1 GAS CUTTI NG METHOD, GAS CUTTI NG MACHI NE, AND CUTTI NG Tl P TECHNI CAL
FI ELD [0001] 5The present invention relates to inprovenents of a gas
cutting nethod, a gas cutting machine, and a cutting tip.

Priority is claimed on Japanese Patent lApplication No. 2010-097258,
filed April 20, 2010, the content of which is incorporated herein by

reference. BAGACROMNINSRNEIBIGIO0ZAS CUTTINGREACETIVE] ARDECEBTTING a8 a

steel plate is cut, a gas cutting nmethod of cutting the workpiece by
heating a cutting start point of the workpiece to a tenperature at
whi ch an oxi dation reaction is possible by the use of a preheating

flame and ejecting high-purity he heated part to
conbust and nelt the heated par?fﬁggﬂ%ggijﬁﬁ&gﬂy used. 15[ 0003]

To forma preheating flame in the gas cutting nethod, hydrocarbon gas
(such as LPG LINEOLE own gas, acetyl ene, propane, nethane, ethyl ene,
propyl ene, butane, or m xed gas thereof) as fuel gas and preheating
oxygernd gas for €hd pichenbinvgnidomislases tagmprayemgets of agahewenheethod, a gas
typically used at a preheating hole. 20[ 0004] Recently, fue
gas cont acutiing nfagkinegad agastigstis maj or conponent i nstead of

hydr ocar bon gas has been used to forma preheating flame. Exanpl es of

the gas cutti ngPﬁ&‘itB}QchHﬁﬁé&!ﬁariHﬁddﬂ@ba@ﬂ%ﬁﬁh@dﬂﬂmmmdfmgw fOabApSl
a maj or conponent are disclosed in Patent cunment 1 or Patent

O S SRS PR Bt i 95 411119
BACKGROUND ART
10 [0002]

When a workpiece such as a steel plate is cut, a gas cutting method of cutting the
workpiece by heating a cutting start point of the workpiece to a temperature at which an
oxidation reaction is possible by the use of a preheating flame and ejecting high-purity
oxygen gas to the heated part to combust and melt the heated part has been widely used.

15 [0003]

To form a preheating flame in the gas cutting method, hydrocarbon gas (such as
LPG, LNG, town gas, acetylene, propane, methane, ethylene, propylene, butane, or mixed
gas thereof) as fuel gas and preheating oxygen gas for efficiently combusting the fuel gas
have been typically used at a preheating hole.

20 [0004]

Recently, fuel gas containing hydrogen gas as a major component instead of
hydrocarbon gas has been used to form a preheating flame. Examples of the gas cutting
method using the fuel gas containing hydrogen gas as a major component are disclosed in

Patent Document 1 or Patent Document 2.

25 [0005]



into m xed gas (oxyhydrogen gas) of oxygen and hydrogen so as to be

| ess than a concentration of a |ower explosion [imt. Specifically,
in order to achieve a concentration | ess than the | ower explosion
limt of oxyhydrogen gas, it is discloskd that 5it is necessary to
set the proportion of the hydrocarbon gas in the fuel gas to be equal

to or higher t hPﬁle@tQ%cuh%@ﬁhlscloses a gdRRLeM AR BINthixZnh 7 QBN As

gas cutting nethod using a heat source in which LP gas 1s added to

m xed gas;

Torati o rangé*“%‘%’ﬂ"%ﬂ%@f@?ﬂgs%ﬁ%* e et R Bogge: %S’*O%E%f“%on
Speci fi cal cuttl chine_10

owyhydr ogEinegaets HAIPRE BTty aves hcaﬂagngé%é g | s
supplied to a pipeline L101, LP gas is.s lied to a pipeline L103
from an LPORFSBUIHpRJessdhan @sﬂwaﬁe@%ﬂ@nﬁf Qerxyhydiogen 5@ jtimeisslaged Ahass
t he pipeline L101 and the pipeline L103 to fall within the

above- Menttiipnendssatinigeset tin grepoetioneaiithe hydro¢asberhgas is thpplutleghs tobaequal to
cutting bl owpi pe 102. Then, a preheating flanme is generated froma
cutting tbphikh& tHarsp@sed at an end of the cutting bl owpi pe 102.
Citation List PRIOR ART LI TERATURE 20[ 0008] [ Patent Docunent 1]

JP- A- 2007- 00090@yopbgat ent Docunent 2] Japanese Patent No. 3563660

DI SCLOSURE OF | NVENTI ON Probl ens to be Sol ved by the Invention

25[ 0009] Patent Document 2 discloses a gas cutting method using a heat source in which

LP gas is added to mixed gas (oxyhydrogen gas) of oxygen and hydrogen in the flow
10 ratio range of LP gas to oxyhydrogen gas of 25:1 to 35:1.

[0007]

Specifically, in a gas cutting machine 101 shown in FIG. 9, oxyhydrogen gas
generated by an oxyhydrogen gas generator 103 is supplied to a pipeline L101, LP gas is
supplied to a pipeline 1.103 from an LP gas bomb 104, both gases are mixed at the

15 junction A of the pipeline L101 and the pipeline L103 to fall within the above-mentioned
range, and the resultant is then supplied to a cutting blowpipe 102. Then, a preheating
flame is generated from a cutting tip 106 disposed at an end of the cutting blowpipe 102.
Citation List
PRIOR ART LITERATURE

20 [0008]

[Patent Document 1] JP-A-2007-000902

[Patent Document 2] Japanese Patent No. 3563660

DISCLOSURE OF INVENTION
Problems to be Solved by the Invention

25 [0009]



3 However, in the gas cutting nmethods disclosed in Patent
Docunent 1 and Patent Docunent 2, it has been seen that cutting
performance such as a cutting speed becones | ower as the
concentration of hydrocarbon gas to be ¥ xed into hydrogen gas
becomes hi gher, and theproportion of hydrocarbon gas or LP gas to be

m xed needs to HewkMemaHe fisudiig Iﬁfstﬁsasodlhélb’sea(hm’@t\éﬁt hé@intent | laR@Patent
per f or mance of hydrogen gas. he ot her hand, when 100%

hydr ogen rafamhiL i iy SEaCReb i gﬁﬁﬂgf,e&{r{r&ﬁ& §iRn20h cﬂh@ag‘ép &bk

used as fuel gas, core o I'p IS no and
t hus t her rob em | i S not 055| t.0 ust

br oheat | niP T 2R PoETHF 1&%?%45%%&%@ vt B B gRogRy e aubdeomes
hydr ogen whi ch i s _an expl osi ve gas_causes a problem.in that there is
an expl osPERehaxahgrIogprioRef @M@liors@rbﬁm e 9rld” gasde berurgsl needs fbedayered
pi peline L101 shown in FIG 9) of oxyhydrogen gas when a m xi ng

pr obl em otxsatisfadioalyt achicvd dlor ediseg perfopmesenidiydfoghy gasscar bon gas or
defects of the machine. [0011] 15The invention is made to solve the
above- ment i onedOpnidbbtaemshand, ghal 1000 hidropenviant whith hgdicoarbon ghder P gas
cutting nethod which is safe and superior in cutting performance and

whi ch al | emgot tiREeNeats Bekdlhk 3@ ohe aIRinRAGrd Y1 tﬁ@bﬂtﬁh@@iﬁ 1§ln<§laﬁs181@tahﬂ ng
machi ne and a cutting tip used |n ‘the gas cutting mBthod. Means for

Sol ving t tioned

goal , theh}pﬂﬁ\%ér?\?l 0 Blrglg%ﬁgé@ttlws P %?qsomeﬁsgcglﬁfﬂj&gfegtg Qﬁlﬁeﬂdﬁ%‘

(1) A gas cutti Rﬁ Hﬁt hod i ncl udi ng: m xi ng hydrogen gas and

hydr ocar bon gas 8 cquire fueI gas; ejecting a preheating flane,

which_is forned by m xjing and niting 25the fuel gas and preheati ng
oxygeHl gas, froﬁh%ﬂ’lseéﬁélméF‘? &as Owaal Ly dwfiﬁpg%é@l%b AR Epplaeiye gaycauses

a problem in that there is an explosion hazard for the entire pipeline (for example, the
entire pipeline L101 shown in FIG. 9) of oxyhydrogen gas when a mixing problem occurs
due to a decrease in pressure of hydrocarbon gas or defects of the machine.

[0011]

15 The invention is made to solve the above-mentioned problems. A goal of the
nvention 1s to provide a gas cutting method which is safe and superior in cutting
performance and which allows a preheating flame to be easily adjusted, a gas cutting
machine and a cutting tip used in the gas cutting method.

Means for Solving the Problems

20 10012]

To achieve the above-mentioned goal, the invention provides the following
configuration.

(1) A gas cutting method including: mixing hydrogen gas and hydrocarbon gas
to acquire fuel gas; ejecting a preheating flame, which is formed by mixing and igniting

25  the fuel gas and preheating oxygen gas, from an end of a cutting tip to heat a workpiece;



and ejecting cutting hydrogen gas to the heated workpiece to cut the
wor kpi ece, wherein the content of the hydrocarbon gas in the fuel gas
is nore than 0 vol % and equal to or less than 4 vol% [0013] 5(2) The
gas cutting nethod according to (1), wherein the hydrocarbon gas is
propane and the content of propane in the fuel gas is equal to or

nore thanafl eMlg /@u@tﬂ% 18ben o8s RV the ﬁ@a’fted ok CE% c@t the workplece v(d%)rem
(o}

The gas cuttlng nmet h accordlng to claim (1 , ereln t he

L oqual 18 Bl o RER RGBT ol ﬁ@@‘fﬁ%ﬁﬁ% b S’gis"ﬁ L Bl

(4) The g% tt|n met hod accordlng to any one of (1) to (3),
wher ei n t &8 ﬁ?ﬁro@ ©bon gas is butane and the content of butane in
the fuel gas is _equal to or nore than 0.2 vol % and equal to or |ess
than 4 vol % [0013] (5) The gas cutting nethod according to any
one of (1) to (4), wherein the fuel 15gas and the preheati ng oxygen
gas ar® m xed i @3iTthe gas auting mgthot avgsirgiog té (9i whereinghe bydrpergbari gas 1or
at an end of the cutting tip. [0014] (6) The gas cutting
met hod acpapdnaigndt the aoteind pedpahd in the fifeh pas isleguaitt omdnere thine0.4 vol% and
preheating flane is ejected froman end of the cutting tip to the
wor kpi eceeqdal® i168436R4H N9ol2Pf l ame is tilted toward the center in the
axi s direcglon of the cutting tip. [0015] (7) The gas cutting

et hod accor di ng)taTﬁa%?%;cﬂﬂ?%ﬁeth()&)acéogdlﬁg)fo cl‘ﬁﬁ?fli'rog @ﬂ ﬁl% ?”e of

the hydrogen ga at1 ng oxygen gas roma
e e TR -
9as apd A A 2 hnd CBa TS of Lesd thin 3 volds.

