LOW. ENERGY FUSES This invention relates to | ow energy fuses%rf Q Q %C\) I -
rel at'es to-nmethods of manufacturing and nodifying a | ow ene *
apparatus .for 5 manuf act uri ng and nodi fying the fuses, This specification -

is particularly directed to.l ow enerQy fuses consisting of an el ongate ;
casing in the for a tubular, rigid or flexible conductor, which '
contains a quantit f expl osive and/or reactive substance 10 distributed

al gng the conductor, which. fills up only part of the cross-section of the
conduct or . The rest of the conductor is filled with gas. An enbodi ment

of such a fuse is-known by the name "Nonel" (Registered Trade Mark). - 2-
According to the invention.there is provided a | owenergy fuse which

i ncl udés an el ongate tubul ar- casing containing a quantity of. expl osive {‘

and/ or reactive substance distributed along, 5 but f||||ng only part of

the cross-section of the casing, the.remainder ef the casing being filled

Wi th gas,said casing having at |east one valve that is normally

substantial ly closed and which is opemed -in use, by a shock wave

propagating in the casing. 10 - Further according to the invention
there is provided a nethod of nodifying a | owenergy fuse which

-LOW _ENERGY FUSES

This invention relates to low energy fuses.
Further, it relates to methods of manufacturing and .

modifying a low.energy fuse and to aﬁparatus for

.

manufacturing and modifying the fuses,

This specification is particularly directed to’
low en2rgy fuses consisfing'of an elongate casing in the
. form of a tubular, rigid ox flexible conductor, Which

contains a quantity of explesive and/or reactive substance

4 10 Tdistributed along the 9dndﬁctor, whiqh fillé'up only part
'of_thef;moss-seqtion of the conductor. The rest of thé
conductor is f{;le& with'gas{._ An embodiment of such a
fuse is -known by the'name_"ﬁonel" (Registered Trade Mark).

o~



conprises a length of an el ongate tubul ar casing containing a quantity of
expl osi ve and/or reactive substance distributed along, but filling only
part of the cross-section 15 of the casing, the renainder of the casing
being filled withgas, which nmethod ifncPudes deforning a wall portio f the

casing.to forma val ve that Ls'nornakly_substantiahlﬁ cl.osed and which is
opened, in use, by a sRGERTREDE. TRutPReARIERELARNGREEEt A8 PROEARPEN2t here
is 20 provi de#-eneeghodust whtchadheludgsa | ow energy fuse which includes

providing a | ength_of el ong ul.ar .casi ining a guantity of
expl osive and/o nr8§8P§93953§§ gggecg%% ?i § ggggﬁgﬁg? gﬁ?n?fsyiﬁg'only
part of the expiosiwet rpd/ofr rheckivecsubsganchRedietnibddedonlong,casing
being filkedyyit #1935ng28d19ehak¥ BE WRb! cPEELLEBRL2bn! BE tASI BEsiRgfOrm a
~val ve~format 1 on mﬁic_ gs no?né??y substant?all¥ closeg.and rcﬁ_?sgépened,
in use, by atBRoZRTAADECH Bfafhei AISLAE ReiBEsEAdled with gag, Falde _
rr?y be L Orﬁﬁdaéﬁ.ﬁ@ Haﬁehgahtotgh_be Gﬁ.él aelaad;crmy he ﬁdﬁiﬂal]@?t Ih t -cgo]cses
after the shoc ve, passed.,- e.valve formati.on, m urfher define a
constriction.suES%Mg‘n%m.ﬁy CioﬁﬁdaaBEeVBFPédlgnﬁgaPﬁgnt}ntﬁﬁeCa nd may be
of a therno-ghaski vavat propegatifigeinathe tesamgi.on may then be forned by
heating that porti.on of the casing where _
10 ' Further according to the invention there is
provided'a method of modifying a low-energy fuse which
. comprises a length of an elongate tubular casing

containing a quantity of explosive and/or reactive substance

distributed along, but filling only part of the cross-section
15 of the‘casing, the remainder of the casing_being filled with gas,

which method includes deforming a wall portion of the casing to

form a valve that is normally substantially closed and which

is opened, in use, by a shock wave.

