1 DESCRIPTION METHOD FOR CUTTING WITH GAS AND APPARATUS FOR CUTTING WITH GAS 5
TECHNICAL FIELD [0001] The present invention relates to a method for cutting with gas which uses
a cutting tip including a preheating hole for forming alpreheating flame with a fuel gas and 10 an oxygen
gas for preheating, and an oxygen gas hole for cutting a workpiece by injecting oxygen gas for cutting,
and an apparatus for cutting with gas. Prigsibgissetaipgpe on Japanese Patent Application, No.
2008-236703, filed on September 16, 2008, the contents of which are incorporated herein by reference.
15 BACKGROUND ART [0002] For example, when a workpiece, such as a steel plate is cut, a gas
cutting method has been widely used in which a cutting start point in the workpiece is heated to a
temperature at WhETRHODEOROLT TRRGIVI TGS caMiied PRA R BUS elxsagng ienee\20generated at a
preheating hole, and the workpiece is burned and melted to be cut by injecting oxygen gas with a high
purity from a cutting oxygen gas hole toward the he@fesl portion. In the gas cutting method, while the
cutting start point in the workpiece is heated and while the workpiece is cut, a hydrocarbon-based gas
and an oxygen gas are supplied

TECHNICAL FIELD
[0001]
The present invention relates to a method for cutting with gas which uses a
cutting tip including a preheating hole for forming a preheating flame with afuel gasand
10  anoxygen gas for preheating, and an oxygen gas hole for cutting a workpiece by injecting
oxygen gas for cutting, and an apparatus for cutting with gas.
Priority is claimed on Japanese Patent Application, No. 2008-236703, filed on

September 16, 2008, the contents of which are incorporated herein by reference.

15 BACKGROUND ART
[0002]
For example, when aworkpiece, such as a steel plateis cut, a gas cutting method
has been widely used in which a cutting start point in the workpiece is heated to a
temperature at where an oxidation reaction can be carried out by a preheating flame
20  generated at a preheating hole, and the workpiece is burned and melted to be cut by
injecting oxygen gas with a high purity from a cutting oxygen gas hole toward the heated
portion.
In the gas cutting method, while the cutting start point in the workpiece is heated
and while the workpiece is cut, a hydrocarbon-based gas and an oxygen gas are supplied

25  asfuel gasto generate apreheating flame. However, a hydrogen gas has recently been



2 used instead of the hydrocarbon-based gas (For example, Patent Document No. 1). According to
this gas cutting method, it is necessary to supply a large amount of a hydrogen gas to the preheating hole
even when a workpiece is heated. That is, this gas c8tting method has a drawback of cost. 5Therefore, a
technical solution, which can heat the workpiece sufficiently when the workpiece is heated with the

preheating flame.aRdsANERMG HRYBI G 95L (ISP EiRSl e HRAAROB MBPGIMENT 10 PATENT

DOCUMENT [0003] [Patent Document No. 1] Japanese Unexamined Patent Application, First Publication

No. 2002-66736 15 Db ad B BiQfad bk HY WieiNddGIN StieéaBhit: M3ubhyBH arfebiviblatRY al HE
INVENTION [0004] 20In consideration of the above-described problems, it is an object of the present

invention to prhyiiegengashothéqreheiing Witk @as whéoha ugeispbiecaiitingatép.inaibding tai puekeating hole for
forming a preheating flame with a fuel gas and an oxygen gas for preheating, and an oxygen gas hole for
cutting a workpigtedoyetettisgpaikagbackabdost.cutting, and which can decrease an amount of hydrogen
gas used by supply a fuel gas to 25the preheating hole, which is appropriate in both heating and cutting
the workpfece, and anfherefore, atechnical solution, which can heat the workpiece sufficiently when

the workpiece is heated with the preheating flame, and solves the drawback of cost, is

desired.

PRIOR ART DOCUMENT
10
PATENT DOCUMENT
[0003]
[Patent Document No. 1] Japanese Unexamined Patent Application, First Publication No.
2002-66736
15

DISCLOSURE OF THE INVENTION

PROBLEMSTO BE SOLVED BY THE INVENTION
[0004]

20 In consideration of the above-described problems, it is an object of the present
invention to provide a method for cutting with gas which uses a cutting tip including a
preheating hole for forming a preheating flame with a fuel gas and an oxygen gas for
preheating, and an oxygen gas hole for cutting a workpiece by injecting oxygen gas for
cutting, and which can decrease an amount of hydrogen gas used by supply afuel gasto

25  the preheating hole, which is appropriate in both heating and cutting the workpiece, and an



3 apparatus for cutting with gas. MEANS FOR SOLVING THE PROM FM [0005] 5In order to solve the
problems, the present invention provides the following inventions. Claim 1 of the present invention
relates to a method for cutting with gas which uses a%utting tip including a preheating hole for forming a
preheating flame with a fuel gas and an oxygen gas for preheating, and an oxygen gas hole for cutting a
workpiece by B&%mr@&\(mgﬁ,&g cutting, wherein the fuel gas contains at least one of a hydrogen
gas and a hydrocarbon-based gas, and a ratio of the hydrogen gas and the hydrocarbon-based gas to be
supplied to the preheating hole is altered depending on a case of heating the workpiece and a case of
cutting the workpiece. [0006] 15Claim 10 of the present invention relates to an apparatus for cutting with
gas which suppiesNG FORGEDLYAN GENd RARSIRIEEMO a cutting tip including a preheating hole for forming a
preheating flame with a fuel gas and an oxygen gas for preheating, and an oxygen gas hole for cutting a
workpiece by i}@@%ing oxygen gas for cutting, wherein the apparatus includes a supply circuit for oxygen
gas, a supply circuit for hydrogen gas, a 20supply circuit for hydrocarbon-based gas, and a gas supply
control means; the préREEHRAdoBl¥ashesreRieres the Hesstld pyetirsu autdsxikpdeitd Nthe supply circuit for
hydrogen gas, and the supply circuit for hydrocarbon-based gas; a flow rate of a hydrogen gas supplied
from the suppl{"eAPFor hydrogen gas, and a flow rate of a hydrocarbon-based gas supplied from the

supply cireit for hycoqarbar:Pagedlaas o0 be AIEIed; NG SNERD SERATIAR [L GiRo ' connected
uses a cutting tip including a preheating hole for forming a preheating flame with afuel
gas and an oxygen gas for preheating, and an oxygen gas hole for cutting aworkpiece by

10  injecting oxygen gas for cutting, wherein the fuel gas contains at least one of a hydrogen
gas and a hydrocarbon-based gas, and aratio of the hydrogen gas and the
hydrocarbon-based gas to be supplied to the preheating holeis atered depending on a case
of heating the workpiece and a case of cutting the workpiece.

[0006]

15 Claim 10 of the present invention relates to an apparatus for cutting with gas
which supplies an oxygen gas, and afuel gasto a cutting tip including a preheating hole
for forming a preheating flame with afuel gas and an oxygen gas for preheating, and an
oxygen gas hole for cutting a workpiece by injecting oxygen gas for cutting, wherein the
apparatus includes a supply circuit for oxygen gas, a supply circuit for hydrogen gas, a

20  supply circuit for hydrocarbon-based gas, and a gas supply control means; the preheating
hole is connected to the supply circuit for oxygen gas, the supply circuit for hydrogen gas,
and the supply circuit for hydrocarbon-based gas; aflow rate of a hydrogen gas supplied
from the supply circuit for hydrogen gas, and a flow rate of a hydrocarbon-based gas
supplied from the supply circuit for hydrocarbon-based gas can be altered; the oxygen gas

25  holefor cutting is connected to the supply circuit for oxygen gas; and the gas supply