(4) The gas cutting method according to any one of (1) to (3), wherein the
hydrocarbon gas is butane and the content of butane in the fuel gas is equal to or more
than 0.2 vol% and equal to or less than 4 vol%.

(5) The gas cutting method according to any one of (1) to (4), wherein the fuel

15 gas and the preheating oxygen gas are mixed inside a cutting blowpipe, inside the cutting
tip, or at an end of the cutting tip.

[0014]

{(6) The gas cutting method according to any one of (1) to (5), wherein when the
preheating flame 1s ejected from an end of the cutting tip to the workpiece, the preheating

20  flame is tilted toward the center in the axis direction of the cutting tip.

[0015]

(7) The gas cutting method according to any one of (1) to (6), wherein at least
one of the hydrogen gas and the preheating oxygen gas are supplied from a

water-splitting apparatus from which hydrogen and oxygen can be extracted and which

25  can set an oxygen component in the hydrogen gas and a hydrogen component in the



preheati ng oxygen gas to be less than a | ower explosion limt

The definition that hydrogen and oxygen can be extracted neans that

t he oxygen gas concentration in the hydrogen gas and the hydrogen gas
concentration in the oxygen gas are each | ess than the | ower
explosion limt. 5[0016] (8) A gas cutting nmachine including:
a m xer t?ﬁ%eﬁhéﬁﬁy Mﬂ%&ﬁ@%eﬁ%§ﬂ%HQJBMQ{Q@ﬁkﬂﬁﬂhﬁﬁﬁ to acquire fue
gas; a cutting tip that includes a preheating hole used to forma
preheating fla i . e i

Ut ting oxygen iy i el HiRko@ 3Bty R IR cBa R BERIRT D bhen
wor kpi ece; _a cutting bl ipe that 1Qhas the cutting tip.disppsed at
o ond« nerdsroede i BEEARsks Brandias nidiFe b PRt G385 Svelhe
cutting bl owipe or the cutting tip; a preheating oxygen gas pipeline
that suppBredc ead lgssdhanip i axypesiogdenito the cutting bl owpi pe or
the cutting tip; a hydrogen gas supply source that supplies the

hydr ogen gas to[00hé] mi xer; a hydrocarbon gas supply source that
supplies the hydrocarbon gas to the pipeline; and an oxygen gas

suppl y 15sour ce(d) Ragassupplineghideéndidiigal mh@r thay gexesdgdrolgen iveand
preheati ng oxygen gas pipeline, wherein the content of the

hydr ocar bapargesbhigdshs aldifle MaSzakSa éﬂ?ﬁﬁ% fipaft hcMRkds BRURG4A01d Re@ko
| ess than 4 vol % and the fuel gas pipeline and the preheating oxygen

ool | A ¢ . . e .
Prp. o ol 4Rl Mg (BRI R BB BSiind BNER A BAGAP
tti hi ne, . includi.ng: a. cutti fl h | th
passes 1 NPBUEH PPl SretoHinhe HETOE0 BRr BARBIeCD e H TRYPPE
preheating gas flow channel that is formed by joining a fuel gas. flow
channkl aRest ¢ GRIEAS HPidposRdAY en euh therqofip R hearIPeking e ppigs edpd Ly

outsi de the cutping oxygen gas flow channel; a cutting oxygen hole
that is dicsthesetingblarpipher e cetting ipt 2 prebeatinggapggegsPirling §wh smpdks
and a preheating hole that is disposed at an end of the preheating
gas fl ow tife petimating oxydeapes to thé eutdng blfvpifecorphebedhg tip; giagirdgenvzas
channel is tilted to an extension of the cutting oxygen gas fl ow
channel .  supply source that supplies the hydrogen gas to the mixer; a hydrocarbon gas supply
source that supplies the hydrocarbon gas to the pipeline; and an oxygen gas supply

15  source that supplies the preheating oxygen gas to the preheating oxygen gas pipeline,
wherein the content of the hydrocarbon gas in the fuel gas is more than 0 vol% and equal
to or less than 4 vol%, and the fuel gas pipeline and the preheating oxygen gas pipeline
join inside the cutting blowpipe, inside the cutting tip, or outside the cutting tip.

[0017]

20 (9) A cutting tip of a gas cutting machine, including: a cutting oxygen gas flow
channel] that passes through the center in the axis direction of the cutting tip; a preheating
gas flow channel that is formed by joining a fuel gas flow channel and a preheating
oxygen gas flow channel and that is disposed outside the cutting oxygen gas flow

channel; a cutting oxygen hole that is disposed at an end of the cutting oxygen gas flow

25  channel; and a preheating hole that is disposed at an end of the preheating gas flow



(10) The cutting tip according to (9), wherein the distance froma
junction of an extension froman end of the preheating gas fl ow
channel and an extension of the cutting 5oxygen gas flow channel to
the end of the cutting tip is in the rdnge of 10 to 20 mm Effects of
the Invention [0018] According to the gas cutting nethod and the gas

cutting megdingle whbreih@eleld %B%He%eheﬁh%g‘asﬁw QAGRAIAR BltEN D DAIRRioHDT
which are maj of conmponents of fuel gas 10are not m xed before

reachi ng the cutting tip, it is possible to
greatly rg Ségﬁ?kh§g?§%%§?§ﬁ z%@ard in the fuel gas plpellne t her eby
enhancing the s . port i

ydr ocar bon gas Ay T crRG bhygsasgins 1D Whse BE B8k P Bnaint apy
fuel gas is set to a |l ow range of a proportjon nore than 0 val % (the
15| onest pFiEpve from agrengiof the nrchqatipg sesofew phanprkand) ag)exigngion o the uging
| ess than 4 voI@b%the hi ghest proportion at which the cutting speed
can beS maprygenzesijlowichannel potheiehd ef the cytiagdiptie s thheangeiodil A& 2¢mm.i ng
per f ormance of hydrogen gas and to allow the flame core to be

recogni ze@ffetthef glaynadntioni ng t he preheating flame to be easily

adj usted. [0020] 20It is possible to performconcentrated preheating
by conbi ni ng thgmq ting tip in which the end of the preheating gas
fl ow channel is inclined to the center of the cutting tip
Accordingly, iti A% gl se the
preheati ng gas ?F%ﬁ?@%%%ﬁ%|ag?mﬁﬁggghttfﬁﬁq@f%Iﬁ?ﬁé ogge t he

bl omup of en_occurs |erC|n ring)
bt ocebses EHAFEAEF E%ﬂegﬁbgagﬁné%y%eg.g&ﬁw@a%@ W@M?ﬁ%@%

reheating time of piercin
P 10 gre not mixed bpefore reacgmg the cutting blowpipe or the cutting tip, it is possible to

greatly reduce the explosion hazard in the fuel gas pipeline, thereby enhancing the safety.
[0019]
Since the proportion of hydrocarbon gas mixed into hydrogen gas which is a
major component of fuel gas is set to a low range of a proportion more than 0 vol% (the

15  lowest proportion at which a flame core is visible) and equal to or less than 4 vol% (the
highest proportion at which the cutting speed can be maintained), it is possible to
guarantee the original cutting performance of hydrogen gas and to allow the flame core
to be recognized, thereby allowing the preheating flame to be easily adjusted.

[0020]

20 It is possible to perform concentrated preheating by combining the cutting tip in
which the end of the preheating gas flow channel is inclined to the center of the cutting
tip. Accordingly, it is possible to suppress a backfire caused because the preheating gas
flow channel of the cutting tip is clogged with the blowup of molten metal which often
occurs mainly in piercing (boring) processes, thereby reducing an explosion hazard and

25  reducing the preheating time of piercing.



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0021] FIG 1is a system
diagramillustrating a gas cutting nmachi ne according to an enbodi nent

of the invention. 5FIG 2 is an enlarged sectional viewillustrating
a cutting tip used in the gas cutting rachi ne according to the
enbodi nent of the invention. FIG 3 is a ternary diagram

illustrating an expl osi mlﬁg@m@ﬁlmgwggﬁg\gggmmgnd an

expl osi ve range of propane in oxygen I FIG 4 is
a sectional vi e@ 2ﬁ1em&1ti cally illustrating another exanple of the
10cutting tip u é) n the gas cutting apparatus according to the
enbodi nent of the_ invention._ .. FIG 5 is a diagramillustrating
the rel ationshi Blcbétlﬁééﬁt%{nﬂi%ﬁad‘ﬂéh@%wﬁ 2GS HAghARE ?Cﬁ@ﬂlpé’ég 83nd
a highest cutting speed in Verification Test 1 of the invention. FIG
6A is a dﬁ@@@@meﬁlwl{)ﬁb@iwnh@l-the rel ati onship between the fuel gas
and a 15 flanme core fornmed at an end of the cutting tip when 100%
hydr ogen gas i SFI(s&ds as citlged sedtiogals/iew ilatrafingatutong fip stedZnolie gdse

i nvention. FIG 6B is a diagramillustrating the rel ationship

bet ween tb@tti&%ﬁlaeﬂiﬁé a8dtildih B € e oaRidt bPhERRkation.he end of the
cutting tip en m xed gas of hydrogen gas and 1% propane gas i s used

as the fuel gasgj k. i : i [T ¢ : J
a diagramill ustFIrdpélt3 Y%ké; ég?trdﬁeﬁ%g@tlggz%ﬁ%ﬁﬁ%ﬁ %@é&ﬁ%ﬁgﬁéﬁgh%ggegﬁ% t gﬁ
flame core Jé)rge at. heeg q of etihexcuet t.i rgl(r]e[lt iga when m xed gas of

hydr ogen Gas™aRd S0 et Rand §ae <" O e AT K& f uel gas in
Verification Te .of the invention. . ) FIG 7A is a dia m
illustrating thﬁfq é‘ﬂ%\f‘ SERHORRLY 1K pelisarRtigalhy ‘HWt&ﬁ‘é}ﬁﬁéPthFhe"taﬁ@l%%{tgF ng
tip and a state of preheating gas when a tilt is forned in

Veri f i@ at Pefing pse igrthe pas oing apppiasls acc@ding to the embodiment of the

invention.

