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Description

[0001] The presentinventionrelates to a shielding gas
flow controller according to the preamble of claim 1
[0002] Such a shielding gas flow controller is disclosed
in WO02/066195 A2.

[0003] For electrical welding operations where the
welding point is to be provided with a blanket of inert
blanket gas, itis common to provide the blanket gas from
a centralized blanket gas supply installation, or from a
gas cylinder located in the vicinity of the welding machine
unit of the welding apparatus. The blanket gas provided
by the supply installation or the gas cylinder typically is
provided with a regulated gas pressure that exceeds the
pressure at which the blanket gas can be controlled by
the blanket gas control means of the welding apparatus.
In order to reduce the pressure to level at which the gas
conveniently can be delivered to the welding apparatus,
and be controlled by a control valve in the welding appa-
ratus switching on and off the flow of blanket gas, a pres-
surereductiondevice isinserted in the blanket gas supply
line in a location proximal to the gas cylinder or the gas
supply installation. Thus, a section of the gas supply line,
in which the gas is provided at a lower gas pressure than
in the gas supply installation or gas cylinder, exists be-
tween the pressure reduction device and the welding ma-
chine itself. Typically, this "low pressure" section of the
supply line is of a considerable length, in order to allow
practical use of the welding machine unit, which often is
required to be easily relocateable in order to reach dif-
ferently located areas at which the welding work is to be
performed. Further details with regard to the aspects of
the low pressure supply line and the control of blanket
gas supply for an electrical welding apparatus is provided
in the present applicant Norwegian patent application no.
20021557, and corresponding applications claiming pri-
ority from the aforementioned application. In 20021557,
a pulse width modulated signal driven valve controlled
by the welding wire feed rate takes the place of the tra-
ditional shielding gas supply valve in an electrical arc
welding apparatus.

[0004] The present applicants co-pending Norwegian
patent application no. NO20070472 describes the use of
a Pulse Width Modulated PWM valve technique for con-
trolling gas flow.

[0005] For electrical welding operations where the gas
flow is regulated according to a welding current and ac-
cording to the selected welding operation, it is important
that the gas flow is held above a minimum level to main-
tain a good quality of the welding. Aspects that will affect
the flow in a gas supply chain, are in general the initial
gas pressure and the gas-flow regulation performed by
the regulator itself. In addition there may be variable or
constant parameters that will affect the gas flow, and
these are mainly pressure drop in the supply line both
from the regulated gas supply to the regulator, and also
pressure drop in the line from the regulator to the point
of the gas outlet. It is possibly to add a flow sensor to
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measure the actual gas flow, and thereby compensate
for the total pressure drop. The disadvantage is that flow
sensors are expensive to introduce in afinal product, and
also the accuracy of the available flow sensors are var-
iable and unpredictable depending on where they are
placed in the gas flow line. This variation of accuracy is
related to the pulsed gas-flow which interfere with the
known flow measurement instruments.

[0006] The presentinvention describe a method to ob-
tain a gas flow regulation that will overcome problems
related to the above mentioned pressure drop. The same
problems controlling the gas flow in plasma cutting op-
erations will also be solved using the same regulation
technique.

[0007] The presentinvention provides a gas flow con-
troller for a welding apparatus exhibiting the features re-
cited in the accompanying independent patent claim 1.
[0008] Further advantageous features of the gas flow
controller of the invention are recited in the accompany-
ing dependent patent claims 2 - 5.

[0009] A shielding gas flow controller according to the
present invention for an electric arc welding apparatus
is for insertion into a shielding gas supply line between
a shielding gas source and a shielding gas valve of the
electric arc welding apparatus. The flow controller has a
shielding gas input and a shielding gas output, a control-
lable gas valve connected between the shielding gas in-
and outputs and having a control input, and

a controller means having a first input for receiving a
welding signal representing an electrical welding arc cur-
rent of the welding apparatus during a welding operation
and a gas flow setting control means adapted to generate
a flow setting output being function of the welding signal
and representing a desired shielding gas flow. The
shielding gas flow controller further comprises an input
pressure sensor connected to the shielding gas inputand
arranged to provide a shielding gas input pressure meas-
urement to a second controller means input, and an out-
put pressure sensor connected to the shielding gas out-
put and arranged to provide a shielding gas output pres-
sure measurement to a third controller means input, and
a flow setting output modifying means. The flow setting
output modifying means is arranged to modify the flow
setting output of the gas flow setting control means based
on the shielding gas input and output pressure measure-
ments, the welding signal, and a charateristic of the con-
trollable valve into a control signal for input to the control
input of the controllable gas valve so as to maintain during
the welding operation a substantially constant shielding
gas flow in the shielding gas supply line to the welding
apparatus corresponding to the flow setting output sub-
stantially independent of actual shielding gas input and
output pressures at the shielding gas in- and outputs,
respectively.

[0010] The shielding gas flow controller also comprises
a means adapted to determine a time at which the weld-
ing operation is not being performed on basis of the weld-
ing signal, and the controller means is adapted to output
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to the controllable gas valve an idle control signal so as
to maintain the output pressure at a predetermined idle
pressure level substantially during the time at which the
welding operation is not being performed.