4 control means can alter a ratio of the hydrogen gas and the hydrocarbon-based gas which are supplied
to the preheating hole in a case of heating the workpiece and a case of cutting the workpiece. [0007] 5In
the method for cutting with gas and the apparatus fofcutting with gas, the ratio of an amount of the
hydrogen gas and the hydrocarbon-based gas relative to an amount of the fuel gas supplied to the

preheating holg,i53|trIEHASRSREING 21d BrGAS Ry SRANRE NS HORIISCT RN A5 R g5 Alrfiting the

workpiece. Therefore, it is possible to form a preheating flame, which is suitable in"each case of heating

and cutting thesweikpiReRoANSIEhEEFIERI 8 CRRSH RefiraMRUbRbi_RdNPIEROG S uttingMoreover, the
hydrogen gas, the hydrocarbon-based gas (also refers to a hydrocarbon gas), and the oxygen gas in the

present descrigheomoskpievet required to have a purity of 100%, and can contain inevitable impurities which
are allowed to be contained industrially. 15[0008] Claim 2 of the present invention relates to the
method for cutti®§ilith gas according to Claim 1, wherein the hydrogen gas, or a mixed gas of the

hydrogen gas and the hydrocarbon-based gas is supplied to the preheating hole in the case of heating
the workpfece. 20Claiffi the Bethedhas serinmvéingsg PatHieserparaila hyaating feitk geengevmiogas according

to Claim 10, wherein the gas supply control means supplies a hydrogen gas, or a mixed gas containing

the hydrogen Gh&hAHBURL ¢y ariesioern 955 aerdhe ARSI enBE I PrRE LY §he 30 8MOHELH the case of
heati h kpiece. [0009] 2 di | d f ir ith d th f
Cutting with ‘S URLLBY SREHPBGHA GO e L S U B SERGLTE to hoat the
workpiece, begays |&é‘éﬂh%%%&&&é@@ﬁ%&%ﬁ%&?srr%re.aef%}'af‘%ﬁ9 b Wt%?ﬁrggn gas and a

hydrocarbon-based gas, is supplied to the preheating hole in the case of heating the workpiece. 5[0010]
preheating flame, which is suitable in each case of heating and cutting the workpiece, and

10  decrease the consumed amount of a hydrogen gas.

Moreover, the hydrogen gas, the hydrocarbon-based gas (also refersto a
hydrocarbon gas), and the oxygen gas in the present description are not required to have a
purity of 100%, and can contain inevitable impurities which are allowed to be contained
industrially.

15  [0008]

Claim 2 of the present invention relates to the method for cutting with gas
according to Claim 1, wherein the hydrogen gas, or amixed gas of the hydrogen gas and
the hydrocarbon-based gasis supplied to the preheating hole in the case of heating the
workpiece.

20 Claim 11 of the present invention relates to the apparatus for cutting with gas
according to Claim 10, wherein the gas supply control means supplies a hydrogen gas, or a
mixed gas containing the hydrogen gas and the hydrocarbon-based gas in the preheating
hole as the fuel gasin the case of heating the workpiece.

[0009]

25 According to the method for cutting with gas and the apparatus for cutting with



Claim 3 of the present invention relates to the method for cutting with gas according to Claim 2, wherein a
ratio of the hydrocarbon-based gas mixed in the hydrogen gas is 30% by volume or less. [0011] 10Claim
12 of the present invention relates to the apparatus fér cutting with gas according to Claim 11, wherein
the gas supply control means adjusts a ratio of the hydrocarbon-based gas mixed in the hydrogen gas to

30% by volumegiolesa Ak EGAHIRAL PR IIARIATERY iR Hilb SRs-aRelpaRREralus for cutting

with 15gas of the present invention, it is possible to decreasé an amount of hydrogen gas used while
improving cuttinerrifisie ey £eHRER day/ I thHH M SyBY dEaCaH R Aiixea sl danhiibiregas of heating the

workpiece. [0013] Claim 4 of the present invention relates to the method for cutting with gas 20 according
to Claim 2, wharietiarsy daivarbbriFeadedys: &y bappl site dngquehexied inotb énhiyel vagest pedig 196 by volume or
less. [0014] According to the method for cutting with gas, it is possible to decrease an amount of
hydrogen gas weegthietele maintaining a cutting efficiency equivalent to that using 25 hydrogen gas. 6
[0015]
5 [0010]
Claim 3 of the present invention relates to the method for cutting with gas
according to Claim 2, wherein aratio of the hydrocarbon-based gas mixed in the hydrogen
gas is 30% by volume or less.
[0011]
10 Claim 12 of the present invention relates to the apparatus for cutting with gas
according to Claim 11, wherein the gas supply control means adjusts aratio of the
hydrocarbon-based gas mixed in the hydrogen gas to 30% by volume or less.
[0012]
According to the method for cutting with gas and the apparatus for cutting with
15  gasof the present invention, it is possible to decrease an amount of hydrogen gas used
while improving cutting efficiency compared with using only a hydrocarbon-based gasin
the case of heating the workpiece.
[0013]
Claim 4 of the present invention relates to the method for cutting with gas
20 according to Claim 2, wherein aratio of the hydrocarbon-based gas mixed in the hydrogen
gas is 10% by volume or less.
[0014]
According to the method for cutting with gas, it is possible to decrease an amount

of hydrogen gas used while maintaining a cutting efficiency equivalent to that using

25  hydrogen gas.



Claim 5 of the present invention relates to the method for cutting with gas according to any one of Claims
2 to 4, wherein the hydrocarbon-based gas is supplied to the preheating hole in the case of cutting the
workpiece. 5[0016] According to the method for Butting with gas of the present invention, it is possible
to use no hydrogen gas while maintaining heat energy needed to cut the workpiece. [0017] 10Claim 6 of
the present in\{ga_{gjn relates to the method for cutting with gas according to any one of Claims 2 to 4,
wherein a mixed gas containing the hydrogen gas and the hydrocarbon-based gas is supplied to the

preheating hole in the@ags DbCidi p@RWANRITee rdRfL3) RAeantding tarhry wiethpd for cutting with gas

of the present invention, it is possible to use no hydrogen gas while maintaining heat energy needed to
cut the workpieceor{it] &) &laome diotitimprasenivinsreiniibn hedpdea bortihasahihod fopdidting with gas 20
according to any one of Claims 2 to 6, wherein the hydrocarbon-based gas is LPG. [0020] Claim 8 of
the present invbatimhea|agdiote ithivgewesh ot dati suttingverkhieges according to any one of Claims 2 to 6,
wherein the hydrocarbon-based gas is propane gas. [0021] 25Claim 9 of the present invention relates to
the method fol @&fhg with gas 7 according to any one of Claims 2 to 6, wherein the hydrocarbon-based

gas is butane gas. [0022] _ _ _ o
According to the method for cutting with gas of the present invention, itis

possible to use no hydrogen gas while maintaining heat energy needed to cut the
workpiece.
[0017]

10 Claim 6 of the present invention relates to the method for cutting with gas
according to any one of Claims 2 to 4, wherein amixed gas containing the hydrogen gas
and the hydrocarbon-based gas is supplied to the preheating hole in the case of cutting a
workpiece.

[0018]

15 According to the method for cutting with gas of the present invention, it is
possible to use no hydrogen gas while maintaining heat energy needed to cut the
workpiece.

[0019]
Claim 7 of the present invention relates to the method for cutting with gas

20  according to any one of Claims 2 to 6, wherein the hydrocarbon-based gasis LPG.
[0020]

Claim 8 of the present invention relates to the method for cutting with gas
according to any one of Claims 2 to 6, wherein the hydrocarbon-based gas is propane gas.
[0021]

25 Claim 9 of the present invention relates to the method for cutting with gas



According to the method for cutting with gas of Claims 7 to 9, it is possible to use  gases which are
obtained more easily than hydrogen gas, and decrease an amount of 5 hydrogen gas used while
maintaining heat energy needed to cut the workpiece€. EFFECT OF THE INVENTION According to
the method for cutting with gas and the apparatus for cutting with gas of the present invention, it is

possible to forg. 2 pFRRRALRECIRBORRIS RIS T A2EM Bl 15aIREARSEIING IpHagkpiece while

maintaining heat energy needed, and decrease an amount of hydrogen gas used. BRIEF DESCRIPTION
OF THE FIGURE£0024] 15[Fig. 1] is a schematic view showing a gas cutting device according to a first
embodiment of the present invention. [Fig. 2] is a time chart for explaining functions of the gas cutting
device according to a AtsbetfingadihentbbthienrasegivitieptionClaihkdg.t3Pid tasyelsiviatic wew showing a
gas cutting device according to a second 20 embodiment of the present invention. [Fig. 4] is a time chart
for explaining fiasesiohislo btk ebtaisadutting ede \Wdbandusidgey o Seldacckeambodimenttaf the present
invention. [Fig. 5] is a figure for explaining effects obtained by the method for cutting with gas according to

the preserit inV¥#fRIEN G ESHINITRAINIRI CTARIR $IRIEY OrRgded IIEUNKEWNTHOIRFE0025] The first

embodiment of the present invention is explained referring to Figs 1 and

EFFECT OF THE INVENTION
According to the method for cutting with gas and the apparatus for cutting with
gas of the present invention, it is possible to form a preheating flame preferably in each of
10  heating and cutting the workpiece while maintaining heat energy needed, and decrease an

amount of hydrogen gas used.