FIG. 5 is a diagram illustrating the relationship between a propane concentration
in the fuel gas and a highest cutting speed in Verification Test 1 of the invention.

FIG. 6A is a diagram illustrating the relationship between the fuel gas and a

15  flame core formed at an end of the cutting tip when 100% hydrogen gas is used as the
fuel gas in Verification Test 2 of the invention.

FIG. 6B is a diagram illustrating the relationship between the fuel gas and the
flame core formed at the end of the cutting tip when mixed gas of hydrogen gas and 1%
propane gas is used as the fuel gas in Verification Test 2 of the invention.

20 FIG. 6C is a diagram illustrating the relationship between the fuel gas and the
flame core formed at the end of the cutting tip when mixed gas of hydrogen gas and 3%
methane gas is used as the fuel gas in Verification Test 2 of the invention.

FIG. 7Ais a diagram illustrating the relationship between a flow channel in the
cutting tip and a state of preheating gas when a tilt is formed in Verification Test 3 of the

25 Invention.



FIG 7B is a diagramillustrating the relationship between the flow
channel in the cutting tip and the state of preheating gas when a
tilt is not fornmed in Verification Test 3 of the Invention.

FIG 8 is a diagramillustrating the mssurenent result of a piercing
preheating 5tine in Verification Test 3 of the invention. FI G

9 is a system difgrany 'a'dhdﬁatlﬁﬂiﬂsﬂ%ﬁé@e?&lﬁ'ﬁérﬂlﬁ’ﬁ'\a v?&nQﬁe ﬂo%ﬁalﬁﬁ i A8
machi ne accordlng to the background art

THE | NVENTL(he iBAAE Ine i b RRL Ak I}%@Wﬂ%\ﬁ&%ﬂ% h&gaﬁ%dr}g%ﬁ? o‘i'f i d§

an enbodi ne e 1 nven I'ne an
cutting tlﬁ Zed i.n the gas cutting nethod will be described in
detail w PhFdFERERRe t he acconpanylng drawi ngs. In the draw ngs used
for the description, for the P pose of easy understanding, inportant
parts may be enfiF §duadrgramd Ws‘tr%t@lgrtat: measwementapsiiof apagrCgmrewating
equal to the actual ones. 15[0023] FIG 1 is a systemdiagram
i |l ust¥at bmg i Vgascaiwntliestsd efetbbinventised i n a gas cutting nmet hod
according to an enbodi nent of the invention. As shown in FIG 1, the
gas cutting macRi®Me idaagtan diagearh dldsthisngetivd Qo igNAtionafalday cirtiial uteBhind
cutting blowpipe 2 including a cutting tip 6 having a preheating hole
7 and a CHidotdifs gﬂﬁgg&ﬂg%ﬁhﬁ&{orned 20 therein, a hydrogen gas
supply source 3 suppl yi ng hydrogen gas, a hydrocarbon gas supply

source 4 supplying IydepERHERAIAEARIG IR BEA AR IRVRRIMORPUT Ce O
suppl yi ng preheati ng oxygen gas, uel gas pi péline suppl yi ng

fuel gas |ncludgﬁ% fydrogen gas and hydrocarbon gas to the cutting
tip 6, and a pr P i ng oxygen gas pipeline L2 suppl yi ng preheating
oxygen gas to the cutting tip 6. 25[0 The cutting
bl owpihe 2 is nberepfier a@aaruting mﬁh@&ca?rém& tp gp ewhpdimepnt phige Hl‘@ﬁb?fbe
can be used. [0025] The cutting tip 6 is disposed at an end of the
cutting bhlonpimid 2gas spttmgdnashinetsad 3euttingritp usep irsthe gapewinglmathad tvilldbe
preheating hole 7 used to forma preheating flame using

described in detail with reference the accompanying drawings. In the drawings used for

the description, for the purpose of easy understanding, important parts may be enlarged

and the size ratios of elements may not be equal to the actual ones.

15 [0023]

FIG. 1 is a system diagram illustrating a gas cutting machine used in a gas
cutting method according to an embodiment of the invention. As shown in FIG 1, the
gas cutting machine 1 according to this embodiment roughly includes a cutting blowpipe
2 including a cutting tip 6 having a preheating hole 7 and a cutting oxygen hole 8 formed

20  therein, a hydrogen gas supply source 3 supplying hydrogen gas, a hydrocarbon gas
supply source 4 supplying hydrocarbon gas, an oxygen gas supply source 5 supplying
preheating oxygen gas, a fuel gas pipeline L1 supplying fuel gas including hydrogen gas
and hydrocarbon gas to the cutting tip 6, and a preheating oxygen gas pipeline L2
supplying preheating oxygen gas to the cutting tip 6.

25 [0024]



fuel gas and preheating oxygen gas and a cutting oxygen hole 8 used
to eject cutting oxygen gas to cut a workpi ece. The base end of the
cutting tip 6 is provided with a fuel gas flow channel 9, a
preheati ng oxygen gas flow channel 10, %and a cutting oxygen gas fl ow
channel 11. The fuel gas flow channel 9 and the preheating oxygen gas
fl ow 10channel tRe x@tifle bRSIpHR X RAEPIrENSLY liitBd a.tﬂcpg’?ﬁ)lcal cutting bl%’@vpﬁféd
of the fuel gas pipeline LI is connected to the hydrogen gas Supply
source 3 gﬁfb ﬁﬁ gother end thereof is connected to the fuel gas flow
9 e

channel cutting tip 6. A mxer 12 is disposed in the fuel
gas pipeline LI t he hydrocarbon 15gas supply source 4 is
connected to th ixer 12 via a hydrocarbon gas pi pel i ne L3.
Accordingly, the mxer 12 is supplied with hydrogen gas fromthe

hydr ogen gas suppf Sutipgtie 8 I%dlél?f&e‘ii at @wﬁmfé@ wtftlmg PoRPHEZr baH! guicof the
fromthe hydrocarbon gas supply source 4, whereby m xed gas in which
hydr ocar bouttigatip 6fis provededveith @pmb%%@grhd@’hwﬂ te forora prebeatingdlang usigdo
is mxed into hydrogen gas is produced. The fuel gas pipeline Li 20
downst r eafnd paaridieciidakng odydieh fasatppd ttingwtyech helerf ueed tgasctasittinge
fuel gas. [0027] Here, the fuel gas in this enbodinent is the m xed

gas in whpgdhelypd §%&ﬁﬁ%rﬁ%§c@f THebasd SabfAhe/ltfh 6@9;?&%1&@%&{@615
than 4 vol %1s mxed into hydrogen gas, as descri I in the

verificat Langdeshasmero f 3000 $h %E’:‘Eﬁe@“t@% AR
2500rrpone é%nfll n t#ﬂ Fuel® lj%as aené ﬁ%ﬁ\é’th P‘!V f}% y corrwlgt?st |E orr ang 1 &®
not vi si bl.e | 100W
Concent r af ¥ IE b JE%% R dﬁ%@* BRERptineg et oY o be
as low as possible, and is preferably set to the range of 0.2 to 4
vol % 19 r oftannel M jeiigsde therculting i $-ity of a flame core. 5Wen propane
or the like containing a relatively |large anount of carbon conponent
is used, the coi¥¥efkration of hydrocarbon gas is preferably equal to
or nore than 0.4 vol % and nore preferably equal to or nore than 1
vol % When net hAnendpf thedutligeepipalinenl & conmédtedatonhinhydrbgenagab aupply
conmponent is used, the concentration of hydrocarbon gas is preferably
equal to eduré®s gnd Medtlkr ¢Ad Merddf atoBHEAdEI0Qhe FilRe gds kv tiSannel 9 of the
cutting tip 6. A mixer 12 is disposed in the fuel gas pipeline L1 and the hydrocarbon
15 gas supply source 4 is connected to the mixer 12 via a hydrocarbon gas pipeline L3.
Accordingly, the mixer 12 is supplied with hydrogen gas from the hydrogen gas supply
source 3 and is supplied with hydrocarbon gas from the hydrocarbon gas supply source 4,
whereby mixed gas in which hydrocarbon gas of more than 0 vol% and equal to or less
than 4 vol% is mixed into hydrogen gas is produced. The fuel gas pipeline L1
20 downstream from the mixer 12 is supplied with the mixed gas as the fuel gas.
[0027]
Here, the fuel gas in this embodiment is the mixed gas in which hydrocarbon gas
of more than 0 vol% and equal to or less than 4 vol% is mixed into hydrogen gas, as

described later in the verification tests. A flame core is visible because a carbon

25  component in the fuel gas emits white light by combustion and is not visible in the fuel



10 used, the concentration of hydrocarbon gas is preferably equal to
or nore than 0.2 vol % When LP containing propane as a ngj or
conponent is used as the hydrocarbon gas, the concentration of

propane in the mxed gas is preferablylequal to or nore than 0.4 vol %
and nore preferably equal to or nore than 1 vol % Wen LNG contai ni ng
et hane ag,a,fMRno hyRdRanent is used, the concentration 15 of nethane
in the mXed gas 1S preferably equal to or nore than 3 vol % Wen

town gas cont ai ?ﬁ%&n@gﬁﬂﬁn%§g§%@é§&b éésjsr'fﬁfsgigg ?ﬁt? % %?Sg%s id %f tq be as low

concentration o ane 1n't refera equ 0 or
nmore than 0.2 yol % [ 00 t he_ ot her d, regarding the cuttipg
speed, el b it Bseb %rwaPE@?rrtaénvog(’gsfdrplﬁq{wewa%aﬂn
gas is nore than 4 vol% the cutting speed is rapidly lowered in
conpar i sokisikiiity of Rdlaggtacfthg speed when 100% hydrogen gas is used as
the fuel gas and the nerit of use of hydrogen gas as the fuel gas is
very |dw, whi chWhsnpoipape ef the dilsk eont@ninigheretatintlydange ambent dflvarbonxi ng
proportion of hydrocarbon gas in the hydrogen gas is equal to or |ess

than 4 votdmpdreat Bukéd, fig speadratisn 80hydroédrbang&Rds prefiradly ke§ual to or more
25preferable. 11 [0029] A backfire arrester 13 and an on-off

val ve (asmaliody@%CcaaGhoédhMBrab sy e@ﬁ@l}tt@ lhRBloYe Hﬁﬁq;vofl%?t ﬁ\gﬁfx l}h hidedst o