[0011] Advantageously, in an embodiment of the
shielding gas flow controller of the invention, it comprises
a gas leak detector means being adapted to be enabled
during a period inwhich the welding operation is not being
performed, and being adapted to determine the period
on basis of the welding signal or based on output of an-
other device monitoring the welding signal. The gas leak
detector means includes a subtractor means arranged
to subtract the shielding gas output pressure measure-
ment from the shielding gas input pressure measure-
ment, and to provide a pressure difference value output.
A pressure difference comparator has a comparator out-
put, and is arranged to receive on first and second com-
parator inputs the pressure difference value output and
a predetermined pressure difference reference value, re-
spectively. The comparator is adapted to provide on a
comparator output a leak indication when the pressure
difference value is substantially at or greater than the
predetermined pressure difference reference value.
[0012] In a further embodiment of the shielding gas
flow controller of the invention, it comprises a pressure
level detector receiving the shielding gas input pressure
measurement and being adapted to effect provisioning
of a valve closing signal to the controllable gas valve so
as to close the gas valve when the shielding gas input
pressure measurement indicates a gas pressure being
at or less than a predetermined shielding gas input pres-
sure minimum level In the attached drawings,

Fig. 1 is an overall block schematic of gas flow reg-
ulator 100 of the invention in a welding oper-
ation

is a detailed block schematic of the gas flow
regulator 100 of the invention in a Welding op-
eration illustrated in figure 1,

is a detailed block schematic of an exemplary
embodiment of the gas flow regulator 100 of
the invention,

is a detailed block schematic of an exemplary
embodiment of the control unit of the gas flow
regulator 100 of the invention based on a
Hardware solution,

is anillustration ofthe physical setup with pres-
sure sensors, valve orifice and flow direction,
is a graph illustrating on a time axis the PWM
signal with respect to the period T where Ton
is representing the valves ON-period,

is a block schematic drawing of the table look-
up employed by the invention,

is a graph showing the flow through an exem-
plary embodiment of the flow regulator of the
invention, the valve operated with a fixed
PWM value and a variation of the input pres-
sure from 2 to 6 bar,

Fig. 2

Fig. 3

Fig. 4

Fig. 5

Fig. 6

Fig. 7

Fig. 8
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Fig. 9 is a graph illustrating gas flow through the
valve of the gas regulator of an exemplary em-
bodimentofthe inventionwhere theregulation
of the PWM according to the value of the pres-
sure sensors are included, and

is a block schematic drawing showing the gas
regulation system of the invention embodied
into a plasma cutting machine having two reg-

ulated gas flow lines.

Fig. 10

[0013] Referring to figures 1 and 2, the invention pro-
vides an improvement in gas flow stability, by automati-
cally controlling the average time at which the valve is
kept open, thereby reducing flow variations that typically
are experienced in prior art welding gas supply installa-
tions where gas is supplied from a feeding point 200 that
will be placed at a distance away from the regulator 100.
In such prior art installations, it is common that the reg-
ulator 100 is placed ata considerable distance away from
the gas final outlet point 1100. These distances will nor-
mally vary from one installation to another installation,
and also the dimensions of the supply hoses, tubes,
pipes, adapters and connector vary, and the result is that
the gas flow level is influenced as shown by the meas-
urement done in Fig. 8, and therefore the flow need to
be regulated according to the pressure variations in order
to keep the flow level within acceptable tolerances.
[0014] The gas flow controller of the present invention
includes pressure sensors at the input (120) and the out-
put (140), respectively, of the "PWM CONTROLLED
GAS FLOW REGULATOR" 100. Herein, PWM is an ac-
ronym for "Pulse Width Modulated", corresponding to
what is disclosed in the co-pending Norwegian patent
application no. NO20070472.

[0015] The pulse width controlled gas flow regulator
referred to above, in part employed by the present inven-
tion, includes a pulse train generator and a pulse train
driven valve, typically comprising a solenoid. The pulse
train has two states, the ON state (Ton) and the OFF
state as described in Fig. 6. The duration (Ton, Toff), i.e.
periods, of the aforementioned states may be varied by
way one or more inputs to the pulse train generator. The
valve is responsive to the aforementioned states, such
that the valve assumes a substantially fully open state
when driven by the ON state part of the pulse train, and
a substantially fully closed state when driven by the OFF
state part of the pulse train. By a suitable selection of the
pulse repetition frequency of the pulse train, drive power
dissipated inthevalve is ata minimum, thereby improving
the regulator performance.

[0016] In the disclosure of present invention provided
herein, including the attached drawings, the pulse train
driven valve is referred to by numeral 110, and the pulse
train regulator is included as part of the valve controller
arrangement being referred to herein by numeral 130.
[0017] With reference tofigure 3, some operational as-
pects of the gas flow controller of the present invention
are explained in the following.
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[0018] Tooperate the gas flow controller of the present
invention, the initial setting of the desired, orrequired gas
flow level (Q) can either be by a reference input 300 from
an operator or a control device, or it can be a measured
feedback value 400 from another process that is deter-
mining the gas flow requirement.

[0019] An input pressure measurement of P1, at 150
the gas pressure at valve input 120 is fed to the valve
controller arrangement 133 to adjust an ON-period 170
of the PWM-controlled valve 110, in order to obtain a
constant gas flow 600.