BRIEF DESCRIPTION OF THE FIGURES
[0024]

15  [Fig. 1] isaschematic view showing agas cutting device according to afirst embodiment
of the present invention.
[Fig. 2] isatime chart for explaining functions of the gas cutting device according to a
first embodiment of the present invention.
[Fig. 3] isaschematic view showing a gas cutting device according to a second

20  embodiment of the present invention.
[Fig. 4] isatime chart for explaining functions of the gas cutting device according to a
second embodiment of the present invention.
[Fig. 5] isafigure for explaining effects obtained by the method for cutting with gas
according to the present invention.

25



2. 5Fig. 1 shows a gas cutting system 1 according to the first embodiment. Reference numeral 20 shows
a cutting tip, and 30 shows a gas cutting device. The gas cutting device 30 supplies oxygen gas and fuel
gas into the cutting tip 20. The cutting tip 20, whigh is pole shape, includes an oxygen gas hole for

cutting 22 which is formed at the center of an end surface of the cutting tip 20, and a preheating 10 hole

23 which is forgiesr Se S EEEH ENPERMIR@OIETERS B IENPISNtting 22. To the preheating hole 23, fuel

gas and oxygen gas are supplied from the gas cutting device 30. Oxygen gas is supplied from the gas
cutting device @@4g)the oxygen gas hole for cutting 22. A workpiece is heated by a preheating flame, and
cut (including piercing) by 15 injecting oxygen gas from the oxygen gas hole for cutting 22 to the heated
portion of the workpieTee first dreidvent diersipuetere ofdftpie baatingdreferdang tthiei gattand oxygen gas
hole in the cutting tip, such as number, position, and the relationship therebetween is not particularly
limited to this @mbodiment. 20[0026] The gas cutting device 30 includes a supply circuit for fuel gas 40, a
supply circuit for oxygen gas 50, and a control portion (gas supply control means) 60. The supply circuit
for fuel ga8 40 and th&§upShPeiFaaRTSHEGRYHYRS seraidnedanerted anbrsicoiing tip 20, respectively.

25The supply circuit for fuel gas 40 includes a supply circuit for hydro%en gas 41, 9 and a supply circuit
for propane ga€eiEsence neRerd aONRAFHBPH BB AOGRO WS S das HHEGEBVIE A hl/dR&8eN gas supply

source Sh, such ?s ah .dr(;%)en s tank. A resskije rle ulan valye 41P, and a solenoid valve for
hydrogen gas ﬁlﬁ g}%dﬁ%ﬁﬁ dsk'/éib THE BRI Fo )}8% 17 GaS%Pif this 5 order from the

hydrogen gas supply i‘fmﬂrﬁﬁﬁﬂ éi{é%,%%‘?&(ﬁjﬁéﬁﬁ‘éﬁaﬁg%t eﬂ%@%% ge%?%‘e‘fsgi?g%%%r%ﬁﬁ% by control

signals from the control portion’60 to contro ow rog or example, the supply

Zirggggrgr%%%gﬂ%ﬁéifﬁg‘g%@%ﬁ& BIRECERGI9A% B AR KRRHEEH 26, Sl pRshaRrgPrane gas tank.
10  hole 23 whichisformed so asto surround the oxygen gas hole for cutting 22. To the
preheating hole 23, fuel gas and oxygen gas are supplied from the gas cutting device 30.
Oxygen gas is supplied from the gas cutting device 30 to the oxygen gas hole for cutting
22.
A workpiece is heated by a preheating flame, and cut (including piercing) by
15  injecting oxygen gas from the oxygen gas hole for cutting 22 to the heated portion of the
workpiece.

Moreover, the structure of the preheating hole and the cutting oxygen gas holein
the cutting tip, such as number, position, and the relationship therebetween is not
particularly limited to this embodiment.

20  [0026]

The gas cutting device 30 includes a supply circuit for fuel gas 40, a supply
circuit for oxygen gas 50, and a control portion (gas supply control means) 60. The
supply circuit for fuel gas 40 and the supply circuit for oxygen gas 50 are connected to the
cutting tip 20, respectively.

25 The supply circuit for fuel gas 40 includes a supply circuit for hydrogen gas 41,



10solenoid valve for propane gas 46 are provided with the supply circuit for propane gas 45 in this order
from the propane gas supply source Sp. The solenoid valve for propane gas 46 opens or closes by
control signals from the control portion 60 to control the flow of propane gas. The supply circuit for oxygen
gas 50 includes a supply circuit for oxygen gas for 15 preheating 51 connected to the preheating hole 23

and a supply Céfﬂjgs{ﬂfpﬂ?(bﬁgﬁﬁt%rspf%&'rg ing &5 connected to the oxygen gas hole for cutting 22. The
supply circuit for oxygen gas 50 is connected to an oxygen gas supply source So, such as an oxygen gas

tank. [0027] 20The suppbsgisiitifenierasaragenfgssenaaineckl todulasgeR Raesuppijegulation valve

51P and a solenoid valve for oxygen gas for preheating 52 in this order from the oxygen gas supply

source So. Wheortecsio)y/ghagaisydalgaoipstahie fox prekseatingult it opeaadrhyritie shatond signals from
the control portion 60, oxygen gas for preheating is supplied to the preheating hole 23. In addition, the
supply circuit foa ex§ererydragefogRsp reb paided With presigely wittuia floghy dingan fes ékyytmsgas for
preheating 53. The high 10 circuit for oxygen gas for preheating 53 supplies high pressure-oxygen gas to
the preheatingoRefelvan iy HeSeR gassenplyeaHEF eI workp RO d valme dahiByHikaeenie®e ¥dxygen gas for
preheating 53 is provided between the oxygen gas supply source So and the solenoid valve for oxygen

gas for preheRRYSY. CHOESRYRBLIPL ST S SR I mori AR SR 8B ALINGES S ¥rik€sure regulation

valve 53P and aé‘ngéh solenoid valve for oxygen gas 54 in this order from the oxygen gas supply source
So. When the HY H481K5id valve for oxygen gas 54 is opened by the control signals from the control

portion 60, oxygen ga b sunplEaoaReRles dole Siadie A AUGIILIY oRa 0o for

preheating 53. The contro als are output when ting and piercing 10the piece. [0028] The

supply circuit fQipxyeRR@ap fQiEULNGBpIRAHBRIR PIRPFULAERYIRLAN Valve A5pPARd a solenoid valve
for oxygen gas for cutting 56 in this order from the oxygen gas supply source So. The supply circuit for
oxygen gas fossetiong b6 airretareaisesre provided with the supply circuit for propane gas 45
in this order from the propane gas supply source Sp. The solenoid valve for propane gas
46 opens or closes by control signals from the control portion 60 to control the flow of
propane gas.
The supply circuit for oxygen gas 50 includes a supply circuit for oxygen gas for
15  preheating 51 connected to the preheating hole 23 and a supply circuit for oxygen gas for
cutting 55 connected to the oxygen gas hole for cutting 22.  The supply circuit for
oxygen gas 50 is connected to an oxygen gas supply source So, such as an oxygen gas
tank.
[0027]
20 The supply circuit for oxygen gas for preheating 51 includes a pressure regul ation
valve 51P and a solenoid valve for oxygen gas for preheating 52 in this order from the
oxygen gas supply source So. When the oxygen gas solenoid valve for preheating 52 is
opened by the control signals from the control portion 60, oxygen gas for preheating is

supplied to the preheating hole 23.  In addition, the supply circuit for oxygen gas for