_ . Further according to the invention there is

20 provided a method of manufacturing a low-energy fuse which
includes ' _

providing a length of elongate tubular éasing containing
a quantity of explosive and/or reactive substance distributed
W along, but filling only part of the cross-section of the

25 casing, the remainder of the casing being filled with gas,
and deforming wall portions of the casing to form a valve
formation which is normally substantially closed and which
is opened, in'use, by a shock wave propagating in the casing.



the valve is desired to be and defor m'_n% it to forma_.val.ve f.ormati on. It
will be appreciated-that the valve 10 ormati on may be | ocated at an end
~of the casing or at -4- any position internediate its ends. The fuse
may be nmanufactured by deforming the casing close to an end, or
intermediate its epds, to define two sections, and parting the sections at
the pl ace of defor@i'on,- one 5 section then being used to formthe fuse,
t he val ve t hen bei at an end thereof. It will be understood that opposed
wal | portions of the c in be relative i SpLaced_ towards one

anot her. Thus, opposedﬁeg?’o@ermy bot h be rﬁ%/%&?%c ?ir’f"ﬁ%?{ﬂ?? BrteRdadal |

.10 portio b |s t owards, a osed wall
portion. Fu?f@pe % % %? t| on rraynﬂg%ie A y ]s?ﬁ?%b?gtﬁ'o?f) ' u
Thus, with \ r i sg%q.prrl

define a st?gfégiﬁt ﬁgggeﬁ\%?l gha extends regtrxac?)ir}'eérs]flhﬁaéffm ﬂ%%sg‘flnﬁ%&%r to the

- ot her. Thgge£sheahgbbnedse cB¥bnle at -an angle to the |ongitudinal axis of
the casing or it may be straight across. The val ve formation may al so.

have two straight edges which intersect one another at a suitable angle
such that the casing has a pointed appearance. 20 The angl e between these

strai ghg edges may var ¥naadpired eraleat lemd(ﬂmgid”ts &hé f’tﬁf@uﬁé P hbe e§ges
ey vary: a thermo-plastlc mater:.al The valve formation may then- |
be formed _by hea,t_lng ‘t_:ha.t po.rtion of '1':_he c.as_ing_wh.er_e-
the valve is desired to be and deforming it to form a
-va.lve_ formation. It wiil ﬂe app‘réc'ia't'ed thé.t'the valve

" 10 ' :formati_on may' be IOcated at an "_end of the casing or at



| nst ead, the vaI ve, formation may define a curved edge. -5- It will be
¢appreC|ated still furthér that the valve formation may be formed by having
two relatively displaceabl e heat ed-efiesents that crinp the casin etiveen
.them In effect, with a valve formation that is 5 |located at the\end of the
~casing, two inwardly directed lips are forned. The angle of these |lips with

respect to the longitudinal axis of the casing will depend on the shape and
configurati $Pessn FPhte Pde 8L 20BN  8s dhase |1 Mgy s@C Gl |y define
any swtablée}wa(r?;?e 10 with the longitudinal axis |ech s ﬁ%gdlgé%?v\een [err]

~and 75. Thenatmdwsrémybim@f@fmi#gemet EaQ@ﬁFaBQBEQV tboa% Rn@elggr m ned
extent to ensure that the casing is hernetically seal ed. HoweVer, this

bond¥or f usimtermedfate titsn ends| ctondéyineakwbosketivhkyr addwhen a shock
wave N rives at the valve fornation. Instead, the lips may touch one

anot her, oparbing thimssctioghtay 'warplaoedefi deformagdbhyr ontehat is
substantially smaller than the cross-sectional area of the casing. 20

At posi®i osedtitan Mhemtkeinge wseld V0 formctbenfusehethel valiver thenon nmay
take the formof a constriction. Thus, wall portions of the casing nay be
i nwar dl y déﬁirﬂﬂadﬂt cﬂlprmdd@%\r?@fat ively small opem ng

It will be understood that opposedwall rortionsof the |
casing may be relatively displaced towards one’ another. ]
Thus, opposed reglons may both be displaced inwardly or one wall

10 nortion ma.y be displaced beyond a central axis towards an
opposed wall portion. Further, the valve formation may have '
any suitable profile. Thus, witﬁ a valve formation
occurri'ng at an end of the casing it may definé a

_ st:.raight edge which extends-f.rom one side of the casing

15 to ‘the other. This straight edge may be at an angle to
the 10ng1tudinal axis of the casing or it may be
straight across. The valve formation may also have two

— st:_:a.ight edges which intersect one aziothér at a suitatble

-angle such that the casing has a pointed appearance.
20 The 'angle between these sfi;aight edges ma;y vary ani,i the
relative lengths of these straight edges may vary.