the follow ng) 15 are disposed as safety neasures in el gas

0Bl e eyl S A chch b SRR GRER AR el g2

pi pel i ne ocar I ine An
end of th rehgati ng ox as pipeline L2 is co cted to the . .
oxygen galvBaERRG s Bt aln G5 & BT mar b LRS ol S SRR ecrBdKe &
t he preheating oxygen gas fl ow channel 10 of the cutting tip 6. A .
pressit e Hisdethe eangenation ofhygracathon gas isprafiegablly eqyskiopr nanra thapd.2 vol%.
preheating oxygen gas pipeline L2. [0031] An end of the
cutting oxygen WaenpiPpehiairang gropsnacasramegipe dorhporteheis axgdasthe hgdrecaspdry
source 5 and the other end thereof is connected to the cutting oxygen
gas fl ow gixatheelondehtiafion bEpropiiel in ghd ihixed gadisprefosblecquel ©for dbrattnam
on-of f valve 15 are di sposed
vol% and more preferably equal to or more than 1 vol%.
When LLNG containing methane as a major component is used, the concentration
15  of methane in the mixed gas is preferably equal to or more than 3 vol%. When town
gas containing butane as a major component is used, the concentration of butane in the
mixed gas is preferably equal to or more than 0.2 vol%.
[0028]
On the other hand, regarding the cutting speed, when the concentration of
20 hydrocarbon gas in the hydrogen gas is more than 4 vol%, the cutting speed is rapidly
lowered in comparison with the cutting speed when 100% hydrogen gas is used as the
fuel gas and the merit of use of hydrogen gas as the fuel gas is very low, which is not
preferable. On the contrary, when the mixing proportion of hydrocarbon gas in the

hydrogen gas is equal to or less than 4 vol%, the cutting speed is not influenced, which is

25  preferable.



15in the cutting oxygen gas pipeline L4. [0032] In the gas
cutting machine 1 according to this enbodi ment, the configuration in
whi ch the preheating oxygen gas pipeline L2 and the cutting oxygen
gas pipeline L4 are connected to the sdle oxygen gas supply source 5
is exenplified, but the invention is not 20limted to this
configuration. Tﬁgg is, the preheating oxygen gas pipeline L2 and the
cutting oxygen gas plpellne L4 may be connected to different oxygen

gas supply SOUrkes Ckfgr?%%%lter 1% and anTct}l t?)@[(/g %%QN]%?I’? %chﬁlv\él\%qul%?ergbl

not partlcularly can l'e” n

gas to the fu the fuel om1channe|

wi t hout bB?‘i‘?gﬁﬁisg@ i Oftntg?&giﬁ"’ﬂ’éiﬁ olﬁé‘rﬁ%?‘i‘ﬁ& Etyéﬂfifsbﬁﬁéﬁ’e@?ﬁr‘fggas
oxygen gas _are 12 m xed. A bonmb filled with hydrogen gas and

wi del y usBipeline fbnefaresiiy myser i<tdg digposer dn paedirod dehfugbzrs ipshing 14 sod de
3, or gas produced froma water-splitting apparatus el ectrolyzing

wat er §o hydrdearborhgadropdimed3d oxygen nmay be used. Here, when the gas

5fromthe water-splitting apparatus is used, it is necessary to

sel ect such a tpgeeopf apparatus from which hydrogen and oxygen can be
separately extracted w thout there being an explosion hazard due to

m xture of hydr ageRd 8PthePrRaing HRQ3 #as ]iu})ehne L2 is coﬁté&%g E%ﬁ?gﬁf

gas supply source 4 is not partlcular bonb

0 R A R B gt
such as Lo am% o5 U L) s oo AT S e
10 in the preheating oxygen gas pipeline L2.

f0031]

An end of the cutting oxygen gas pipeline L4 is connected to the oxygen gas
supply source 5 and the other end thercof is connected to the cutting oxygen gas flow
channel 11 of the cutting tip 6. A pressure meter 14 and an on-off valve 15 are disposed

15  inthe cutting oxygen gas pipeline [4.

[0032]

In the gas cutting machine 1 according to this embodiment, the configuration in
which the preheating oxygen gas pipeline L2 and the cutting oxygen gas pipeline L4 are
connected to the same oxygen gas supply source 5 is exemplified, but the invention is not

20 limited to this configuration. That is, the preheating oxygen gas pipeline L2 and the
cutting oxygen gas pipeline L4 may be connected to different oxygen gas supply sources.

[0033]

The hydrogen gas supply source 3 is not particularly limited, as long as it can
supply simple hydrogen gas to the fuel gas pipeline L1 and the fuel gas flow channel 9

25  without being mixed with oxygen before hydrogen gas and preheating oxygen gas are



[ 0035] 15The oxygen gas supply source 5 is not particularly limted,
as long as it can supply sinple oxygen gas to the preheati ng oxygen
gas pipeline L2 and the cutting oxygen gas pipeline L4 w thout being
m xed with hydrogen before it mixes witlh the fuel gas A bonb filled
wi th oxygen gas and wi dely used in general may be used as the 20
oxygen gagisdpply source 5, or gas produced froma water-splitting
apparatus el ectrolyzing water to produce hydrogen and oxygen nay be
used. Here, whe i1l '

Tos mecessary e Wi BBk eha SRl biedn IRRHARH be Bucl W6 the
hydr ogen and oxygen can be separately, exiracted wthout there being
o ex ol os TR T8 PG oR AT P PR Sge AR Py RseiP i |
such a type 25involving separately extracting hydrogen and oxygen
produced FieBFRIYHBE Wateio Bindpes hysogensing osgenmiay b pesde Herg 5disn Ha gasy
of m xture of oxygen into hydrogen or of m xture of hydrogen into
oxygend Themathe wates-sphtting apparelts rusegyribisercetskary 4% sadentbiichastyposti bl e,
but there is no problem when the anpbunts are | ess than the | ower

expl osi onapparaths frome~iaxly edrogasarsiupxykyn smiesepdratehycdiacee pathvliethyre

di sposed in the preheating 5oxygen gas pipeline L2 and the cutting
oxygen gasgeiRk BE kkpBsibA hada®PS@ to mixture of RRIr6sintdnBSxidh. 6 serves to
forma preheating flane using the fuel gas and the preheati ng oxygen
gas and to ejec&%ggg cutting oxygen gas and is disposed at an end of
the cutting blo 2. The cutting tip 6 roughly includes a cutting

Ip
oxygen gas flo Ochannel 11 passing throu t he nter. i,n the axis
i rection & pr eRCERGbad RO Adhen T 2GRS P Tttt
m xed, gas .Qf  the fyel gas and the preheating oxygen gas that is
dispoggd gﬁ?%WHghﬁH@”E%PF@ﬁﬁ“@%ﬁ@@ﬁdgas fl ow channel 11, a cutting
oxygen hole 8 disposed at an end of the cutting oxygen gas flow
channel 11, andThe hydshessbomegpsiveftds mbedimested nat pagticudaty wnitehand typical
preheating gas flow channel 16. 15[ 0037] Here, the cutting tip
6 accor di hgdrbearbdm gasesnbloai WRGILNG, totvnazat,igthyiene] mgtiistremethaaeeshang, t he
fuel gas flow channel 9 and the preheating oxygen gas flow channel 10

to join epfhpasd apd bﬁtﬁﬁéﬁ'ﬁni%ﬂg@yﬂfefd@ﬂc&ﬂl@@@seﬁp constitute the
preheating gas flow channel 16, as shown in FIG 1. The fuel gas

pipeline Li is Reected to the fuel gas flow channel 9 20and the
preheati ng oxygen gas pipeline L2 is connected to the preheating

oXygefs gas The oxygen gas supply source 5 is not particularly limited, as long as it can
supply simple oxygen gas to the preheating oxygen gas pipeline L2 and the cutting
oxygen gas pipeline L4 without being mixed with hydrogen before it mixes with the fuel
gas.
Abomb filled with oxygen gas and widely used in general may be used as the
20  oxygen gas supply source 5, or gas produced from a water-splitting apparatus
electrolyzing water to produce hydrogen and oxygen may be used. Here, when the gas
from the water-splitting apparatus is used, it is necessary to select such a type of
apparatus from which hydrogen and oxygen can be separately extracted without there
being an explosion hazard due to mixture of hydrogen and oxygen. Even in such a type

25  involving separately extracting hydrogen and oxygen produced from the water-splitting



fl ow channel 10. Therefore, in the gas cutting machine 1 according to
this enbodi ment, the fuel gas pipeline Li and the preheating oxygen
gas pipeline L2 join inside the cutting tip 6. [0038] 25In the
cutting tip 6 according to this enbodid2gnt, as shown in FIG 2, a
bent 14 portion 16a is fornmed in the preheating gas fl ow channel 16

in the CUE}%ﬂaE‘eQusE,itHbr@is (}ﬂgﬁbi@i@}? éfrﬁfxt&r@%fgkfélbg%ﬂoﬁﬂdﬂ%\%n bt GMmbRaanel 16

closer to the base end fromthe bent por n 16a i s disposed to be

1 el ttJ I ' t
enter 1 nr{iROR Bl Gl YRR, L RRT AR Tt BORRRGJogRe
Chennor 1% 88y el ol Bl Lol ti G uRE "

preheating hole 8 can be concentrated on the center in the axis
direction of thENEYHIECREaT sUpPl sousIoNay he seppetdyBisapsed it theypieheating
configuration in which the bent portion 16 is formed in 10t he

pr eheal i ngxygss gh$ pipelitrabhend the chingappdn gasedhelibei4t he i nvention is
not limted to this configuration. For exanple, the preheating gas
fl ow channel 16[0ma§] have a configuration in which the flow channel
part closer to the base end and parallel to the axis direction and

the flow Channe’l‘h@éftiin%ii@%%éw%@totﬂaﬁn%Qﬁelﬁeﬁﬂn%héﬁq@%i&%’ﬂ@ﬂeﬁé&@ afiifel NQ
oxygen gas fl ow channe 1 are connected with a slowy-curved fl ow

channel . ] . il o I
Forneq byPindfttdlosygen gus aHAE el el kb BAALCE ool A isiofpolid 38 efg o7 e
preheatin as, fl ow chanpel 16 to fhe eheating hole 8 and the

Pttt ng oy iRRcladhetn Mnswhte o AeBhobetir Poltntotatlen Mwe o
in the axis direction of the cutting tip 6). a of the part 16A of the
prehel i nghagast ¥l rassins Hipwsh the centerdd the #xiy flecchignarirehaptipg gpeiaw channst
to such an angle to nobst enhance the convergence of the preheating
gas Speci 16 aud flpw dhhend pf mixadgias of theifeelgas had tblpyehsatingexyghmgas that is
junction (focal point) P at which the straight line Mand the

strai ght Hispesed opside thsciltingbegbeaat Hewshafhimt €1,3 aftirg @iyt hge 8
mat eri al (workpiece), as shown in FIG 2. The distance L fromthe

surface SdRpodeh@t siédd dTAEBItEAE Bk ydeNRRK OO CIndeP 11 hAd @?ﬂelﬁﬁtiﬁ Bole 7
cutting tip is typically set to be in the 25 range of 10 to 20 nm
disposed at an end of the preheating gas flow channel 16.
15 [0037]

Here, the cutting tip 6 according to this embodiment is of a tip mixing type of
causing the fuel gas flow channel 9 and the preheating oxygen gas flow channel 10 to
join each other inside the cutting tip 6 to constitute the preheating gas flow channel 16, as
shown in FIG. 1. The fuel gas pipeline L1 is connected to the fuel gas flow channel 9

20  and the preheating oxygen gas pipeline L2 is connected to the preheating oxygen gas
flow channel 10. Therefore, in the gas cutting machine 1 according to this embodiment,
the fuel gas pipeline L1 and the preheating oxygen gas pipeline L2 join inside the cutting
tip 6.

