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A THERM C LANCE The present invention relates to
thermc lances and the wuse thereof, particularly as
fireworks. 5 Thermic | ances were devel oped foll ow ng
the Second Wirld War as a neans by which gun
enpl acenents, submarine pens and other |arge concrete
structures could be broken up or denolished quickly
and conveniently. 10 Operation of a therm c |ance
usual ly involves feeding gaseous nol ecul ar oxygen
through a I ength of & GHERMIKeIANDE tip of which has
previ ously been heated to conbustion tenperature. The
oxygen conbines with the iron in the steel 15 of the
| antiee t Préoemmt ai svagridtrée Taté€£hcd tHEME OXiIR%Bs aH®E the
sl roduced is very hot and very fluid thus enabling
us?h@gﬁag‘ﬁ% (PPl RERE 1% 38 A KSWREXshd/ or bori ng t ool .
The flow of slag is assisted by the velocity of the
gas and the vapours expelled within it. 20 The | ance
i s TReaniy lrrees wird dawwlopatssiicvinmithe Feaamd o

i 1S, I .ncr gas t vi ding \
Wogﬁ?f‘ik%? e% %)e%{\ 0 %I&lc%ﬁc(f%f eer%ﬁhag‘re?r“e r]tqgl érqu Sﬁlclﬁmn TS
pempi ad ¢shdmet leeye 18600 1t & S c tandoredfdrd tiss batoke@N up
orf rrous 25 netal.s. The heat output. of a | ance may be

| APRab T ByTut i h o lﬁﬁrh‘{eiﬂﬁ%}@yo‘r magnesi umto the
packi ng. Smaller |ances have been packed with a rol

of sheet steel in place of steel rods. 30 Exanpl es of

t hePREEA T 1PR RF f SRFEH DseiGen uFuil 1 ve s leres feeding

gabohs 3rd D491 4 Br apdaabergflugPulieiipt 13 Yreel tube, the

tip of which has previously been heated to combustion

temperature. The oxygen combines with the iron in the steel
of the lance to form a slag that is rich in iron oxides.

The slag produced is very hot and very fluid thus enabling
the lance to be used as a cutting and/or boring tool. The
flow of slag is assisted by the velocity of the gas and the

vapours expelled within it.

The lance is usually packed with steel rods such that
the ratio of iron to oxygen is increased thus providing
sufficient heat to melt concrete (the melting point of which
is between 1800 to 2500°C) and/or ferrous or non ferrous
metals. The heat output of a lance may be increased by
adding aluminium and/or magnesium to the packing. Smaller
lances have been packed with a roll of sheet steel in place

of steel rods.

Examples of thermic lances are disclosed in, for

example, US-A-3570419 (Brandenberger; published 1971),
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-1 US- A-3738288 (Brandenberger; published 1973) and
GB- A- 2151530 (Partington; published 1985) A thermc
| ance is usually ignited by heating the tip 5 of the
| ance to the conmbustion tenperature using an oxy-
acetylene torch. The tip may al so be heated to the
required tenperature by shorting the tip over a car
battery. Either way, once heated, oxygen is then fed
through the I ance pronoting fusion at the | ance tip.
USThe3 tomdRst (Branderhergr0 pub kisiifed Uit iangp &t An | |

21§9Q§'{W%%fg%éé?éﬁjfﬁﬁbffg Jdaw,of oxygen is stopped

or a om steel”has been consuned. The
| ance itself is obviously consunmed during operation.

15 The use. of. an oxy-acetylene torch_ qQr car, battery .

to Aiﬁaﬂr@e REEI e t1h el | dsiomtbrts ip
of athe Tdri€INBS A€ Sconblidihid | 1Qimpd M- iee fidgiehh g3sges

with an oxy-acetylene torch is potentially dangerous.

acqhel enmcerT Fiyni e Tuike Way 2l5or'be fraadesk toakder aleicai red
! a R

cel P e M I NI O RS S MALAT? micher

way nvoeeshedieedis eoxfgen Lisndshel dedarithrpudhande [1gmicter

lit, ¢ Lance Wck s | ders, slawy. The.
prO8ing sl ad nd Sk o0 et el Seatn aspingon
iswsekf + sugpb@ctethdg rarid eviSlame=qinsidued inty @R h@as the if9ow
fed through the | ance at. | ow pressure and the w ck

Of {PAYIRN IFHFINRER UnPlilgMt dda Haql frpsterde hpgnbeen
consu@y ed Thdttadde ildskiibe ad e 19X IR FRs fdlug\ﬁlﬁxg

increased to cause a fierce flanme which heats up t
OPRFRE BNt he | ance to the point of ignition. 30

The use of an oxy-acetylene torch or a car battery to
ignite the lance is not necessarily convenient in all
circumstances. In addition, the use of fuel gases with an
oxy-acetylene torch is potentially dangerous. The Lance
Igniter Tube (or “LIT”) process (Australian Thermic Lance
Company) has been developed as a safer way to ignite thermic
lances. The process involves the use of a Lance Wick and a
Lance Igniter Tube. Once lit, the Lance Wick smoulders
slowly. The lance is placed over the LIT tube and the
smouldering wick is placed in the same position. Oxygen gas
is fed through the lance at low pressure and the wick flares
into flame and ignites the LIT tube. The lance is moved
into the LIT tube and the oxygen gas flow increased to cause
a fierce flame which heats up the end of the lance to the

point of ignition.
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-2 Ilgnition of a thermc |ance using the LIT process
requi res two people and, thus, is not convenient if a
second person is not available. 5 US-A-4055332
(Sweeney; published 1977) discloses a thermc |ance
having a plastic igniter unit for igniting the tip of
the lance. The plastic igniter unit is ignited using
an electrically ignitable ignition el enent such as an
electric match or an electric squib. The | ance is
i g gTEdE 1 BE igriihEnRi @ Renggniusdmauivie iLd Ta Prioswsesf
) ql t a US- A-562 W ek .et _al_:
re%ﬁ%ﬁq%s]h% EvT)l%fasné% ,02:2121 ™ %dﬁélr%% c%%%ﬁ%?@ﬁgvilﬁg %a second
pexdmn calnotgravaerlamlie. for igniting 15 the tip of the
| ance. The unit is sealed and contains a pyrophoric
mat eri al whi ch spontaneously ignites in a flow of
OXYERRIR - A0 B5 38T t (SwedMedr;,Ceidly sH@ hange dherlskedck
agai nst a hard surface and the lance is ignited b{,
the PSS Moy éh Biatdgh Hﬂﬁ’éqe&né’@.ltzgor igniting the
t 1S A-AREL 96N R-L Br aiydl 51 uald Sil'%%q._t%%g%i@' 56! 9885 t8d using
therm c | ance having a chem cal igniter unit ichis
an gkesfirdalilde riqniéa%ﬂéssimnétdionoﬂ}@mntm@cm Aist en
c ri i.tion .g..iron_ . .
s P BE RS R 1 b Ry 1e ionitea
by edgpliosine tid dlgritarsedhias im aprfiloer ofAckigehi ahgbugh the
el ement such as a wire spring is enbedded within the
HSmer. A flow of oxygen through the |ance causes the
frictional elenent to be bl own out of the priner

thereby igniting the primer. which in turn ignites the
30 G5 1AnEHS SR SIS IGH d altie PUbRd shaca997) discloses a

thermic lance having a chemical igniter unit for igniting

la

the tip of the lance. The unit is sealed and contains a
pyrophoric material which spontaneously ignites in a flow of
oxygen. The unit is pierced by the lance when struck
against a hard surface and the lance is ignited by then

passing oxygen through the lance.

US-A-4915618 (Brandin; published 1990) discloses a
thermic lance having a chemical igniter unit which is
actuated under the pressure of oxygen. The igniter unit
includes a primer composition (e.g. iron thermite) and a
friction sensitive primary explosive which is used as a
primer. A frictional element such as a wire spring is
embedded within the primer. A flow of oxygen through the
lance causes the frictional element to be blown out of the
primer thereby igniting the primer which in turn ignites the

primer composition and then the lance.
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-3 The I ances of US-A-5622672 and US- A-4915618 have
particul ar application for underwater use. Qbjectives
of preferred enbodi mrents of the present 5 invention
therefore include: providing a thermc | ance that nay
be ignited nore safely, nore sinply and nore
conveniently by one person; and providing a thermc
| ance that nay be ignited froma safe distance, e.g.

renotely. 10 Conventional fireworks involve the use of
darides duancese)gfl 38 Ve 5aPd 678 st dmblSeAi-#194 5 618r have

: I e i i [ firework is
paI(Ses(lua| Iaye}f bé}gabcklg{)éc}{/\%%%/ f\ﬂwerf(c 7 éf\c%te\%el ®Snown ni xture of
charcoal, sulfur and potassiumnitrate 15 in
particul ar proportiaons. The products fram expl odin
ML S A T et S SR
inwafifidn wHepd arandhdadietm and potassi umions which
can destroy or sicken non-salt tolerant plants. In

ad @G inche COIgTHat ilemaen taati Mewole iendses) mpre
saf¥dQyVi ded-d¥s ﬂiﬁﬁ%} ahn%p n{iﬂ]eo I RRendRQl, RS chieOLak88n; and
wh al'l’y highly

i"ch are usu toxic. A furthér objective
of prrefistima sefiedimentlsngfe thet peysbet igmisedi dmom a

heref.ore include providing a safer and 25 nore
Sagc%ncillesntlaer}ﬁe ’alet'eqr‘nar%mvo\e{:etqg'conventi onal fireworks. The

Inventor realised that the shower of "sparks"
produced by a thermc |ance in use is aesthetically

pl CRTH ML (HISWHHS e % REFniEs gicdangerous,

expl & BFabing Héxiiabina 33-10E fi edr RAWpIRS %h%UPFr@{%lﬁy
substitute for certain forns of conventional firework
explRg iR gl o duimeark dfd usyedy black powder which is a
well known mixture of charcoal, sulfur and potassium nitrate
in particular proportions. The products from exploding
black powder include smoke, pollutant gases such as sulfur
dioxide and sodium and potassium ions which can destroy or
sicken noh—salt tolerant plants. 1In addition, the
colouration in a firework is usually provided by metal

chlorates and/or perchlorates which are usually highly

toxic.

A further objective of preferred embodiments of the
present invention therefore include providing a safer and

more convenient alternative to conventional fireworks.

The Inventor realised that the shower of “sparks”
produced by a thermic lance in use is aesthetically pleasing
and, thus, believes a thermic lance, preferably suitably
modified, provides a suitable substitute for certain forms
of conventional firework including “fountain” and “gerb”

fireworks. The Inventor also realised that the current
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fireworks. The Inventor also realised that the current
-4 nodes of ignition of conventional thermc |ances
could be inproved so they are suitable for use with a
thermic lance firework. Current ignition nodes often
i nvol ve sources of a fuel gas and, thus, are
potentially dangerous. 5 The I nventor has observed
that plastics materials and, in particular,
pol yur et hane and pol ystyrene, may be used to ignite
modeise offi 3 gofi ta onhefniconventéonalpkhstrimg cf dsacagycpuld be
1. gnjt usi I r.elLe i cal 2ans._a
il Bk o SRl a2, BRFRRTTERY £2p BRER P ElebRE, Jance
firenvedht.or Coasentdi dgaieied tmbdes sftpni sShuglye bherces of a

lastics material may | so.be.ignited by friction. In
tudly B2, apd C5RFol PABI BORRRC FLLYaBRESFEREET on of a
thermic | ance may be achi eved conveniently by one
person froma renote | ocation, The_ 15 Inventor has
al dbedilsyenérad hararbeeryee thatt PéAsSticssupErELahe| gnd,

in pRliakhg ahor élgﬂ? BhGnkd 1 fedSmdy b a
w %fg%or HAcEor in% to a ???skgagggg?go?'tﬁeyprgsgﬁ? ko
ignipeethieotip 26 ehéherimgécplencded Asplebtact huvsei way be

. _l.ance. as_a ftirework. T | nvent or _does._not, consi der
ionif B 8o Al EBEr F18cr L TR, feafla®RplObne  I8h EL
fuseppldsedtfi dgndtes b tewemkc Aahypl calthet havehtokranse

., conprises.an conbustihle_netal outer tube having an
dl%ﬁ?ﬁ%&ﬁ@ GE&Li nPUEPEAG 1 pELY i oRPENBLERTAGEI BRTBRYASMaY

alsRPe 9raRddt B¢ eRd cRebhi. ONSnakBikNwddS EbAMrollable and
communication “along at |east one gas flow path.

religpdes igaiitagns @éh aathesmier benrenmarebsuprehbeeedor

cor¥3R1 Wk f G 85%3%%%0&1”%?%' QN rehbELeT BRLY 1 HOVEYRL
an rgnitron“system or uni

Inventor has also discovered that remote ignition is

sufficiently reliable for a thermic lance to be used as a

firework.

According to a first aspect of the present invention,
there is provided use of a thermic lance as a firework. The
Inventor does not consider the design of the lance itself to
be critical to its application as a firework. A typical
thermic lance comprises an combustible metal outer tube
having an oxidant gas inlet end portion and an outlet end
portion and the end portions are in gas flow communication
along at least one gas flow path. Lances having such a
construction are suitable for use with the present
invention. Preferably, however, an ignition system or unit
is mounted at the outlet end portion of the outer tube.
Preferred ignition systems allow the lances to be ignited
reliably, controllably and remotely, e.g. a safe distance

from the lance outside the range of the sparks.

~-5-
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is mounted at the outlet end portion of the outer
tube. 30 Preferred ignition systens allow the |ances
to be ignited reliably, controllably and renotely,
e.g. a safe distance fromthe |ance outside the range
of the sparks. -5 The Inventor envi sages enbodi nents
in which the ignition systemis nounted directly on
the outer end portion of the outer tube of the | ance.
However, such an 5 arrangenent is not essential. It is
sufficient that the ignition systemis nounted at or

”.ea{hé ﬂ%&éﬁf& eer}'gripé%arg{é.nso %mboqi‘%neﬁqetrén 'SRl RS a
di st ance' 'surtable for eigniter thit 0 ignite the
ighianicmn shsdem dee rethodidrehitredtdis, tdrergiiec duaneae digh pairtion

el.ectrical ignition unit conprising: a conbustible
Of JHR (THE SO RF b MG - AIHGHEHTES orF USs #im 1 or
art@ddndit s hdissentigiiel eaty 1iG idGffic@rRiNithat the
. disclosed in US-A-4055322 (the 15 disclosure of which
190t 1Q7E GTYRITER eF MAWteh Rt der@ade)ties oliaralme peortion.
LA Wt r [ i [ :
T e oy e e SR RN UPr e TR
unityseo megnidee ndue lsulad.y or 20 predoninately froma
plastics material. Suitable plastics materials are
those which burn "cleanly”, i.e. with little or no
em Bsi@re Bmd@Xinedtnmhe aniiicc ddidfen haisn aa fdlewtefical
. _oxidant gas, partjcularly nolecul ar oxygen gas) wth
1O QT i Wt PHIS4ii te the conbustible netal of the

outLroomdudting Op1 dyeferaply, de conmbustible netal
of the wires that may be provided within the fuse

(sexn Rl asiriBui tiahlid isinastistemdicar itang thanon sadki fase .
Thémgledﬂ}ic ignition unit disclosed in US-A-4055322 (the
disclosure of which is incorporated herein by reference) is

suitable for use in the present invention.