Instead, the valve formation may define a curved edge.



or to close off the casing. -6- The invention is nQM/descnibed,ﬁby - way
of exanples, with reference to the acconpanying draw ngs, in which:- Fgure

1 shows part- of, a detonator assenbly which 5 i ncludes a | ow energy fuse
in accordance with the i ntion; FLgﬁre 2 shows a plan view of a valve
formation | ocated at an e of a Iengt of tubing form ng the fuse; 10

Figure 3 shows a side view of the end of the tubing shown in Figure 2;

Figure 4 shous an end vigy oi11 et bBbPEcehtEUINEST12 Alndy RhAl G2 Shove

a plan view of a further valve 15 ornmation forme engt h

of tubing; Figyive 6r6ARNEIEn Phaf Hheroshed By hhviNk! Beb §BRYiRRAL Of a
val ve formation formed at an end of a I ength” of tublng Figure 7 ows a.

side view of dispiddedlé 6aPdd ebonodtarthael caikpl thel @aERNEON for dyat
an end of a length of tubing, Figure 8 shows a plan view of a still fur¥her
enbodi nment cﬁbetweﬂnmxﬁemnat!bm édfeget, avieh antal¥veaformation that is
5 iocated at the end of the casing, two inwardly directed
lips are formed. : The angle of these lips with respect
to the 10ng1tud1nal axis of the casing will depend on
| the shape and cenflguratlon.of these forming elements.
- These lips may accordingly define_any suitable angle L
10 _with the longitudinal axis which may be between 15°

and 75°.

The two lips may bond or fuse with one another
to a predetermined extent -to ensure that the casing is
hermetically segled. -However; this bond or fusion is

15 then sufficiently weak to be ruptured when a ehock'wave
arrives at the-vaive formation. Instead,'thellips méy
touch one another, or may be spaced slightly apart'to

_define_gn_aperture that is substantially smaller than -

| the crosefsectional_area of the casing.

20 . At poeitiens intermediate the ends of the
| casing, the valve formation may-take the form of a
conetriction. Thus, wall portions of the casing may be
inwandiy deformed to protide a relatively small opening

or to close off the casing.
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" Figure 2 shows a plan view

Ut lised tasforma val&
and Flgure 12 shows schematically part of
pr ot ot'ype apparatus utllised to formthe valve formati on shown in

Referring to '
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Figure 9 shows a plan view of a valve formation
formed' internedi ate the ends of a | ength of tubing; Figure 10 shows a

view of the valve formation shown in Figure 9 Figur
schematically a prototype apparatus 5_
*at the end of a | engt h of tubing;

11 shows

e

b formati on
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expl osive is not shown in the draw ngs. -8- Referring:now-to Figures 2,
3.and 4, the valve formation 18 is shown in nore detail. Thus, as is
cleéarly seen in- Figures 3 and 4 the tubing 22 has a wall 24 and end

regi ons.26.are deforne wards one-57 -another to define a straight edge
28 whi ch extends across The end of the tubing 22 and is perpendicular to a.
| ongi tudi nal axis of the tubing 22.  Further, peripheral portions of the:
end regions PSrmée, ihveeniedialtendhe eagst ld =sUemgtimtof ubingri or of the |
tubing 22 is 10 hernetical ly seal ed. However, the fusion or bond is
sUfficiently weakFigarewh@nshowsoak sestdonadc vdew Ieef eite ofal¥e tubing the
end regions 26 are forced apart allow ng the shock wave to pass into the
det onat or l4form&hient 8bowhodk Wdemriead;ipassed, the end regions 26 retuvn
to 15 their original position thereby sealing the detonator and

mai nt ai ni ng pr esstiigunet AlnshpEsdschemedicallys HRratalyns sPIXAE R .
within the detonator 14, failures_due to venting of the detonator are

m ni mi sey aﬁ@th%%éeéoﬁgl§P€Wtad§P&Vetmﬂ§9%£¥9ﬁ) ith&y.end Mbi&ction is 20
provi ded agaj nst  sparks Betmeen t he end of the tubing and a seal er
eIenenthaceHeFEtPh@deP n38or 8RS It will be appreciated that the

end regions coul d ”ea%'eyﬁwﬁ%w%n%c%@% ead1 PR o4y Part
prototype apparatus utilised to form the valve Iormatlon