[0020] Anoutputpressure P2 measurement 160 of gas
pressure at valve output 140 is used to provide a com-
pensation for a reduction of the gas flow that typically is
caused by constant or variable changes in the shape,
such as cross section or length of the gas flow line, being
constituted by hoses, pipes, and connections 600, 700,
800. If the amplitude (value) of the output pressure P2 is
negligible (i.e. the value of P2 is so low that the PWM
output variation is within acceptable limits) then this
measurement can be left out of the regulation by setting
the value of P2 to 0 atm (or 1 atm if absolute pressure
value measurements are used), or if the variations of
value of P2 are within acceptable limits, then the meas-
urement of P2 can be replaced by a fixed value in the
formula. An example is that if the output pressure P2 is
measured to be e.g. 1.2bar, then the formula could be
AP =P1-1.2. The advantages are to reduce the number
of measurements points, which again reduce the product
price and complexity.

[0021] A difference in gas pressure AP= P1 - P2 be-
tween the input 120 and output 140 of the valve, obtained
as a pressure difference value by subtracting in a sub-
tractor 131 the output pressure measurement 160 from
the input pressure measurement 150, is fed to a pressure
difference input 132 of the valve controller arrangement
133, and used therein to calculate the gas flow through
the valve 110 when the valve is open.

[0022] The regulation of the gas flow can be done ac-
cording to different methods in the valve controller ar-
rangement 133 such as:

a) look-up table for the required pulse width

b) a function formula, polynomial that calculate the
pulse width

c¢) electronic hardware

resulting in an improved flow regulation shown in Fig. 9,
which show a dramatically improvement of the flow con-
trol compared to the unregulated flow shown in Fig. 8.
[0023] Inthefollowing, an embodimentof the invention
involving the use of one or more look-up tables to deter-
mine the valve control signal will be explained with ref-
erence to fig. 7.

[0024] The embodimenton the invention that employs
look up tables, a set of values have been collected in
previous measurements done for the actual fluids and
components to be used. To collect the values for the ta-
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bles, for different pressure levels of P1 and P2, the flow
is measured and the resulting values are placed inside
several look-up tables. The functionality of block 134,
represents the process parameter Y and/ or user input
X is user / process specific, and AP = P1 - P2.

The value of AP points to the table that must be used,
and the process parameter (Y) and /or user input, (X) are
used to select within the table the PWM output value
(170). For a typical welding application AP will vary be-
tween 1-6 bar, and for plasma-cutting applications the
AP may be up to 12 bar. The number of tables to be used
will vary with the requirements for accuracy, but can typ-
ical be one table pr. 0.5 - 1 bar. It can be sufficient to use
fewer tables by introducing an interpolation method be-
tween the tables, which by calculation will give PWM out-
puts for values of AP that lies inbetween the values in
the available tables.

[0025] Inthe following, an embodiment of the invention
involving the use of Calculation to determine the valve
control signal will be explained with reference to Fig 5.
[0026] The total block of 130 in Fig. 3 can be replaced
by a calculation performed in a processor by way of suit-
able software. With reference to Fig. 5, a fluid passing
through the orifice constriction represented by the valve’s
opening diameter Do, will experience a drop in pressure
across this orifice. This pressure drop is used to measure
the flow rate of the fluid when the valve is in its open
stage. The calculation of the flow rate of gas passing
through the orifice of the valve is typically based on Ber-
noulli’'s equation , combined with the ON-period (Ton)
relative to a total switching period T as described in Fig. 6.
Bernoull’s equation can be modified to ease the calcu-
lation in a computer, and can by introducing a flow coef-
ficient C(f), be written as:

Q(max) = C(f)*Ao*sqgr(2*AP/p)

where

Q(max) = maximum volumetric flow rate (valve con-
stant open)

Ao = * (Do/2)2 = area of valve opening (in open
stage)

AP =P1-P2

P = Fluid density

[0027] The flow coefficient C(f) is by experiment or in

a datasheet for the actual orifice of the valve. In place of
basing the determination of Q(max) and Ao on the phys-
ical characteristics of the valve itself, a separate orifice
device may suitably be located directly at the gas input
or gas output of the valve in such a way that the separate
orifice device is the dominating element with regard to
establishing Q(max) and Ao properties of the valve as-
sembly.

[0028] Based on the required flow level Q for the par-
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ticular application, which would correspond to the desired
gas flow, the ON-period (Ton) for the PWM modulated
valve is be calculated by:

Q=Q(max)*T(on)/ T

T(on) =T *Q/Q(max)

[0029] The puls rate of the PWM output (170) are cho-
sen based on the flow requirements for the application.
The pulsation of the gas supplied at the outlet (1100) as
a blanket gas in a welding application or as a blanket
and/or cutting gas in a plasma cutting machine, asaresult
ofthe chosen pulse rate, must be within acceptable limits.
l.e. it must not be variations in the supply of the gas at
the outlet 1100 that will affect the quality of the welding
or the cutting processes.

[0030] In addition the application specific parameters
X (300) and Y (400) can be included in the calculation
based on user specific settings X and / or process feed-
back parameter(s) Y.

[0031] Inthefollowing, an embodimentof the invention
involving the use of hardware regulation to determine the
valve control signal will be explained with reference to
fig 3and 4.