The plastic fuse may be made from any suitable plastics
material. The plastic fuse may be made solely or
predominately from a plastics material. Suitable plastics
materials are those which burn “cleanly”, i.e. with little
or no emission of toxic fumes, and which burn (in a flow of
oxidant gas, particularly molecular oxygen gas) with
sufficient heat to ignite the combustible metal of the outer
tube or, preferably, the combustible metal of the wires that

may be provided within the fuse (see below).

Suitable plastics materials burn “white hot” in
molecular oxygen, e.g. at a temperature of at least 1800°C,
usually over 2000°C and typically at about 2500°C. The
combustion temperature depends on the rate of flow of the

oxidant gas but it is usually no more than 3000°C.

-6-
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nol ecul ar oxygen, e.g. at a tenperature of at |east
1800C, 30 usually over 2000C and typically at about
2500C. The conbustion tenperature depends on the rate
of flow of the oxidant gas but it is usually no nore
than 3000C. -6 Exanples of suitable plastics materials
are selected fromthe group consisting of

pol yur et hane; pol yethyl ene; polystyrene; and nyl on

al t hough pol yurethane is preferred 5 for the fuse.
The plastic fuse usually further conprises a plurality

of I b t i T Al ' g t f

e SRR SR P ST AR (1R 4R
frothethve rapsoudd ednsdyting taff molyanidtitaates ipgriivtatdny lahne ;

he outer tube. The ianeter of. the wres should be

PO RS T T hat'S R O .t% IH]M 4 6ih t+51 BfftEg T ed
foRbowd Rigen The plastic fuse is preferably tubular,

typically in 15 the formof a short (e.g. from about

1 cmto about 10 cn) length of flexible plastic

t ubfing, i Jount [ : e ;
engf%%r%%%}% t Séé)gbter rllt%%é&q;-hA égjid\%l?reéan%yﬁgﬁgrqtlty
of tgprebugt Hole atgten ¥ iwdrap st ergdinge o thiet £oitset Hato said

ou Qséﬁﬁéfysﬁhéo fJ&E{?W%%H:%@ %Lath?nﬁﬁﬁfﬁﬁkygﬁreéo
wever, in préferre erbodr ments, the i nner di ameter
whdéh atin | easi, af gor it eofidie itatbWfarcHal asitied ftud@.i S The
about th same, as (qQr even slightly snaller than if

UIRERTH IR WHRs TR (o UM S TARR o B ¢ng -

us@A By frhe dRSNedy mPrQyididig & whfiction fit" of the
plastic fuse over the 25 outlet end portion of the

outer tube. No adhesive is then necessary to attach

o L o0 LR LBERT Sty oo
the form of a short (e.g. from about 1 cm to about 10 cm)
length of flexible plastic tubing, which may be mounted co-
axially at the outlet end portion of the outer tube.
Adhesive or any other type of suitable fixing may be used to
attach the plastic fuse to the cutlet end of the outer tube.
However, in preferred embodiments, the inner diameter of at
least a portion of the tubular plastic fuse is about the
same as (or even slightly smaller than if the tubing is
resilient) the outer diameter of the outer tube thereby
providing a “friction fit” of the plastic fuse over the

outlet end portion of the ocuter tube. No adhesive is then

necessary to attach the plastic fuse to the tube.

The Inventor has discovered that ignition of the
thermic lance requires a reduced rate of flow of oxidant
gas, at least until ignition is fully established. The
reduced flow rate may be provided by careful adjustment of

the flow rate of the oxidant gas through the lance.

-7-



10

15

20

25

30

therm c | ance requires a reduced rate of flow of
oxidant 30 gas, at least until ignition is fully
established. The reduced flow rate may be provi ded by
careful adjustnent of the flow rate of the oxidant
gas through the lance. -7 Alternatively, the reduced
flowrate may be provided at |east in part by at

| east one first gas flow control aperture provided at
the outlet end portion of the Iance. The aperture(s)

Alvrinarel yrrloui deif iPduRed Jdevrate iy S PECVESERdat
ledY t:'ﬂrg;bﬁt ttg/e af)cl‘tleé'aétu%e A&l e frusk handhean
, the flo

consu w control aperture(s) disappears
apeftensh\prautdardhtatc diley dquidredasing povd ifdnowfofthex ilaage -
as_thro the l.an 10, The or_.at st..0
Th%pa r?xﬂcr%f’eg s>) beg ek?el %gfé: Vblydea%{1 \%‘é’[ Ith%p rééﬁ%%cﬂrn 3 %r éccrﬁealolu)? let
endigderidn o titee ioutesr surfeace Adftear thebufluare laas been

fuse provided over the .outlet end porfion of th
congiitady s (Lo Grantied ines catrh (o dieoreoga: Eershy

aut@bmd thecLULLri dake d el the 10 olh @ feleGldartalgasgtintdodgh the
systemusual ly conprises: an electrical igniter
lapgewided at least within ignition range of the fuse;
means of producing electric current in said igniter;
20 el ectrical connections for providing an el ectri cal
ci rthe tohettwelrstheored exiaritonie ingry ter derfdneal dyneamall
f r oduci

or n | ectric current.; and a sw.i.ch faor
Proltai B9 TRMFLH R T Ot drhey Bilreage &F, @
tultli Dan do B tth €| Bedd i mdvicidd Wert aAichtlgn e@id pdrtion of
the outer tube or from the inner surface of the outlet end

of the outer tube itself.

The electrical ignition system usually comprises:

an electrical igniter provided at least within ignition
range of the fuse;

means of producing electric current in said igniter;

electrical connections for providing an electrical
circuit between the electrical igniter and said means for
producing electric current; and

a switch for remotely controlling the flow of electric

current around said electrical circuit to said igniter.

The electrical igniter may be provided in contact with

the plastic fuse.

The electrical igniter is preferably a length of
NiChrome™ wire. “NiChrome™” is a nickel-chromium alloy with
high electrical resistance and an ability to withstand high

temperatures. The length of the NiChrome™ wire is usually

-8~
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The electrical igniter may be provided in contact with
the plastic fuse. The electrical igniter is preferably
a length of 30 N ChroneTMwire. "N ChromeTM' is a
ni ckel -chromumalloy with high electrical resistance
and an ability to withstand high tenperatures. The
l ength of the NiChromeTMwre is usually -8 from
about 10 mmto about 30 mm preferably about 20 mMmm In
enbadi nents in which the plastic fuse is tubular, e.g.
fron Attt J%rg FoRlaHstit "t“Ub@reth?é"aIbéf{gtaW%‘F 20 mm. In
éHg?T I forgred ijnt
emﬂp\#%ﬁ in t‘{1e ﬁﬂnﬁﬁ&lﬁégﬁf&t he l%sthu%uflggg %O%
shepissiengtd: sralfdlaaiceiubes. ghendenlgmhe ofh&id Carbew™ampse

is ﬁwk‘%aﬁf}%f oy acPOUt - 'A‘}.tocc)apa%t \g)rov'lhdot hrouglﬂe ifiterior

W Te, evmre gets very ereb
of |tgm tpIngstike ﬂcﬂmt | ©rf ysss 1Ay ad\earatlageu&ﬁ:eNlt@éogeTNb
is that it does_not rust in even

h h
Moz, (AR fo GRbSUIREG BCMARDIHRG .a@%ﬁ 1 Palos ADoHE 5

thehegd rdr@INllcgmdn@w REe te 6lieet ?‘e‘isﬁ%@i} seeh @%ereby
those used to ignite conventional fireworks or node

lgmotcll(a stheArPlélsécltOr if&1seat c AN fdyBEEaIehe s Nz@hefpms’"lylre
is s TRIC @Jgetag ang, m&%@@jﬁr@ A®Snlche

SO |d drop et of rapi urnlng oX zer/ n1xture
pregearren oferatmdspheniia edididtants .connect ed to t wo

robust connecting wires. On passing a small current,

no nore than about 1 A the electric match instantly

| grTiee e MidtY i d1aiikini'deanehay be 248 @rl‘ré@@h:ﬁentnatbn such as
whi ch the plastic fuse |stubular hor t
QR GER DIt DI B S (BRSO eétlﬁe&’oﬁ@c Hrnﬁ'§?d6é

rod¥dd deth] ilN& il Gl qfs LRSuR! 28kl Gibebgs Ahe
nmeans for producing the electric current is
conventional match head and typically comprises a solid

droplet of rapid burning oxidizer/fuel mixture with a very
fine wire built in connected to two robust connecting wires.
On passing a small current, no more than about 1 A, the
electric match instantly ignites with a faint “bang”. In
embodiments in which the plastic fuse is tubular, e.g. a
short length of plastic tube, the electric match may be

provided in the interior of the plastic tube.

The means for producing the electric current is
preferably a battery, e.g. a 12 volt battery such ag that

used in a car.

In another embodiment, the ignition unit is a friction
ignition system. The system disclosed in US-A-4915618 (the
disclosure of which is incorporated herein by reference) is
suitable. However, in a preferred embodiment, the system

comprises a rotor and a combustible housing. The housing

-9-
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25 preferably a battery, e.g. a 12 volt battery such

as that wused in a car. In another enbodi nent, the
ignition unit is a friction ignition system The
system di scl osed in US-A-4915618 (the 30 disclosure

of which is incorporated herein by reference) is

sui table. However, in a preferred enbodi nent, the

system conprises a rotor and a conbustible housing.

The housing -9 conprises a gas inlet nounted in gas

comprgweso AndiRiSc atiles Wouptedhdnopagt fleyscoppunggatippwwith

-} l.eas t e [
theSS) [ r?é:sﬂz%agstgs OF’I% % a3 I%g’a'spgefﬂwegﬁdt %Ip_ 1§§§§| ﬁ &t 7and
outtllet .gaTheuhioeising. déﬁenestargas frbowt pdtBwayt hehwebe the

52 LG5 B G Bs ARG (PRe ofeet PO pat AuyL WAdn o

witsuff itGlecfalsy fhiogh phitbwagf foxi danhtgas Rasaes ahengotiBeng
gas _ fl ow pathway of the housing, the_rotor rotates
by raelfahq‘”vé’ft SXifREthgasi AgoNdhEPE PRE £oPYrPpEhyaY. When a

sufEAR; Gk 1Y %Hg%h%l%% B@U%kﬂaanErQSE'BEsQS§U5§oHﬁtﬂﬁ8ngas
the rotor and the housing roduaci ng heat

flqvgmatté@’aﬁfh@fcéﬂﬁ@umubllégho@ engotqiﬁeroraaugwgeih‘énve to
thér%% ?%?I hew'h%l'}%et '?o%o%' tig chﬁ%al:E wEEﬁSﬁ

usua as a sp | e for rotor
housiitriy, nf&h@th@WSDn@urAtbbeasénonheendtot ahé shéenbbesing

be .in_co t .with the housing. | referred
PTORRERRS. THED AGRSEeRs Che: GPBPRECIPLAI HoUStiPbi nEhe
hodgllﬂﬁ_:i %eanlg&ﬁr&e\éh%le ladxedl vob geptbstugakubboys
turbi nes can be used. 20 The conbusti bl e housi ng

prefc¥fter ably conprises a plastics material. The
plastics material is usually a | ow cost

The rotor usually has a spindle for mounting the rotor
within the housing. At least one end of the spindle may be
in contact with the housing. In preferred embodiments, the
rotor is a turbine within a turbine housing. Pelton wheel,

axial or centrifugal flow turbines can be used.

The combustible housing preferably comprises a plastics
material. The plastics material is usually a low cost
plastics material and may be selected from the same group of
materials as the fuse. Preferably, the material is

polystyrene.

The rotor may be made from a plastics material or a

metal.

The friction ignition system preferably comprises at
least one point of contact between the rotor and the

housing. In order to facilitate friction ignition, an

-10-



10

15

20

25

30

plastics material and may be selected fromthe sane
group of materials as the fuse. Preferably, the
material is 25 polystyrene. The rotor may be made from
a plastics material or a netal. 30 The friction
ignition system preferably conprises at |east one
poi nt of contact between the rotor and the housing.

In order to facilitate friction ignition, an -10
abrasive material nmay be provided at the or at | east

abiRrd W matRrisdi mey &fe avinvaded Ay the oabké disrssi pee of

ri y ed J.nel udi d :
RS N el o SR e G i e SRR
be pramd diett lbetiwee emdrye rsEnot sl delrddyoursiumg.  Any
suitable friction match conposition my be used. A
suitable friction match conposition may conprise a
chlzormtietaind=0r nktee! Yot icsalay Dél pabive dedl pediveen
and/ or perchlorate salts include 10 _the ammniumsalts

thaPite 4 ((DHIMRAS | POH GOHFILE &fd CTEPBufatrA
cofod e REMBAIe taRlE. B ehit=ed L Hrakliendiditeh
perchlorate "salts include the salts wth sodium
conpasigsiarmmayepresiisg  sardhlonass and/®rThe perehApEate
saJ'tta.”C%L&r ARl GO 1508 3 %%%ﬁtdr%'t% BhRg! ificiude
ubular Tuse nounted co-axi al Fy bétween the out [ et
theerednnporitunoreadft ¢ lenduther dalltes @id mehalgasriom etrocab Theand

frictjon ignition system The fuse e defi ned
craip i Re TS (RRTIEThe, e st TRy o6 THeTghEoRnd/or
perdiiorddie sdll@stinelfude ard dahe sehathr isedli ungnipbit@Bsium;

system However, wusually, at |east one conbustible
MAGHR T US| Gt NES&t is enclosed within the outer

tube. One purpose of the

The thermic lance preferably comprises a combustible
plastic tubular fuse mounted co-axially between the outlet
end portion of the outer tube and the gas inlet of the

friction ignition system. The fuse may be as defined above.

The lance may consist simply of the outer tube, the
plastic fuse and the electrical ignition system. However,
usually, at least one combustible metal elongate insert is
enclosed within the outer tube. One purpose of the
insert (s) is to increase the amount of fuel present thereby
increasing the amount of oxidation products and heat that
may be produced by the lance. The insert(s) defines at
least one gas flow path within the outer tube providing gas
flow communication between the end portions of said outer

tube.