. shown in Flgures 9 and 10. o ) | <

10 Reférring-to Figure 1, shown therein is part of
a détonator assembly, which is_designated generally by
reference numeral 10. The detonator asserbly 16 is formed from a
Tength of Nonel(Registered Trade Mark) fuse 12 and a detonator 14.
The Nonelffuse_lz has_aﬁ end 16 which is located within
15 the detonator 14. A valve formation 18 is formed at
this end 16. .The.Nonél fuse has a number of other valve
formations 20 intermediate its ends. One.of these valve

- formations 20 is shown. -

The Nonei fuse 12 comprises a length of hollow
20 tubing 22 which is made of a synthetic plastics material
known as "Suilw"(Regstemd Trade Mark). The tubing 22 oonta.ms a quantitj of
- explosive which is distributed along its length. This |

‘explosive is not shown in the drawings.

-



Flgures 5 6, 7 and 8 show further embodiments 25 of valve fornmations.

As these val ve formations are substantially simlar to the valve formation
18 shown in Figures 2, 3 and 4, except that they have slightly dlfferent

shapes and conflguratlons they will not be discussed-in detail. wever,
the valve formati on shown in Flgure 5- has a straight edge 30 whi ext ends
at an angle to the longitudinal axis of 8 e tubing 22; the valve formation
5 shown in Figure 6 has two straight edges 32 that define an acute angl e

bet ween t hensel ves such that_the end of the lubl 22 has a 0|nted

appear ance; the val ve for MRiehr WHo WPy ntei s 3 padid ovEPCIVﬁlvc
portion 34; vaIv for tion shown |n S a curyed edge
35. 10 " Yok 9% & %r{ o i %sd 'Bt“ﬁ%' V&P vtSformation

AR @Sar‘iﬁiaﬁs%r%n"?ouﬁ%v%ﬁ E &f@%i*%ft 58 gt S
| ndent ations 3@, q{némt{% c;lﬁe éé"bi:{% %"ﬁﬁﬂé np&%gég.gﬁgsed of f

15 . may cone c ose one such

SUbSt antials y a9ty RY idd itk @%thﬂlﬂé‘ré‘dé&og?m i1 ng £l y

reference nuneral 40 is a prototype appar.atus e va

formation 18. acligs thte ARPIAlHHe 41@11!5?&%2@ an @l £ %é‘ﬁp@ﬁ@:ﬂ@@iér%m' ch

define a seating groove 44 in which the tubing 22 is located. Two opposed

form ng - & longitudinal axis of the tubing 22.  Further, peripheral
. portions of the end,regionslzs are fused or bonded .
\“{- - together such that the interior of the tubing 22 is.

10 hermetically sealed.- However, the fusion or bbnd_is
sufficiently weak that when a shock wave reaches the end of
the tubing the end regions 26 are forced apart allowing
the shock wave to pass iﬁtd the detonator 14, Once thé
shock wave has passed, the end regions 26 return to

15 ' their original position thereby sealing'the detonator

| and maintaining pressure Within the detonator. As
pressure is maintained within the detdnatOr 14, failures due

N to venting of the detonator are minimised and more

consié;ent delay times are ﬁrovided. Protection is
20 provided against sparks between the end of the tubing
- and a sealer elementiﬂaged in the detonator casing. It

will be appreciated that the end regions could merely touch

one another or be spacéd slightly apart.

Figures 5, 6, 7 and 8 show further embodiments
25 of valve formations, As these valve formations are
substantially similar to the valve_fcrmation 18 shown in

Figures 2, 3 and 4, except that they have slightly different



el ements 46 are |ocated on opp05|te sides of the elenents 42 .and are
pivotally nmounted to be displ aceabl e towards -10- the elenents 42. . The
deform ng el ements 46 are heated such that upon contact thereof wth the
tubing 22 t-he tubing 22 heated to-a@tenperature above the softening
poi nt tenperature of t h§ purl yn(Registered Trade Mark) to deformthe tubing
22 5 ana formthe valve formation 18. Preferably, the apparatus 40 )
forms the valve formation 18, cuts the tubing 22 at the valve formation and