[0032] In a hardware solution, the AP (132) signal is
fed into the block 133, and compared with an output sig-
nal from the a ramp generator 134. The magnitude of the
output signal from the aramp generator 134 is influenced
by application specific parameters X and/or Y The ramp
generator can berealized by a discrete hardware solution
or by an timer circuit like the 555 timer circuit. The am-
plitude and/or the offset of the ramped output signal from
the ramp generator 134 will be influenced by X and/ or
Y either as a offset value or as a gain. This is normally
user specific settings, but the resulting effect will be that
a higher current 900, resulting in a higher value of the
process specific feedback value Y, will require a higher
level of gas flow. The influence of the user specific value
Xis thatdifferentwelding or cutting operations will require
different levels of gas flow. The parameters that will in-
fluence on the users setting of the X value is typical the
material that is going to be welded or cut, the thickness
of the material, the speed of the welding or cutting and
the gas type used. The functionality of block 134, repre-
senting the process parameter Y and/ or user input X is
user / process specific, with the result of a ramped output
voltage. When the ramp voltage at the negative input of
137 is lower than AP, then the PWM output 170 is high
(OFF). When the ramp voltage is higher than AP then
the output is low (ON).

Gas leak detection:

[0033] Gas leak detection of the gas flow line from the
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valve 110 of the flow controller of the invention to the
output valve 800 of the welding apparatus. With both
valves 110 and 800 closed, a constant pressure should
normally be detected by the pressure sensor 140 at the
output of the flow controller of the invention). If this pres-
sure decreases with both valves 110 and 800 closed, this
is useful as an indicator of a gas leak in the supply line
between the valve of the flow controller of the invention
and the output valve 800 of the welding apparatus.

Idle gas pressure maintenance:

[0034] Filling the gas flow line (600) with a minimum
pressure to make a quick start of gas supply to the gas
outlet (1100) when starting a new welding or cutting op-
eration. This is typically valid in situations where the cur-
rent 900 is off and the valve 800 is closed. When a new
welding or cutting operation is started, then the gas
should be available at the gas outlet 1100 when the cur-
rent 900 is starting. If not this can cause failure or poor
quality on the operation to be performed.

Claims

1. A shielding gas flow controller (100) for an electric
arc welding apparatus for insertion into a shielding
gas supply line between ashielding gas source (200)
and a shielding gas valve (800) of the electric arc
welding apparatus, the flow controller having
ashielding gas (200) input and a shielding gas output
(600),

a controllable gas valve (110) connected between
the shielding gas in- and outputs and having a control
input (170), and

a controller means having a first input (400) for re-
ceiving a welding signal representing an electrical
welding arc current (900) of the welding apparatus
during a welding operation and a gas flow setting
control (300) means adapted to generate a flow set-
ting output being function of the welding signal and
representing a desired shielding gas flow,
whereinthe shielding gas flow controller further com-
prises an output pressure sensor (140) connected
to the shielding gas output and arranged to provide
a shielding gas output pressure measurement to a
third controller means input (160), and a means
adapted to determine a time at which the welding
operation is not being performed on basis of the
welding signal, characterized in that the shielding
gas flow controller further comprises an input pres-
sure sensor connected to the shielding gas inputand
arranged to provide a shielding gas input pressure
measurement to a second controller means input, a
flow setting output modifying means adapted to mod-
ify the flow setting output of the gas flow setting con-
trol means based on the shielding gas input and out-
put pressure measurements, the welding signal, and



9 EP 2 200 777 B1 10

a charateristic of the controllable valve into a control
signal (170) for input to the control input of the con-
trollable gas valve so as to maintain during the weld-
ing operation a substantially constant shielding gas
flow in the shielding gas supply line to the welding
apparatus corresponding to the flow setting output
substantially independent of actual shielding gas in-
putand output pressures at the shielding gas in- and
outputs, respectively, and in that the controller
means is adapted to output to the controllable gas
valve an idle control signal so as to maintain the out-
put pressure (600) at a predetermined idle pressure
level during the time at which the welding operation
is not being performed.

The shielding gas flow controller of claim 1, compris-
ing agas leak detector means adapted to be enabled
during a period in which the welding operation is not
being performed determined on basis of the welding
signal, the gas leak detector means including a sub-
tractor means arranged to subtract the shielding gas
output pressure measurement from the shielding
gas input pressure measurement and to provide a
pressure difference value output, and a pressure dif-
ference comparator having a comparator output and
arranged to receive on first and second comparator
inputs the pressure difference value output and a
predetermined pressure difference reference value,
respectively, and a comparator output providing a
leak indication when the pressure difference value
is substantially at or greater than the predetermined
pressure difference reference value.

The shielding gas flow controller of claim 1, compris-
ing agas leak detector means adapted to be enabled
during a period in which the welding operation is not
being performed determined on basis of the welding
signal (400), the gas leak detector means including
a reference value to be the predetermined idle pres-
sure level of claim 2, the measured output pressure
level being continuously compared with the refer-
ence value, and a comparator output providing a leak
indication when the pressure difference value
change is substantially at or greater than the prede-
termined pressure difference reference value for a
given period of time, whereby the section (600) of
the gas flow line is checked by this gas leak checking
method.

