZ NG pﬁ?%‘ﬁé‘dé’teé Frid 15 Ghitiated
~ signal the forpheugt botbont bt aulthaygel demsdey of Adhimguera st ihsfsadeeny
- detay-.period i thout f %?% ' ! f of WINGa J b kS RRRESSAY tO
cont.j_ﬁ@e res -P%%%ﬁnttgé%a%sbo rq'zlyu\cé%r?lgeq]%??rzgng{m%zm %ﬁdvad% ty 25. -
~still” furthehe absencer ofs commegicded Prodvets déeas Rasnhesh ROSHIRA%Ie
- rrpf-ozlerfent £d aslsg\gse%reﬁ&etllit@mb ig:ljrls%ss plr‘etci'ﬁof?a fdﬂtthrﬁ{senlpaﬁxlcﬁic?f_lam S
‘invention to'provide a shock tube délay.e nt for use.n in _
. system 30 COMROSITHORG ¢7 hﬁ%'i%ﬁtﬂ@ﬁ"ﬁs‘g&i‘%’ aﬁP&%‘&%’%& ‘%Strﬁm%q‘ use
- or\shock tulke eleprivduicede haiec repanteids eegullas iarsl tchiauhieveMewEn t here is
- provided a t.1Ve.C I IL1J.Qn: t.ai.ni P . _
: (r:\l nt ar%‘%%%t- I &s%[&%'o@r%g%lo%%.an X Ingr%ﬁl&ﬁﬁe%ﬂr{%ﬂ%&%ﬁé ure otxﬁgquésjeécoa_pabl e
- of 35  prdpdficuigiescdmbachieyisigyrapriodnaidie aericrmanae « ulfibp in
" a series of experiments on apparently equivalent samples it
is often found that some of the samples will fire, but at
irregular speeds and others will simply not propagate the

20  initiated signal the full length of the tubing.

In order to achieve a satisfactory delay period without use
of excessive lengths of tubing, it is necessary to continue
research into ways of reducing the transmission velocity
25 still further. Thus it is an object of the present
_ invention to provide_improvements in low energy timing
_\“Z fuses. It is a further object of this invention to provide
a shdck_tube-delay_element for use in a blasting syétem.

30 Accordingly this invention provides a low energy timing fuse
or shock tube of the type which comprises plastics tubing'in'
ﬁhich'there-is provided a reactive chemical composition
containing at least one fuel'component and at least one

_ okidant in an intimate admixture that is capable of

35 propagating a combustion signal—from one end of said tubing
to the other) wherein barium peroxide (BaOz) is present as
‘oxidant. |
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to the other, wherein barium peroxide (BaCQ) I's present as oxidant. The <8
conposition is preferably in the formof :a substantially conti nnuous: f
powder dusting on an-inner surface of the tubing. The cofe Ioadlng |n
tubing of around 1.D.- 1.5 nm suitably ranges from about 2 to 100 1g. [ r] ¥
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The advantage of barium peroxlde as oxldant 1sft O i o
thermal decomp051tlon temperature (c1rca 800°C) that 1s
exceptionally well suited for the supply of - oxygen. to- _
20 sustain a stable low speed propagatlon. Stable reproduc1ble
(within 5%) propagatlon speeds at selected values lying in
the range of around 400 m sec™! te around 800 m sec 1 have_,r
been achieved u51ng dlfferent metal/pseudo metal fuels _
.and/or dlfferent relative proportions of fuel and Baoz.; The
25 controlllng signal transmlttlng reactlon is combustlon of
dispersed fuel "dqust" with this liberated oxygen, although N
any oxygen already present in the tube, e. g., as alr, w1ll | \'dhi'
also become involved. & B

.30 Thls 1nventlon is especlally directed at shock tube hav1ng
signal propagation speed intermedlate between conventlonal
"Nonel" tublng (circa 2000 ms'l) and safety fuse cord (less
than 1 m sec’ 1) and in that context while mlxed fuels ‘may be
readily considered, mixture of BaO, and other solid ox1dants

35 need to be selected with caution. However, ‘in the broader o
context of shock tubing for: whlch inherent delay tlmlng 1s
not an 1mportant issue Ba0O; may usefully be used in '
admixture with other solid oxidants. It will be_ev;dent';_




than 1 msec[err] and in that context while mxed fuels may be readily
conS|dered m xture of BaO2 and other sl id oxidants ‘35 need to be
sel ectigd wi t-h cautioh. ‘However, in the broader context of shock t ubi ng for
Wwhi ch |nherent delay timng is not an |nportant I ssue BaO2 may usefully be
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cart to s 1. Sremddingbérampres oh wiblchypropertieds arekpof wBigRent). The
~core |oad.per~|inear retre was-about 50 ng. A velocity of about 760 ms

" [err]was recorded. This result was repeatable within 5% 15 Exanple 2 A
further | owExmmpleflise was produced and tested in a nanner general ly

si.milar to th f I t i : naD.
- The core Ioad?’% ove g@ fu%? ?@g&@&é& Bg é%?%ggt ?' %%S\t/vagoégﬁgs 1
was recouﬂﬂ?kﬂﬂlnl%mmﬁﬁﬁl%ambﬁmréﬁ¥ﬁﬁbg¢blénmﬁtﬁﬁhQB rE%&ﬁpP@ 30801 owi ng
the pragedurss &fmmlﬁﬁoﬁnapéﬂseamhtns &rgngb aransnhﬁsmntabeﬁgnt vvas

: d t f_25 20. 80

Tot 1S T engt S 1051 AT RERLI (€ GFadesharg SAnprcRSBES  notBroRaRe A8PRaI od.
‘a velocity gfembbinea®(netseé ewas]; absubb5ai mgbl eAi mehocepy_odﬁpabbatrrmmer
S(within 5% .5 30-1 ,tXappLErded. | OPhYE! PEELY e SLE0HLIRIRN ESLARNTHERRNT Was