. forms a heat seal on the ot d ft t f EiQ 12,
further appaSR@Re Sﬂ9@§>°5h£5é%§%hf?ﬁ$ fgﬁﬁgzﬁ }ﬁe g%[ F%gﬁHF ﬁFﬂ °

another i E%aﬁ%ﬁaéuiﬁ%wé‘?éf hetbanratiesfrkiasaghy 2*9?%“? plbuted 0 e
bet ween 0pposed. L o B Gle (05! 45, Pt cn RECHES 3l Sope AT

coni cal . ar mount e aceabl e together

towards one @%g{{g{suc & skiabbe pRGhenby( et slagwn»aﬂ@efwraﬁlﬁzamof the

pins 52 are upon engagenen ereef with the tubing 22 the

tubing ig heg W K% two straight elzeW B2 RBadpReadirat ed

t hat the%VaIve :Eh cnéﬁ%%q%ave t he effectgof n1%|n15|ng powder m gration

within the tub ngewde MEVEIetRebibrhbisdtvay Bucheduaitnghichentped the
tubing 22 has a pointed aprearance; the valve fofmation
shown . in Figure 7 has a bent over lip portion 34; and the

valve formation shown in Figure 8 has a curved edge 35.

10 - . Referring now to Figures 9 and 10, the valve
formation 20 is shown. The valve formation 20 compriées
a constriction in the tubiﬁglzz formed by making four
pyramidal indentations 36. These indentations 36 may
meet such that the tubing 22 is completély closed oif or -

15 may come close to one another such that the tubing 22 is

substantially closed.

Referring now to Figure 11, shown therein by
- reference numeral 40 is a prototype abparatus for forming
‘the valve format1on 18. Thus, the apparatus-40-has |
.-20 retaining elemnnts 42 which define a seating groove 44 in |
which the tubing 22 is located." Two opposed forming
elements 46 are loéated on opposite sides of the elements

42 and are pivotally mounted to be displaceable towards:



of the shock mave.and;nay provide initiation points for secondary |ines of

Nonel.( Regi stered Trade Mark) fuses. CLAI M5 1. A | owenergy fuse
whi ch includes an el ongate tubul ar casing containing a quantity of
&xpl osi ve and/or reactive substance distgibuted along, but filling |y

ﬁart of the cross-section of the casing, the 5 renmai nder of the ca
being filled with gas, said casing having at | east one val ve formation that
is normal ly substantially clgqsed d i s _opened, in use, .by a shock wave

! 337" 4 %

propagating i nt2%e®ts
the valve formation,ijs,.fornmed fr

SBPRGS epdedoamife: edemed tsn

of .the casing.

#&na heatedihi ch

i al . 10 3.
fuse as clai et %Fn??oﬁrcEnghgg%ﬁg%%°ﬁhP3ﬁhtﬁ evéwgénﬁbﬁﬁhﬁm@h

—

defi n€s
to 3 ﬁﬁc

st ver ot Sh6na e nentpdo thoRr B rER TR RS ACERA CHE ORIl o

G'ai i | o 4TR (SoRThns heote izl BeetEndf piadk TR BaRoRY 108 tubing 22

&g VEOKA {RETLI0N £SrARtARTIRY POPLERNTARASLNEHEASI NG Lhat

C ains |
mat eri al

have been heated and de

or me fuse as d any one of

Cains 1 to 5 ZfparfEhs'Siyetormis Whehvhll9eV 2b¥Rat9bHREBON cutsdehieN etk
opposed-si des of -the casing that are angl ed towards one another. 7. A
fuse as clai m2R iat atlye ov&19é formatidnt @nd forms 2 heat seal on the

15

10

20

other side of the cut.'

Referring to Figure 12, a further apparatus 50

is shown for forming the valve formation 20. . The apparatus

.50 has four deforming pins 52 that are disposed at 90° fo .

one another in a plane such that the tubing 22 .is

recéivéble in the area between opposed tips 54 of the

- pins 52. The tips 54 are pyramidal or conical. - The

pins 52_are ﬁurther'mounted'to-be displaceable togetherx
towards one énother b&_a éuitable mechanism (not shown).
The tips 54 of the_pins.52 are heated such that upon
engagenent thereof with the tubing 2§ the tubing is

heated and deformed.

- It will be appreciated that the valve formations
20 have the effect of minimising powder migration within thé
tubing 22, provide an inbuilt delay by redﬁcing the speed
of the shbck wave and may proQ?de initiation.points for

secondary lines of Nonel(Registered Trade Mark)'fuses.



incIusiQe in which the valve formation is at an end of 25 t he ca5|ng 8.