The insert may be in the form of a roll of sheet

combustible metal in which case the gas flow path is between
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insert(s) is to increase the anount of fuel present
thereby 25 increasing the anount of oxidation
products and heat that nay be produced by the |ance.
The insert(s) defines at |east one gas flow path
within the outer tube providing gas flow

communi cati on between the end portions of said outer
tube. 30 The insert may be in the form of a roll of

sheet conbustible netal in which case th as flow
layritsh of e viednl . - Usuadyler,s hefweaes @ |pl tyy of

rﬁ%@c\/%le 3 ﬂ@éi&é}q{ nsﬁg&?%ﬁdl % erdoq% l3e the

w res woul € pac e in I ch
outvas ecubbee igasvHiadw qaaeetéws:lrwr ey aze thidesn Lmdis arI@d I:mtwmeme each

i nner_ tuhe of co tibl al havin
rod bt P i b aP A Jio SO S LL o el paing an
extd¥thal riRmaderi@E ers dfeddha i ere tglb%baﬁﬁt e 1gsedhe
as an insert. The therm c |ance preferably further
m"c%"rﬁ?f]r SHAMeP 1 DI GRS SUIH T HHRGMAhRe Usese Fradng

inddy-oxi dant gas inlet end portion and an outlet end
portion, said inner tube being provided co-axially
vvithin said outer tube with the outlet end portion of

t
por Bt BHA Bt Y Al gt
cord‘rus:todﬂdxﬁstrﬁﬂﬂad medsl, imrEor thudre c}fav:s@ dnpldmaiamtty gas
in ncl osed within the_inne ube and the
in ee‘}ra‘?qfiffﬁbo%‘r‘%r? cﬁ?‘%é}rhéj%ltﬁﬁ c?élﬂ{ RATREER 1t F& L ndregnfube
be DY &frod s, coal:dhi 41045 wHefH i i idR DUtV thdleh sriwht Rine
the outer tube providing gas flow conmunication

ouple e (PR ERN AF gdie iianenitubg Exdeneingupeyond the

outlet end portion of the outer tube; and

a plurality of combustible metal rods, a portion of
said plurality being enclosed within the inner tube and the
remaining portion being provided between the inner and outer
tubes, said rods defining gas flow paths within the outer
tube providing gas flow communication between the end

portions of said outer tube.

In such embodiments, the plastic fuse may be mounted
only on the outlet end portion of the inner tube. However,
the plastic fuse preferably has two parts, a first part
mounted on the outlet end portion of the inner tube and a
second part mounted on the outlet end portion of the outer
tube. The plastic fuse may further comprise a first
plurality of combustible metal wires extending from the
first part of the fuse into said inner tube and a second
plurality of combustible metal wires extending from the

second part of the fuse into said outer tube.

-12-



10

15

20

25

30

In such enbodi nents, the plastic fuse may be nounted

only on the outlet end portion of the inner tube.

However, the plastic fuse preferably has two parts, a

first part 25 nmounted on the outlet end portion of the

i nner tube and a second part nounted on the outl et

end portion of the outer tube. The plastic fuse nmay

further conprise a first plurality of conbustible

metal wires extending fromthe first part of the fuse

i ntTn ssmlepdiments wfe Hiwd lensas (RNes0 sping &0 pmpustible

ust i bl t | endi fromt :

e T S N P
gaenbosly mesvitsrall dgeer tharee rconipldds iantg tare cordliest iemlde portion

tal_ inner tybe, there may he at |east further
of (R LA 11T OO ATIRE B oAb fee Y an
ingatel e gordjitin ddheidianceiche fardneheapeminr e
may be defi ned an 5 integral wall p[OjGCtIﬂ%ﬁh
SUFERIFIPY €t Rt FetorRtch@aminan ofuiiigc d BT féGuOred rom

£h&NFh PO td %e tdye ﬂﬂweﬂ'irtétbepaﬁrt fJ0mnd BA AN fuse.
t of "t he

surface o e first part pl astic fuse.
Pressure fluctuations in the source of the oxidant gas

10 ﬁxaenss%%fjg’ eﬁ ]Llllcl:’{:céal'{:a’tci)r?snsind L{:r}iten% { I}%eb %rfnit%% %fxitdg%t gas
| ance: e erm clance preferably conprises an

cah nd@@al £ Wwedtua tpiran € aumihg atiealdurrfimgmdtheheniemnce. The
surface of the outer. tube at the oxi dant gas iqlet

EheHRl potaTTh RIRGF AL GBI 565 &t ot Gt "6\

pr&fEd ¢ Dhg aped By fFone Gt Gldddg duter ldeOW Otk outer tube
oxi dant” gas through the outer tube. Such an aperture

at felke ewedant egas dinlethianchPantown &hersolodeddmingas
seomh T i he s T R T Pl L K 1B o
oxjpdaporgamnatrdwgh hehsice-emmftulbdee | shed an aperture has
the effect of limiting flow rate of oxidant gas through the
lance thereby inhibiting fluctuations in the burning of the
lance. The size of the aperture is proportional to the size

of the lance.

Such gas flow control apertures have particular
application in embodiments in which a plurality of lances
are connected to a single source of oxidant gas and used as
fireworks. In these embodiments, the fluctuations in
oxidant gas pressure may be sufficiently large to extinguish

a lance.

A solid oxidant material may be provided on the surface
of the combustible metal at the outlet end portion of the
outer tube and, if present, of the inner tube and/or rod(s),
etc. to allow the tip of the lance to be kept at about the

required combustion temperature. Such a feature may be

-13-



10

15

20

25

30

20 Such gas flow control apertures have particul ar

application in enbodinents in which a plurality of

| ances are connected to a single source of oxidant

gas and used as fireworks. In these enbodinents, the

fluctuations in 25 oxidant gas pressure may be

sufficiently large to extinguish a lance. A solid

oxi dant material may be provided on the surface of

t he conbustible nmetal at the outlet end _portion of the
refarsd do tme avdow fusedsentSuispblge spdadr okdgants
; r (S, C. [ f the lance to
mcgg%eg&ertz%tq a &Lfta%t éDII g?&?@é‘%?%n%&?flgdn t enper at ur e.

Such a feature may be -13 referred to as a "sl ow

fusg"._ _Sui.t.abl.e solid, oxidan l,nclude netal ,nitrate

or TSRS ACE ol T ARt SinsTe APy RETt P SFPERS"
abduanathee ae g reRpiccribuz tdbout etrpe raeauier 8¢ matrhuat hong a
...lemerature gy mai ntai ning a _“standhy" flow rate, , .
54 ¥ W ARYE (BN é‘b%&f” /PRy r‘f¥8‘“ ahgut 1ol/min to
aboltMib 1&xfin,aR0W. JApbul B) 19Mhiei d2nbxdaantegls, e.qg.

nol ecul ar oxygen, to the lance. 10 Wien the thermc
molefiday ©xvgere dsedbhes lancerework, it is often

desirable to have different col oured sparks produced

therefrom D fferent netals produce differently

colwheredhspahesminr demioestiisoto Ber uerdnpbea [famewsrk, it

) tai nj tl I i ni il
1o SRV Htlale Eob miden aiFebenePLO0HP el qpaxss

préiitietl HHGdmSinl.y DigFetent metaddCcpradsbewahf@brently
yel | ow sparks. Differently coloured sparks_nay al so be
© SPPFS HFOFEMNF CdCT - ea§PToREEBIL Er ahBRERS at

corl@AH iRy RY19 AlunfiP8um will produce a silver/white

fountain of sparks, while lances containing mostly iron will

C

produce a shower of yellow sparks.

Differently coloured sparks may also be produced by
providing at least one colorant on at least a portion of the
surfaces of the combustible metal or by adding the colorant
to the flow of oxidant gas to the lance. The colorant
preferably comprises metal ions which emit light in the
visible part of the electromagnetic spectrum when heated.
Different metal ions emit different colours. Suitable metal
ions include the ions of alkali metals, alkaline earth
metals and certain transition metals. Suitable colorants
may be selected from the group consisting of the chloride,
chlorate and perchlorate salts of alkali metals such as
sodium and potassium; of alkaline earth metals such as
barium and strontium; and of certain transition metals such

as copper.
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20 surfaces of the conmbustible netal or by adding the
colorant to the flow of oxidant gas to the | ance. The
col orant preferably conprises netal ions which emt
light in the visible part of the el ectromagnetic
spectrum when heated. Different netal ions emt
different colours. Suitable netal 25 ions include the
ions of alkali nmetals, alkaline earth netals and
certain transition metals. Suitable colorants may be
sel é&t &8 ppemibhe BPogpnesvasi shenglee @ﬁetléﬁl%wﬁ‘és

d
oo, By R AL L Bheos b DLy PAESY LA el
alamdhiam 8Qtbar tubeandbygt poaviding aad oﬁteerwamm of a

tals,such . a p 4 11 i 033|m
URibie mARsE4R) S fopn oS RhRRE maTE dut HESFAIRE.
Actbeamhglyanqancegrmayufaftnekaﬁ@mprh@glag léésﬁndmeﬂﬂayer
outer tubes, by rOV|d|n% an outer_wa ﬁ%
Of08ﬁ88§t?BFé°ﬁéP€rFQF FHFER BYRE - nofChe ¥am8 h §slayers of

heawebroanAﬁegﬁsgl BQF¥r hppess PBYr&HaihernEorpfbhee Able
| east one | ayer paper enclosing the outer tube,

mefgh @iaﬁﬁeeouseray@bg oparhéavyabivwal WpEiiupgpeptil it is

p o.re t 0 t of ,the
neROBSBakO PEPLTE VAROTRLE! Likey BBApkoCle B B on
totabsptla ot anvddymetrak| ospavés, lesg. about 1 nmm 10 to

about 2 mmin dianmeter or even | ess. The oxidant gas

inlet end portion of the outer tube of the |ance may

be geenegtiadnkygasf ihsktrCendupbrt foRNopxtH@Nbut@astube of
fl ow control valve. The flow control valve may, in 15

thteu#ﬁncseméafnhect:eanﬁytsdsbhfoﬁdf EBREUFPNEYlG fasan oxidant
egq'o@at %m%@%gweon i\heykwae&oﬂérspr%ﬁé%y, in

OXI dant gas. he gas flow control val ve may be a
tumonnbblyooheseadsbyeaosdcoaﬁveondult to a gas regulator

provided on a cylinder of compressed oxidant gas. The gas
flow control valve may be a normally closed solenoid valve.
Accordingly, the thermic lance may further comprise:

a normally closed solenoid valve for controlling the
flow of oxidant gas through the lance;

a first conduit for providing gas flow communication
between said valve and the oxidant gas inlet end portion of
the outer tube of said thermic lance;

means for producing electric current;

electrical connections for providing an electrical
circuit between said solenoid valve and said means for
producing electric current; and

a switch for controlling the flow of electric current

around the electrical circuit to each wvalve.

Preferably, the oxidant gas flow control valve has

means to provide an automatic cut off so that the supply of
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Accordingly, the thermc |lance may further conprise: a
normal Iy cl osed sol enoid valve for controlling the 20
fl ow of oxidant gas through the lance; a first conduit
for providing gas fl ow comuni cati on between said
val ve and the oxidant gas inlet end portion of the
outer tube of said thermc |ance; neans for producing
electric current; 25 electrical connections for
providing an electrical circuit between said sol enoid
oxifanke IATd TSy PareRePPrEst auscsatdicad 1yl escei EhBurReRTiC

1aﬁygjHgéﬂﬂég313€§éﬁﬁg§jolIing the flow of electric
t

current aroun e electrical circuit to each val ve.
30 Preferably, the oxidant gas flow control valve has
means to.provi.de an .automatic cut off so that,the .
suprﬂeyo t:.o_nlg.so Iodé'nClélase r?a;ubnggieogﬁ_é:gul% bredker in
theaWlemiricall yoamee tiilkast.hemiieCc cikkande basakeenis
consuned. Cneegﬁtion is tqQ.include a fusable circuit

PTefiededy MPunsach@ e8¢t CRIARTEoHREC LGRS, SPHePEF ARt OF

thd' KA thibe Ref@lcallanADUNREathENE 28%L08AE 888Nt down
inlet end portion of the outer tube of the | ance.

Lo Giee difreuidnda svderbuitie dowakeromeps schetrbybFebkeng
thd '?:%xt&{ﬁacker TR bR R8NP % 16Uk gg)lehBﬁd%éi%t tndfCcloses

nornal 1y ‘cl 0sed 'sol enoi'd val ve en closes
autataomnisttaildat, | ywhuthiitrtg of fotthet baidrntdagbsgasppiippl v.

The circuit breaker may be an internally nounted wire

| oop conprising, for exanple, strands of copper wire

shemidhed douifVeridakdraiagnbelha Laeprhalbyr pednbydt Rere

15 burning outer tube and goes "open circuit” which
logp Foreg 8389, for example,” strands of copper wire
sheathed in PVC insulation. The loop is burned by the
burning outer tube and goes “open circuit” which can alsc be

used to shut off the solenocid valve.

A further option would be to use a spring loaded valve
mounted in the gas flow path at the oxygen gas inlet end
portion of the outer tube of the lance, said valve being
biased in the open position by a fusable detent, i.e. a
detent that melts at the temperature that may be produced by
the thermic lance, e.g. from about 1000°C to about 2600°C.
Again, once the burning outer tube reaches the detent, the
detent melts thereby releasing the spring loaded valve to

close off the supply of oxidant gas.

The spring loaded valve may be a “ball-spring” type of
check valve mounted so that it points up stream. Such a
valve comprises a ball which seals on the end of a
cylindrical inlet, pushed by a spring, and will normally

only allow reverse flow and not forward flow. The forward

-16-



10

15

20

25

30

used to shut off the solenoid valve. A further option
woul d be to use a spring |oaded valve nounted in the

gas flow path at the oxygen gas inlet end 20 portion

of the outer tube of the |ance, said valve being

bi ased in the open position by a fusable detent, i.e.

a detent that nelts at the tenperature that may be
produced by the thermc |ance, e.g. fromabout 1000C

to about. 2600C. Agai_n, once the burning outer tube

flovdches ke didtet Valite DPesfentSUEl £§ eheissy of metal,

e.d el£asiing dfie SAdIGd QAURA VM40 1 nph@Se wifilbh Beshes

supply of oxidant gas. The spring |oaded val ve nmay be
they bayal lofspriitwy saaigapffacsheck tvdlsy eddunreglaget bat a

| oi nt stream c valv npr i abal |
deévé]rlmg'h é;quI S%% o l}@guesng&o% ‘;ér%%y %l% I‘%’I g)glln’i r[ﬂ%e , orgu%ﬁed
eadiylva Rablg ratdknudl. neoharl Ithe omxdyygedl IfQameereashes the

fl ow and not forward flqQw. The forward -16 flowis
de T ad by el K 6 K ferl OVSdeh (Re Y3 EPEReTefa) move
badkvhrds dYdiddtband FIlE 210WwWiRef itd@l balfyt unWlirCBpring
pushes the ball off its sealing face. It is held in
DI by St @gainsty thgn iadl dd o9 a cross-fl ow
pin, made of an 5 easily fusable material. Wen the
oxygen flane reaches the detent, the detent nelts
al |Tdwimgy thee neglessagpener exy imgud shh&blewdrdseagamadti ately

. the flow,. allow ng the ball, under. sprin ressure

n tt21 eseeéfeﬁe{:gac?énsa}n HE G f | B[L\fé.erféoﬁf?’nﬁg‘ebgaﬁggeg@gr fe

correcbdd nguissdilied afce preduatieed inerthgagventhohs
an ene;gﬁncy. Therefaore, the |lance nay be connected

nigrogen Hﬂ&%§§UWﬂ§e& VReVE -gadis GBR gyent of an
emd¥ddR9eN e HiRRMiRY dRpH1F Bayeb¥esnlif bE¢ 848Ntne

~of an” energency, thé oxidant "gas supply may be shut
INgFY gafd upply turned on. The lance would immediately be

extinguished although would remain hot for some time.