[0038]

25 In the cutting tip 6 according to this embodiment, as shown in FIG. 2, a bent



15 [0041] A gas cutting method according to an enbodi nent of
the invention using the gas cutting machine 1 will be descri bed

bel ow. [0042] 5Specifically, as shown in FIG 1, various gas supply
systens used in performng the gas cuti#ng in this enbodinent will be
descri bed. First, hydrogen gas is supplied to the fuel gas

pi pel i ne bbrﬂ%h%’hié“t%nﬁé’@fnqgéﬁreﬁé%n%‘g‘a?h%w%%ﬁ&@1§m Haeuitingh Q@” 1@1{&5

I's adjusted in pressure through the use of the pressure controller 14

and s NS0 SEAREAHYS: LN Knd e JOS I hEELL ol HIORRSERN SRS, | S

supplied roc ron1 drocar

suppl y so ce 4. hydr o |s ad ust re t

the use o104 ﬁé“spl?Pé%‘s e Pé@i‘?ff&ﬂﬂ%&ttmg Sriehgas fow Sl TE Sle(ee{ﬂ] ﬁ@n

m xer [0043] . The nmixer 12 m xes the hydrogen gas and the

hydr oc ar bﬁw cgaisT Bithe gxis girsgtiansang the nast HrAsleserrip sherrgd froop Betheshpqrtipmt
is, equal to or nore than 96 vol % of hydrogen gas and equal to or

| ess thanlda sadilsl odwirg dreoadmigexygess pas fidve ohannkkl I xedtoghsgly,.shsuppl i ed
as the fuel gas to the fuel gas pipeline LI fromthe m xer 12. The

fuel gas preheatipgldaedjctiad fifoén fhe@hrel@aind hadws chaBe edbncBntdted Hethewehichth the
tip 6 via the backfire arrester 13 for hydrogen gas and the on-off

val ve 15. ag@hggﬂﬁhofmﬂcmnﬁ% y9en gas is supplied to the preheating
oxygen gas pipeline L2 and the cutting oxygen gas pipeline L4 from

t he oxygen gas EM y source 5. The oxygen gas supplied to the
preheati ng oxyg S pipeline L2 is supplied as the preheating

oxygen gas to t tin X s flo 10. of :
o Sing i p 6 ViR EteRhat B e tmetondn S SORR RS et i Tmegdn
15. The fuel gas . and the preheating oxygen gas are mxed inside 16
the clft ti i presaBnggs flaveclgnael lods Sremplfind g'at the ByeRtpn is nahiamitedip this

hole 7 to forma preheating flanme. [0045]
configuration. For example, the preheating gas flow channel 16 may have a

configuration in which the flow channel part closer to the base end and parallel to the
axis direction and the flow channel part closer to the end and tilted toward the cutting
oxygen gas flow channel 11 are connected with a slowly-curved flow channel.

15 [0040]

Here, the tilt angle (that is, an angle formed by a straight line M connecting the
bent portion 16a of the preheating gas flow channel 16 to the preheating hole 8 and the
cutting oxygen gas flow channel 11 disposed at in the center line O in the axis direction
of the cutting tip 6) o of the part 16A of the preheating gas flow channel 16 closer to the

20  end is preferably set to such an angle to most enhance the convergence of the preheating
gas. Specifically, the tilt angle o is preferably set so that the junction (focal point} P at
which the straight line M and the straight line O join is located on the surface S of a
cutting material (workpiece), as shown in FIG. 2. The distance L from the surface S of
the cutting material (workpiece) to the end of the cutting tip is typically set to be in the

25  range of 10 to 20 mm.



The oxygen gas supplied to the cutting oxygen gas pipeline L4 is
supplied as the 5cutting oxygen gas to the cutting oxygen flow
channel 11 of the cutting tip 6 via the pressure controller 14 and
the on-off valve 15, is ejected fromthé& cutting oxygen hole 8, and
reacts with a steel sheet heated by the preheating flame to performa
cutting operatim@pg1{0046] 10In the gas cutting method according to

t he background art when 100% hydrogen gas is used as the fuel gas,
the cutting spe

hydr ocar bon gasgl a§§1£{t61§§n{e oﬁeag?grﬂ n%ﬁ&%ntlgg,%g/ﬁggﬂ %%ggj‘/%g%{q usm%the gas
gener at ed t he end of. the cu tipis not visible, there is a
probl em i fi atlﬂ%P“aPIi'mPévﬁ LbF ijgglﬁﬁ'j ust the preheating flane.

15[ 0047] In thew%as cutting rret hod according to the background art,
when the hydroc gas is mxed into the m xed gas (oxyhydrogen
gas) of oxygen gas and hydrogen gas as the fuel gas so as to reach

t he | ower expl oSpesrfidallyias shovwe melFliGs 1 avamoob Eamsupplyt dyatemis tus¢dsingpesieithing
to guarantee safety but the cutting speed is | owered. 20Here, the
expl osi vethegageutdhg ity thisogsiodimnetowitier dengitebe expl osi ve range of
propane in oxygen are shown in FIG 3. Area (A in FIG 3 indicates a

cormbusti bl e r anggs adirédBdaé BsubPlcBYRSAR] %&%’hﬁ&iﬁb%ﬁtﬂcﬁhﬁl&%ﬂ%ﬂ gas

Straight line (C 1n the ternary diagram i ndi cates the conposition

when pr Opﬁﬂ)g )l %ﬁ]&eﬁf d Tl{?etlﬂflc_i%g %Qs g%ﬁ_}l{%%g g%@sd% ﬁ'ﬁibll? A P¥ise of the

el ectrol ysi own 1 n en conce ration’less

t han the 25| ower on, limt 0. en is ual to or Iessthan
4% and thBreB%%‘é?PEo@ g%?‘?dallslﬂ?)% SHE& ffdxtéghqlﬁ‘é{‘r? ﬁﬂe | oner expl osi on
limt in hydrogen .is equal to or lLess than 6% [0048]

contrkty, in themyselychidrosmepaseten srupeliet @i thghy Ofaﬁb@l @%&ﬁ%ﬁ# 't
since the m xed gas in which hydrocarbon gas of nore than 0 vol % and
equal to the hydesatbhagasisupplyssugeeis rihedydrasaboneds sgdiisteddn peesised as
the fuel gas, it is possible to achieve both the speed equivalent to
t he cutti thgoghabcusheithdpasagecon@ier 51 askd tiees supplidduslthgaxean?l t he
visibility of a flame core generated at the end of the cutting tip
due to conbusti@o49f the hydrocarbon gas. [0049]

The mixer 12 mixes the hydrogen gas and the hydrocarbon gas so as to satisfy a
15  preset mixing proportion (that is, equal to or more than 96 vol% of hydrogen gas and
equal to or less than 4 vol% of hydrocarbon gas). Then, the mixed gas is supplied as the
fuel gas to the fuel gas pipeline L1 from the mixer 12. The fuel gas is supplied to the
fuel gas flow channel 9 of the cutting tip 6 via the backfire arrester 13 for hydrogen gas
and the on-off valve 15.
20 [0044]

Oxygen gas is supplied to the preheating oxygen gas pipeline L2 and the cutting
oxygen gas pipeline L4 from the oxygen gas supply source 5. The oxygen gas supplied
to the preheating oxygen gas pipeline L2 is supplied as the preheating oxygen gas to the
preheating oxygen gas flow channel 10 of the cutting tip 6 via the pressure controller 14

25  and the on-off valve 15. The fuel gas and the preheating oxygen gas are mixed inside



10l n the gas cutting machine 101 according to the background art
shown in FIG 9, mxed gas of the oxyhydrogen gas in which oxygen gas
and hydrogen gas are m xed and the hydrocarbon gas with a
concentration as the |ower explosion Iilfrit is supplied as the fuel
gas to the pipeline L101. Accordingly, when there is a problemwth

the suppl heQuttingeif 6/84d £8%jkRH 250 Mhitel FADNHe pRIRAUSELAD 7 X RIrRSd ON,
there is the possibility of destruction 150f the entire upstream side

of the pipehiif il Supplied with the oxyhydrogen gas. [0050]
On the coﬁtrarygq%h the gas cutting nmachine 1 according to this

enbodi nment , the(ﬁﬁgtogen gas supply source 3 supplying hydrogen gas,
which is the naﬁ r-ctonponent of the fuel gas, as sinple hydrogen gas
and the fuel gas, into which hydrocarbon gas is 20 m xed_and t he
preheating oxygthf ewgcn ges ﬂﬁ’aée‘{ © tﬁ? SUHIAZ PEEECRI#as BIpEHRG Lt {5 SypBiied as the
Accordi ngly, when an explosion is caused between the fuel gas and the
pr eheal i nGUERY gryYeeg£es ta the cutting onpgenateyy phannelyl 1o7f tespitorg bp 6oda thhe

pi peline on the upstreamside (the primary side) of the cutting tip
6. Accor dpregduye carttrollsr pbaisd thk entodf videe B, fivgkctgdfomthe cuhing bxygen hole 8,
hydr ocarbon gas is m xed to be equal to or |lower than the | ower

expl 0si Onahd héts A6thShwMD sizdet Redrdddy e prekBatiitPBakbe to perfoun%&:uﬁﬂ‘%cr i bed

above, in the gas cutting nmethod and the gas cutting nmachi ne
accordingogﬁaﬁ i s enbodi nent, since the hydrogen gas as the major
conponent the fuel gas and the oxygen gas are not m xed before
reachi ng the cugbi bl ow pipe 2 or the Scutting tip 6, it is
possible to gre tﬁ@ﬁreduce t he expl osion hazard in the fuel gas

pi pel j ne Li, thereby enhancin he saf et thereofI{OOS%Q i nce
the prbport| on Bith Kes mm&;@aﬁ%ﬁ@ AogRding 9 1he barkeserTidhah e 1AG % ugieen
gas as the mmjor conponent of the fuel gas is set to a | ow proportion
of nore t Bris Oscdasdhatiel gas, thewatingspegsorniberaiagd fuhentham that Whee1€p e
is visible) and equal to or less than 4 vol %
hydrocarbon gas is used as the fuel gas. However, since a flame core generated at the
end of the cutting tip is not visible, there is a problem in that it is difficult to adjust the
preheating flame.