25  preheating 51 is provided with a high circuit for oxygen gas for preheating 53. The high



15the oxygen gas supply source So and the oxygen gas hole for cutting 22. In addition, the solenoid valve
for oxygen gas for cutting 56 in the supply circuit for oxygen gas for cutting 55 opens or closes by the
control signals from the control portion 60 to control e flow of the oxygen gas to the oxygen gas hole for
cutting 22. [0029] 20The control portion 60 outputs control signals to an appropriate solenoid valve to

open and closg {15 3BpspAESFlsRAANFHIASR0 1A RLSIANBIS drPufieping step. @ plercing step,

or a cutting step which is carriéd out by a program. Thereby, desired oxygen gas or fuel gas is supplied to

the cutting tip ZnERmE HkeP3 NBLPREERG eRtiPetR B PRIReIdien 60 and each solenoid valve in Fig. 1
shows a signal cable for sending 25control signals from the control portion 60 to each solenoid valve. 11

[0030] Next, the fihetibgrscirttine @asyyei ngsdenirendali ages 8 iptadvaitd[brusies tieadiygbd he solenoid
valve for hydrogen gas 42 provided in the supply circuit for 5 hydrogen gas 41 is opened by the control
signals from trgaseuppl porieSGandihe sl saoitbvilvef ahexyotargskl oxprentatiox§genTgehioh preheating 52
in the supply circuit for oxygen gas for preheating 51 and the high solenoid valve for oxygen gas for
preheating 54 #¢Hié gt aRLgerd PoRsRhen §aSIonhreercaieses EreusHenya 8 38paKl Aydrogen gas and
oxygen gas for preheating to the preheating hole 23. 10Thereby, hydrogen gas and oxygen gas for
preheating are iV RRIER 8! e dHeRtreg e 2 s e H@Hﬁ?ﬁﬂ@’fﬂ%}ﬁés HREIYSMISREE is then heated

by the preheatpg flame [003H MG RIS SI9gL S5 RORRLs g Rls G SoTHgkRRion 60 open
control portion 60, oxygen gasis supplied to the preheating hole 23 via the high circuit for
oxygen gas for preheating 53.  The control signals are output when heating and piercing
10  theworkpiece.
[0028]

The supply circuit for oxygen gas for cutting 55 includes a pressure regulation
valve 55P and a solenoid valve for oxygen gas for cutting 56 in this order from the oxygen
gas supply source So. The supply circuit for oxygen gas for cutting 55 connects between

15  the oxygen gas supply source So and the oxygen gas hole for cutting 22.  In addition, the
solenoid valve for oxygen gas for cutting 56 in the supply circuit for oxygen gas for
cutting 55 opens or closes by the control signals from the control portion 60 to control the
flow of the oxygen gas to the oxygen gas hole for cutting 22.

[0029]

20 The control portion 60 outputs control signalsto an appropriate solenoid valve to
open and close the appropriate solenoid valve based on control signalsin aheating step, a
piercing step, or a cutting step which is carried out by aprogram. Thereby, desired
oxygen gas or fuel gasis supplied to the cutting tip 20.  The broken line for connecting

the control portion 60 and each solenoid valve in Fig. 1 shows a signal cable for sending

25  control signals from the control portion 60 to each solenoid valve.



hydrogen gas 42 in the supply circuit for hydrogen gas 41. At the same time, the control signals from the
control portion 60 also open the solenoid valve for oxygen gas for preheating 52 in the supply circuit for
oxygen gas for preheating 51 and the high solenoid ¥lve for oxygen gas for preheating 54 in the high
circuit for oxygen gas for preheating 2053. Thereby, the hydrogen gas and oxygen gas for preheating are
supplied to the{d;g eating hole 23. In addition, the control signals from the control portion 60 open
the solenoid valve for oxygen gas for cutting 56 in the supply circuit for oxygen gas for cutting 55, thereby

oxygen gas for cutting\jexgune figstions er ey e comnd e ferouiienspand@As a result, hydrogen gas and
oxygen gas for preheating are burned in the 12 preheating hole 23 to form a preheating flame. Thereby,

the work is hefidingtriiaeirggme time, oxygen gas for cutting is injected from the oxygen gas hole for

cutting 22 toward the heated portion to pierce the work. [0032] 5[During cutting] The control signals
from the control portiohhéGag@ndtia \sdiervidreetngdsdd ropddeddgathéBupptiie supdiyr circuit for propane
gas 45. At the same time, the control signals open the solenoid valve for oxygen gas for preheating 52.
Thereby, & prdpaFogagaard §:argaerdidhaeostipbtisnals fieepheiseatfitlPadien®d. Whidheutting, the high

10solenoid valve for oxygen gas _fé)r preheating 54 is closed. In addition, the oxygen gas for cutting is
?9%?8"!

supplied to thé@??&gﬂ?gt S rV@UﬁF@_ Y BSNSE Fh G NSO ADIA IATEPBY fFCHigen gas for cutting
the preeatne B S L AL A By T R R e e,
e the work 000 K e B S R R SR R B gae, whicn
oxygen gas for preheating to the preheating hole 23.
10 Thereby, hydrogen gas and oxygen gas for preheating are burned in the
preheating hole 23 to form a preheating flame.  The workpiece is then heated by the
preheating flame.
[0031]
[During piercing]
15 The control signals from the control portion 60 open the solenoid valve for
hydrogen gas 42 in the supply circuit for hydrogen gas41. At the same time, the control
signals from the control portion 60 also open the solenoid valve for oxygen gas for
preheating 52 in the supply circuit for oxygen gas for preheating 51 and the high solenoid
valve for oxygen gas for preheating 54 in the high circuit for oxygen gas for preheating
20 53. Thereby, the hydrogen gas and oxygen gas for preheating are supplied to the
preheating hole 23.
In addition, the control signals from the control portion 60 open the solenoid
valve for oxygen gas for cutting 56 in the supply circuit for oxygen gas for cutting 55,
thereby oxygen gas for cutting is supplied to the oxygen gas hole for cutting 22.

25 As aresult, hydrogen gas and oxygen gas for preheating are burned in the



20make the fuel gas supplied to the preheating hole 23, are switched (that is, the ratio between hydrogen
gas and propane gas in the fuel gas is altered) so as to form an appropriate flame in each of heating,
piercing, and cutting the work. As a result, it is pgssible to decrease an amount of hydrogen gas used
while providing required heat energy. 25[0034] 13 In addition, since the supply of oxygen gas for
cutting to the QugeR GRRNOMR fRFGHINg dRAMyATIRREdeRRALI B IGRtBBeRiRICINg (AR cutting, the
work is efficiently heated, pierced, or cut. As a result, while the work is cut, it is possible to use not
hydrogen gas whiteimpreyjastogher: @neiityi 66 diied fioruhdiRyparigRynsHdRiycaiilMgrepane gas to the
preheating hole 23. [0035] Next, a second embodiment of the present invention is explained referring
to Figs. 3 and tbwkbiFibe Besteal pohiamm adipisieytrehowvikng a second gas cutting system. In Fig. 3, reference
numeral 70 denotes a gas cutting device. The gas cutting device 70 is different from the gas cutting
device 30 in th®®38bwing points. Specifically, hydrogen gas and propane gas are supplied by the solenoid
valve for hydrogen gas 42 and the solenoid valve for propane gas 46 in the gas 15cutting device 30. In
contrast, the sUpw@ewijagbgen gas and propane gas is controlled without steps by a mass-flow
controller provided in the suppli/ circuit for hydrogen gas 81 and the supply circuit for propane gas 85,

which are disposed in thg QBN enelsitrrsp fle FEALCEROT M EOsREt PRI ¥ Y o he other

components are the same as those in the cutting device _30. Therefore,. an explanation of the same
components (LIS ER 0 THNE STRRSH ] GO0 o as. Al e S Fie BRECBRRor

signals open the solenoid valve for oxygen gas for preheating 52.  Thereby, a propane

gas and oxygen gas are supplied to the preheating hole 23.  When cutting, the high
10  solenoid valve for oxygen gas for preheating 54 is closed.