A fuse as claimed in Caim?7, mvthhthevalvefoﬂml'” ” »
strai ght edge. 9. use as claimed Fnld & m mnﬁ mna'ﬂlt rai ght :
- edge is at 2$§¥n7 a lon di nal axis. of the casing. $ Atfuse as :
clainmed in 8, in fch. the straight edge Is at an angle of between o
[err] to a longitudinal axis of the caS|ng* A fuse as clained in
Claim 7, indahich tAclovrenersy fysg whidbAng deﬁe%n #lougatedtwujer chding - A |
fuse as cl alcsﬁﬁbman%l @qmﬂtlﬁwomxemoélhe é(x?d/b? FOIRd g%%beegs&m od_ |

strai ght ed ersec t her : ai e
Claimé, (gkﬁ %%5?5d3§ﬁﬁé?QW9¥H€ the icasingf thes an
angl e of &e&mﬁn&ﬁ%ﬂﬁe?&kmgtﬁmhbefﬂl&a@lvh.ltrilM S5 cadingRawing! Y- 14-

A fuse as cl; h_t he 0S es he caS|n
define an ang{a‘g@%?éan%z%’? ?&?ura]ti%'et W%‘gr?'st H%WRE ssugigauq:lalfy ci\
claimed i n en¢nesheinfuse, Hym shock wave propagaiing iin the chsinge vaI ve

formation has at |east two elenents that are relatively displaceable away

from one anot her. 16. A fuse as clainmed in Caim15, in whi.ch. the
said - 2, A fuse as claimed in Claim 1, in whlch the valve

formatlon 1s formed from mater;al of the ca51ng.

10 3. A fuse as claimed in Claim 1 or Claim 2, #n which

the valve formation defines a coastriction. o
4. A fuse as claimed in any one of Claims 1 to 3

'lnclu51ve, in Wthh the valve formation is such ‘that it
closes after the shock wave bas passed. ' '

15 5. ' A fuse as claimed in any bne of Claims leto 4
inclusive, in which the casing is of a thermo-plastic
material and the valve formatioa is definmed by portions
of the casing that have been heated and deformed,

6. A fuse as claimed in any one of Claims 1 to 5
20 jinclusive, in which the valve formation is defined by
o Qpposed-sides-of'the casing that are angled towards one

another. . ' | .

7. A fuse as claimed in any one of Claims 1 to 6
_ ‘inclusive, in which the valve ;ormatlon is at an end of
25 the casing. ' '
8. A fuse'nSICIaiméd in Claim 7, in which the valve
- formation defines a straight edge.

9. _ A fuse as claimed'in quim 8, in which the straigibt -
edge is at 90° to a’ longitudinal axis of the casing.



-the shock wave. 17.« use as clained |n d ai m 15, in which.

el ements touc ne anot d I | 54 0,
*which the elenggts are C os§£$33%t %?1?3 p}gbl '%ﬁ %bgégﬁgh&wﬁ f%e ék aight
subst antial |y edge| &8 affarn langke cphabesress Qect%fcﬂqa@ﬂ ar ta- ef the caS| ng.
19. *A fu N I3 Yo PNERET c&sqig®s 1 to 18 30 inclusive, in

whi ch t he valsgtﬁézdgrrg?lg%(ni IS %t er ma%lieate therg - 13 - ends of the

casi ng. 20. A fuse as clained in any one of Clains 1 to 19 inclusive in

whi ch the valve for matian fusdleld neta bifed awf@qram 7 DB Al 1 481 @ Rld
portfons of the casing. A met hod of nodifying a OWFenergyafuse

"t hat Mncl udes @x%ﬁﬁﬁ-ﬁ“ofieafﬁf’é%rﬁga?‘é’-’?ﬁﬁuleéllgecas| ng contai ning a quantity
of expl osive and/or reactive substance distributed along, but filling only

part "of the cross-sectign of the casin e remgi nder of tge casi ng being
filled with gas2+10 whi &hIHSEHARP i _%@%Q g G&ﬁ%dﬁ whP | WRSFR Eheomadive
casing to forng@ermatien§ defalded 3o cot faf ghes cilged wih i SRt 1hSepaekR! ke

substantial ly cIoEed and which is opened in use, by a shock wave .

20 el enents are normal Iy hernotically seal the casing,
.the bond between t H‘!@ﬂg ﬂ“m)ently-ﬁ/veb& +0 be ruptured, in U@by

propagating i mRHER 8sing.
13, A fuse as claimed in Claim 6, in which each of the
10 . opposed sides of the casing defines an angle of between 15°
A ‘and 75° with the longitudinal axis of the casing.
14. - A fuse as claimed in Clalm 6, in which the opposed
sides of the casing define an angle of about 90° betVeen
them.
15 15, A fuse as claimed in any one of Claims 1 to 14

inclusive, in which the valve formation has at least two
elements that are relatively displaceable away from one

another.
16. ‘A fuse as claimed in Claim 15, fn which the said
N\ 20 elements are bonded together to normallf hermetically seal

- the casing, the bond between them being sufficiently weak
to be ruptured, in use, by the shock wave.