15 [0047]

In the gas cutting method according to the background art, when the
hydrocarbon gas is mixed into the mixed gas (oxyhydrogen gas) of oxygen gas and
hydrogen gas as the fuel gas so as to reach the lower explosion limit, there is a problem
in that it is possible to guarantee safety but the cutting speed is lowered.

20 Here, the explosive range of hydrogen in oxygen and the explosive range of
propane in oxygen are shown in FIG. 3. Area (A) in FIG. 3 indicates a combustible
range and area (B) indicates a non-combustible range. Straight line (C) in the ternary
diagram indicates the composition when propane is mixed into oxygen and hydrogen

produced by electrolysis. As shown in FIG. 3, the hydrogen concentration less than the

25  lower explosion limit in oxygen is equal to or less than 4% and the oxygen concentration



(the highest proportion at which the cutting speed can be
mai ntained), it is possible to guarantee the superior cutting
performance i nherent to the hydrogen gas and to allow the flane core
to be visualized, thereby allowi ng thelpreheating flame to be easily
adj usted. [0053] 15By conbining the cutting tip 6 in which the part
16A of thespraheR bher 8&todidPMnGNAAPEL zdibiseQudl IS oPRE thn kid. t €d toward
the center of the cutting tip, 1t 15 possibl'e to allow nore
convergent preh HEEQ' Accordingly, it is possible to suppress a
backfire caused-because the preheating gas fl ow channel 16 of the
cutting tip is gl ed with the bl owup of | t en. met gl. ich often
cocur s mmi ni v G RERRTY: pHyF Erns b retod et oR e otnbaluer g athe
expl osi on hazard and reducing the preheating tine of piercing. [0054]
The t echnihanixeg speingrhiehhbydracashan gas of s1ase thapOjol band gqugi do or less than 4
above-nmenti oned enbodi nent, but various nodifications may be added
t her et weolfpistmicep arte hydyogemgastihaseden tlepfiuchbdass ihés possibletto achiewolyoth the
exanpl e, the gas cutting nmachine 1 according to the 25
above- mengpeed equienibadt tindutenppeysd whbe h gdrobérgersas usd as o el 3@ and the
cutting tip 6 in which 19 the fuel gas and the preheati ng oxygen gas
m x 1 nsi deisiiery it taf dotdgenitied f18hd éﬁﬂedﬁth@altﬁlﬁ_g %ﬁ?ﬁué toBohftfhistich §the
configuration. "[0055] For exanple, as shown in 4, a cutting tip
26 of a ppsSt.:m.xi type in which 5 the fuel gas flow channel 9 and
t he prehegﬁﬁﬁghéﬁgggh gas flow channel 10 are independent of each
ot her inside thﬁ)ﬁgtting tip and are m xed outside the cutting tip
(at an end of t 3 tting tip) after being ejected fromthe
preheating holes 27a and 27b may be enpl oyed. By enploying this type
of cul@ing tip Dehegs quitingomachinelQloacgeriing e thpackgrpund ortsBoNM i Ks s
effects as described in the above-nentioned enbodinent and it is also
possi bl e moxddugas étheaniybydregerhgnssmvdiioh aygeémgas anHdiydsogbm gasorre chired and
t he backfire.

the hydrocarbon gas with a concentration as the lower explosion limit is supplied as the

fuel gas to the pipeline L101. Accordingly, when there is a problem with the supply of
the fuel gas for some reasons to cause an explosion, there is the possibility of destruction
15  ofthe entire upstream side of the pipeline L101 supplied with the oxyhydrogen gas.

[0050]

On the contrary, in the gas cutting machine 1 according to this embodiment, the
hydrogen gas supply source 3 supplying hydrogen gas, which is the major component of
the fuel gas, as simple hydrogen gas and the fuel gas into which hydrocarbon gas is

20  mixed and the preheating oxygen gas are made to mix inside the cutting tip 6.
Accordingly, when an explosion is caused between the fuel gas and the preheating
oxygen gas, there 1s no possibility of explosion of the pipeline on the upstream side (the
primary side) of the cutting tip 6. Accordingly, it is possible to use a fuel gas into which
hydrocarbon gas is mixed to be equal to or lower than the lower explosion limit as shown

25 inFIG 2.



[ 0056] Al t hough not shown in the drawi ngs, a gas cutting
machi ne i ncluding a cutting bl owi pe having a m xing room (al so
referred to as a mxer) therein may be enpl oyed so 15that the fuel
gas and the preheating oxygen gas are fAfxed in the mxing roomin the
cutting bl owpi pe and are then supplied to the cutting tip. [0057]
Speci fic exanpl ggs || be described below. Verification Test 1 20In
an exanpl e where propane is used as the hydrocarbon gas constituting

the fuel gas, tReqLOLbUCHGESON thdEaCilididd1ge@BE G SYANAh G nE §n
Qgprbpane #ﬂgeg I n o&%%a Hg ue

vari ous concentratrons o were r oge gas.
In the nethod,.of eyaluating the influence on the cutting speed,
bhenorenofC RN (b itadhtentoatedb BitToqs g o Shehiia (apb b B fuel
cutting |l oose, occurs when the cutting speed is nade to slowy

i ncrease g¥daYd thpexyesrgavgesatimixzegrbeorp scaghighdie cuitingllowipiph? ehthehe
cutting | oose does not occur was recorded. 20 The cutting conditions
are shbwncutting eiploeit 1s pdskiBle t6 sséuthwsedive thedxgpldsomshuzardbe tiwelasl gakpipeline
propane concentration in the fuel gas and the highest cutting speed.

[ 0058] Tabl ghédreBasghateinglthéS4€0 thdrédt. t hi ckness of 12 nm (cutting

| ength of 200 nm)
[0052]
Since the proportion of the hydrocarbon gas to be mixed into the hydrogen gas
as the major component of the fuel gas is set to a low proportion of more than 0 vol%

10 (the lowest proportion at which the flame core is visible) and equal to or less than 4 vol%
(the highest proportion at which the cutting speed can be maintained), it is possible to
guarantee the superior cutting performance inherent to the hydrogen gas and to allow the
flame core to be visualized, thereby allowing the preheating flame to be easily adjusted.

[0053]

15 By combining the cutting tip 6 in which the part 16A of the preheating gas flow
channel 16 to the end is tilted toward the center of the cutting tip, it is possible to allow
more convergent preheating.  Accordingly, it is possible to suppress a backfire caused
because the preheating gas flow channel 16 of the cutting tip is clogged with the blowup
of molten metal which often occurs mainly in piercing (boring) processes, thereby

20  reducing the explosion hazard and reducing the preheating time of piercing.

[0054]
The technical scope of the invention is not limited to the above-mentioned
embodiment, but various modifications may be added thereto without departing from the

concept of the invention. For example, the gas cutting machine [ according to the

25  above-mentioned embodiment employs the configuration using the cutting tip 6 in which



Cutting tip 3011#1 nmade by NI SSAN TANAKA Cor porati on Amount of
conbustion heat (MJ/h) 25 M xing proportion of preheating oxygen
Neutral m xture 5[0059] As shown in Table 1, regarding the m xing
proportion of preheating oxygen m xed ilfito the fuel gas, there are
typically a stoichionmetric mxing proportion using chem cal fornulas

and a neutysde|haX W@ He" f-}%ﬁ%é’ék#ggn‘g%% ok %Mg?ﬁhl (l,lﬁltu‘?% tip,'bﬁt ngl@rﬁ%}egﬁ&?%

and the neutral™ m xtur eheating flane stabilized was

used in this.10verification,. .[0060] As shown in FIG 5, the
hi ghest cﬁ%@f’%ﬁe@ﬁeﬁéﬁ C%%’guf% l1( nm m n) when the propane concentration
in the fuel gas O\ﬁgg 100% and the highest cutting speed was 950
(mMmMmn) in t hel ] gas in which | to 4 vol % of propane was m xed
into hydrogen gas 15It was confirnmed fromthis result that the ]
cutting speed wBer exampks apshoapont 18 M0a quoRLp 26 of a postrexigg tyrerig which
speed was not influenced when the m xing proportion of propane in
hydr ogen desveless dqwathatuee] @rant dlsssprelwmning oy pddif gaa fldwt dhenicaltl Oiareg speed
was rapidly | owered
independent of each other inside the cutting tip and are mixed outside the cutting tip (at
an end of the cutting tip) after being ejected from the preheating holes 27a and 27b may
be employed.
By employing this type of cutting tip 26, it is possible to achieve the same
10  advantageous effects as described in the above-mentioned embodiment and it is also
possible to further enhance the safety against the explosion due to the backfire.
[0056]
Although not shown in the drawings, a gas cutting machine including a cutting
blowpipe having a mixing room (also referred to as a mixer) therein may be employed so
15  that the fuel gas and the preheating oxygen gas are mixed in the mixing room in the
cutting blowpipe and are then supplied to the cutting tip.
[0057]
Specific examples will be described below.
Verification Test 1
20 In an example where propane is used as the hydrocarbon gas constituting the
fuel gas, the influence on the cutting speed was evaluated when various concentrations of
propane were mixed into hydrogen fuel gas. In the method of evaluating the influence
on the cutting speed, a phenomenon that the cutting is stopped, which is referred to as

cutting loose, occurs when the cutting speed is made to slowly increase under the same

25 condition. The highest speed at which the cutting loose does not occur was recorded.