The shielding gas flow controller of claim 1 or 2, fur-
ther comprising a pressure level detector receiving
the shielding gas input pressure measurement and
being adapted to effect provisioning of a valve clos-
ing signal to the controllable gas valve so as to close
the gas valve when the shielding gas input pressure
measurement indicates a gas pressure being at or
less than a predetermined shielding gas input pres-
sure minimum level.
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The shielding gas flow controller of claim 1 or 2, fur-
ther comprising a gas leak detection means for de-
tecting a gas leak in the gas flow line (600), (700)
and (800) adapted to measure the gas output pres-
sure at the output (140) of the valve (110) during an
welding operation, and adapted to indicate a leak in
the gas flow line if the measured gas output pressure
drops below a predetermined gas output pressure
threshold.

Patentanspriiche

Schutzgas-Durchflussregler (100) fir ein Gerat zum
elektrischen Lichtbogenschweillen zum Einsetzen
in eine Schutzgaszuleitung zwischen eine Schutz-
gasquelle (200) und ein Schutzgasventil (800) des
Gerates zum elektrischen Lichtbogenschweilien,
wobei der Durchflussregler aufweist:

einen Eingang fir Schutzgas (200) und einen
Schutzgasausgang (600),

ein regelbares Gasventil (110), das zwischen
den Schutzgaseingang und - ausgang geschal-
tet ist und einen Regeleingang (170) aufweist,
und

eine Reglereinrichtung (400), die einen ersten
Eingang zum Empfangen eines Schweilsig-
nals, das einen elektrischen Lichtbogenstrom
(900) des Schweiltgerats wahrend eines
Schweiltvorgangs reprasentiert, und eine Ein-
richtung zur Gasdurchfluss-Einstellungsrege-
lung (300) aufweist, die daflir geeignet ist, eine
Durchflusseinstellungsausgabe zu erzeugen,
die eine Funktion des Schweilsignals ist und
einen gewiinschten Schutzgasdurchflussrepra-
sentiert,

wobei der Schutzgas-Durchflussregler ferner um-
fasst:

einen Ausgangsdrucksensor (140), der mitdem
Schutzgasausgang verbunden und derart ein-
gerichtetist, dass er eine Schutzgas-Ausgangs-
druckmessung fUr einen dritten Reglereinrich-
tungseingang (160) bereitstellt, und eine Ein-
richtung, die dafiir geeignet ist, auf Grundlage
des Schweilisignals eine Zeit zu ermitteln, zu
der der SchweilRvorgang nicht durchgefihrt
wird,

dadurch gekennzeichnet, dass der Schutz-
gas-Durchflussregler ferner einen Eingangs-
drucksensor umfasst, der mit dem Schutzga-
seingang verbunden und derart eingerichtet ist,
dass er eine Schutzgas-Eingangsdruckmes-
sung fir einen zweiten Reglereinrichtungsein-
gang bereitstellt,

eine Durchflusseinstellungsausgabe-Modifika-
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tionseinrichtung, die daflir geeignet ist, die
Durchflusseinstellungsausgabe der Gasdurch-
flusseinstellungs-Regeleinrichtung auf Grund-
lage der Schutzgaseingangs- und -ausgangs-
druckmessungen, des Schweilsignals und ei-
ner Charakteristik des regelbaren Ventils in ein
Regelsignal (170) zum Eingeben in den Rege-
leingang des regelbaren Gasventils zu modifi-
zieren, um wahrend des Schweillvorgangs ei-
nen im Wesentlichen konstanten Schutzgas-
durchfluss, entsprechend der Durchflussein-
stellungsausgabe, im Wesentlichen jeweils un-
abhangig von tatsachlichen Schutzgas-Ein-
gangsdricken und -ausgangsdricken an den
Schutzgaseingangen und -ausgangen, in der
Schutzgaszuleitung zu dem SchweilRgerat auf-
rechtzuerhalten, und dass

die Reglereinrichtung daflir geeignet ist, an das
regelbare Gasventil ein Leerlaufregelsignal
auszugeben, um den Ausgangsdruck (600)
wahrend der Zeit, zu der der Schweillvorgang
nicht ausgeflhrt wird, auf einem vorgegebenen
Leerlaufdruckniveau zu halten.

Schutzgas-Durchflussregler nach Anspruch 1, der
eine Gasleck-Detektoreinrichtung umfasst, die dafiir
geeignet ist, wahrend einer Zeitspanne aktiviert zu
sein, in der der SchweiRvorgang nicht durchgefiihrt
wird, ermittelt auf Grundlage des Schweilisignals,
wobei die Gasleck-Detektoreinrichtung eine Subtra-
hierereinrichtung, die dafiir eingerichtet ist, die
Schutzgasausgangsdruckmessung von der Schutz-
gaseingangsdruckmessung zu subtrahieren und ei-
ne Druckdifferenzwertausgabe bereitzustellen, und
einen Druckdifferenzkomparator, der einen Kompa-
ratorausgang aufweist und derart eingerichtet ist,
dass er an einem ersten und zweiten Komparator-
eingang jeweils die Druckdifferenzwertausgabe und
einen vorgegebenen Druckdifferenz-Referenzwert
empfangt, und einen Komparatorausgang aufweist,
der eine Leckanzeige bereitstellt, wenn der Druck-
differenzwert im Wesentlichen auf dem vorgegebe-
nen Druckdifferenz-Referenzwert oder groRer als
dieser ist.