The shape of the cross section of the outer (or inner)
tube is not critical to the present invention. The shape is
usually circular. However, other polygonal shapes such as
triangular, square, pentagonal, etc. may be used as suitable

cross sectional shapes.

Similarly, the dimensions of the outer tube are also
not critical to the present invention. Tubes with an outer
diameter of up to about 30 mm, e.g. about 26 mm, have been
tested and shown to work as desired. The size of the bore
of the outer tube is usually about 5 mm to about 30 mm, but
is typically no more than 20 mm, e.g. about 14 mm. The
thickness of the tube wall is usually from 0.75 mm to about
1.25 mm, e.g. about 1 mm. The length of the outer tube is

also not critical to the invention. The only limitation on
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15 inert gas supply turned on. The [ ance woul d
i mredi ately be extinguished although woul d remai n hot
for sone tine. The shape of the cross section of the
outer (or inner) tube is not critical to the present
i nvention. The shape is 20 usually circular. However,
ot her pol ygonal shapes such as triangul ar, square,
pent agonal , etc. may be used as suitable cross
sectional shapes. Simlarly, the dinensions of the
lepgilerapReRr arlee S PedW Rl riq iREAVIAS tthdristhe Siugh
Laveat | W t '

L Yl o N R A S A R Qi ™ o
abghiowh0 tro, vrdk. sabalesiq eu. dhelsiwe ©fS ttheba®utof3 tthe
out?rmtube Is usually about 5 mmto about 30 mm but
‘Ts ypically no nore than 20 mm e.g. about 14 mm The
30 thickness of the tube wall is usually fromO.75 nm

to about . 1.25 nm e.g...about 1 mm The |ength of the
out’ &Y 1%ikEdRIe AU LETS (P (e e t“i%.ttnﬁwe

ou®&t Ye bl tiahd O 4L _of17tﬂ@r191tatbta§ppeﬁrs?e ta‘hcﬁ&:kﬁﬁ'i‘?ﬁ;ert (s) .
able to provide a high enough flow of oxidant gas.

Sufhrblemgpreugiidrly metamd abioitlwis nRtadls AsRrigdng iron;

além '\i}g?% G L EPOULG B i d %ﬁa&% agfén atA
mg%l y SIl-,II t%%?%lconbustl e nmetal may be l?sree%e%or Y
ireheor putere tudenllhe stieels sifcH hes plidst s dfals e Gasd under
[ 0S té ). Suitable cng stible nmetals include tals
T4L8eB TS 1 | FHREOR U i (S o Bkinest (iR ES 1 e ®
mafi@die Se Al ehPredd abder 1k i prdoMiidispaldsn asiceelny
. such as mld steel (CAS nunber, 7439-89-6) or carbon
Impyekf132) . aHHBH LU0 TGS 1BLBE AT ifeh FaBE@ 1 Wih e CAS
nuhlSERI TELL o P 10, PLEAWHAA Ll o | I WAL RAMA110ys of iron
with other metals such as aluminium and/or magnesium may
also be used. Further colours may be produced by using
alloys of at least one first metal selected from iron and
aluminium and at least one second metal selected from the
metals from Group IA and Group IIA of the periodic table. A
preferred alloy is made from aluminium and strontium. This
alloy produces red sparks. The Inventor Better sparks are

observed if carbon steel is used in place of mild steel.

In preferred embodiments, the outer tube is made from
iron or steel; a portion of the plurality of inserts is made
from iron or steel; the remaining portion of the plurality
of inserts is made from aluminium or magnesium; and the
wires in the plastic fuse are made from iron or steel. 1In
embodiments having an inner tube as an insert, together with
a plurality of rods, the inner tube is usually made from

aluminium; and each rod is made from iron or steel., If
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impurities); alumniumsuch as high purity al um nium

(CAS nunber 742-99-05); and magnesi um However,

alloys of iron 15 with other netals such as al unm ni um

and/ or magnesium may al so be used. Further colours

may be produced by using alloys of at |east one first

metal selected fromiron and alum niumand at | east

one second netal selected fromthe netals from G oup

A and Goup Il A of the periodic table. A 20 preferred
pPrageny. i §hﬁaﬁeop%m<am ued i Liwmbmiis t ipntheindamgg sis usually

in2LhOY, PAGUUSESALS0: SPALksy Thealayerser, 8o ter sparks

rved I on s I'S use pl ace of mld
steeI In preferred enbodi nents, the outer tube is
or st eel ortion of

o urBF] £5or o REP PTEETiEe Saf TG drhSratieT (e of

a tﬁmamm: NUaRe&t i anﬁkﬁwﬁ heo piisBbddey idedts eptcvidedrbdehin
from al uni ni um or nesium and the wres in the

thg| tubec TRRT aF @ Amden® r WY EF HiRA Teredhe GFimped” or may

coRPPOGLNEAT §-BaNA NG 8Dy | ROLF {RDERBIAN: | ISRIL .end portion
together with 30 a plurality of rods, the inner tube

thegegubp| ynhabet f ioseralshi Hiemn begrinin i rodbdaedrans
frg{ttogeiﬁﬁnme?%c?%cgeq)ut Ibe el 8&5‘?}5&{“@& hcgf er&’eDOJJﬂeox“ QUbe.

al unt ni anceé i s usla
about 5w %to about 95 wt % The fl ow of hlgh

pre sure hrou t he outer tube of therm c
P RaY! Sulhahet X IR aROgR® | TS WS adiPHe e m the

oxtaentugss Jseaﬂ?rst 18850 Ut Eifipt Les NBys s Gid T8N ar

may conprise an S-bend at or_ near the oxidant
OXVﬁﬁBt eﬁauﬁorth%noxtﬁé¥%d$a$cF?W#ﬁt#% i%@ertﬁ%ﬂeWQanln

muéﬁCPPEEQrPéa'Qﬂﬁ8§1ﬂ@9tsff t@&f&hﬁﬁ%@i LHOT&C%?E%

out end of the outer tu ulrta Ie oxl1 dant
oxyggsnmiyOphe) used. However, the

The operating pressure of the oxidant gas is usually
from 100 kPa to about 5 MPa, e.g. from about 200 kPa to
about 400 kPa.

According to a second aspect of the present invention,
there is provided a system of fireworks, said system
comprising:

a source of pressurised oxidant gas;

a plurality of thermic lances;

an oxidant gas flow control valve for each thermic
lance;

a first conduit for each pairing of a valve and a
thermic lance, each first conduit for providing gas flow
communication between said valve and the oxidant gas inlet

end portion of the outer tube of said thermic lance; and
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oxi dant gas usually at |east conprises gaseous

nmol ecul ar oxygen. Thus, the oxidant gas could be air.
However, in nuch preferred enbodi ments, the oxidant

gas is nolecular 15 oxygen ("02") . The operating
pressure of the oxidant gas is usually from 100 kPa

to about 5 MPa, e.g. from about 200 kPa to about 400
kPa. 20 According to a second aspect of the present
invention, there is provided a systemof fireworks,

sai @ 8980Ré Cerdptt ST PEOSHIIRG FS pi bd% B ication

bee%égﬁnéagé‘ss??gée 8, P! ?é%%%/v%? thef gl o | &hd dhch

oxI dant gas ow cont each thermc
valwace; a first conduit for each pairing of a valve and

a thermc |lance, each first conduit for providing gas

flow 30 communi cation between said valve and the

oxi Unat 1 ghasSes Mhey Badi@erticnl obr tde e dotke refy be

said thermc |l ance; _.and -19 a second condU|t for

di FFEUPRFngC gds PRBW Shhhemtat 1ot het WrtP 'Sl d Wt

et@f praesuLheed QXhgen) 8ashansheashred ey eigbithth system
| ances may be identical or at |east sone nmay

be
angj ptetepst eng. lanoe, dPF¢ERERLY enbl h, lséjlal#réi%ﬁicrlbed
absgLour, etc. The lances usually each have a renote
|gnFtion system and at |east one | ance, preferably
all, is as described above. 10

The system preferably further comprising a control
system for remotely operating said valves. Where each valve
is a normally closed solenoid valve, the control system
preferably comprising:

means for producing electric current;

electrical connections for providing an electrical
circuit between each solenoid valve and said means for
producing electric current; and

a switch for controlling the flow of electric current

around each electrical circuit to each valve.

A reduced rate of oxidant gas flow may be provided by a
flow restricting valve in parallel with the oxidant gas flow
control valve. For example, the thermic lance may comprise
a bypass valve in parallel with the solenoid valve for
providing oxidant gas to the thermic lance at an “ignition”
flow rate for ignition of the thermic lance while the
solencid valve is closed. The lance may therefore be
ignited with the solenoid valve closed and then run at a
*display” flow rate by opening the solencid valve. A
further advantage is that this arrangement of paraliel

valves provides a means for switching the lance between “on”
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The system preferably further conprising a contro

system for renotely operating said val ves. Were each

valve is a normally closed solenoid valve, the

control system preferably conprising: 15 nmeans for

producing electric current; electrical connections for

providing an electrical circuit between each sol enoid

val ve and said neans for producing electric current;

and a switch for controlling the flow of electric
angurpeRing2etahdahdosidane| gesrftay Erteuiand eraterandby”

Ve, e e 0 X} t I
e U S A R R e
mattheaori dahllagasonl the tanteotipateepr&Foentexampl Hmnedheirom
ox herm.c, | ance may conprise 25 a bypass valve in
PgPFEPlR?th the sol enoid val ve for providi ng oxi dant
gas to the thermc lance at an "ignition"™ flowrate
for %gnition of the thermc lance while the solenoid

val YBSFS 2PBEeRriFhe. | BiteSvayerneyefeorabbe comprisef @
siﬁ%ﬂ@ B8R 80k8ROLEMAL YR CL PSEE PR L PEM Wb alp&raXE each

i splay” flow rate by Opening the solenoid valve. A
elpgirhepladigantate i Shehat apprephidibdigehihtsate peenita)

. v 0 . | Swi C

B N T T A T

conarel watlvensystemdby” running at a | ow oxi dant gas
flowrate sufficient to maintain a flane on the | ance

tip to prevent the lance from extinguishing. 5 Were
appraer katiecet Be pye5ear PE&d esRDIIN € PE iep W SidiHfle

cyliader of BL0UGh0Y SISTUELE it SORULR S A
bank of cylinders of compressed gas, such as a manifolded
set or "“pack” of cylinders, may be used as the source of
pressurised gas, e.g. for medium sized displays. At least
one tank of liquefied oxidant gas may be used as the source
of pressurised oxidant gas, e.g. for larger (or multiple)
displays. In these embodiments, the liquefied oxidant gas
is vaporised and the pressure of the gas adjusted to the
operating pressure. Obviously, in embodiments where the

oxidant gas is gaseous molecular oxygen, the tank(s) would

contain liquid oxygen (“LOX”).

Where the source of oxidant gasgs is one or more
cylinders of pressurised gas, the pressure of the stored
oxidant gas is usually about 30 MPa. The oxidant gas is fed
through a regulator to reduce the pressure before use to an
operating pressure in the range from about 100 kPa to about
5 MPa and usually no more than about 1 MPa. Preferred
operating pressures include about 700 kPa or from about 200

kPa to about 400 kPa. Where the source of oxidant gas is a
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el ectrical igniter. Wiere appropriate, the sane
control wres can operate the ignition system current
and the 10 control valve system The source of
pressuri zed oxi dant gas may be a single cylinder of
said gas, e.g. for smaller sized displays. A bank of
cyIinders of conpressed gas, such as a manifol ded 15
set or "pack" of cylinders, may be used as the source

of pressurised gas, e.g. for nediumsized displays.
tapk pBakiquehbed aoxidant | G | dee o&imaﬁrﬁleg%g%yl-?oe

val§ELedd (0BRSS rie JRAINE | GB0 S Ay 1% Frdbsure
iseaBpdstedtss tdguirediefi ed oxidant gas 20 is vaporised

and the pressure of the gas adjusted to the operating
pressure. Goviously, in enbodi nents where the oxidant

gaswh&rgages Usx (@A e UWas ps.xyr@@mcdm t@q}qh , WHd thigh
contain liquid oxygen ("LOX"). 25 Were_ the 'source of

PresfeRftPYRs P5 B BYSHYR nuy | dirde dirh dhfrlisstpch as
coPBér éP%P&@ésngrﬁl&fl WIEL SESY ebmd ey Gas d:?ygen and

usual Iy about MPa. The oxidant gas is fed t rough
mugt regulexygenociediite i he- pressenghhefdggrasted.o an
operating pressure in the range from about 100 kPa to
about 30 5 MPa and usually no nore than about 1 MPa.
Pr e'fhereplllm@erad%)' rkgumbzsswe; i antc | aksten ta kU tM PEQ O ﬂd&is a
or from about . 200 Pa to about 400 kPa. Were t
Pregirte bf %%Fb%‘i‘utd%‘é’sc‘?s @ 9- A RS ﬁecﬁ}’elfa}téﬁ which

re@itdanth8asres Higrd | élﬂeéh@doﬂﬂﬁaﬂts RPN 58 bgerating
produce the oxidant gas and then the pressure is

Praapuseeds sS - r EHeM rdepus Wﬂer]épft Hee Nt d&e i ghich
a1BlecHL aéa@éyﬁgé‘ rﬁlré‘%lgfc : Suctﬁexp?atrfg 4 ordinary

system nust be na on1net
pneumatic fittings in the rest of the system.

In the event of an emergency, the lance may be
extinguished simply by shutting off the oxygen supply to the
lance. However, if more rapid or complete shutdown is
required then an inert gas such as nitrogen or carbon
dioxide may also be used. In such embodiments, the system
may further comprise:

a source of pressurised inert gas;

an inert gas flow control valve;

a third conduit for providing gas flow communication
between said source of pressurised inert gas and said inert
gas flow control valve; and
wherein said inert gas flow control valve is in gas flow

communication with each lance.