21 when the m xing proportion of propane was nore than 4 vol % Wen
t he propane concentration reached about 20 vol % it was confirned

that there was no difference fromthe cutting speed when the propane
concentration was 100% and thus the nme2fPt of use of hydrogen gas as
the fuel gas was very small. 5[0062] Verification Test 2 The

vi si bi | t yh@tuink LB SR Re fof‘)]@ﬁf ilﬁtﬁgleait. 16 £advafiht F@atfé:ﬂ%ﬁéb 'Egt/&&e'eig It3he

Wth respect to a variety of fuel gases was eval uated.

and 6C sh 4 I e end of the
Ut ting t PP paEREyh e AE S RHTIRENRELLE TE Tl ane
core was vi si bl @) Brgﬁause t he carbon conponent in the fuel gas emts
white |ight by OrBlst i on. Accor di ngly, as shown in FIG 6A, when
100% hydr ogen was used as the fuel gas, it was confirned that no
flame cor@g?/lé visible. [0063] On the contrary, as shown in FIG 6B,
when m xe i i 0 propane was Tixed Tnto tiydrogen
gas was used as the fuel gas, the flanme co$®00reih tnckidessroftlBenm
drawi ng) was sati sfBadcandéthly vi si bl e.| When the propane concentration
was reduced, the flame core was visible up teutngdlengih%f 200 mm) As
shown in i ni
carbon conponent was m xed, it was confi trﬁ'fﬁfebt"h@[ I i
(region Hin the dr@%{\ﬁigg)d 20was vi silbl e ggﬁ%klle m Xi ng%#ﬁ?ﬁ%ﬁaof 3
vol % When butang has m xed, jit was confird‘%g/gt@ t a flane
core was Visible at the m xing propartion of 0.2V Vs 064]

It was confirnmed fromthe verifigcatilon results that the flane core
gener at ed a‘%mﬁg?tl%ﬂc “%P%h?étm nNg tip was visibl® by formng the

fuel gas wth a mxing proportion off 22
Mixing proportion of preheating

Neutral mixture

oxygen

5 [0059]

As shown in Table 1, regarding the mixing proportion of preheating oxygen
mixed into the fuel gas, there are typically a stoichiometric mixing proportion using
chemical formulas and a neutral mixing proportion in which oxygen in air is considered,
and the neutral mixture in which a preheating flame is stabilized was used in this

10 verification.

[0060]

As shown in FIG. 5, the highest cutting speed was 750 (mm/min) when the
propane concentration in the fuel gas was 100%, and the highest cutting speed was 950
(mm/min) in the fuel gas in which 1 to 4 vol% of propane was mixed into hydrogen gas,

15 Tt was confirmed from this result that the cutting speed was raised by about 27%.
[0061]
The cutting speed was not influenced when the mixing proportion of propane in

hydrogen gas was equal to or less than 4 vol%, and the cutting speed was rapidly lowered



equal to or less than 3 vol% with respect to hydrogen gas even when
any hydrocarbon gas was selected. [0065] Verification Test 3 5Wen a
cutting tip in which the preheating gas flow channel in the cutting
tipistilted toward the center of the2tutting tip and a cutting tip
in which the preheating gas flow channel in the cutting tipis

paral l el @ehhR ﬁﬁﬁﬁ%ﬁlﬂ%@ﬁ%ﬂ%ﬂp and WOWn6RANAEL viRE.e WaeH thel 15?5]%41&%”035
on the convergence of the preheating gas toward the center of the

cutting tk&;ﬁﬁ@a}@ﬁ%‘e?&h@ﬁ%ﬁ%ﬂt 9 JoloaB;: (A {:&{é eﬁgh%%ieg gz\é%b'ﬁfffe?%né:e from

10FI GS. 7 are p graphs illustrating a s ere

et runenthetRrasarel PR Petath PR acYesr B it B bffreg or ¥

conditions of the Schlieren instrunent are shown in Table 2. [0066]
15Tabl e 2hydregsmgpstas thefoehges Wasderbymall SSAN TANAKA Cor poration (tilt:
done) 3051#1 nmade by NI SSAN TANAKA Corporation (tilt: none) Flow rate
of gasd 10 L/ mi n[086&] d C2

Verification Test 2
The visibility of a flame core generated at the end of the cutting tip with respect
to a variety of fuel gases was evaluated. FIGS. 6A, 6B, and 6C show photographs of
flame cores generated at the end of the cutting tip with respect to a variety of fuel gases.
10 The flame core was visible because the carbon component in the fuel gas emits white
light by combustion. Accordingly, as shown in FIG. 6A, when 100% hydrogen was
used as the fuel gas, it was confirmed that no flame core was visible.
[0063]
On the contrary, as shown in FIG. 6B, when mixed gas in which 1 vol% of
15  propane was mixed into hydrogen gas was used as the fuel gas, the flame core (region H
in the drawing) was satisfactorily visible. When the propane concentration was reduced,
the flame core was visible up to 0.4 vol%.
As shown in FIG. 6C, when methane containing the smallest amount of carbon
component was mixed, it was confirmed that the flame core (region H in the drawing)
20  was visible at the mixing proportion of 3 vol%.
When butane was mixed, it was confirmed that a flame core was visible at the
mixing proportion of 0.2 vol%.
[0064]
It was confirmed from the verification results that the flame core generated at

25  the end of the cutting tip was visible by forming the fuel gas with a mixing proportion of



[0067] In FIG 7A in which the preheating gas flow channel is tilted,
It was confirnmed that the preheating gas was narrowed toward the
center of the cutting tip after being ejected fromthe end of the
cutting tip, conpared with FIG 7B in WAich the preheating 20gas flow
channel is not tilted. [0068] 23 The neasurenent conditions

obtained GuaBAGUENAa] D00ME SAR3LLRE b iTBobl gl S5k Whin U8} AfbBRbon

cutting tips which differ in convérgencé are shown in Tab and t he
measur ene ‘glgss%ié{c gt hereof are shown in FIG 8. [0069] 5 Table 3 Base
metal 55480 wi't I ckness of 25 mm Cutting tip 3011#1 nmade by NI SSAN
TANAKA Corporathiq%gs](ti It : done) 3051#1 made by N SSAN TANAL1CA
Corporation (ti "I none) Anount of conbustion heat (M/h)

Verification Test 3
5 When a cutting tip in which the preheating gas flow channel in the cutting tip is

tilted toward the center of the cutting tip and a cutting tip in which the preheating gas
flow channel in the cutting tip is parallel to the cutting oxygen gas flow channel were
used, influences on the convergence of the preheating gas toward the center of the cutting
tip and the preheating time for piecing were evaluated.

10 FIGS. 7A and 7B are photographs illustrating a state where the preheating gas
flows and are photographed by the use of the Schlieren instrument that can visualize a

flow of gas. The photographing conditions of the Schlieren instrument are shown in

Table 2.
[0066]
15 Table2
3011#1 made by NISSAN TANAKA Corporation (tilt: done)
Cutting tip
3051#1 made by NISSAN TANAKA Corporation (tilt: none)
Flow rate of gas 10 L/min
Fluid CO,
[0067]

In FIG. 7A in which the preheating gas flow channel is tilted, it was confirmed
that the preheating gas was narrowed toward the center of the cutting tip after being
gjected from the end of the cutting tip, compared with FIG. 7B in which the preheating

20  gas flow channel is not tilted.

[0068]



20-40 Fuel gas 99% H2+1% propane M xi ng proportion of preheating
oxygen Neutral mxture [0070] As shown in FIG 8, the cutting tip in
which atilt is fornmed in the preheating gas flow channel finishes
the preheating with a smaller anount of3conbustion heat for a shorter
time, conpared with the cutting tip in which the tilt is not forned.
101 NDUSTRI AL APPhd AR kTt LK dns obtained TeSiasing Wid froitkaHRE BAR for

according to the invention can be applied to cutting a workpi ece by

the use Ogie?(iilg%%stifcéﬁletciu Efg{lfds laq{iag%@fepfnﬁ&%ééﬁ&&e@% ﬁ]owinfqgfr,gsggld%he

preheatin I ng gas and preheati fig oxygen gas

vor kpi eco S ER et (hE G e AN Ede Hoory T o7 1

[0069]
5 Table3
Base metal 58400 with thickness of 25 mm
3011#1 made by NISSAN TANAKA Corporation
(tilt : done)
Cutting tip
3051#1 made by NISSAN TANAKA Corporation
(tilt : none)
Amount of combustion heat (MJ/h) 20~40
Fuel gas 99% H,+1% propane
Mixing proportion of preheating
Neutral mixture
oxygen
[0070]

As shown in FIG. 8, the cutting tip in which a tilt is formed in the preheating gas
flow channel finishes the preheating with a smaller amount of combustion heat for a
shorter time, compared with the cutting tip in which the tilt is not formed.

10 INDUSTRIAL APPLICABILITY

[0071]

The gas cutting method according to the invention can be applied to cutting a
workpiece by the use of a cutting tip including a preheating hole for forming a preheating
flame using fuel gas and preheating oxygen gas and a cutting oxygen hole for ejecting

15 cutting oxygen gas to cut a workpiece.