Schutzgas-Durchflussregler nach Anspruch 1, der
eine Gasleck-Detektoreinrichtung umfasst, die dafiir
geeignet ist, wahrend einer Zeitspanne aktiviert zu
sein, in der der SchweiRvorgang nicht durchgefiihrt
wird, ermittelt auf Grundlage des Schweilsignals
(400), wobei die Gasleck-Detektoreinrichtung einen
Referenzwert, der das vorgegebene Leerlaufdruck-
niveau nach Anspruch 2 sein soll, wobeidas gemes-
sene Ausgangsdruckniveau kontinuierlich mit dem
Referenzwert verglichen wird, und eine Komparator-
ausgabe aufweist, durch die eine Leckanzeige be-
reitgestellt wird, wenn die Druckdifferenzwertande-
rung im Wesentlichen auf dem vorgegebenen
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Druckdifferenz-Referenzwert fiir eine gegebene
Zeitspanne oder groRer als dieser ist, wobei der Ab-
schnitt (600) der Gasdurchflussleitung mithilfe die-
ses Gasleck-Prifverfahrens lberpriift wird.

Schutzgas-Durchflussregler nach Anspruch 1 oder
2, der ferner einen Druckniveaudetektor umfasst,
der die Schutzgas-Eingangsdruckmessung emp-
fangt und dafiir geeignet ist, ein Bereitstellen eines
VentilschlieBsignals an das regelbare Gasventil zu
bewirken, um das Gasventil zu schlieRen, wenn die
Schutzgas-Eingangsdruckmessung anzeigt, dass
ein Gasdruck auf einem vorgegebenen Schutzgas-
Eingangsdruck-Minimalniveau oder geringer ist.

Schutzgas-Durchflussregler nach Anspruch 1 oder
2, der ferner eine Gasleck-Erkennungseinrichtung
zum Erkennen eines Gaslecksinder Gasdurchfluss-
leitung (600), (700) und (800) umfasst, die daflr ge-
eignetist, den Gasausgangsdruck an dem Ausgang
(140) des Ventils (110) wahrend eines Schweilivor-
gangs zu messen, und dafir geeignet ist, ein Leck
in der Gasdurchflussleitung anzuzeigen, wenn der
gemessene Gasausgangsdruck unter einen vorge-
gebenen Gasausgangsdruck-Schwellenwert abfallt.

Revendications

Régulateur de débit de gaz de protection (100) pour
un appareil de soudage a I'arc électrique a insérer
dans une ligne d’alimentation de gaz de protection
entre une source de gaz de protection (200) et une
soupape de gaz de protection (800) de I'appareil de
soudage a l'arc électrique, le régulateur de débit
comprenant une entrée de gaz de protection (200)
et une sortie de gaz de protection (600),

une soupape de gaz contrdlable (110) connectée
entre les entrée et sortie de gaz de protection et pré-
sentant une entrée de commande (170), et des
moyens de commande présentant une premiere en-
trée (400) pour recevoir un signal de soudage repré-
sentantun courantd’arcde soudage électrique (900)
de l'appareil de soudage pendant une opération de
soudage et

des moyens de commande de réglage de débit de
gaz (300) aptes a générer une sortie de réglage de
débit en fonction du signal de soudage et qui repré-
sente un débit de gaz de protection souhaité, dans
lequel le régulateur de débit de gaz de protection
comprend en outre un capteur de pression de sortie
(140) quiestconnecté alasortiede gazde protection
et qui est agencé de maniére a fournir une mesure
de pression de sorte de gaz de protection a une troi-
siéme entrée de moyen de commande (160), et des
moyens aptes a déterminer un momentauquel 'opé-
ration de soudage n’est pas exécutée surla basedu
signal de soudage,



13 EP 2 200 777 B1 14

caractérisé en ce que le régulateur de débitde gaz
de protection comprend en outre un capteur de pres-
sion d’entrée qui est connecté a I'entrée de gaz de
protection et qui estagencé de maniére afournir une
mesure de pression d’entrée de gaz de protection a
une deuxiéme entrée de moyen de commande,
des moyens de modification de sortie de réglage de
débit aptes a modifier la sortie de réglage de débit
des moyens de commande de réglage de débit de
gaz sur la base des mesures de pression d’entrée
et de sortie de gaz de protection, du signal de sou-
dage et d’une caractéristique de la soupape contro-
lable en un signal de commande (170) a entrer dans
'entrée de commande de la soupape de gaz contrd-
lable de maniére a maintenir pendant 'opération de
soudage un débit de gaz de protection sensiblement
constant dans la ligne d’alimentation en gaz de pro-
tection a 'appareil de soudage qui correspond a la
sortiederéglage de débit sensiblementindépendan-
te des pressions d’entrée et de sortie de gaz de pro-
tection réelles aux entrée et sortie de gaz de protec-
tion, respectivement, et en ce que les moyens de
commande sont aptes a communiquer a la soupape
de gaz contrdlable un signal de commande a vide
de maniére a maintenir la pression de sortie (600)
au niveau de pression a vide prédéterminé pendant
la période pendant laquelle 'opération de soudage
n’est pas exécutée.