In addition, the oxygen gas for cutting is supplied to the oxygen gas hole for
cutting 22 by opening the solenoid valve 56 for oxygen gas for cutting in the supply
circuit for oxygen gas for cutting 55.

As aresult, propane gas and oxygen gas are burned in the preheating hole 23 to

15  formapreheating flame. Thereby, thework isheated. At the same time, oxygen gas
for cutting isinjected from the oxygen gas hole for cutting 22 toward the heated portion to
pierce the work.

[0033]

According to the gas cutting device 30, hydrogen gas and the propane gas, which

20  make the fuel gas supplied to the preheating hole 23, are switched (that is, the ratio
between hydrogen gas and propane gas in the fuel gasisatered) so asto form an
appropriate flame in each of heating, piercing, and cutting the work.

Asaresult, it is possible to decrease an amount of hydrogen gas used while
providing required heat energy.

25  [0034]



The gas cutting device 70 includes a supply circuit for fuel gas 80, a supply circuit for oxygen gas 50 and
a control portion (control means for gas supply) 61. [0037] 25The supply circuit for fuel gas 80 includes a
supply circuit for hydrogen gas 81, a 14 supply circdi for propane gas 85, a mixing device 88, and a
solenoid valve for the fuel gas 89. The supply circuit for hydrogen gas 81 and the supply circuit for

propane gas 88 are aqmm gﬁé@%’%@ﬁ? 8&8&?&%@46? éﬁﬂ%ﬁ”&%%@%@ﬁ%‘?ﬂ%’ﬁ%@?@ﬂhe mixing

device 88. In addition, there is a cutting t at thé downstream side of the'mixing device 88. 5There is a

solenoid valveBfifey foe) Giredaissntnkibe fenngl g duslgandheiirgnibrenbingrdesigy 88 and the
cutting tip 20. [0038] The supply circuit for hydrogen gas 81 includes a mass-flow controller 82 and a

solenoid valverendty praget) gasuB83. The upstream side of the supply circuit for 10 hydrogen gas 81 is
connected to a hydrogen gas supply source Sh. The downstream side of the supply circuit for hydrogen
gas 81 is connected té #rerenikinghileviea8sk iBnatnitissdksibl e tmtiss ot dnogetigasoléteoid valve for
hydrogen gas 83 are disposed in this order from the hydrogen gas supply source Sh to the mixing device
88. The supphPEVdiRGHEFoaereadras et esvwiin By SURlY eohtRINBEEE18 e 5solenoid valve for
propane gas 87. The upstream side of the supply circuit for propane gas 85 is connected to a propane
gas supply solFeeIMleFGwnstream side of the supply circuit for propane gas 85 is connected to the
mixing devicﬁ gfe mass-flow controller 86 and the solenoid valve for propane gas 87 are disposed in
this order fro % upply circuit for propane gas 85 to the mixing device 88. 20[0039] The control portion

61 controls the degreg,qf.openi - %?EWI r ! - ime, the control
portion 61 opens and?(\:l%(sz’eggt%g%jc%;eﬁpgd val\fgflﬂ:?)){r}é rﬁy rogé@%@éﬁ%ﬁ%@%ﬁﬁﬁﬁéé for propane gas

87, and the soﬁagig ¥jve for the fuel gas 89 to control the flow of hydrogen gas, and propane gas.
25[0040]

10 Fig. 3isaschematic view showing asecond gas cutting system. InFig. 3,
reference numeral 70 denotes a gas cutting device.

The gas cutting device 70 is different from the gas cutting device 30 in the
following points.  Specifically, hydrogen gas and propane gas are supplied by the
solenoid valve for hydrogen gas 42 and the solenoid valve for propane gas 46 in the gas

15  cutting device 30. In contrast, the supply of hydrogen gas and propane gas is controlled
without steps by a mass-flow controller provided in the supply circuit for hydrogen gas 81
and the supply circuit for propane gas 85, which are disposed in the supply circuit for fuel
gas 80, in the gas cutting device 70.  The other components are the same as those in the
gas cutting device 30.  Therefore, an explanation of the same components is omitted in

20  thisembodiment.

[0036]

The gas cutting device 70 includes a supply circuit for fuel gas 80, a supply
circuit for oxygen gas 50 and a control portion (control means for gas supply) 61.

[0037]

25 The supply circuit for fuel gas 80 includes a supply circuit for hydrogen gas 81, a



15 In the gas cutting device 70 having the components explained above, it is possible to control the
degree of the mass-flow controllers 82 and 86 by the control signals from the control portion 61 to adjust
the flow rate of hydrogen gas in the supply circuit fodflydrogen gas 81 and the flow rate of propane gas in
the supply circuit for propane gas 85. 5Thereby, it is also possible to adjust the mixing ratio (in volume) of

the propane gagjg e AHRGRELERSges 85 ASRARS UL WDEE 1he WOIKRIRS s bRRIGH rRlegeed. or cut,

hydrogen gas, propane gas, or fuel gas containing hydrogen gas and propane gas is supplied to the

preheating holgg23 yiailegahusHas: toe Hpdader aHogimvPtHEEhRoMIREN fiy Fepaie gasarnrfpropane
10gas. [0041] Below, the functions of the gas cutting device 70 are explained. [During heating] The
degree of openirangddiveparaise; it thonitiwhere:b2 sect@betsf cominodeeday thenixoendel@ignals from the
control portion 61. At the same time, the solenoid valve for hydrogen gas 83, and the solenoid valve for
propane gas 838opémadditiosdhsreds acuttngdipi2(itHhb dateptesaroiSoiesiithg witing desiss-88w controllers 82
and 86. Thereby, fuel gas (at least one of hydrogen gas, propane gas, and a mixed gas containing

hydrogen gas aAReIpiopemengiskyalyetd iiddecoasdoremeching)f iaoDafyrh grebsbierdids/alve for the fuel

gas 2089. During this step, the solenoid valve for the fuel gas 89 opens. In addition, the control signals
open the solerBi VARV SNSRI HReReating 52 in the supply circuit for oxygen gas for
preheating 51 [&gg]he high solenoid

The supply circuit for hydrogen gas 81 includes a mass-flow controller 82 and a

solenoid valve for hydrogen gas 83. The upstream side of the supply circuit for

10  hydrogen gas 81 is connected to a hydrogen gas supply source Sh.  The downstream side
of the supply circuit for hydrogen gas 81 is connected to the mixing device 88. The
mass-flow controller 82 and the solenoid valve for hydrogen gas 83 are disposed in this
order from the hydrogen gas supply source Sh to the mixing device 88.

The supply circuit for propane gas 85 includes a mass-flow controller 86 and a

15  solenoid valve for propane gas 87. The upstream side of the supply circuit for propane
gas 85 is connected to a propane gas supply source Sp.  The downstream side of the
supply circuit for propane gas 85 is connected to the mixing device 88. The mass-flow
controller 86 and the solenoid valve for propane gas 87 are disposed in this order from the
supply circuit for propane gas 85 to the mixing device 88.

20  [0039]

The control portion 61 controls the degree of opening of the mass-flow
controllers 82 and 86. At the same time, the control portion 61 opens and closes the
solenoid valve for hydrogen gas 83, the solenoid valve for propane gas 87, and the
solenoid valve for the fuel gas 89 to control the flow of hydrogen gas, and propane gas.