In some embodiments, the flow control valves for the

oxidant gas and the inert gas may be integrated within the
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copper or brass (which will not conbust in the oxygen)

and nust be "oxygen-clean", i.e. thoroughly

degreased. 10 The cylinder(s) supply (e.g. at about 30

MPa) feeds a pressure reduction device, e.g. a

pressure regul ator which reduces the pressure of the

oxi dant gas to an operating pressure, e.g. from about

100 kPa to about 1 MPa, which allow the safe use of

plastic and rubber parts and ordinary 15 pneumatic
same Y3 ke Manifrld estonfexar ks sitdip Val iehaanidml oPfakhe

lafd® e e :;f‘qhé@d‘%ﬁs @yc@&'r?tdfq SR SIJP! Y 1Y other
shutting off the oxygen supﬁl to the ance. However,
embpddinerets apieser Torplatre whiutwdowes sna30 bee aapeaw: tehemd
an_inert gas such as nitrogen or_. carhon dj oxi may
en§lebdieh 80 AR Ao et byl )
prévtdngy FO8PF 1 SGe: cAmmB Ol e idn WedWwddr Tk iitRidt ¢S flow
an inert_. gas flow control _valve;, 25 a third c%ggfit

CORGEOh AR PGS | S TEIAMREET on Ihdthfsish sfhogiiments,
thS O £@ardf P LSPWABELMMR] IbdashANGS5aighd M8ldn 8RSt gas

flow control valve;” and wherein said inert gas flow
allowrd oo vialawe throughydshd |lencedhimin axtiisguiist téech
1a+5@9§)_30 In sone enbodi nents, the flow control valves

or e oxidant gas and the inert gas may be
integrated within the -22 sane valve manifold, for
ex l e the(¥a.vemaifoldoftheeﬁ4a e holder if
[ ‘ot

usett &S0 PR | Tif OB i (e System may

fuefinodi dmidsisd Megecdd avmicitidle \@loAormt hroaiRcas at
leqa%t? a tg]c?r l:S %/ gI!:l eg]f n‘?ge fsul.{:gfhaecre sC oo rtlhsee c%nfb%usrtt irlg)l%:o rxll(cjaltjzlatl .
Alternatively, the system may further comprise:

at least one source of colorant; and

means for adding said colorant from said source to a
flow of oxidant gas in the second conduit. Each lance may
be connected to a different source of colorant thereby
producing different coloured flames. Where the colorant is
in powdered form, the system may further comprise means for
adding powdered colorant to a flow of oxidant gas. Suitable
means include powder feed systems employing a sealed powder
hopper as used in the metal spraying and flame-spraying

industry.

Each lance in the system may have any of the above
mentioned features described in respect of the first aspect

in any appropriate combination.

According to a third aspect of the present invention,
there is provided a method of using at least one thermic

lance as a firework, said method comprising:
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5 providing gas flow conmuni cati on between the inert

gas flow control valve and the second conduit. In

t hese enbodi nents, the oxidant gas supply could be

shut off and then inert gas allowed to flow through
the lance(s) to extinguish the lance(s). 10 If

coloured fireworks are required, the system may

further conprise | ances which have a col orant provided
on at least a portion of the surfaces of the
conbssind conessurised t@rmnt\/@qs aem@rsyéumtrmn flow

<ol BAEG,SOTBLIS el |05 808y UL S5 e T

endi pcbi-tojmmfof)xnmlamsums tubed heo seeo el tclertd wrtd tEE:am:lEOf,
| ance nay ected to a different source of

col b¥%4h y?%e%%ﬁ? Ptoduci ng different col oured fl anes.

V%eaﬁtéﬂelc_mi@mﬂ,t thepi 2l 4 il P Weles el dWdrgn  pPrives sapSitsia
y further conprise neans for adding i%M ered
Ox‘r:‘?ﬁ‘b‘i‘ Fas t ey watd odnemtalyss . " At e tiRwfate

unt 26! 4leq PevElelo etk SYSLeffe &MY it seal ed powder
e neta

hopper as used In sprayi ng and _
fl aw:leersprepymngedndlmr@am% thﬂ;rfllcarnclaf ipr asssiasdem

a f _the ahove fe res, "
oxg%rétpl%ed f‘]yon? att ¥ ar%c}]be\;m %dat dlsplay

in respect 0 aspect ih an y

flapprapsi at e conbi nation. 30 Accordlng to athird
aspect of the present invention, there is provided a

met hod of using at |east one thermc |ance as a

firemer ki geat foiet sty oad i 54 r];ﬂ:efé@aﬂlaﬁsﬂﬂﬁl about 1

/RS E8 LS Lo mid?%e . BhoudE Y oin | e vstandoy”
flow rate is preferably from about 1 1l/min to about 10
1/min, e.g. about 5 1l/min. The “standby” flow rate is
usually just sufficient to maintain the combustion
temperature at the tip of the lance and, thus, is usually no
less than and may be the same as the “ignition” flow rate.
Minimal amounts of sparks are emitted using a “standby” flow
rate. The “display” flow rate is usually from about 10
1/min to about 1000 1/min, e.g. from about 200 to about 600
1/min, depending on the effect to be achieved and the size

of the lance.

The flow rate may be increased from the “standby” flow
rate to the “display” flow rate shortly after ignition if
the firework is required straight away or may be increased
some time after ignition if the firework is not required
immediately but would be required to spring to life in a
moment. The “standby” flow rate is usually the same as the

“ignition” flow rate”.
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rate through said thermal | ance fromthe oxidant gas
inlet end portion of the outer tube to the outlet end
thereof; igniting said lance; 5 after ignition,

mai ntai ning the fl ow of pressurised oxidant gas
through said | ance at a "standby" flow rate wuntil
said firework is required; and then when required,
increasing the flow of pressurised oxidant gas from
said "standby" flowrate to a "display" 10 flow rate.
TheTh¢ gheiglon "t | Wni ¢lat the sspreferats e fegmaldoam Lthe

/ 0.4/ 5. 1/ " 4 "
la& gen% Segggﬁ%%ﬁré%ég}ge%g% eré¥#%ﬁ?r(§;€gx) ggbhﬁh Elow
rate abookidéntSgd#nm nThesg. aathrgltezs ‘ﬂd:mpritayl'heflow rate

"sta " m;rate is usuall ust suff t to
sepgral by rrenilionihct | Sreateeigtls ¢ Simieh (e (b
artag§ecead, thus, is usually no Iless than and may be

the sane as the "ignition" flowrate. M ninal anounts
of sparks are emtted using a "standby" flow 20 rate.

Themghspa}gy"lé{og%t@t erért]ee gefgléé@datﬁ@raaa&%m&es a

1/mn°to a rom about 200
"fabotaig0Oefi¢nt ntr@teptelmiil@lm ttﬁéplefefmplta) ke flow rate

a eved, and the i ze. ance he f rate

of EBb ¥ r|nhl%rlerz}tsed rml? he and‘hmg f‘? OV\C/>re éqt

ejedtspb@y k§l o Iedet sshcmtiryt@ftt}eet agnition if the
firework is required strai ght away or may be increased
sonme tinme after ignition if the firework is not

fqubﬁ@@rséﬂ?ﬁdlébet‘dn%lia Uf Thp & LW 1 &k fidarSP'dad can
tolife in a 30 nonent. The "standby" flowrate is

crgabal fy vaeeshael hsef frct "Whgie jdrdovnvav g dilew e pparks
is created even if the lance is pointing upwards. A low

“display” flow rate is, for example, from 30 1l/min to 150

1/min, e.g. 100 1/min.

The “display” flow rate may be varied during a display
to vary the display of sparks. 1In addition, a lance may be
returned to the “standby” flow rate after a “display” flow

rate until the lance is required again.

Orientation of the lance(s) at any angle or
inclination, e.g. sidewards or downwards orientation, is
obviously also possible. If a lance is operated on a hard
surface, the falling molten droplets can be further divided
into smaller sparks when they impact the surface, thereby
providing a further desirable aesthetic effect. In
addition, lances may be waved and/or rotated to provide
further aesthetic effects. With rapid movement of the

lances and lance on/off switching, it would be possible to
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The height to which the sparks are ejected fromthe

| ance is dependent to a certain extent on the

“display" flow rate of oxidant gas. Thus, a higher

"display" flowrate generally results in a greater

hei ght to which the sparks 5 are ejected. High

"di splay" flow rate of oxidant gas achi eves a

"fountain" effect fromthe | ance. For exanple, a flow

rate of 500 1/mn in a thermc |ance having a bore of
"widtefn dPmiepbet swends kandtor destsEIGR 91t ¢ helkaw”, pictures
inqgggegfgly, | ow "display" flow rate of oxidant gas can

create a "waterfall" effect where a downward fl ow of

sparks is created even if the lance is pointing

upwards. A low 15 "display" flaoqw rate i,s, [for _exanple,
f 1 ofe 5B 1S FPRER 150HA e T, SREH, A% Gt e HliES LS
5 Rev8ioPh@YSuhd 0 ref e WRve Re v I1Rd chid gl ydicaf1ayy iricp
vary the display of sparks. In addition, a |lance may
vepeicably erofaetng of oWt aksibig fa ettty to the

prégiéglé%%.ékfﬂénéaﬁ£ untgl,{ Bend A JEHY 'fhintains
agail n. i SRt ation’ of the:Tance(s at any angl e or
sughchs n@eronse ks gor stalovendsl as” doamvalss by iaaitisviash in

Is 25 obyiously also possible. 1f.a lance is .
thbﬁ 43 Rar d¥§%rf?%\%%, of h]%%’ ]acﬁﬂf n%Otrr%% TE&h %rbcpﬁsetasroeg %OQ}B'E]%
10 vetyrthet whitkedaniptovideml dreiarsged Ksondheli dtecd rapaatk
the surface, thereby providinqja further_desirable .
PradechePic ef PEERST | $ELEEf 153N, PT ARBEYRE Hd M Ri@ting

spaPHL BEUALL BLEUnY O PEOVARRI Y {HK (RETaARS IR ireasure to
effects. Wth rapid hhovenent of the |ances and |ance

pupagobh aniltehf nguring wog drdleatpossi ble to -25 "wite"
synbol s, words and/or nessages or to "draw' pictures

15 Pulsing the oxidant gas pressure can also be employed
to synchronise fountains of sparks with musical
accompaniment in the manner of ‘son-et-lumiere’ firework

displays.

20 There is alsc provided apparatus comprising:
at least one thermic lance;
a source of pressurised oxidant gas;
an oxidant gas flow control valve for the or each
thermic lance;

25 a first conduit for the or each pairing of a valve and
a thermic lance, the or each first conduit for providing gas
flow communication between said valve and the oxidant gas
inlet end portion of said thermic lance;

a second conduit for providing gas flow communication

30 Dbetween said source of pressurised oxidant gas and the or
each wvalve;

characterised in that said apparatus further comprises:
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in the air. Rotating spark-fountains such as Catherine
Wheel s, 5 Revolving Suns or Pin Weels can be created
by enmpl oying vertically rotating fountains using a
rotating joint to the provide the oxidant gas.
Horizontally rotating fountains such as Carousels or
"girandol as" can al so be achieved in this way. The
tips of rapidly rotating | ances are noving 10 very
fast which can provi de_ enhanced | ong di stance spark

pr opeEPHBAE FPlr PRefserigedsirant bgaachi eved with

"ol 3hi Ber2PALk- EOUD! AbE-Y papgeanmi ng Lhe oxi dant

gas pressure se on and o during the rotation.
15 BRukking theduoxtdéotr gasvpdiéssgugascihowl sonfignication

| oyed. .tao synchronise fountains of sparks with. . .
beRHEPEar=18c B0HbARI HenPZFASLhes MNP Tbro=e and said inert
gasS@Noat cbHtrelevaitregwan di splays. 20 There is al so

rovi ded apparatus conprising: at |least one thermc
aﬁrgg ger%

P . )
WheZReB, S51€00REET0F Stir £ ¥i vahve g ; 1ant B Yankow

cof@fnk bawi6ANki6h ¥RbVErfQhchheamEegach thermc |ance;
25 a first conduit for the or each pairing of a valve

and a thermc lance, the or each first conduit for

pr owi.di j cation i e

Do thHe el a8 SRR CBY' SUCOIREIoRE (LiEY:
laharcei.a.saocondavendambufbibpe oplasic ghassé | ow

I, ' 30, pet id f I sed
RIS HAR: VEAY kot RBSBICChaRC oA LM EHEr At LTSRS n

dekbat beai dbappar atHSehBbNBENEONPATSESing -®Wre than one
lance, each lance may be either a conventional lance or a
lance as described above. Alternatively, a mixture of
conventional and present lances may be used. The lance(s)
may have any or all of the features of the lances as defined

above in any appropriate combination.

According to a fourth aspect of the present invention,
there is provided a thermic lance comprising:

a combustible metal outer tube having an oxidant gas
inlet end portion and an outlet end portion, said end
portions being in gas flow communication along at least one
gas flow path; and

a friction ignition system mounted at the outlet end
portion of the outer tube, said friction ignition system
comprising a rotor and a combustible housing, said housing
comprising a gas inlet mounted in gas flow communication
with the or at least one gas flow path, and a gas outlet,
said housing defining a gas flow pathway between the gas

inlet and the gas outlet(s), said rotor being mounted within
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a source of pressurised inert gas; an inert gas flow
control valve; a third conduit for providing gas flow
comuni cation between said source of pressurised
inert gas and said inert 5 gas flow control valve;
and wherein said inert gas flow control valve is in
fluid flow comunication with the or each | ance. The
therm c | ance(s) nay be a conventional thermc 10

| ance, i.e. not have_ conbustible plastic fuse.

sajflt g paf 19| Bat Ry ther Metateiie () e dquiey 4y 2
PSS BB SR e L TR S OB e oy

one |ance, el ther a conventi onal
| ance or a |ance as described above. Alternatively, a

m xjure of 15 convgnt.i.onal and ent_| ances .
us e%c. c (gl ) n%% ( 3 ) £ Err%@ aﬁ“q’al%eecq:a n@g gtr ealqreo%e%}%h e '}R}’enl{el on,
théeat Us esrofidée 4 arltermias Oeicaesbmmhiciimg:n any

appropriate copbi nation. According to a fourth aspect
of R HECHRUEEHPLE MU} GIHCST 0 A Vi Ay (et gas

inlBErEhE HEPELOE LY | Sk NElit PetC WH SR iorTeted] i D WrRY
tube having an oxidant gas inlet end portion and an
pPophipRe eetngoinidrs Ghow eenupkiat s dang gth lgast one
I ojgg%wi cation along at | east one gas flow path;
ga%\ngﬂ%‘g riction ignition system nounted at the
out & etomimast ok ¢ | wlastfi ¢ hibisrtrepurttdyk atsdilge fautdtstorend
oi gni ti op s%s%em co rli)si a rotor and 3 ﬁgﬁr}l‘%us_ti %Ige
PORbLS ngt BAHY ALY ng* O TInPr i WY H A h S SrouftEd
i n gaseléovt CeamugEatisD sywtidin tier oigraift kastaianEuse,
gas flow path, and a gas outlet, 30 said housing .
Wheeeini Hae aP RSt #F o srat ey S tVRERF 1958 @a@lqrrﬂ%émaﬁé
cohBEs 0881 OUhd €41 Sii r S it A PINP & e EHIREM T said

outer tube.