17. A fuse as clalmed in Claim 15, in which the elemeants
touch one another.

25 18. A fuse as claimed in Claim 1§, in whlch thc
elements are close towether to provide an aperture which is
substantially smaller than the internal cross-sectional araa
of thelc151nﬂ '

19. -A fuse as claimed in any one of Claims 1 teo 13
30 inclusive, in which the valve formation is intermediate the



A rrethod as clal rred in Caim21, in which the casi‘nAg 15 is o.f a
the I that i's deformed by a heated forning nember.” 23.
mE”“[Il"@l“MMMI n C ai 1 or Aaiyy22, in which the valve formation’
|sfo*rm§d at."an®erd of the\#4dsing.. 24. A nethod as claimed in Caim
21 or Claim?22, in 20 which the valve formation is formed internedi ate the

ends of the Gads'\®f ¥he cas#hgethod as clained in any one of Cainms 21 to.
24 inclusive, in which opposed wall portions of the casing are deforned

t owar ds one ther. 25, . 26. n whi ch
opposed wal | “porti ons“zo%uﬁ%eascacs]r%g a‘% hﬂgoﬁi%dsqa%g%fh%?a”?% ﬂ]o 5#

her neti cal | y inedlustitvwe daslwh;ﬁ,cn M@W%tMﬁtMi&ldﬂﬁMdlw emt ly weak
to be ruptur Y /. Se | fred iﬂ;
Cl ai m 25, |n$ |Hcerh} alﬁso%olse AOFY portlﬁvnaélz]bf t%emc%a{ﬁlgog}ég dgf %g !
sufficiently to touch one another. A method as claimed in

d ai m 25, 5 n 3 ch t He BefRodHHRY |“E9f§1%§f"é‘%eﬁ' d‘??é‘tﬁ't%rgié s thafget her to
provi de an arierd]sud@s/\/ra qrengsttsldzstmtemﬂyawaﬁdmmﬂnmém iddretdling
cross-sectional u%ﬁﬁﬁ: I nc dgb 65%6 anchQOr rea.c‘lfAi et h dstoafngéan&‘:{sai?tilg Itnegd a :

- | ow ener gy fisé
along, but filling only part of the cross-section of the

|

casing, the remainder of the casing being filled with gas,
10 which method includes deforming a wall portion of the caQsing '
' -to form a valve formation which defines a valve that is
normally substantially closed and which is opened in use, by
a shock wave propagating in the casing.

W/

22. A method as claimed in Claim 21 in which the casmg
15 is of a thermo-pla.stic material that is deformed by a heated.
forming member. '

23. A method as claimed in Claim 21 or Claim 22, in
- which the valve formation is formed at an end of the casing.

24 ‘A mefhod'as_' clai‘méd in Claim 21 or Claim 22, in
20 which the valve formation is formed intermediate the ends
of the ca_.sing;

25. - _ A method as claimed in any one of Claims 21 to 24 ~
) inclusive, in which opposed wall portions of the casing are
deformed towards one another.

25 26. A method as claimed in Claim 25, in which opposed
wall portions ‘of the casing are bonded together, to normally
hermetically seal the casing, the bond between them being
sutficient_ly weak to be_ ruptured, in use, by the shock'wavé.

27. A method as claimed in Claim 25, in which- opposed -
30 wall portions of the casing are deformed sufficiently to
touch one another.



