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A favoured type of low energy fuse is the so-called shock

20 tube as described in, and cross-referenced in, Eurcpean_ .
Patent No. 327 219 (ICI). ' o

This invention relates particularly to shock tube.

fuses. For present purposes, a shock tube fuse is one in

25 which an initiation signal for a non-electric signal delay
device or detonator (instantaneous or delay) is transmittéd
through an unobstructed internal bore of an extruded
flexible plastics tubing by induced detonation of a
contained unconsolidated mixture of particles of réactiﬁg '

30 substances loosely adherent to the bore surfaces and
distributed thereover as a shock-dislodgeable dusting. The
plastics material of which the tubing is formed may sultably
be as described in the prior art referenced herelnbefore.
The internal bore of the tubing is usually narrow, and is

35 usually circular (though it need not be). Common shock tube
fuse dimensions are I.D. 1.3 mm, O.D. 3.0 mm, but the trend
is towards smaller bores, less plastics usage, and lower



I - - ‘most practi cal pur poses -

i reaction mxture. For nos ~nd

ZhHBES peLOFEH; Lgpghgtfg of length will _be less than [err]/2 x [err], L
the bore

' to |.Ds. of circular
4 x [err] correspon&lng e core
cro beggitfgﬁnthgrLL/S gf about 1.4 and 1.0 nn1respect|vely T
Cross

e. today is commonly
| oadi ng off3RHReNHJRIbsIengel bp ﬁéaetlbﬂbﬁi \1_ Srs tn. us FiO% @aste t ube has an

f [ m of -tube IIer
|nD tgf a@mﬁtt%ﬁalr nﬁ%g EQ%UE rggvgﬁuwemgergmehtet@Fﬁéi%%; : uar |
D eay B M3 s ,ﬁhan @cfl@uﬁ £oan@ ey Ip @sFoggFﬂg Jhr o8 & netre

w 1 and. to-a Ce?ﬁ
netre of becmmm&@ ol about 16P§%§X g grrﬁu arhgggssrgeceiohOtuﬁﬂhba

for

of tube bggezy espctyiweEy bet t er gui del i nes

area | oadi ng ang‘%gg'ré fad ;V‘EQ SlmEI r?”g/ m of tube than the above quoted nmg/m.
choosi ng suitable tube |oading

than circular in-
t he pl astics tube is cher

flgg;e:eégegﬁ fhé baggrlgoagpggéﬁfégaﬁﬁﬂngjsﬁbquqaa_, 5g§ktﬁgbe fuse
cro

e of f fmng, on ¢ ollng,_'
is to ext %ﬁ%salguuﬁﬁbtedﬂyaib' comiRindy 3n G4RA Oeslq€ EXOR 1% o a2l -

req '
a per nanang/mmteﬂ%ﬁzlgg%ﬁ gég{(%gnd g?l@sesa n%ag i (BIROUsH Yaddizgyah fhe
|

to the-s'
afngéfgn heéﬁggsor #nk ?o%ﬂcﬂﬁéthheperthéUtﬁb% hﬁadheren xture g R
?ﬁterlorSﬁYtunﬂenbE1mherenhﬁﬁglf%€§ 8§E§8¥§§§§9§g tCABDﬂ@EGhEENEEQNOU{?g
Shoci( O iR xt ure s an‘?#i&f %#‘uﬁrlimfaueaoﬂ Mownm 94 e |%ht ratio
reacting

guite sel S|t|ve o he
However, lﬂiﬁdg.na) pemcie ni@lsr% r?%"\%iéﬁ%eve%ope a-rge PQDPH%‘%" ﬂQs Bon xof
| evel s OﬁOFQ@Der@hééé geg

1o §PI‘EQQeaﬂ§aw%nadin§ atsd SRl

L erger ot UPBURR, i?a%'séig? s, st encldds oo o | &ko §%ﬁ%§2§‘3’§‘€a§e§?%ﬁ”@ .

test 3
with al | tube 26adinbserdiiy ZPaf’ 1 erﬁbepreelqmetedbmg/m Thi s
Pﬁe?:rg}mf ei& %I vl;figklfannﬁ ?Gé-lnlgzxsi’lomeﬂtfﬁ mhé @Idétgiéé 3&5?@% Sther

han c1rcu1ar 1n CI'OSS sect:.on.

20 A preferred method of producing a shock tube fuse is to

25 1ntroduc1ng the partlculate reactlng mixture 1n to the.
interlor of the tube where upon it becomes loosely adherent : '
but shock dlslodgeable, on the inner tube bore surface. A - v
presently favoured reactlng mixture is a mixture of
aluminium and HMX in a 6:94 weight ratio.
30 mixture (as in HMX alone) is quite sensit
~ of temperature whlch need to be developed fo

extrus1on of tube formlng plastlcs -and. a_ graph of "tlme to.
reactlon" vs sample temperature for these substances-