25  [0040]



valve for oxygen gas for preheating 54 in the high supply circuit for oxygen gas for preheating 54 to

supply hydrogen gas and oxygen gas for preheating to the preheating hole 2523. 16 As a result, the fuel
gas and oxygen gas for preheating are burned in thdpreheating hole 23 to form a preheating flame. The
workpiece is then heated by the preheating flame. [0042] 5[During piercing] The control signals from

the control portion 61 %E%Q&tﬁﬁ@%@i&g Wﬁ&ﬂ%ﬂé@&ﬁﬁ&ﬁmﬂ%&b&?ﬁ%ﬁ?@%@@t the same

time, the solenoid valve for hydrogen gas 83, and the solenoid valve for propane gas 87 open or close so

as to conform witarihel deUIes @ HReSINEST BIecaIReHHe W el Inf B2 hdIPgnElareky. the fuel gas (at

least 10 one of hydrogen gas, propane gas, and a mixed gas containing hydrogen gas and propane gas)
is supplied to tine grethel qddngon @ie 13 3djiatttre Hole raisby alukdgenthesinehgagppl. dradingpthis step, the
solenoid valve for the fuel gas 89 opens. In addition, the control signals open the solenoid valve for
hydrogen gas BBlingtregse Bplgnditbeft dor ratechiogrenage 9&1n Aethepgiaroiectirtr tiropeoatyes 8fgnals open the
15solenoid valve for oxygen gas for preheating 52 in the supply circuit for oxygen gas for preheating 51
and the high soRae. Vdra o Pessdle P gai sbierahdadi i s Anyehanelgt tispRpaestertisygen gas for
preheating 53 to supply the hydrogen gas and the oxygen gas for preheating to the preheating hole 23. In
addition, the cOX¥FBPEIHEIs from the control portion 61 open the solenoid 20valve for oxygen gas for

oxygen gas hole or cATALS ALE BB THTEa G Al Sh e e T et R AP purmed in the
gas, or fuel gas containing hydrogen gas and propane gas is supplied to the preheating
hole 23 while adjusting the mixing ratio (in volume) between hydrogen gas and propane
10 gas.
[0041]
Below, the functions of the gas cutting device 70 are explained.
[During heating]
The degree of opening of the mass-flow controllers 82 and 86 is controlled by the
15  control signals from the control portion 61. At the same time, the solenoid valve for
hydrogen gas 83, and the solenoid valve for propane gas 87 open or close so as to conform
with the degree of opening of the mass-flow controllers 82 and 86. Thereby, fuel gas (at
least one of hydrogen gas, propane gas, and a mixed gas containing hydrogen gas and
propane gas) is supplied to the preheating hole 23 via the solenoid valve for the fuel gas
20  89. During this step, the solenoid valve for the fuel gas 89 opens.

In addition, the control signals open the solenoid valve for oxygen gas for
preheating 52 in the supply circuit for oxygen gas for preheating 51 and the high solenoid
valve for oxygen gas for preheating 54 in the high supply circuit for oxygen gas for
preheating 54 to supply hydrogen gas and oxygen gas for preheating to the preheating hole

25 23



preheating hole 23 to form a preheating flame. The workpiece is then heated by the preheating flame. At
the same time, the oxygen gas for cutting is injected to the heated 25 portion from the oxygen gas hole for
cutting 22 to pierce the workpiece. 17 [0043] [Durind®utting] The control signals from the control
portion 60 close the mass-flow controller 82. At the same time, the control signals close the solenoid

valve for hydrogen gag@;rga%qhémg Hé‘éléﬁ@ @Q?EQE%PHQ%&W}&%\?E%W%WH@ 86 is set to a desired

degree, and the solenoid valve for propane gas 87 is‘opened. Theréby, the propane gas is supplied to the

preheating holgrdwtinghel soterishvalyreleating flipaasrROwakingdnisieRediea sptaaoid valve for the

fuel gas 89 opens. In addition, the control signals from the control portion 61 open the solenoid 10valve
for hydrogen §3éhetiiagtipply circuit for hydrogen gas 81 to supply the oxygen gas for preheating to the
preheating hole 23. During cutting, the high solenoid valve for oxygen gas for preheating 54 closes.

In addition, ox{@&?]gas for cutting is supplied to the oxygen gas hole for cutting 22 by opening the
solenoid valve 56 for oxygen gas for cutting in the supply circuit for 150xygen gas for cutting 55. As a
result, propanélJaEaRESHden gas are burned in the preheating hole 23 to form a preheating flame.
Thereby, the workpiece is then heated by the preheating flame. At the same time, the oxygen gas for

cutting is injected fronT BEYWRSHPRAS IR IBECROh GBI AL Hedeiss HFis1ee 8t the workpiece.

20[0044] the mass-flow controllers 82 and 86. At the same time, the solenoid valve for hydrogen

gas 83, and the solenoid valve for propane gas 87 open or close so as to conform with the
degree of opening of the mass-flow controllers 82 and 86. Thereby, the fuel gas (at least
10  one of hydrogen gas, propane gas, and a mixed gas containing hydrogen gas and propane
gas) is supplied to the preheating hole 23 via the solenoid valve for the fuel gas 89.
During this step, the solenoid valve for the fuel gas 89 opens.
In addition, the control signals open the solenoid valve for hydrogen gas 83 in the
supply circuit for hydrogen gas81. At the same time, the control signals open the
15  solenoid valve for oxygen gas for preheating 52 in the supply circuit for oxygen gas for
preheating 51 and the high solenoid valve for oxygen gas for preheating 54 in the high
supply circuit for oxygen gas for preheating 53 to supply the hydrogen gas and the oxygen
gas for preheating to the preheating hole 23.
In addition, the control signals from the control portion 61 open the solenoid
20  valve for oxygen gas for cutting 56 in the supply circuit for oxygen gas for cutting 55, to
supply oxygen gas for cutting to the oxygen gas hole for cutting 22.
As aresult, the fuel gas and oxygen gas for preheating are burned in the
preheating hole 23 to form a preheating flame.  The workpiece is then heated by the
preheating flame. At the same time, the oxygen gas for cutting is injected to the heated

25  portion from the oxygen gas hole for cutting 22 to pierce the workpiece.



In the case of heating and piercing the workpiece, when the mixing ratio in volume of propane gas to
hydrogen gas is adjusted to 30% by volume or less, it is possible to decrease an amount of hydrogen gas
used while providing heat energy of the preheating fldme required to heat the workpiece. Therefore, the
mixing ratio of the propane gas to 25the hydrogen gas is preferably 30% by volume or less. 18 In
addition, wherygaggmixing ratio of hydrocarbon-based gas to hydrogen gas is adjusted to 10% by volume
or less, it is possible to decrease an amount of hydrogen gas used while providing heat energy which is
substantially epiaitg éhafrgptained by using only hydrogen gas. Therefore, it is more preferable to adjust
the mixing ratio of the 5 hydrocarbon-based gas to the hydrogen gas to 30% by volume or less. [0045]
According to the gas dquitingnclelagna6 fauitig cortioppoftibe 60alkpiahe nths-frixecbgtas leo82aining a
hydrogen gas and a propane gas is supplied to the preheating hole 23 as fuel gas. Therefore, it is
possible to rediiceasaaaibuat tbé hguirogaongks<siose thesulentiol pabrd din dtsegesrgasBredquiend to cut the
workpiece. [0046] Moreover, the present invention is not limited to these embodiments, and the
constitution of IROGHSLOORENNSVAE EnaMepshrl PMEERBIEPHEY St TSt 4@ esiesiFRy WegrRe RISt invention can be

altered as long as a_ra/ changes made to the constitution are within the 15scope of the present invention.

Specifically, a TA6PAAYYKE ¥ RERFRIAS h{RABEEDon BIERY PePiRRAs @ imBtmifd R Rowever, a
mixed gas contaiping LPG (liquid petrojeum gas) and at least one of butane and prgpane can also be
used instead o?rgﬂﬁ?gB%nglég%.v'a ew’ﬁﬁ‘%ﬂ?{%gﬁ?‘%{%j}’ocgﬁgﬁ:b séd’ %ggso?dﬁ r'{fan a propane gas,
LPG, and buta%?eaglg \?er}grqﬂé? gbe(ggé?{scan also be used. [0047] In the above embodiments,
the hydrogen gas supply source, the propane gas supply source and the oxygen gas supply source are

supplied from gas tanks AiPy¥RVETe LBREE SRPFOHSRSHERSIRINBGRRPAEILRSAALSRS M gas tanks. For
example, the 25 hydrogen gas supply source may be a hydrogen generation device in which water is
10  valve for hydrogen 83 in the supply circuit for hydrogen gas 81 to supply the oxygen gas
for preheating to the preheating hole 23.  During cutting, the high solenoid valve for
oxygen gas for preheating 54 closes.
In addition, oxygen gas for cutting is supplied to the oxygen gas hole for cutting
22 by opening the solenoid valve 56 for oxygen gas for cutting in the supply circuit for
15  oxygen gasfor cutting 55.
As aresult, propane gas and oxygen gas are burned in the preheating hole 23 to
form apreheating flame.  Thereby, the workpiece is then heated by the preheating flame.
At the same time, the oxygen gas for cutting is injected from the oxygen gas hole for
cutting 22 toward the heated portion to cut the workpiece.
20  [0044]
In the case of heating and piercing the workpiece, when the mixing ratio in
volume of propane gas to hydrogen gas is adjusted to 30% by volume or less, it is possible
to decrease an amount of hydrogen gas used while providing heat energy of the preheating

flame required to heat the workpiece. Therefore, the mixing ratio of the propane gas to

25  the hydrogen gasis preferably 30% by volume or less.