Régulateur de débit de gaz de protection selon la
revdendication 1, comprenant des moyens de dé-
tecteur de fuite de gaz aptes a étre activés pendant
une période pendantlaquelle l'opération de soudage
n’est pas exécutée déterminée sur la base du signal
de soudage, les moyens de détecteur de fuite de
gaz comprenant des moyens de soustracteur agen-
cés de maniére a soustraire la mesure de pression
de sortie de gaz de protection de la mesure de pres-
sion d’entrée de gaz de protection et a générer une
sortie de valeur de différence de pression, et un com-
parateur de différence de pression présentant une
sortie de comparateur et agencé de maniére a rece-
voir sur des premiere et deuxiéme entrées de com-
parateur la sortie de valeur de différence de pression
ainsi qu’une valeur de référence de différence de
pression prédéterminée, respectivement, et une sor-
tie de comparateurfournissant une indication de fuite
lorsque la valeur de différence de pression est sen-
siblement égale ou supérieure a la valeur de réfé-
rence de différence de pression prédéterminée.

Régulateur de débit de gaz de protection selon la
revendication 1, comprenant des moyens de détec-
teur de fuite de gaz aptes a étre activés pendant une
période pendant laquelle l'opération de soudage
n’est pas exécutée déterminée sur la base du signal
de soudage (400), les moyens de détecteur de fuite
de gaz comprenant une valeur de référence devant
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correspondre au niveau de pression a vide prédé-
terminé de la revendication 2, le niveau de pression
de sortie mesuré étant comparé de fagon continue
avec la valeur de référence, et une sortie de com-
parateur fournissant une indication de fuite lorsque
la variation de la valeur de différence de pression
est sensiblement égale ou supérieure a la valeur de
référence de différence de pression prédéterminée
pendant une période de temps donnée, moyennant
quoila section (600) de la ligne d’écoulement de gaz
est contrélée en appliquant ce procédé de vérifica-
tion de fuite de gaz.

Régulateur de débit de gaz de protection selon la
revendication 1 ou 2, comprenant en outre un dé-
tecteur de niveau de pression qui regoit la mesure
de pression d’entrée de gaz de protection et qui est
apte a assurer I'envoi d’un signal de fermeture de
soupape alasoupapede gaz contrélable de maniere
a fermer la soupape de gaz lorsque la mesure de
pression d’entrée de gaz de protection indique
gu’une pression de gaz est égale ou inférieure a un
niveau minimum de pression d’entrée de gaz de pro-
tection prédéterminé.

Régulateur de débit de gaz de protection selon la
revendication 1 ou 2, comprenant en outre des
moyens de détection de fuite de gaz pour détecter
une fuite de gaz dans la ligne d’écoulement de gaz
(600), (700) et (800) et aptes & mesurer la pression
de sortie de gaz a la sortie (140) de la soupape (110)
pendant une opération de soudage, et aptes a indi-
quer une fuite dans la ligne d’écoulement de gaz si
la pression de sortie de gaz mesurée chute en des-
sous d’un seuil de pression de sortie de gaz prédé-
terminé.
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EPINOTTT "szm&»; H0039651
VEROGAZ ARAMLASSZABALYOZD HEGRSZTOKES UL BKHEZ
SEABALALMLIGERYPONIOK

»‘

1 Veddgaz {shiskling gas) AvamliseaatdhorG {low conbolien slakiromos vhagesaid borendezdsher {glectdc s welding
apparalus) bakistdsra noy voddnas wrohdilato vonalbs {shislding gan supply) & slexbromus hdingesid berondarés viddgie

Torrdsa {200 65 vorddude sechops fvalve) (800 ke ax Sramidaszabiivozs a kivalaxdhhe! rendeliank:

védiigaz bemenel lingut; (200} &5 veddgdz Kimanat {output) (8005

szabaiynzhats gizsrsdep {110}, amaly Sssrehitintent biztosit @ vendgds be- es kimanalek k20t d rendelharik agy azabalyozd

bemenette! {(170); &¢

szabalynze eszkiz {controlier means), amalynek van sgy alsd bemensts (400} egy hegesxldst ol fwalding siuna) befogadasara,

amely jol kKépvisall 8 heussald berendezds elsktromos hegesnd iv aramat (electriol walding &0 currsnt) (800) egy hegesatést
mivelat soran, &5 van sgv gazaramids besliids sxabdlvod werkdze {gas Yow setting conirol means) (300}, amely Ugy van
adaptalva, hogy generalion sy aramids beallith kimanstel (flow selting output), ahol 6z & hegesziési il fingyinys &5 épviseli a
xivant vidfigar aramiast;

ghol & vedbgar Sramidsszabilyord tartahinaz lovabba egy kimend nyomas éredled® (outpul pressurs sensor} (140), amely
hozed van Kaposolva {connect) a vedigaz kimenuthie 8% Goy van shendeevs, hogy seolnditosson egy vidghe himenctl
myomasmenest egy. barmadik szstalyeed sszkoz bemenethor {180% &c env enukisl amely Gy van aduplalva, Bogy
neghaldrosza axt gz ol amadynal hegosatisl mivelel nincs vegrahajiva a hagosatéal ol alapidn, azzal jellemezve, hogy 8
viadadz - arambasszabilyozd arialmaz tovsbbd sgy bemenall nyomasérzekell - amely hozza van kapesoive a vedfgae
bemensthes &g Ugy van glrendeave, hogy seigaltasson agy vaudeas bemeneli nyomdsnmdrast agy misodik sasbélyezs saxkde

bemensthez, tartaimaz lovahbs egy sramids beslitt kinenet midositd exakbzt (modifving nsans), amaly doy van adeptdles,