"~ providing a |engt nm ular casing containing a quantity of
. expl ostve and/ or mllﬂmﬂmmme di st ilaut-ed al ong, but fill] only
‘part of the cross-8ectidn 0 6f the casing, the renalnder of t asi ng

tbeing filled ol th gagx m%q:gm%e r g |5 npglltalW§50f gci\%{s? cq% agra.fl rma

“val ve fornatlon which.is norna ly su Stanti y cl0ged
opened, in uPertipns sirscideiaraes dgadet icd@sien tﬂi@t@@g‘i rt@ pevide an rret hod

as clained inp gﬁ'u&‘ez%l’hl\@ﬁ' ql&, lswstﬂ%&ﬁqf gr Bnad 1& 2M&hla P Ahld QR tRfrnkhe
casi ng i nterrredl ate the ends thereof i ne two sections pal‘tl ng one

section fronFFW@SGFﬁ€F?&H&%ﬂﬁqe@spﬁgt&ﬁb°@§1§§bt|on as the | ow energy fuse,

this section having a valve formation at the parted end which defines a

val veé~t hag i 29nor nal Ay neitheidaifi alanyfalcrnedngnd Wowsleniergypdnse whicke, by

a shotk wave. n%iudes A nmethod as clained in daim29 or Claim30, in which
- 25 t he ca5|ng i's Of a therno-plastic material that is deforned by a

heated forning Pawydding2a lengihneithedocagadleaitvbalion sagioge contaiaing 29

to 31 inclusiV@uaniWy & %1@@%@%@/@@ %@%dl%ogﬁbk%aeeend t her eof .
30 33. A nethod§%déﬁla|ne in aﬁé&one of dains 29 to 31 inclusive,

in which theddgdirdyut ORged butt Sidddng onde PaRds ofhdheorrogg-sectigh

et hod g cl eifmttiel kasipggnehel rémaimied oifo the icasling be,mgn fifliled opposed

wal | port|0n§ %B %Qg .casing are

and . _
deforming wall-portions'of the casing to form a valve

formation which is normally substantially closed and which

15 is opened, in use, by a shock wave propagating in the casing.

- 30. A method as claimed in Claim'ze, which includes
deforming a wall portion of the casing intermediate the
ends thereof to define two sections

parting one section from the other and utilising one
20 section as the low energy fuse, this section having a valve
formation at the parted end which defines a valve that is - '
normally substantiﬁlly closed and which is opehed in use,
by a shock wave.

31. A method as claimed in Claim 29 or Claim 30, in which
\J 25 the casing is of a thermo-plastlc material that is deformed
' by a heated forming member.

32. A method as claimed in any one of Claims 29 to 31
inclusive, in which the casing is deformed close to an end
thereof.

30 33. A method as claimed in .any one of Claims 29 to 31
inclusive, in which the casing is deformed intermediate the
' ends ‘thereof. ' :

34. A method as claimed in any one of Claims 29 to 33
inclusive, in which opposed wall portions of the casing are
35 deformed towards one another. '



35 deforned towards one anot her. 35. A net hod as. cléined in any one
.of d ai i n- whi ch opposed sides of the casing are -
bonded ﬁmﬂlﬂﬁmim "Iﬂrl”ﬂl ly h tical T'yfgeal t he casing, the bond between
then1be|ng siffitci Bntty Wweak t&be ruptured, .in use, by. a shock wave. 5

mhlch oppos g?dgz'%f£§ﬂ€g%a§?ﬁg¥%$@g% i%C%E%ngﬁég?t %ﬁ?+9 gsgﬁcﬁ4one.

anot her. 37.inclusive; hial wsich adpposed an#eanefothéjaaasnRQare Bdnded

ncl usi ve. i qopbuil | g vELnpPIY | RBFnBt £cfed 9" 0B | gnboogl p3g 1Bl 0t e

to provide an a erture which i s su stanti a er than't er nal
cross-sect i diRRd heevesn t teer Reine suf:ggca.entl;a\ veak cherls rg.ggured

substanti al | yn agsélesey i Heshobk hwaeéerence to the accorrpanyl ng Figures 1't
10. .39. A nethod of nanufacturing a | ow energy fuse, substantlally

descrlbed Wi reference to.the I ng_drawi n

nodi fyi ng a #%W— ener‘g)}n?m%dsﬁ%s?g?ﬁflf' |§n %n%e%%?l‘ggdc {"HSA%EFE{; g%

the acconpaninchustiwey niys. which opposed sides of the casing are deformed
sufficiently to touch one another.

37. " A method as clalmed in any one of Claims 29 to 34
inclusive, in which the wall portions are deformed to be close

10 together to provide an aperture which 1s_substant1a11y -
smaller than the interﬁal cross-sectional aréa of the casing.

38. A low-energy fuse, substantially as described with
reference to the_accompanying Figures 1 to 10.

. 39. A method of manufacturing a low-energy fuse,
15 substantially as described with reference to the accompanying
drawings. '

- 40. A method of modifying a low-energy fuse substantially
as described with reference to the accompanying drawings.
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