The thermic lance according to the fourth and fifth
aspects may have any appropriate combination of features

described above.

The or each lance may be used as a cutting or boring
tool or as a firework. In embodiments in which the
apparatus has only one lance, the lance would usually be
used as a cutting or boring tool. In embodiments in the
apparatus has a plurality of lances, the apparatus would

usually be used as a firework system.
The present invention will now be described by way of

example only and with reference to the accompanying figures

in which:
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-27 said gas flow pathway for rotation within the
housing by a flow of gas along said gas fl ow pat hwnay.
According to a fifth aspect of the present invention,
5 there is provided a thermc | ance conprising: a
conmbusti bl e netal outer tube having an oxi dant gas
inlet end portion-and an outlet end portion, said end
portions being in gas flow comrunication al ong at

| east one gas flow path; 10 a conbustible plastic

f usEL Gttt ed aitd R PR rQAfd S ae SRR ESeTSatden of
a diHe F QL iGN ik SRl ]!aeHb%eheﬁflegf ah gl%gtrr‘i‘\c%.llt ﬁgnition

ignition systemfor 1gniting sai use, wherein
sygilemit i c fuse further conprises a plurality of

coqgﬂﬁ%ﬁPl netal wres ext.endi-ng fromthe.fuse.into
sai ozﬁtlesr % ucoreqssrhseeci‘hleornrﬁlcq‘le K8 REESH |nn§' Smgh

lindeafowt tlendHdfiie laspecidepimitddbie aniyuaeprngpri at e
conbi nati on of features . descri bed above. 20 The or

eacht YUt & iy HSVEWRHEE FERBERFG BoLtnGre; sopsdble
ar@dndenditeVWY K  JyhtaRP QUi iRk d R nidhe o apRARREEENt

. has only one | ance, the |lance would usually be used
1NN Q@Wt ting or boring tool. In embodiments in the 25

apRaAf AR J1ﬁ]%yaab@dﬂe§‘4dééi36 e r%'},%%ﬁ?tti%% %&p%%%teus

woul d usua e used as a firework system
arygrepEmEnt nead iion thid [Exeowlee tdes@sithadeby anay b a
. example only and with reference to the acconpanyi ng
LIRS °307i n whi ch: - 28
FIGURE SA is a cross sectional representation of a

friction ignition system mounted at the outlet end portion
of a thermic lance of Figure 1 in place of the electrical
ignition system; and

FIGURE 5B is a cross sectional representation through

B-B of the friction ignition system of Figure 5A.

Referring to Figures 1 and 2, a thermic lance (102) has
an outer tube (104) made from iron or steel having an oxygen
gas inlet end portion (106) and an outlet end portion (108).
The outer tube (104) is of circular cross section and has an
outside diameter of about 16 mm, a bore of about 14 mm and a

length of about 2 m.

The lance (102) has an inner tube (110) provided co-
axially within the outer tube (104). The inner tube (110)
has an oxygen gas inlet end portion (112) and an outlet end
portion (114) extending beyond the outlet end portion (108)
of the outer tube (104). The inner tube is made from

aluminium.
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FIGURE 1 is a partial cross sectional representation
of a side view of a therm c |ance having an

el ectrical ignition system FIGURE 2 is a cross
sectional representation through 5 line A-A of the
therm c lance depicted in Figure 1; FIGURE 3 is a
schemati c representati on of one possi ble arrangenent
of a systemfireworks according to the present
invention; FIGURE 4 is a schematic representati on of

t heT1D katemoetnt Raed il 4Rl Hamads 1 iedstenqesed
wit Ee RS Sutdsr akéjfcﬂ)qJRE\ Hor i ch SOThegfNaley is

representation o rictionignition systemnmounte
englosdrd wilthiot @ml pomer gubef (ldthand cHamsmagmder of

i gur .in place,of.th | ectriical . 15.ignitj
eng Siarind 47 Set T i danen it 1A and ene
outepresent aoon. t Toagtods- B 1) tdre fuddd ifron gnidn @

system of Figure 5A. Referring to Figures 1 and 2, a
St SEE G Qe (4 o) e oS MRk HRFHCL A Snde

prd¥ DM hd) U DT £ B oMt 1 BbrOBEISReerf ahd r&:‘:@‘ge@{llﬁ_;as
e

. portion (106) and an out|et end portion (108).
in e?nd yiser rhem) (3 @6 ofand rtdift uterels Ssb @O Bnd U983 of

th@buOMt Si dj ter of about 16 mm a bore of about
14-¥nn and a f€§3311 of about 2 m 25 The |ance (102)

has an inner tube (110) provided co- axially wthin

t he, qut er tqﬂ$3éloq%ﬁ T{% [ N tubeﬂ%}l has .an

x5t e e ol Hhn (or2) AP AT S CT ot T put et
of petié | indd 1¢)o X! enthenof gy ofuk @ he it ligd iendweOiar@®®; a

, (108 30 of the outer tube (104). The jnner tube is
Fiyglgd®3¥tonf120) mounted on the outlet end portion (114) of
the inner tube (110) and a second part (122) mounted on the
outlet end portion (118) of the outer tube (104). Each part
(120, 122) is a length of flexible polyurethane tubing. The
first part (120) has an internal diameter of no more than
the external diameter of the inner tube (110) to provide a
friction fit with the inner tube (110). The second part
(122) has an internal diameter of no more than the external

diameter of the outer tube (104) to provide a friction fit

with the outer tube (104).

A plurality of iron or steel fuse wires (124) are
provided within the parts (120, 122) of the fuse and extend
into the inner (110) and outer (104) tubes. The diameter of

the fuse wires (124) is no more than 2 mm.

A loop (126) of NiChrome wire is provided in the first
part (120) of the polyurethane fuse (120, 122). The loop
(126) is part of an electrical ignition system (not shown)

for igniting the polyurethane fuse (120, 122).
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alum nium -29 The lance (102) has a plurality rods
(116) enclosed wthin the outer tube (104). A portion
of the plurality is enclosed within the inner tube
(110) and the remainder of the plurality is packed
between the inner tube (114) and the 5 outer tube
(104). The rods (116) are nmade fromiron or steel and
define a plurality of gas flow paths (118) providing
gas fl ow conmuni cati on between the oxygen gas inlet
end portion (106) and the outlet end portion (108) of

th t b 0 yur et yse. {41
122;19%5%%%% gﬁé%)n%?}sél%)uﬁ]g% %%%Waénce (Cgfo%%eq:huge
(1285 eptd20ded 2?) tilse ioutlw panid poxtidn r Etl4ardf (thz0)inner

unt ed on the outl et end rtion (114) of _the | r.
cuRnbt fh IR SECelh AR Dat 1o T T AR O & A g i
thOUbkphe@NgaPoihion 4dddGowiidhe il erof uhe (Mr dedeh

art (120, 122) is a length of flexible polyurethane
(1Bﬁbing. The first part (120) has an internal dianeter
of no nore than the external dianeter of the inner

tube (110) to provide a friction fit with the inner
t ubBh¢ 1l1@ce TheOZecohel paars R0"¢uizediapeutian eil¥al) near

oo SR g Slo 85 AP 0,1 Aelcc DT ST e

o pr e a friction fi
(104} envfttibhe 1dfde . (Pop) wied ¢l ygwoifps riore dmitsdrmell fasgonents

wres (124 re 25 proyided within the parts (120, .
(135,187 tok FhS oTanEE ol T U4 A YIRE TG TCPTo)Peing
ejOutEn EdOAMEtubes adhe i Gapteirlg ddie fuse wires

(124) is no nore than 2 mm A | oop (126) of Ni Chrone

wire is provided in the first
The thermic lance (102) is ignited by applying an

electric current of about 2 A using the electrical ignition
system (not shown) through the loop (126) of NiChromexwire
while oxygen gas is passed through the lance (102) at a low
flow rate of about 5 1/min. The loop (126) becomes hot and
ignites the first part (120) of the polyurethane fuse (120,
122).

The polyurethane fuse burns “white hot” in oxygen, i.e.
it burns at a sufficiently high temperature, e.g. about
2000°C, to ignite the iron fuse wires (124). The
combination of the ignited fuse wires (124) and burning
first part (120) of the polyurethane fuse (120, 122) in the
oxygen flow is sufficient to ignite the outlet end portion

(114) of the inner tube (110).

The second part (122) of the fuse (120, 122) and the
remaining iron fuse wires (124) are ignited by the heat from

the burning first part (120) of the fuse and from the iron

-31-



10

15

20

25

30

30 part (120) of the pol yurethane fuse (120, 122). The
loop (126) is part of an electrical ignition system
(not shown) for igniting the polyurethane fuse (120,
122). -30 The lance (102) has a first gas flow contro
aperture (128) provided in the outlet end portion
(114) of the inner tube (110) and a second gas fl ow
control aperture (130) in 5 the oxygen gas inlet end
portion_(106) of the outer tube (104). The, |ance
thatozy alseaddsignteedmpeBheror i oROY 1895 L Haignt hrat to

a I h { t
BB IbaP Er ol SR BULbaT ST CROB I FREY L T outer
tubempidfént sf (hé0laindé) (0621 hend aplte ¢ridL)of oCipr evaig (116)
intg§n1fron1bein f?éeCted out of the |ance (102) during
© THEITRePAP - r3Nee (102) is ignited by applying an
15 electric current of about 2 A using the electrica

ignition. system (not shown throu h the | oop 26) of
Ni ChPBmel@rr et %)(’9@0’5(]95% Rashes %%%%e&ll%})ro‘{?gfhlg

mak 808€nkd 08t &t ~3chRMb f'PMb&a£§t@f Utaﬁbéﬁ'ﬂ'ﬂ/ﬁﬁﬂﬁ
| oop (126) becones h ¥ and |gn|tes the first part

unelﬂzo;h@flan@epbsym@vhaﬁ@ f@seuseq,zoe g2ra ®@)thepeic lance
fo??b%EE?hQa £8§$?$g$8§?? %enpéf%ﬁéM&ﬁy .étehhlch

urns a a su ure
poabbuthe26R9gent Slognraeet :ham | b@ nidcrsensed eso (dr?@peﬂtang

23 .conbi nation of the_ignited fu res (12 nd
oy RFRPROV T FLPvohrte (1580 HrOthel BoldTibe trh AET e 000
1/0120, e132) absut heoo oxygen, fdewendingfipst einde® 41 tahd

the outlet end portion (114) of the_inner tube (110).
thgodeHEegcbnEPPEFt PY22OFL HP1 t FRAY 1A ( 120, 122) and

t he

Figure 3 represents schematically how four lances
(302a, 302b, 302¢, 302d) as depicted in Figures 1 and 2

might be connected for use as a system of fireworks.

The first lance (302a) is connected via a first gas
conduit (332a) to a normally closed solenoid valve (334a)
which, in turn, is connected via a second gas conduit (336)
to a source (338) of high pressure oxygen gas via a pressure
regulator (340). An example of a suitable source is a
cylinder (338) of compressed oxygen gas at a pressure of

about 30 MPa.

The outlet end portion of the lance (302a) is connected
to a polyurethane fuse (320a) which in turn is connected to
an electrical igniter (342a). The electrical igniter (342a)
and the solenoid valve (334a) are connected by the same
circuit (344) to a switch array (346) {or a computer

operated array of relays) powered by a means (348) of
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remaining iron fuse wires (124) are ignited by the

heat from the burning first part (120) of the fuse

and fromthe iron -31 that is already ignited. There

is now sufficient heat to ignite the iron in the

outl et end portion (108) of the outer tube (104) of

the lance (102) and the ends of the rods (116) in the

oxygen gas flow. 5 The fl ow of oxygen through the

| ance (102) can be nmmintained at a "standby" flow
prpdueipg. gleabgm@ surrenh) whighi | inhehiane2s¢s ¥2qired
pat@bUse, e.g. as a thermc lance for cutting or

borl g purposes or as a firework, at which 10 point

t he oxygen flow rate can be increased to an operating

rate fro 10 .1/ mn to_ about

1008 elghﬁﬁtrihé BbEECE OB E7RY mdd et iy TR e

cikranee sirzm and sbhendegregloé $padK) pandecthod, the
required. 15 Figure 3 represents schematically how

igndter| 4Ag2s) eegzshesﬁz%vesé>%%4aéorz@y B8 a%%%%%%ewy

cobkgurespleand 2 mght be connected for use as a
systemof fireworks. The first lance (302a) is
connected via a first gas 20 conduit (332a) to a

nor gLk of! ongd aglenohd values (3363, MBEN. 3ésf o

i s connec Via a second gas cond

conaerced( 338k hef shinghwpyeasutbe okygen bascei 3@2a) .
pressure regulator (340). An exanple of a suitable
source is a cylinder (338) of conpressed oxygen gas

at anpuessubfygkn28aabeubwsOrdbia. cldesoui et (898 through
portion of th | ance (302a) is connected to a

thsorpandarare (P49¢ ¥B20a) LA BREPAUTEr kS | Se@epmféclerm tapout
3o?g£§;§etabeak h80kbE" t63¢R8) s0TBEo£4 CFAIVER! (38 T Sf34p,
334c¢c, 3344).

When a particular lance is required, electrical current
is passed through the relevant part of the circuitry (344)
to open the respective valve and to ignite the electrical
igniter thereby igniting the lance itself. Once lit, the
lance may be used as a firework simply by increasing the
flow of oxygen through the lance {e.g. by opening the

solenoid valve further).

A firework display may be created by the sequential
opening and closing of the solenocid valves or otherwise
varying oxidant gas flow rates in particular orders to

create aesthetically pleasing patterns and effects.

Figure 4 is a schematic representation of the test
arrangement used in the following Example. A lance (402) is

connected toc a cylinder (438) of oxygen gas at 30 MPa via
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30 and the solenoid valve (334a) are connected by the
sane circuit (344) to a swwtch array (346) (or a
conmputer operated array of relays) powered by a neans
(348) of -32 producing electric current which, in
this case, is a battery. The electrical igniter
(342a) may be on a separate 5 circuit fromthe

sol enoi d valve (334a) and, thus, the igniter (342a)
and the val ve (334a) _.may be independently

copdnt sl (4bke. 4Eatmd YRVt i ndt 4 UncesI 82PN of the

1a802Ci 530291 88q AP CRANELLL0ridal hegSA o ayy tert NQ 44,
first lance (302a). In use, oxygen gas flows fromthe

446bur cB ¢8B8)denr (bigh) ohecompiesaet ¢BZWN whicrkidehgas is

coBBEF ARy e oS i T s TRuThE b T TS £ Bl (B
toWiegeacparvatuealst@ence is required, electrical

current is passed through the relevant part of the
circuitry (344) to open the respective valve and to

i gnThe EDEeRbert(462] 20 bPidesd thereiycd aidd iddbddiand
| ance itself. Once |it, the I|ance may be used as a
mayj pewekkingwhehedyin ek BT FIERIHE LY | I toFingRfeh the
u l ange . ' | c
R S S S R T R T L
andeqipateatl, sppplyninandachosidgoxoide hel sol drnoiebarsings

r _oth | S varypng oxidant gas flow rates in
va g?t?é%%!ﬁ g?d%ﬁ% t%ge%?%%te aest hetically pleasing
patterns and effects. 30 Figure 4 is a schematic

representation of the test arrangenent, used in the

folF%ﬁFﬁﬁlﬁgaﬁﬁ|§}9$F?%n%% ?Q%ZﬁBisa friction ignition

system or unit (558) is mounted at the outer end portion
(108) of the outer tube (104) of the lance (102) described
in Figure 1. Specifically, the friction ignition system
(558) is mounted on the plastic fuse (120) on the inner tube

(110).