_ quantifieg the risk of runaway reactlon with all the

35 attendant hazards ‘The test whlch enables this graph to be
drawn is the Henkin McGill Test, described_in the
literature. ‘therm ' pose
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3 the t ube extrusion technol ogy, on 1 he ch.0| ce of plastics, and on the rate
of tube extrusion having regard to:the effectiveness of the cool i ng system
used to bring about tube consolidation at3the chosen cross-sectional
.D./O.D. 5 The Applicants have found that a . nost effective alternative to
AI/HIVD( as the reacting mxture is a_mixture of ammnl um. perchl orate (AP)
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bursts when fired. Not only, however, is the performance of
the shock tube fuse very satisfactory but the mixfure of
fuel and AP is, within a wide choice of effective fuels and
relative proportions, very stable as shown by the Henkin

20 McGill Test to the temperatures found in molten plastlcs.
This stability allows greater line extru51on speeds to be
-used when producing shock tube fuse and a greater ch01ce of
plastics from which to produce the tubing (or the inner
tubing, if a bi-layer tube is being produced by over-

25 extrusion or coating of a second plastics layer on to the
first-formed tube). Tubing containing Al/AP as the reactive

\/ mixture has also been found to exhibit’ superior re51stance

to failure from oil ingress as compared to convent10na1

tubing contalnz.ng Al/HMX.

30
Preferred fuels are metals or quasi metals such as Al,
si, B, Fe, W, Mg, Ti, Zn, especially Al and Al/Si mixtures,
but carbon, carbonaceous materials and hydrocarbons and
mixtures of any of the foregoing, may be used.
35 '
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4 Oxygen bal ance, as between the fuel and the AP is not necessary either

for initiation of the fuse, or signal propagation, "detonator initiation.
Thus, while AP al one does not function™a mxture of 1 part Al to 99 parts
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t her eof although references exist to the possible use of netal/KP mixtures-
(whi ch do not gi ve such a robust initiating S|gnal) The igniter prlor

\wor ddocs\ gt cI36§8AéAalloCno oxidant other than AP is necessary or
de81rable but the. AP may be diluted w1th pota881um
perchlorate (KClO4) without sacr1f1c1ng thermal stablllty

20 ‘if AP is the ma]or part of the AP: KP mixture,
prejudiclng unduly fuse performance at least at the higher =
levels of core charge.

A summary of results for various fuel:AP mixtures is
25 given in Table 1 appearing hereinafter.

In Figurellhattached, Henkin Test results for Al/HMX, W,
and Al/AP are dispiayed._ The log_time28ca1e is marked in '
seconds, the inverse of temperature (1/Kelvin X 10°3) scale

30 is marked linearly and the points are reaction events. The
substantially enhanced thermal stablllty of AP over HMX (and
other secondary exp1081ves such as HNS, PEIN, TNT RDX)
coupled with 1ts_gas generant_role is the essentlal basis of
this invention. No reference has been found in the shock

35 tube fuse literature that AP may be used as the oxidant in
the fuel : oxidant mixture thereof, although references
exist to the possible use of metal/KP mixtures (which do not
give such a robust initiating signal). The 1gniter prior
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.art describes the use of Al/AP conselfdated5n1xtures at high core | oadi ngs
(e.g. 0.6 g/ft) for propellant igniticon. TABLE 1 5 Tubing was nmade as

T ol I OWs: Mean Core Charge Si gnal 9%AP %A ng/ m.
Vel ocity by weight)  (by weight) : ng/n110
100
1 art descrlggp the use- oflgééagsconsolldated mlggures at hlgh
50 orejiﬁﬁﬁfﬂgs (e. g§ 0.6 g/fﬁ) for propellant igdition. 1550
95 _ 1550 15 .92 -
Cptlnun1 8 : ABLE 1600 88 12

5 1650 60 [err] . Range q%n#§—%o - 517
Flre ' 0 X egnal

£ 1
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820172 | py weigh@p (by weight§00  bonac @94 I
15 plLgnent AP _Th

i onong\y ) zymbmad an 1.D. of 1. 8 Mmm _ "Suflyn" is agDu Pont .| The
signal s of] ggeater than 1500 mis veIOC|t_ woul d i@otiate a dqt andrad 30
detonator psggresently used in2shock tub¢ fuse sy&Oens. Tubi|ng 10 al slo

been nmade fram a pol yethyl ene Bl end as uged for tRé& ICl producﬂﬂ@Qﬂ;[erF]

on a produEt9®n plant as foll Bws: 35 - YAP 19 %Al 1550 - | Core
Char gkb Si Yat) ngpeimum yel 08ity nmis 9( 20 1600 17
1770 40_Perf%$na cep %Hg lirl@tics suchlas initidBility ano |r%Q5QMn on of
det onat or s oun g88d. The oill 5-17 Fire
60 - . '5-60 990
36 80 5-17 | sso0.