1: GAS CUTTI NG MACHI NE 2: CUTTI NG BLOAWPI PE 53: HYDROGEN GAS SUPPLY
SOURCE 4: HYDROCARBON GAS SUPPLY SOURCE 5: OXYGEN GAS SUPPLY SOURCE
6: CUTTING TIP 7: PREHEATI NG HOLE 108: CUTTI NG OXYCEN HOLE 9: FUEL
GAS FLOW CHANNEL 10: PREHEATI NG OXYGEN26GAS FLOW CHANNEL 11: CUTTI NG
OXYGEN GAS FLOW CHANNEL 12: M XER 1513: BACKFI RE ARRESTER 14:
PRESSURE NidiaRution of &R VALVE ( CHECK VALVE) 16: PREHEATI NG GAS
FLOW CHANNEL 16a: BENT PORTI ON 2016A: END PORTION (END) a: TILT ANGLE

[0072]
1: GAS CUTTING MACHINE
2: CUTTING BLOWPIPE
5 3: HYDROGEN GAS SUPPLY SOURCE

4: HYDROCARBON GAS SUPPLY SOURCE
5. OXYGEN GAS SUPPLY SOURCE
6: CUTTING TIP
7: PREHEATING HOLE

10 8: CUTTING OXYGEN HOLE
9: FUEL GAS FLOW CHANNEL
10: PREHEATING OXYGEN GAS FLOW CHANNEL
11: CUTTING OXYGEN GAS FLOW CHANNEL
12: MIXER

15 13: BACKFIRE ARRESTER
14: PRESSURE METER
15: ON-OFF VALVE (CHECK VALVE)
16: PREHEATING GAS FLOW CHANNEL
16a: BENT PORTION

20 16A: END PORTION (END)
o: TILT ANGLE
L1: FUEL GAS PIPELINE
L2: PREHEATING OXYGEN GAS PIPELINE
L3: HYDROCARBON GAS PIPELINE

25 L4: CUTTING OXYGEN GAS PIPELINE



LI: FUEL GAS PI PELI NE L2: PREHEATI NG OXYGEN GAS PI PELI NE
L3: HYDROCARBON GAS PI PELI NE 25L4: CUTTI NG OXYGEN GAS PI PELI NE 25
CLAI V5 1. A gas cutting nmethod conprising: mxing hydrogen
gas and hydrocarbon gas to acquire fueR5gas; 5ejecting a preheating
flame, which is fornmed by m xing and igniting the fuel gas and
preheating oxygen gas, froman end ofjapgutting tip to heat a
wor kpi ece; and ejecting cutting hydrogen gas to the heated workpi ece
to cut the workpi ece, wherein the content of the hydrocarbon gas in
the fuel gas is nore than 0 vol % and equal to or less than 4 vol% 10
2. The gas cutting nmethod accqording to claim1, wherein the
hydr ocar bon gas!i sAp&aBB‘&H%gm&ﬁW Comprisiigher ei n t he content of propane
in the fuel gas is equal to or nore than 0.4 vol % and equal to or
| ess than 4 vol saxing hydrogen gas and hgdroTarbog gas tewcqyingiugesasod accor di ng
to claim1, wherein the hydrocarbon gas is nethane, and
wher ei i t he contgjectingd predaiag élaine, whehfisfirmgdby nsxaguad 1gnitingy thenfued gas
than 3 vol % and equal to or less than 4 vol %

and preheating oxygen gas, from an end of a cutting tip to heat a workpiece; and

ejecting cutting hydrogen gas to the heated workpiece to cut the workpiece,
wherein the content of the hydrocarbon gas in the fuel gas is more than 0 vol%

and equal to or less than 4 vol%.

10
2. The gas cutting method according to claim 1, wherein the hydrocarbon gas
is propane, and
wherein the content of propane in the fuel gas is equal to or more than 0.4 vol%
and equal to or less than 4 vol%.
15
3. The gas cutting method according to claim 1, wherein the hydrocarbon gas
is methane, and
wherein the content of methane in the fuel gas is equal to or more than 3 vol%
and equal to or less than 4 vol%.
20

4. The gas cutting method according to claim 1, wherein the hydrocarbon gas
is butane, and

wherein the content of butane in the fuel gas is equal to or more than 0.2 vol%
and equal to or less than 4 vol%.

25



4. The gas cutting nethod according to claim 1, wherein the

hydr ocar bon gas is butane, and wherein the content of butane
in the fuel gas is equal to or nore than 0.2 vol % and equal to or
| ess than 4 vol % 26 5. The gag6cutting nmethod according to

claim1l1, wherein the fuel gas and the preheating oxygen gas are m xed

inside a cutting b ' - 1NS1 : j i :

the cutting ti p.g' SJERAI\%?S’% ggisgqé%tg t&li %%%%‘é%{gdaggi%&cﬁeggn?% 1%I'gla mq?,q)fthe
wherei n when the preheating flame .i.s_eject from an, end of. the
cuttng ¢ PEnpit BB Bl Amin o o FhFR RIS RReRY it P e apen
the center %gﬁéhe axis direction of the cutting tip. 7. The gas
cutting néd S§EEGREIURg to claim 1, wherein the hydrogen gas and
10t he preheating oxygen gas are supplied froma water-splitting
apparatus, and wherein an oxygen conponent in the hydrogen gas
supplied fromthe water-splitting apparatus and a hydrogen conponent
in theSpreheati g Ohygercugas methpd acdrdingto déien atletreis pihich theygeheating
apparatus are less than a |lower explosion limt. 158. A gas cutting

nmachi ne cerpe ii§d'%i&ﬁ'ed froffl ahedndidTdlie dBESHAARO GOk R, MaGrdniai QCRIROR
gas to acquire fuel gas; a cutting tip that 1ncludes a

preheat ”Eilt&?io%va&’éﬁl@c%&ef&rtﬁlélﬁxi%ﬁgé%idﬂhéé@%%ﬁi ng the fuel gas

and preheati ng oxygen gas and a cutting oxyg e used to eject
cutting oxygen gas to cut a workpiece; 20a cutting bl owi pe that has
the cutting tip disposed at an end thereof; a fuel gas

pi peline that supplies the, fuel s to,.the cuttjng bl.owpipe or the
Sutting tip, 7 Jfﬁ%gaﬁr%ﬁ@&mﬂbgﬁw@w%@sﬁ?ﬂrbt| cip i pgsnieas and
t he preheating oxygen gas to the cutting bl owipe or the cutting tip;
25a hidir o@@mréwgtla&wwngéwl@éumw fequp pwagas-sphgingyagpagen ads to the
m xer;
wherein an oxygen component in the hydrogen gas supplied from the
water-splitting apparatus and a hydrogen component in the preheating oxygen gas

supplied from the water-splitting apparatus are less than a lower explosion limit.

15 8. A gas cutting machine comprising:

a mixer that mixes hydrogen gas and hydrocarbon gas to acquire fuel gas;

a cutting tip that includes a preheating hole used to form a preheating flame
using the fuel gas and preheating oxygen gas and a cutting oxygen hole used to eject
cutting oxygen gas to cut a workpiece;

20 a cutting blowpipe that has the cutting tip disposed at an end thereof;

a fuel gas pipeline that supplies the fuel gas to the cutting blowpipe or the
cutting tip;

a preheating oxygen gas pipeline that supplies the preheating oxygen gas to the
cutting blowpipe or the cutting tip;

25 a hydrogen gas supply source that supplies the hydrogen gas to the mixer;



27 a hydrocarbon gas supply source that supplies the

hydr ocarbon gas to the pipeline; and an oxygen gas supply
source that supplies the preheating oxygen gas to the preheating
oxygen gas pipeline, 5wherein the contéit of the hydrocarbon gas in
the fuel gas is nore than 0 vol % and equal to or less than 4 vol %

and wher ghidrbbgbbti8ds sﬂﬁﬁltyﬁb{ﬁ%b ke s cd TR HRHRREAbLH s RXHGEN

gas pipeline join inside the cufting bl owipe, inSide the cutting

tip, or Og%éﬁﬂ?aﬁ@e cutting tip. 109. A cutting tip of a gas cutting
machi ne, nprrsi ng: a cutting oxygen gas flow channel that

passes through the center in the axjs direction of the cuttin i p;

o eheat | ng gall PG Ereshraly THEE 1 SPRRI & ByRadraongs Sad tias
fl ow channel and a preheating oxygen gas flow channel and that is

di sposed BiPHEIHE OXHECEEASIPRINSxygen 15gas fl ow channel ; a
cutting oxygen hole that is disposed at an end of the cutting oxygen
gas fldw channeWwhergmdhe contentaf threpslaodargpnigab én thedueliges tirsprodaan Givoliin
end of the preheating gas flow channel, wherein the end of the

pr eheat i ngndégaf foaw edsalumed vol%e, ahdt ed to an extension of 20 the
cutting oxygen gas flow channel. 10. The cutting tip according

to claim9, whepgéRinthe fikl $h Péiﬁer DD tRe prdN&InG Bx Pfendhs PifclNS iR idsfdem
an end of the preheating gas ow channel and an extension of  the

cutting o : QW I e : jng tipisin
t he rangeﬁ%% %%}%ﬁo%ﬁggﬁﬂggm%fg{t%fH{bAogﬂLﬁ%I?%éﬁe{tﬁ Hﬁ#ﬁﬂé gas cutting
machi ne, conpri sing: a cutting oxygen gas flow channel that

passes through the center in the axis direction of the cutting tip;

10 9. A cutting tip of a gas cutting machine, comprising:
a cutting oxygen gas flow channel that passes through the center in the axis
direction of the cutting tip;
a preheating gas flow channel that is formed by joining a fuel gas flow channel
and a preheating oxygen gas flow channel and that is disposed outside the cutting oxygen
15  gas flow channel,
a cutting oxygen hole that is disposed at an end of the cutting oxygen gas flow
channel; and
a preheating hole that is disposed at an end of the preheating gas flow channel,
wherein the end of the preheating gas flow channel is tilted to an extension of

20 the cutting oxygen gas flow channel.

10. The cutting tip according to claim 9, wherein the distance from a junction
of an extension from an end of the preheating gas flow channel and an extension of the
cutting oxygen gas flow channel to the end of the cutting tip is in the range of 10 to 20

25 min.



5a fuel gas flow channel that is disposed outside the cutting oxygen
gas fl ow channel; a preheating oxygen gas flow channel that is
di sposed outside the cutting oxygen gas flow channel; a cutting
oxygen hole that is disposed at an end28f the cutting oxygen gas fl ow
10channel ; a preheating hole that is disposed at an end of the fuel
gas flow channel; and a preheating hole that is disposed at an end of
t he preheati ng oxygen gas flow channel, wherein the fuel gas fl ow

channel and thelprq@g@ﬁbggﬁg%¥%gpm§ﬁggLﬁ&ﬂh&Q&ﬁ@HEn%Sare i ndependent

of each other in'the el i the end of the
channel are 1111 BrBORTEBEFRAONGHIBIC {1DESE TR E S G 4L DRI
channel .
direction of the cutting tip;
5 a fuel gas flow channel that is disposed outside the cutting oxygen gas flow
channel;
a preheating oxygen gas flow channel that is disposed outside the cutting oxygen
gas flow channel;
a cutting oxygen hole that is disposed at an end of the cutting oxygen gas flow
10  channel;
a preheating hole that is disposed at an end of the fuel gas flow channel; and
a preheating hole that is disposed at an end of the preheating oxygen gas flow
channel,
wherein the fuel gas flow channel and the preheating oxygen gas flow channel
15  are independent of each other in the cutting tip, and
wherein the end of the fuel gas flow channel and the end of the preheating

oxygen gas flow channel are tilted to an extension of the cutting oxygen gas flow

channel.