19 electrolyzed to an oxygen gas and a hydrogen gas. [0048] In the above embodiments, the flow of the
fuel gas is switched by the solenoid valves or the mass-flow controllers. However, in order to make the
flow of gasses 5 smooth and improve the efficiency,¥he oxygen gas and the fuel gas (including hydrogen
gas and hydrocarbon-based gas constituting the fuel gas) can be flowed with an interval by lapping the

switching timing of p'QW{WW%‘?\'W%W&Wdl@@&b&%&’%%fyj?ﬁ%}%@ments’ the flow

of the oxygen gas is controlled by combining I0plural solenoid valves. w of the oxygen

can also be cogjigiiadhy @He FaVratR1easiios RRabk BUElrasadm asduiP of ¢9aiHgHe gd$050]

Below, the effects obtained by the gas cutting method according to the present invention are explained.
15Fig. 5 showsdirbwhilatiposhipdiatyess dhevsithitesitperitd 19faiozt tantdttbis avetkbyasintg pierced and the
obtained combustion heat energy when the fuel gas contains 30% of propane gas and 70% of hydrogen
gas (% meansowybyydisigengain tideeiore, wWag elew)f eablietsl aghsstthetaing 0k @dighepane gas and 80%
of hydrogen gas, the fuel gas contains 10% of propane gas and 90% of hydrogen gas, the fuel gas
contains 5% of'gdiqsRspembageoah EP IR hYST PERIY BRRER 82HS, RINPBEOEIf§8S contains 100% of hydrogen
gas. [0051] In Fig. 5, the horizontal axis denotes combustion heat energy (MJ/h) when the workpiece
is cut, and the[IQ)Qfg:i]tudinal axis denotes the shortest period of time (second) required to pierce the

workpiece. Moreover, the shortest period of time requjred to 25pjerce the workpiece means the shortest
time from the start of égﬁ%%fﬂ#‘i‘%ﬁ&%ﬁ?i deewcg%, éju”ng cu {mg of the workpiece, the

mixed gas containing a hydrogen gas and a propane gas is supplied to the preheating hole

23 asfuel gas. Therefore, it is possible to reduce an amount of hydrogen gas used while
10  providing heat energy required to cut the workpiece.

[0046]

Moreover, the present invention is not limited to these embodiments, and the
constitution of the gas cutting device and the method for cutting according to the present
invention can be altered as long as any changes made to the constitution are within the

15  scope of the present invention.

Specifically, a propane gas is used as the hydrocarbon-based gas in these
embodiments. However, amixed gas containing LPG (liquid petroleum gas) and at |east
one of butane and propane can aso be used instead of a propane gas.

In addition, a hydrocarbon-based gas other than a propane gas, L PG, and butane

20  gas, and mixed gas thereof can also be used.
[0047]

In the above embodiments, the hydrogen gas supply source, the propane gas
supply source and the oxygen gas supply source are supplied from gastanks. However,
these gas sources do not necessarily need to be from gastanks. For example, the

25  hydrogen gas supply source may be a hydrogen generation device in which water is



20 reaction (combustion) is caused at the heated portion by injecting the oxygen gas for cutting. In other
words, the shortest period of time from the start of heating to reaching a temperature at which the
oxidation reaction occurs in the workpiece. M&eover, a lower combustion heat energy in the
horizontal axis and, a shorter 5time required to pierce is more preferable industrially. [0052]

According to Féﬂacﬁoiyz@o%%% Hégm%pg{%? L energy is 50 (MJ/h), the shortest piercing time is

reduced by about 30% when the fuel'gas contain o propane and 70% hydrogen gas, compared with
the shortest pigggiag time when the fuel gas is 10propane gas. In addition, the shortest piercing time when
the fuel gas contains 10% propane gas and 90% hydrogen gas is reduced by 65%, compared with the
shortest piercing time wkieraboederibgdisrients;apafiengeisthe fosh dheissndishitis bit isecisiandltat the present
invention can significantly reduce the amount of hydrogen gas used. As explained above, even when 30%
of propane gasalyegioldtie mashfidvogenrghesit 13aggyessiblde provakethetveraégassesquired to cut the
workpiece while reducing an amount of hydrogen gas used. INDUSTRIAL APPLICABILITY [0053]
20Accordifg t6Teethaactiniiy aiberrbdckanayg B exvass ersvine the fel predertudneysrPdsbreheating flame
which is suitable in each of cutting and heating, can be formed while providing sufficient heat energy

required to he ZPERBYHBRAEP ISR reRe CoNR I adI kIR s 8aR canhe HRVURthiBR ROREHED Bhs used. This

is extremely u?ggblllnlg t%dslle\ﬁyclﬁlnld?ﬁﬁi ng of plural solenoid valves or making time lags.

[0049]
In the above embodiments, the flow of the oxygen gas is controlled by combining
10  plural solenoid valves. However, the flow of the oxygen can also be controlled by other
flow rate-control means, such as a mass-flow controller.
[0050]
Below, the effects obtained by the gas cutting method according to the present
invention are explained.
15 Fig. 5 shows the relationship between the shortest period of time until the
workpiece is pierced and the obtained combustion heat energy when the fuel gas contains
30% of propane gas and 70% of hydrogen gas (% means % by volume, in the same way
below), the fuel gas contains 20% of propane gas and 80% of hydrogen gas, the fuel gas
contains 10% of propane gas and 90% of hydrogen gas, the fuel gas contains 5% of
20  propane gas and 95% of hydrogen gas, and the fuel gas contains 100% of hydrogen gas.
[0051]
In Fig. 5, the horizonta axis denotes combustion heat energy (MJh) when the
workpieceis cut, and the longitudinal axis denotes the shortest period of time (second)
required to pierce the workpiece. Moreover, the shortest period of time required to

25  pierce the workpiece means the shortest time from the start of heating until an oxidation



21 Explanation of reference numerals 20cutting tip 22oxygen gas hole for cutting 23preheating hole
530,70 gas cutting device 40, 80 supply circuit for fuel gas 41, 81 supply circuit for hydrogen gas
42solenoid valve for hydrogen gas 45, 85 supply cirédit for propane gas 10 46solenoid valve for propane
gas 50supply circuit for oxygen gas 51supply circuit for oxygen gas for preheating 52solenoid valve for

oxygen gas forpralratinamsivah SEQuLdes MerRarRapsieh Bﬁhﬁé%iﬂ%tﬁéé%@ﬂ galpgoid valve for
oxygen gas for preheating 55supply circuit for oxygen gas for cutting 56solenoid valve for oxygen gas for
cutting cutting.  In other words, the shortest period of time from the start of heating to reaching a
temperature at which the oxidation reaction occursin the workpiece.
Moreover, alower combustion heat energy in the horizontal axis and, a shorter
5  timerequired to pierce is more preferable industrially.
[0052]
According to Fig. 5, in a case where the combustion heat energy is 50 (MJh), the
shortest piercing time is reduced by about 30% when the fuel gas contains 30% propane
and 70% hydrogen gas, compared with the shortest piercing time when the fuel gasis
10 propanegas. |Inaddition, the shortest piercing time when the fuel gas contains 10%
propane gas and 90% hydrogen gas is reduced by 65%, compared with the shortest
piercing time when the fuel gasis propanegas. From these results, it is clear that the
present invention can significantly reduce the amount of hydrogen gas used.
As explained above, even when 30% of propane gasis added in a hydrogen gas, it

15  ispossibleto provide heat energy required to cut the workpiece while reducing an amount

of hydrogen gas used.