The friction ignition system (558) has a rotor (560)
and a combustible housing (562, 570). The rotor has a
spindle (568) for mounting the rotor within the main body of
the housing (562). The housing (562,'570) has a gas inlet
(564) mounted in gas flow communication with at least one
gas flow path (118), and at least one gas outlet (566). The
housing (562, 570) defines a gas flow pathway between the
gas 1inlet (564) and the gas outlet(s) (566). The rotor

(560) is mounted for rotation within the gas flow pathway.

The top portiocn (570) of the housing holds an small
quantity of a friction match composition (572), usually

comprising a chlorate and/or perchlorate salt such as
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connected to a cylinder (438) of oxygen gas at 30 MPa
via -33 conduits (432, 436) and val ves (434, 440).
Ignition of the lance is provided by the electrica
ignition system (444, 446). A cylinder (450) of
conpressed carbon dioxide gas is connected by a
pressure regul ator (452) and a conduit (454) 5 to a
second val ve (456). The firework (402) is operated as
descri bed above and nmy be extinguished in an

[

pPolepes amagersh kenate ng Ut amk oh eigpdley (G68%. exmfends
- i . (434) th 'rg%&[ e H
m%g%ﬁ?%%‘%%?e i£olnc?lﬂtlali g)sx?%e‘ (;er%é y o]};)ee%}(hn?pvtgé\je%tp%%%le
ex{dindy )intoo tdre dpecword. irRefler maign thodsi glEes2 )5 fartthe
h 5B, a friction ignition systemor unit (558) is
OW5iRded at the outer end portion 15 (108) of the

outer tube (104) of the lance (102) described in

Figure 1. Specifically, the friction _ignition system

(558} Fhe rptrmett forpd RMBRiaent £ RER 1) rGifqthénd the
hob #1184 3 benadd 18om 20 Jhesd L trl A4 1Q Lk SKstem

(55 has a rotor (560) and a conbusti bl e housi ng
PolBSYr&Erd). The rotor has a spindle (568) for

nmounting the rotor within the main body of the

housi ng (562). The housing (562, 570) has a gas inlet

(564) £ Townd £ ox 1dagas ddow womilny cat i as pesbedt theaagh

0 25 gas _flow path (118), and at,6 | east qne gas
che, f3ice (ER) AHL Lot THE (B8P S0 et (s Lotk
rot4©¥s Pttty el Wweals{de (0835, gY@t drib4ridtd dhhe s s
outlet(s) (566). The rotor (560) is nmounted for

bepgren i o Wetkeh (3R0)gand |G frufdag GF27he Prgglucing

he@OT AL, (RAD A {1 NAHSRY 1S AkiiRlilon B2k ¥oror
of a frictTon match conposition (572), usually

(560) also ignites the friction match composition (572)

which in turn also ignites the housing (562, 570). Once

ignited, the friction ignition system (558) ignites the

plastic fuse (120) and the lance is then ignited in the

usual way.
EXAMPLE

A firework system was set up as depicted in Figure 4.
The lance (402) was 2 m long and consisted of an outer steel
tube of circular cross section, having an outside diameter
of about 16 mm and a bore of about 14 mm, enclosing a
plurality of soft iron wires and aluminium tubing. A
polyurethane fuse was provided at the outlet end portion of

the lance.

The lance was ignited electrically and gaseous

molecular oxygen at a pressure of about 200 kPa to about 400
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conprising a chlorate and/or perchlorate salt such as

-34 potassium perchlorate. One end of the spindle

(568) extends into the conmposition (572). The ot her

end of the spindle extends into an aperture in the

mai n body (5672) of the housing. 5 In the exenplified

enbodi nent, both the rotor and the housing are nade

froma plastics material such as polystyrene. 10 A

fl ow of oxidant gas, usually 02, is passed through ‘
kPahea$ gpees¢d oy rewah ttheslamee rakk 7 l%)lsva@):atm@ﬁ ot®rl/min

: L4 hin ousi ng. (56 . friction
m%@%ﬁ%?’ \é\%]{l%ebnéﬁ%lhr ) o{r]gl(égb)za%nﬁ h%nﬁlo%'si ng (562),
produci ng heat which ignites the housing (562).
Rotation, of the rator 15 (560) alsa jgnites the
o1 LohERi T Lo GO FOIF (AT i ah TIF SRt
sut@ass 281 1hewhenisi NGl dRd 2 £ TFPlghtngei cd dlidmed addi&s shower
friction ignition system (558) ignites the plastic

of  Btohy Jdy I eh P Rhey ¢ hkfew %alf‘%r%rilf?% e iRt cfudida

1adBY - hz8 SSAVRLEnsdindd MEYOEK SYSL BIRS SRS,  The
depicted in Figure 4. The |lance (402) was 2 m| ong

he hglat cohstize coll whe awppalkPust@el 25 tube of circul ar
cross section, having an outside dianeter of about 16
mm and a bore of about 14 mm enclosing a plurality
of Bafitesraop wdresnand Bengihniamd thibringy &k outer diameter

pol yur et hane fuse was provided at the outle nd .
Ofp§§tT%nh%Yet¢@§Ta%%%Feg an 1gn1teé successgufiy using the

rotary friction ignition system depicted in Figures 5A and

5B.

Advantages of preferred embodiments the present

invention include:
¢ Safer and more convenient ignition of thermic lances;
¢ Reliable remote ignition of thermic lances;

e Safer to make, transport and store than conventional

fireworks;

* Safer to use than conventional fireworks as the

firework may be extinguished by shutting off the oxygen
supply;

¢ ILess toxic than conventional fireworks;

* Less expensive than conventional fireworks; and

¢ Less harmful to the environment than conventional

fireworks.

Throughout the specification, the term “means” in the

context of means for carrying out a function, is intended to
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30 The lance was ignited electrically and gaseous

nol ecul ar oxygen at a pressure of about 200 kPa to

about 400 -35 kPa was passed through the lance at a

flowrate of 10 1/mn initially, then, after

ignition, at 500 1/mn. Ignition took about 10 s after

whi ch the lance burnt 5 successfully with a plunme of

bright white flanme and a shower of bright white and

yel |l ow sparks until the whole of the |ance had been
refgnstmedtuwhPentt ook device 2adrnbedsandier erpgirueied to
Ca}@g Ehgnghggsfagg ofm 10 Lances up to 6 min |ength

an aving an outer dianeter of 26 nm have been

tested and ignited successful ly using t he rotary

fri ion |t|on syst em.depi ct in Figures 5A a

TR SRennBE-SFpFERerRat Shpolr Rt ass hif ik ent

relsBYQBtbantbn@hédﬁetaﬁﬁéedeé@ﬂllﬁ@cﬂeaﬁ@ﬁé/eimiﬂmtrégsmémﬁi to

of therm c | ances; Reliabl e renote ignition, of

thFhEFﬁfSrFSﬁc§§b°dE@?EFSt%uﬁaRQatt?%W%{RH$ mef Sieptelons
athé}QrEQEYSHF ?Eﬁ' beZQa&érﬁY\ﬁﬁ&‘ﬁ‘% d§§£§i€1ﬂ§ f@&ntiﬁé‘ scope
conventional fireworks as the i rework
ofexbhienguivenedonpyashdefingdoby the myb@nlng;upbayns Less
toxi c than conventional fireworks; 25 Less expensive
t han conventional fireworks; and Less harnful to the
envi ronnent than conventional fireworks. Throughout
the specification, the term"neans” in the
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30 context of means for carrying out a function, is
intended to -36 refer to at | east one devi ce adapted
and/or constructed to <carry out that function. It
will be appreciated that the invention is not 5
restricted to the details described above with
reference to the preferred enbodi nents but that
nunmerous nodifications and variations can be made

wi t hout departing fromtheCiadMS of the invention as
defined by the following clainms. -37 CLAIM5S 1. Use of
a thermc lance as a firewrk. 2. Use as clained in
1C ai Wisdofadthérminlanciad atfii@wdrk.c | ance (102) conprises: a
conbusti bl e netal outer tube (104) having an oxi dant
gas inlet end portion (106) and an outlet end portion
2( 108Yse ssaldimedin G184 1 Qﬁé‘relh%iuﬂ @dﬁicgﬁﬁ:eﬂ(ny\bompnses

conmuni cat i.on al t one fI ow
and aFCMYstiele swtaiy@t: @@% hayipg an Sidan BB@'Q)PS“‘O“(IOG) and

alButiet &dl pRktidn($08) Waldaind PBeioROPBingIR gﬁsm)&) c(ﬁﬁmuﬁlaﬁ‘loﬂ dloR§ at least
tube (104) for %%mtl ng the lance (102). 3. Use as

0{‘,‘1%"#@8’“3 E18) 8192 wherein the ignition systemis a

fri chd RRitbH N stdnP126Y1226104, (165898) GviRled 8 thdowdlet Siqu{ortlon (108) of
(560, 568) and a conbust i bl e housi ng (562, 570), said

ﬂﬁ@&?ﬂﬂ’@e( pfor iggitmg thedansei(l92kg a gas inlet (564)

nmounted in gas flow conmuni cation with the or at | east

one gas flow path (118), and at |east one gas outlet

3( 566Yse asglaimedindilpig 2 wherein ghrcignitien systemgs a frigsien ignitiop system

W [ 4l

(§5§ o 1s§\§%\9@t§§‘(5§@ 5‘3 i (;:r%l?fslsé%ﬁ %g é‘é‘&g%fﬂr‘{ﬁ), gﬁ%ﬁ lr}ousglg (562,

W)tchmnnssm aigag atgetf(ﬁwnpumdlayga% Glowrcomauinisation with the phat least one

S 3 80w e o LS, AR RBRELT Mpy s o

flow nvb‘bs'a}" bétwednomaisli gag)inle G3IH) ansimpidi gas outlet(p) (264); sadd rotor (560, 5 68)

é\,l\%r oy n lghllrl éﬁ& ggsfg)gb&tlg%g)t‘op ’09}%%% W {tﬁl&%e l%al?ingkﬁﬁ 570) by a

flow of gastalong tskid ighefldvopsthway. (562, 570) .

4, Use as claimed in Claim 3 wherein the combustible housing (562) comprises a plastics
material.
5. Use as claimed in Claim 3 or Claim 4 wherein the rotor (560, 568) is mounted in direct

contact with the housing (562, 570).

6. Use as claimed in Claim 5 wherein the friction ignition system (558) comprises at least
one point of contact between the rotor (560, 568) and the housing (562, 570) and wherein an
abrasive material is provided at the or at least one of said points of contact.

7. Use as claimed in any of Claims 3 to 6 wherein a frictional match composition (572) is

provided between a portion of the rotor (560, 568) and a portion of the housing (562, 570).
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6. Use as clainmed in Aaim5 wherein the friction
ignition system (558) conprises at |east one point of
contact between the rotor (560, 568) and the housing
(562, 570) and wherein an abrasive material is
provided at the or at |east one of said points of
contact. 7. Use as clained in any of Clains 3 to 6
wherein a frictional match conposition (572) is

8pr ovUskess chimedidnng opOlaimsBto 7 whelein thettiermicI&ide carifiriseaad

a _por.t.i of 562 70)

o SrlRfbie s bl R L2 ced ialtpbehieenife Migend portion
(108 ¢fsaid iRt tube 5108 ) armiahidgustinled (864) lofisdid frictivigniRion ystetn (558).
(120, 122) nmounted co-axially between the outlet end
portion (108) of said outer tube (104) and the gas

9j nl etys{ &%)ma{ msmmfh szvh&ém Q4ld igiticni spslerh ¥ 6 priBes:558) . 9.
Use as cl ai g(}z wherein said ignition system

conpi‘F%@m‘bﬁpl?ﬁme%"t(ll a2k and i ¢ fuse (120, 122): and

an ehfdédidicadlgnition sjstean (128 FfoPnltihg Sdid FiRE (120N 242).ng sai d
fuse (120, 1§n ‘}. U(segigicpnalrgre E?IalmD wher ei n

the plastic fuse (120, 122) is tubul ar and i s nounted
16.0- akds!cYairdéd ﬁ'l@alﬁll'g whireift e #?é%ﬁ& ﬁﬁ@(l@@) Of3b) Rftubifir dnd is mounted

outer tube (104). Use as clained in any of Cains
cayigllyiay thgauHetiepd PPF@%(@& ofsaidpyter fube {104). conpri ses a

plurality of conmbustible nmetal wires (124) extending
fromthe fuse into said outer tube. 12. Use as clainmed
1 ‘any Yse asichiimedsintany ofi Clainasr&tor] 0 wherep the plaa;twffusefuxﬂlez gomprises a
H: 6f%oﬁﬁ1gs‘ﬁbfern9e@l%vue9¥ﬂ§f ?&&d]@tﬂ%ﬂ ik ﬁ?sF iR Lt onltbriBe.

e ‘group consi sting of polyurethane; ystyrene;
polyethylene and nylon 13. Use as clalned in any of

i% cia? ? Sttg?l EJH emtﬁe aé)lgs?'%?us%?%wg’s r%de from a

eas one TIrs "'ow co
pbsttw indtedaloselettad fromtthegrownbn&ﬁtntghﬁ polytirethane; ipelystyrene; pplyethylene;
a{(ﬂé&ﬂfor controlling gas flow through the fuse. 14.
as clainmed in any of daim2 to 13 wherein the
thermc | ance corrpri ses: an conbustible netal inner

%g?gy 1%% 181%‘%8??% r%ﬁfl-xe%glga%gg <t:oln9pr11ises at least
omerﬂretrgat ﬂb\e chfudn gpqanfe\(umq:mﬁﬁeam the biptleneiiddfMhesaitet tebéto in the
tu? Bthe utletgggl? ortlon of the inner tube
fusg foL sontRing 2ot How ferel g B8e- end portion of the outer
tube; and a plurality of conmbustible netal rods (116),

ral ity bejing within the

1 hebsa %E@% '3')&3%&%5'?%2 ks bty Sﬁgll?e?@zef angE eppgprises:

pr ovari@ghbastbieaetal iier kibd €110) hhdg an oxidant gas inlet end portion (112)
and an outlet end portion (114), said inner-tube being provided co-axially within said outer
tube with the outlet end portion of the inner tube extending beyond the outlet end portion of the
outer tube; and

a plurality of combustible metal rods (116), a portion of said plurality being enclosed

within the inner tube (110) and the remaining portion being provided between the inner (110)
and outer (104) tubes, said rods (116) defining gas flow paths (118) within the outer tube

providing gas flow communication between the end portions of said outer tube.
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and outer (104) tubes, said rods (116) defining gas

flow paths (118) within the outer tube providing gas

fl ow comuni cati on between the end portions of said

outer tube. 39 15. Use as clained in Caim114 wherein

said thermc |ance conprises a conbustible plastic

fuse (120, 122) nounted at the outlet end portion

(108) of said outer tube (104) for igniting said

1 B.a NC ®sé dldimedMiaCiginn 14 Whergih 3sitl klerhid dahch 8empprives Péeonitmstitde plastic

30, P e e siet gm0 54 ol L s Bvighine

sau 1dn6é (16D whereini tRepl@tic ke hadtwlofarts, AlTRst pad® (1205 Modked on the outlet
claimed in Caimi15 wherein the plastic fuse furthe

e pastiorsefdhe inpgrtube agd a segond part GE2aponstrdoniheoutist cpd portion of the
oMidef @Be.(124) extending fromthe first part of the fuse

into said inner tube and a second plurality of
combustible netal wires (124) extending fromthe

18€CO (‘)qe S’saeﬂilmetﬁ mt(lflﬁlm f Wﬁ‘erélﬁ ttlﬁ p?@hg fiRk' fifpther dé%rlseka firséphurality

as clained in any Caim?2 wherein the thermc
of %mlwstal&wtak@gesdm)ﬁmg%s fromélpq ﬁf|§frlt§‘fté>§ therfgserl@te isgifl imyper tube
ahd Qggc&nﬁplﬁﬁﬁt?rof §Mﬁl§l§ﬁﬂe Hetal aﬁe@@hgf eﬁéﬂ@ﬁ fom!th€second part of the

oxi dant ‘gas rTnlet end portion thereof deflnlng a
ﬁ§é@ﬁﬁé“@@ﬁ&ﬁﬂmﬁw control aperture (130) for controlling

the flow of oxidant gas through the outer tube. 18.