hogy mddosliss a gozaramids bedillG szabliyozd eszids Sromids-beadiHs kimenslel § vedigdz bemenst o kimensll
nyomasrdriseire, o hogasziesi il &5 a srabilvozhal szelep jelemzdive alapozva egy stabalyze lelbe {tonvol signgl {170}
a bemenether a srabalyozhatd garszelep sxabdlyors bemenstéher {contral input) Ggy, hogy fennmaradion a hegesztéal
mivelat gordn egy Hayvegiben dlands vadindr Sramids 9 viddgae sandgdiald venadban & hogenzis Darendaresher, ahol wx
meghdel 3z Aramids bedlitd kimenetek és nyegshen fignellen az akludls vedSyie bemenall- &3 kimanet nyomasoktdl &
vedlnde ba- llelve kimenelekngl lowibha azzs! jellemesvs, hogy 3 seabalyozd eszkdedk foontrollsr means) adaplélvavanask
a kimenethez aiysn moden. Bogy Kboosassanak a szabdlvozhald ghrsrelepskiver say lresioratl fidle) szabdiyazd jeled oy,
hogy fennmaradion a kimenall nyonias (600} egy sidre meghatdrazolt firesiarali nyomdssainian aren ildtariam sordn, amelynd!
Heguszidsi midvelet nines végrehafiva.

< Az 1 igenypont szennll widdgaz dramidsszabalyed, amely blaimuz eny gareaiviirgae-ielrd esakanl {gas isak detsclor
mesms}: amedy Uty van adaplalva, hagy sonak az wéadannak 8 sodn, ane yb@n hegessiést mivelst nincs vagrehaiiva a

egesziést il alapian meghatirorva, b hepay lagyan mikadnn 8 gassaivingdcialxd eazhds magaban Roghil egy Kivons ssrkdat
{_subts"azci@f means), amely GUy van slrendesve, hogy Konia g vidGgae Kimenell nyomdsmerest a védégaz bamenet
nyotidamerdshol v solgdltasson egy nyomaskiiidnbesn ek {pressure difference valus) Kimenetel &% mandban foglal sy
nyonsdskionbadg ouszehasontitol {pressure difference comparston), smelynek van eny osszehusonlitd kimenela, d¢ Loy van
elrendezye, hogy belogadin ax ¢lsC s masndik Orarehasoniio bemenslaken & nyombskuldnlisty enek Kimenatel, Hebe agy

"L’

gltire meghatarozall nvomaskilonbsiy referencls riékel 85 sgy Osszehasoniitd {comparaior} kimanatel, amely saoigaltal sy

saivargan jelzest {eak indicafions, amkar a nyomaskilonbséy eneke Wayagthen meglelsl wz sifte meghatérozod

nyomaskilonteéy referencia érigknek vagy anndl nagyobb.



]

4 Az 1 igénypont szerinti veddgar aramiasszabalyoss, amely fadalmar sgy gassabvargasdelnt eazxga {(gas leak delentor
maang, smely Ggy van asdaplaiva, hogy annak sz dotartamnak 8 sordn, amedyban hegeoatial mivelet nince vagrehajtva 2
hegesziosi jel (400} sloplon meghatdrores, v képes ingyen mOkOdNl & gduszivirgdsinlzd eszkdz maghban foglal gy

referencia érteket 2 2 fgdnyoont elive meghaldmaott fresidrat (dla) nyomasszinlithez, a mért kimensd nyomasszint

folyamatosan ossze van hasoniitva 1 referencia dridkkel, & agy Seazehasonild kimened szolnaltal sgy seivivghsjelzést, amikor
& nyGmaskiionbség értek vallords Knyegeben meglalel ax eltie moeghathrzoll nyomaskildnbseg sidknek vagy snnd
nagyobb egy adott iddtartam sordn, exdltal & pdzsramisel vonalnak egy szakeszal (seolion) (890 ellsndrizedk snnek w
gazazivargast ellendras slisrdsnak {gas leaking checking method} 8 segitsdgavel,

4. Az 1. vagy 2. igénypont saavint vedonas drambisszabalyozd, amely tartalmaz tovabba sy nyomasszint Rinulatot {pressurg

lavel datecton, amaly befogadia 8 védGode bomenall nyomSemérisl, &8 gy van sdupldiva, bogy hatéssal lsgyen egy
Nzelepadre jol seolyalatdsdra o szabdlyiehatd garszdlephez gy hogy oivis & gqazerelepsl anvkor & vaddgae bemanel
nyomasmigss olyan gaznyontast ielez, amely sgy #ldre neghatirozol veddgar bemenell nyomas minimalls sxintigndl van, vagy
annal s Kiselb,

5 Az Y. vagy 2 igénypont szerindl vadiadr Sramlassaabdivors, amely tartaimaz towabhd agy garssivamast mulalo eszkoal
Gazezivirgas kimulalasdra a iz dramigl vorathan (800), {700} &s {800} és Ggy van adaptalva, hogy méne a gdz Kimenet
ayomast a szelep (110) Kinanstend! (140) egy hegessiési muvaiet soran, 65 Ggy van adapialiva, hogy jelezzen saivarpast {isak)

a gax drandast vonstban, ha 8 mér gaz Kimenel ayomas egy «lbre meghatarozell gaz Kimeneli nyomas Riszib ald gk
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