INDUSTRIAL APPLICABILITY
[0053]

20 According to the gas cutting method and gas cutting device of the present
invention, a preheating flame, which is suitable in each of cutting and heating, can be
formed while providing sufficient heat energy required to heat the workpiece. Therefore,
it is possible to reduce an amount of hydrogen gasused. Thisisextremely useful in
industrial use.

25



60control portion (gas supply control means) 72mass-flow controller for hydrogen gas 20 76Mass-flow
controller for propane gas Shhydrogen gas supply source Sppropane gas supply source Sooxygen gas
supply source 22 CLAIMS [Claim 1] A method for cditing with gas which uses a cutting tip including a
preheating hole for forming a preheating flame with a fuel gas and an oxygen gas for preheating, and

5an oxygen Q@BMQBWME@é@ﬂUmg by injecting oxygen gas for cutting, wherein the fuel gas
contains at least one of a hydrogen gas and a hydrocarbon-based gas, and a ratio of the hydrogen gas

and the hydroggrbon-bagieg @gs to be supplied to the preheating hole is altered depending on a case of
heating the workpiece and a case of 10cutting the workpiece. [Claim 2]
22 oxygen gas hole for cutting

23 preheating hole
5 30,70 gasecuttingdevice

40, 80 supply circuit for fuel gas
41,81 supply circuit for hydrogen gas
42 solenoid valve for hydrogen gas
45, 85 supply circuit for propane gas

10 46 solenoid valve for propane gas
50 supply circuit for oxygen gas
51 supply circuit for oxygen gas for preheating
52 solenoid valve for oxygen gas for preheating
53 high circuit for oxygen gas for preheating

15 54 high solenoid valve for oxygen gas for preheating

55 supply circuit for oxygen gas for cutting
56 solenoid valve for oxygen gas for cutting
60 control portion (gas supply control means)
72 mass-flow controller for hydrogen gas

20 76 Mass-flow controller for propane gas
Sh hydrogen gas supply source

¥

propane gas supply source

So oxygen gas supply source



A method for cutting with gas according to Claim 1, wherein the hydrogen gas, or a mixed gas of the
hydrogen gas and the hydrocarbon-based gas is supplied to the preheating hole in the case of heating
the workpiece. 15[Claim 3] A method for cutting4®ith gas according to Claim 2, wherein a ratio of the
hydrocarbon-based gas mixed in the hydrogen gas is 30% by volume or less. [Claim 4] A method for
cutting with gas according to Claim 2, wherein a 1gfig @} &€ 20 hydrocarbon-based gas mixed in the
hydrogen gas is 10% by volume or less. [Claim 5] A method for cutting with gas according to any one
of Claims 2 to gwhetpin the hydrocarbon-based gas is supplied to the preheating hole in the case of
cutting the workpiece. 25[Claim 6] 23 A method for cutting with gas according to any one of Claims 2

to 4, wherein a mixed gasethaationtugititeiyogagewhi gagsanal dite oty doeldoin bpserdagiag is supplied to the
preheating hole in the case of cutting a workpiece. [Claim 7] 5A method for cutting with gas according to
any one of Clahais f2rtboninp erpieheatrigythimeavbiba-tueseas gadds G Glafier BieheatiAgnagthod for cutting
with gas according to any one of Claims 2 to 6, wherein the hydrocarbon-based gas is propane gas.
10[Claim 9] anoxygen gas hole for cutting a workpiece by injecting oxygen gas for cutting,
wherein the fuel gas contains at least one of a hydrogen gas and a
hydrocarbon-based gas, and
aratio of the hydrogen gas and the hydrocarbon-based gas to be supplied to the
preheating hole is altered depending on a case of heating the workpiece and a case of
10  cutting the workpiece.
[Claim 2]
A method for cutting with gas according to Claim 1, wherein the hydrogen gas, or
amixed gas of the hydrogen gas and the hydrocarbon-based gasis supplied to the
preheating hole in the case of heating the workpiece.
15 [Claim 3]
A method for cutting with gas according to Claim 2, wherein aratio of the
hydrocarbon-based gas mixed in the hydrogen gas is 30% by volume or less.
[Claim 4]
A method for cutting with gas according to Claim 2, wherein aratio of the
20  hydrocarbon-based gas mixed in the hydrogen gasis 10% by volume or less.
[Claim 5]
A method for cutting with gas according to any one of Claims 2 to 4, wherein the
hydrocarbon-based gas is supplied to the preheating hole in the case of cutting the

workpiece.

25 [Claim 6]



A method for cutting with gas according to any one of Claims 2 to 6, wherein the hydrocarbon-based gas
is butane gas. [Claim 10] An apparatus for cutting with gas which supplies an oxygen gas, and a fuel gas
to 15 a cutting tip including a preheating hole for fordding a preheating flame with a fuel gas and an
oxygen gas for preheating, and an oxygen gas hole for cutting a workpiece by injecting oxygen gas for

cutting,  wherein A\e SRR HREARTAS SRR S bS89 18 SUPRYLSITgUt for hydrogen

gas, a supply circuit for hydrocarbon-based gas, and a gas supply control 20 means; the preheating

hole is connectgldo Ja-sHERing il Rse1geMErGhRIREaRICiEWH 5 ylppen Base and the supply

circuit for hydrocarbon-based gas; a flow rate of a hydrogen gas supplied from the supply circuit for

hydrogen gas,pastebai fighorate witadydfatethynbasgbgas supplied from the supply circuit for 25
hydrocarbon-based gas can be altered; 24 the oxygen gas hole for cutting is connected to the supply

circuit for oxydéhagas] and the gas supply control means can alter a ratio of the hydrogen gas and
the hydrocarbon-based gas which are supplied to the preheating hole in a case of heating the 5
workpieceband a case’ofMEtNaA o8 Ess Rosis] noitp any ae abpkaeied P URFFRIVIRG gas
according to Claim 10, wherein the gas supply control means supplies a hydrogen gas, or a mixed gas
containing theWSﬂéﬂmh%q%rocarbon-based gas in the preheating hole as the fuel gas in the
case of heating the 10workpiece. [Claim 12] An apparatus for cutting with gas according to Claim 11,
wherein the gas EUB control means adjusts a ratio of the hydrocarbon-based gas mixed in the

hydrogen gas to 30% R%\é%ﬂmrocrukﬂﬁa'with gas according to any one of Claims 2 to 6, wherein the
hydrocarbon-based gas is propane gas.
10 [Claim9]
A method for cutting with gas according to any one of Claims 2 to 6, wherein the
hydrocarbon-based gas is butane gas.
[Claim 10]
An apparatus for cutting with gas which supplies an oxygen gas, and afuel gasto
15  acutting tip including a preheating hole for forming a preheating flame with afuel gas and
an oxygen gas for preheating, and an oxygen gas hole for cutting a workpiece by injecting
oxygen gas for cutting,
wherein the apparatus includes a supply circuit for oxygen gas, asupply circuit
for hydrogen gas, a supply circuit for hydrocarbon-based gas, and a gas supply control
20  means,
the preheating hole is connected to the supply circuit for oxygen gas, the supply
circuit for hydrogen gas, and the supply circuit for hydrocarbon-based gas;
aflow rate of a hydrogen gas supplied from the supply circuit for hydrogen gas,
and aflow rate of a hydrocarbon-based gas supplied from the supply circuit for

25  hydrocarbon-based gas can be altered,;
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24

the oxygen gas hole for cutting is connected to the supply circuit for oxygen gas,
and

the gas supply control means can alter aratio of the hydrogen gas and the
hydrocarbon-based gas which are supplied to the preheating hole in a case of heating the
workpiece and a case of cutting the workpiece.

[Claim 11]

An apparatus for cutting with gas according to Claim 10, wherein the gas supply
control means supplies a hydrogen gas, or a mixed gas containing the hydrogen gas and
the hydrocarbon-based gas in the preheating hole as the fuel gasin the case of heating the
workpiece.

[Claim 12]

An apparatus for cutting with gas according to Claim 11, wherein the gas supply

control means adjusts aratio of the hydrocarbon-based gas mixed in the hydrogen gas to

30% by volume or less.