Use as clained in any of Caim2 to 17 wherein the

17her Msead daimed mamp of €lgm 3o l@wbttremahﬂethcrmuohchompnses an integral

R el A et ol 2083y Ly n
pQrtrbm thbﬁaoﬁ\ﬂﬁ'mmgm setomd igheflow cortmhapertom(pia) fersontrollingsthe flow of
oggg“ g%gr EhﬂB%B%r Egclosing the outer tube. 20. Use

r
0 . .
ASTCES edet n any or Clains 2 to 19 wherein the
therm c | ance conprlses a normally cl osed sol enoid

1¥.ﬁ|r \églé z::’ss(:ir f(? lrélr?gg BI' g ? §(?l ‘gﬁg%lpt%nw tgf oxlfuga%tom %c’es at least
ofis @l6rakit pEovied oh laDleast & portion ofthe ﬁﬁfab&tdflﬂerboﬁibusilblbahetﬂ.

and the oxidant gas inlet end portion of the outer
tube of said thermc |ance; nmeans (348) for producing

19I eCcUké £ cldiiné®itany of ERirid T 136HRACThE GidEmic 3hde cdriprises at least
roviding an electrical circuit between said solenoid

YRE Of pRPeteliclpsing theoueg fubsy oduci ng el ectric current:
and a swtch (346) for controlling the flow of

electric current around the electrical circuit to .
Use as claimed in any of Claims 2 to 19 wherein the thermic lance comprises:

a normally closed solenoid valve (334) for controlling the flow of oxidant gas through
the lance;

a first conduit (332) for providing gas flow communication between said valve and the
oxidant gas inlet end portion of the outer tube of said thermic lance;

means (348) for producing electric current;

electrical connections (344) for providing an electrical circuit between said solenoid
valve and said means for producing electric current; and

a switch (346) for controlling the flow of electric current around the electrical circuit to

each valve.

40



each valve. 40 21. Use as clained in Caim20 wherein

the electrical connections include a fusable circuit
breaker nmounted at the oxidant gas inlet end portion

of the outer tube of the |ance. 22. Use as clained in
Caim20 or daim21 wherein the thermc |ance

conprises a bypass valve in parallel with the

sol enoi d val ve for providing oxidant gas to the

21.her Ws€ad chdimed mtClaih 20' wigiéih 'tlﬁrt'lecfricalvconﬁcﬁorfsdnchh@mi fusable circuit

of the th e th noid v

bidpkse tpehiag g e Epsdri i pRion ot BF e oy Fipg Facr

wherein the thermc | ance conpri si ng a spring | oaded
vaIv nmount.ed. jn_the gas flQ t the. qQxygen gas

¥l e DS RO it 20 0k e he e danet P ses a bypass

valdé b paaiEwiteihe %lﬁioﬂﬁﬁlivd fBr ﬁrbﬁdiﬁ@ %ﬁldmf‘ghﬁ foQke ﬂhb’mﬁc lance at an
Jusabl e detent, cl ai rre r]I %‘hﬁ? mfs

enition” fjgyerats for &snglep Pefhsmeaaﬁtla% the splgn deéa 0

at least a portion of the outlet end portion of the

| ance. 25. Use as claimed in any of Clains 2 to 24 .

23her Uspasaaimed ingny pEGlgim & 2 whiseia theghermiglange comgrisipg a spring

1&&&@%1@%&8&& fhe 8hs fIG@pdth Qﬁﬁe &kyrﬁ&{ gd¥Bh18f end PbiRioh 8Fkthe outer tube
fromiron and al um nium and eaSt one second

ofthe fance; s3id velueibsinghinser in the ppangositioby,a fisabladetent 11 A of
the periodic table. 26. Use as clainmed in any of the

previ ous clains conprising: passing pressurised
26xi dblse aslgimed ingny © ghmm Do 23mhgein asadidioniduignatesial i provided on

a{@%;?}&gﬁ@ﬁﬁe oliblénsp ohﬂﬂ'otf Q@i d thernic lance

I gni nmai n |n|ngtheflowof
pressurised oxi dant gas through said | ance at a

25,1 2DRON el St lbtrhd 2 &4 Welot P g et I L6ikible metal
en requiréd, i1'nhcreasing the Tlow o
1S|canealieju consprismgmt tast bngyfst mhetalseletied] frbmtimndboy dluffirdym,and et least

obseGyndin By e ST GrmaPA R AP RS ol

to 10 Umn. 28. Use as clained in CIa|m26 or daim
é erei sa by".flowrate i.s from1l Umn to

d d ]
‘ha“ ‘“6%8 tﬁgp v HSFORRPF A ains 26 to
28 wbaemg Pressurised ‘otidapl gay at dnl"@paitiont fow saté thosagh Gaid tHepie lance
1t 8 1000 Um n.
(102);
igniting said thermic lance (102);
after ignition, maintaining the flow of pressurised oxidant gas through said lance at a
"standby" flow rate until said firework is required; and then when required, increasing the flow

of pressurised oxidant gas from said "standby" flow rate to a "display" flow rate.

27. Use as claimed in Claim 26 wherein said "ignition" flow rate is from 11/min to 10

1/min.

28.  Use as claimed in Claim 26 or Claim 27 wherein said "standby” flow rate is from 1

¥min to 10 I/min.
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30. Use as clainmed in any of Clainms 26 to 29 wherein

the "display" flowrate is varied as desired to vary

to the display. 31. A systemof fireworks, said system

conprising: a source (338, 340) of pressurised

oxi dant gas; a plurality of thermc |lances (102); an

oxi dant gas flow control valve (334) for each thermc

| ance; a first conduit (332) for each pairing of a

29.al vUsamctldmbdinraiy of CREEL26 1026 ivhbrersdaiddiglal 't flow fite is from 10
ovHﬁ@EE as flow communi cation between said valve

ant gas inlet end portion of the outer
t ube of sald thernic | ance; and a second conduit (336)

é OVI ? %é@ IémLconnunlcatlon between said . )
our U&° ’b‘f" aﬂa Lty pLERinsIdan? Vhssindhey display” fqw e isyvaried as
d&ired i @M @$hedisglaed in G aim 31 conprising a control
system (346) for renptely operating said valves. 33.

A systemas clainmed in Caim32 wherein each valve
3{.334n }y&erﬂ offifel@tisYsafd F5tE coﬁghﬁ%m d val ve, said

control system conprising: neans {(348) for producing

el ec? F%cedé$8r af);of eteé%mﬁqddm agig#ect i ons (344) for

pr ovj PhuRdinAer thdftd thice@f108); r cui t between each sol enoid

val ve and ‘sai d means for producing electric current;

and @ exidantees flonepnirelrvalye 6134 for ieacy thermict laass of

el ec i It :
el ech 5259%@%& B3t Af 9&&9 af gbffal ne%la ggﬂegﬁiycngr;ye tsach frst conduit
fog provisligagas 6nwrcpmmuglcatl®épavean saithyglusand\thd euidanhgas inlet end portion
oftfL @ﬁtleﬁlxbé%t{s{ﬁd%?ﬁn gvaglgnt rol valve for provi di ng

oxI dant rmc lance at an "ignition"

flowa seaorul dopduit @a6)tfpnpromﬂmg lzas fldvecommunicatior betive¢resatdsource of

i d: I d. 42 35. A system as cl ai ned

p@%hg%gog*dx%ga ?‘iﬂ?ﬁ‘%4 conprising: a source (450,

452) of pressurlsed inert gas; an inert gas flow

ont val v 4 rd _condui t 454
3 AR B Seiita i ol s GR Bsab sy AL g ety
omtatinp s#id salvéssed i nert gas and said inert gas flow
control valve; and

33. A system as claimed in Claim 32 wherein each valve (334) is a normally closed
solenoid valve, said control system comprising:

means (348) for producing electric current;

electrical connections (344) for providing an electrical circuit between each solenoid
valve and said means for producing electric current; and

a switch (346) for controlling the flow of electric current around each electrical circuit

to cach valve.
34. A system as claimed in any of Claims 31 to 33 comprising a separate bypass valve in

parallel with each flow control valve for providing oxidant gas to the thermic lance at an

"ignition" flow rate for ignition of the thermic lance while the solenoid valve is closed.
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wherein said inert gas flow control valve is in gas

fl ow comruni cation with each [ance. 36. A system as
claimed in any of Clains 31 to 35 conprising: at |east
one source of colorant; nmeans for adding said col orant
fromsaid source to a flow of oxidant gas in the
second conduit. 37. A systemas clained in any of
Clains 31 to 36 wherein the or at |east one lance is
38s  dakiteeds tiain®a)n &y JACHIAE 32td 34 cdmprigig: A thermc

| ance se a firewo conprising: a conbustible
met aPSQ}E‘fee(#SQ ﬂﬁi)o?fﬁﬁiur‘ﬁ%i{/‘f‘ﬂ@gaén oxi dant gas inlet end
porth,pﬁleﬁgg)sﬁﬂovammwm@{ag?t end portion (108), sai d
end portions _bein i ow comuni cati on al on

| east thlféﬁen@a's@ﬂ)%% Rsa‘tlwng gasdiow coqumupiqation betyeen sai saurce of

p}e%hkédQHerﬁ a%taﬁd%a(uﬁﬁn&)t ghORUW Eshtref valve€adut | et end
portion (1 of the Outer tube(104) said friction

i gni Wﬁ%"ﬁmﬁ@ﬂ%ﬂ*ﬁ ga5 §gy cepsral valye iedn gas Tlvpsommicatign with each lance.
and a conbustible housing (562, 570), said housing
§562 570) conprising a ?as inlet (564) nounted in gas

| owA syserman tleimed dmany of & 1aima 3 bro Iptcompasing'one gas fl ow

pat hy, Klé&?&ngs@&gegﬁcogﬁ?ﬁt one gas outlet (566), said

housi ng (5 ning a gas flow pat hway between
sai dmgm foradding 684 49lomntifreraisald seusce to aflowtof oxidgB@ay in the second
@1% rotor (560, 568) being nmounted within said gas
ow pat hway for rotation wthin the housing (562,
570) by a flow of gas along said gas flow pathway. 39.

% t hgr ?lt%rl gﬁeﬁ?n grtyg‘g agms El 8‘ .’%’ megén }8433% ?ﬂl lgass{ 511% lance is as

conbus oustn I'ses a

defated in aly.of Chaims#\2 td 2. mi c | ance as clained in Cdaim 38
or Claim39 wherein the rotor (560, 568) is nounted
in direct contact wwth the housing (562, 570). 43 41.
38 t hAnthemid lamedorage ad afiewdrk, coniprizingt 40 wherein the

ot nb eousile el ndubt 1 bdetine o7 sk £ ey cnd fiioR £106) and
a oWkt &g }(OEﬁi’l (1685 Qhid end Portiony Riing in gaslivvaSonvAuridition alohg at least

is prow d ﬁlhi}nﬂe or at |least one of said points of
BYVPa ermc |lance as clainmed in any of

C ai §Erictdn g 1ti%ik syda@ﬁ (isss) Rotirtéddt iR batlet8all pbrtion (108) of the outer
n{%gg})o& ti on 572 provi ded between a portion

)
Oy e ﬁ%%’ee e enmeysiH (58 SATEATHIREAOIR m*?&ﬁ}.i“ﬂg‘ combustible
h&lﬁﬁ% (562! 9’)0), said housing (562, 570) comprising a gas inlet (564) mounted in gas flow

communication with the or at least one gas flow path (118), and at least one gas outlet (566),
said housing (562, 570) defining a gas flow pathway between said gas inlet (564) and said gas
outlet(s) (566), said rotor (560, 568) being mounted within said gas flow pathway for rotation
within the housing (562, 570) by a flow of gas along said gas flow pathway.

39. A thermic lance as claimed in Claim 38 wherein the combustible housing (562)

comprises a plastics material.

40. A thermic lance as claimed in Claim 38 or Claim 39 wherein the rotor (560, 568) is
mounted in direct contact with the housing (562, 570).
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43. A thermic lance as clainmed in any of Clains 39 to

42 wherein the thermc |ance conprises a conbustible
plastic tubular fuse (120, 122) nounted co-axially

between the outlet end portion (108) of said outer

tube (104) and the gas inlet (564) of said friction
ignition system (558). 44

41. A thermic lance as claimed in Claim 40 wherein the friction ignition system (558)
comprises at least one point of contact between the rotor (560, 568) and the housing (562, 570)

and wherein an abrasive material is provided at the or at least one of said points of contact.

42, A thermic lance as claimed in any of Claims 39 to 41 wherein a frictional match
composition (.572) is provided between a portion of the rotor (560, 568) and a portion of the
housing (562, 570).

43. A thermic lance as claimed in any of Claims 39 to 42 wherein the thermic lance
comprises a combustible plastic tubular fuse (120, 122) mounted co-axially between the outlet
end portion (108) of said outer tube (104) and the gas inlet (564) of said friction ignition
system (558).
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