~ Other fuels: : :
Al1/Si/AP 8/20/72 20 1500

Carbonaceous | 10/90 ' 15 - Fire
25 pigment / AP . : ' -

The tube was made of Surlyn (an ionomer) and had an I.D. of
1.3 mm. "Surlyn" is a Du Pont Trademark. The signals of
greater than 1500 m/s velocity would initiate a standard
30 detonator as preséntly used in shock tube fuse systems.
Tubing has also been made from a polyethylene blend as
used for the ICI prodﬁct EXEL ™ on a production plant, as

follows:
35 ~ sap $A1 Core Charge | Signmal
mg/m velocity
m/s
90 10 | - 17 1770
40 ' - — .
Performance characteristics such as initiability and
initiation of detonators were found to-be good. The oil
‘resistance of this tubing was higher than that of tubing
containing the conventional Al/HMX composition.
45 '

The invention also extends'to shock tube fuse systems
compfising delay elements and/or:detonators_connected to one
or both ends of the shock tube fuse of the invention as
aforedescribed. '
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resi stance of this tubing was higher than that of tubrﬂg‘tﬁﬁféTﬁT?Ef?Tﬂ;—'
conventional A /HWX conposition. 45 The_invention also “M‘m\
tube fuse systens conprising delay el enBnts and/ or det m{l (‘““ to
one or both ends of the shock tube fuse of the invention as afor&deScri bed.
C: \ wor ddgq 3 \igh ,\36539AA doc Claims 1. A shock tube initiator conprising
a pl ast i=esmpmppioer) aV| an- unobstructed axial bore, said tublng havi ng
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-and non i gh f
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amount o annnnlun1 rate lies Ip the range rom4
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- wei ght). § A sho:ﬁgﬁube |q£ ator according to claim4 wherein the
fuel is ye?fg{ng (?rf (?lﬁ'g%qn a?elfﬁlé %Iﬁ? h an anount of ‘from 8 to 40%(by
wei ght). 6. A shock tube-initiator according to any one of the 30

proced: n9. oL STERDAY Ahing "EnfPLflofla sz B b LlEkn' § SALECHACCHEOM the

group consisting of Al
reactlve materlals comprlse up to. 99% (by welght) ammonium

15 perchlorate j'g*{
3. A shock tube initiator accordlng to c1a1m 2 wherein the
amount of ammonium perchlorate lies 1n the range of from 40
to 98% (by welght)

20 _ . S
4. XA shock tube initiator according to c¢laim 3 wherein the
amount of ammonium perchlorate 11es in the range of from 60
to 92% (by welght)

25 5. - A shock tube initiator'according'to claim'4'wherein the
fuel is a metal or qua81 -metal present 1n an amount of from

8 to 40% (by welght) - - : B Q;)_

6. A shock tube initiator according to any one of the

30 preceding claims wherein the metal or quas1 metal fuel is
selected from the group conslstlng of Al, Si, B Fe, W, Mg,
Ti, and Z2n. -

7. A shock tube initiator according to claim 5 wherein the
35 metal fuel is Al. o |

8. A shock tube 1n1t1ator accordlng to clalm 7 whereln the
reactive materials’ comprlse 10 parts (by weight) Al and 90
parts (by weight) ammonium perchlorate.



.7. A shock tube initiator accord| ng to claim5 wherein the—35— n:eiai\~
fuel is Al. 8. A shock tube initi-ator accordlng to cl
reactive materials conprise 10 parts (by meight) A and 91

wei ght) ammoni um perchlorate. [err] =~ 9. A shock tube i m’M " u!] ”ﬂ””m

to claim®6 wherein the fuel conprises a mxture of Al and Si.
shock tube initiator according to claim9 wherein the reactive materlals

conprise agii Xt yr EhBEkAltubgb A1 AT IFUB I 1 (i'fq Y@ din % W%B:u{ attllté) O];L

8:20.42. 11. _A shock tube initiator accordl n o any one of
to ‘g_y\hereffﬂe}h‘EW‘BgFi-SS&rf"l piaturen gt & e ,- car bonaceous materials,

hydr ocarbons and m xtures of any of the foregoing. 12. A shock tube
initiator geor im,11 wher eln 15 _ ..the reactiy eri
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oxi dant ture o ammoni um perchl orate and potassium perchlorate, the
former being present as the major conponent of said oxidant mxture. 25

14. A shork tuheshabkl aube 3eEeAdited LR CYPEIMNE tf adrie dHEL GG Gl M8

wher ej £or adi n |ve ma,t rlals I S ,n0 reter than 10 g per
squarje61 fe egﬁﬁgkggﬁb% %‘i’é&??d’f' stability 30
accordi ng c@rbbnaued:usnnlaSBhiaam,l hhﬂd;rmm ralmm‘ aritirss idfedny of

NEC36539CB L " oregoing.

U 12. A shock tube initiator according to claim 11 wherein
15 the reactive materials comprise 10 parts (by weight)
carbonaceous material and 90 parts (by weight) ammonium

perchlorate.

_ 13. A.shock tube initiator according to any one of claims

20 1 to 4 wherein the reactive materials comprise an oxidant
mixture of ammonium perchlorate and potassium perchlorate, |
the former being present as the major component of said
oxidant mixture.

25 14. A shock tube initiator according to any one of the
preceding claims wherein the core loading of reactiire_
\_/ materials is no greater than 10 g per square metre.

15. A shock tube initiator of enhanced thermal stability
30 according to claim 1 and substantially as hereinbefore
described. '
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