- made, .,
e |
- 15 - - Example 2
_ A fﬁrther 1dw energy fuse was produced and tested in a
=~ . ‘manner generally similar to that of Example 1 but the ratio
of Al fuel to Ba0Oj was 15:85. The core loeding was 20 mg.m~

1ot tubing. A velocity of about 800 m.s"1 was recorded
20 ‘and this was reproducible within 5%.
Example 3

Following the procedures of Examples 1 and 2, a third signal
_ transmission element was made using a ratio of Al:BaOy of '
25 20:80 at a core loading of 30 mg per metre length of tubing.
Results of testing samples of the element revealed a
W/ velocity of about 790 m.s™! was obtainable in a reproducible
' manner (within 5%). | h

30 . gxample 4 _
‘A low Velocity signal transmission element was made
according to procedures broadly similar to those of the
- foregoing Examples except that the reactive chemical
composition was altered to vary the fuel component.
35 'Using silicon and barium_peroxide as a finely ground
particulate mixture, of particie size circa 2 microns, in a
weight ratio of 25:75 respectively at a core loading of



according to procedures broadly sinmilar to those of the foregoing Exanples **
except that the reactive chem cal conp$5|t|on was altered to vary the‘*uel
conponent. 35 ’Lblng silicon and barTum peroxide as’a flnely ground*
particul ate mixture, of particle size circa 2 mcrons;, in a wei.ght rarFo of
25: 75 respectively at a gore | oadi ng of 5 about 36 ny n{err] a. Sf’bng, s
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conposi tion co taining these fuel and. oxidiser conponents.in a werght. g
of 20:80 ahighesr & dvRE Srofucaganferr] provided an unstable pr opagat i o

speed down the tube |ength, oscillating 20 erratically &b '300 m-
sec[félh o 6_C |ns . | ow energy tim-ng fuse or shock
type i ch tres tubing in which there is. prOV|ded
Similar element ;were formed u51ng Al and KMno4 in a rati

ranging from-6:94 up. to 20: 80, A compo51tlon conrainlngil; A

kN

these fuel and oxidiser components 1n a welght ratlo of R
11:89 at a core 1oad1ng of 25 mg .m achleved a reproduclble \ejfﬁe
15 = and consistent velocity of about 1200 m.s, 1, too fast for S '

practical use as a tlmlng fuse. A comp051tlon co”"'

these fuel and oxidiser components 1n a welght raulo o7 C
. 20:80 at a core 1oad1ng of 25 mg.m" provlded an unstable T

propagation speed down the tube length, osclllatlng L

20 erratically about 800 m sec”l.




5 - -reactive chem cal conposition containing at |east one fuel conponent
and at*least ong oxidant {n an intinmate adm xture that is capable of
gropag@L|ng a combustion’ si gnal fromon® end of said tubing to the other,
wher ei n-bari um peroxide [err] is present as oxidant. 10 2. A Iom1energy
timing fuse according to claim1 wherein bariumperoxide is the sole solid
oxi dant pre&datinisn t he reactive conposition. 15 - 3. A | ow energy timng
fuse according to claim?2 wherein the ratio of fuel conponent(s) to BaQ2 is

" from2:98 to - 80:20. 4. A | ow energy timing fuse according to claim?2
wherein 20 ‘1 thé QW eneravuEimisapénsst OF) shockatrbes ofr shel0ype to
55:45. 5. wAiklw )éebl aetfl@aet%ea hﬂgwmcﬁnxha% 9k P% § alo 4

rovi des a

wherelg t he conQ05|t nent AF xi dan
si gnal propiy &Xesﬁ 3@1 F8WP? §F8r P 815665 ﬁFs?@F?F Qne Exefow
ener gy t|n1ngmpaﬂenacanddangIEasanpnenexdﬁantannsaﬁ'&nt&maheradmlkh&re
. t fyel Vi

o opagat | on ‘aatedorSpBTRCRE, BhoBtntins sTELRBRbC AR, L I8RAT, B5AM ops,
timng fuseceBEcOfdPR&d: ukAngoke éhetﬁéhﬁrec363ﬁglalhansum perexdlerein the

fuel conponqahb§) 38 preSeHRr kgeokidBntAl, Si, Se, Ti or. W 8. A | ow
: energﬁ8t|n1 fuse according to any one of the Exanples 1 to 5 _

hereL_ efore 11111111 111111 111111111111 * C L M S *
A low energy. timing fuse according to claim 1 wherein

~barium peroxide is the sole SOlld oxidant present in the
reactive composition.

O | |
' 15 3. A low energy timing fuse according to claim 2 wherein
______ - the ratio of fuel component(s) to BaO; is from 2:98 to
~  80:20.
4, A low energy timing fuse according to claim 2 wherein’
20 the ratio of fuel component(s) to BaOj is £rom 10:90 to
55:45,
5. A low energyftiming fuse according to any one of claims
1 to 4 wherein the composition of fuel component (s) and
25 oxidant provides a signal propagation speed of from 1ms1
- to 2000 m.s" I, |

6. A low energy tlming fuse according to any one of clalms
1 to 4 wherein the composition of fuel component(s) and
30 oxidant provides a signal propagation speed of from 80 m.s” 1
to 400 m.s" 1,

| 7. A low energy timing fuse according to any one of the
_ precedlng c1a1ms 1 to 6 wherein the fuel component (s)
35 comprise(s) B, Al, Si, Se, Ti or W.

8. A low energy timing fuse according to any one of the
Examples 1 to 5 hereinbefore.
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