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(57) Abréegée/Abstract:

The Invention relates to a plasma spraying apparatus (1) including a plasma torch (2) for heating up a spray powder (3) In a heating
zone (4) and a metering unit (5) for metering the spray powder (3), sald metering unit (5) for conveying the spray powder (3) Into an
Injection unit (6) by means of a conveyor gas (/) under a pre-determined pressure being connected with a conveyor gas unit (9) via
igned as a powder Injector (62) so that the
ugh the inlet (61) by means of the conveyor

a conveyor gas line (8). The injection unit (6) has an inlet (61) and an outlet (62) des
spray powder (3) can be supplied from the metering unit (5) to the injector unit (6) thro
gas (/) via an Injector line (10) to the Injector unit (6). In this arrangement the injector

way that the spray powder (3) can be brought into the heating zone (4) by the conveyor gas (/) emerging fro

Unit (6) Is designed ar

d arranged in such a

m the powder Injector

(62), with a pressure sensor (11) for the detection of the pressure (P) of the conveyor gas (/) being provided for monitoring the
condition of the plasma spraying apparatus (1). The invention further relates to a method for monitoring the condition of a plasma

spraying apparatus (1).
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Abstract of Disclosure

The invention relates to a plasma spraying apparatus (1) including a
plasma torch (2) for heating up a spray powder (3) in a heating zone (4)
and a metering unit (5) for metering the spray powder (3), said metering
unit (5) for conveying the spray powder (3) into an injection unit (6) by
means of a conveyor gas (7) under a pre-determined pressure being con-
nected with a conveyor gas unit (9) via a conveyor gas line (8). The injec-
tion unit (6) has an inlet (61) and an outlet (62) designed as a powder
injector (62) so that the spray powder (3) can be supplied from the meter-
ing unit (5) to the injector unit (6) through the inlet (61) by means of the
conveyor gas (7) via an injector line (10) to the injector unit (6). In this
arrangement the injector unit (6) 1s designed and arranged in such a way
that the spray powder (3) can be brought into the heating zone (4) by the
conveyor gas (7) emerging from the powder injector (62), with a pressure
sensor (11) for the detection of the pressure (P) of the conveyor gas (7)
being provided for monitoring the condition of the plasma spraying appa-
ratus (1). The invention further relates to a method for monitoring the

condition of a plasma spraying apparatus (1).

Fig. 1

Inventor: KONIG, Peter
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A plasma spraving apparatus and also a method for monitoring the condition of a

plasma apparatus

BACKGROUND OF INVENTION

The invention relates to a plasma spraying apparatus and also to a

method for monitoring the condition of a plasma spraying apparatus.

Plasma spraying apparatuses, for example for coating the surface of a
work piece with a spray powder, are well known in the prior art, and are used widely
in completely different technical fields. Known plasma spraying apparatuses often
comprise a plasma spray gun, a high power direct-current source, a cooling
aggregate and also a powder conveyer. For the protection of people and the
environment, the spraying is often carried out in closed spaces which are equipped

with vacuum filters, dust filters and noise protection devices.

In atmospheric plasma spraying an arc is triggered in a plasma torch
between a water-cooled anode and a likewise water-cooled tungsten cathode. A
process gas, usually argon or nitrogen or a mixture of an inert gas with nitrogen or
hydrogen is converted into the plasma state in the arc and a plasma beam with a
temperature of up to 20.000 K develops. Particle speeds of 200 to 350m/s are

achieved through the thermal expansion of the gases. The powdery spray material

enters the plasma beam with the
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help of a conveyor gas either axially or radially inside or outside of the

anode region.

It goes without saying that in particular those components which are
arranged close to the plasma torch can be affected in time by the extreme
temperatures. The spray powder itself, which as a rule has aggressive and
abrasive mechanical characteristics, also leads in time to wear on compo-
nents of many different kinds, such as the powder injector, supply lines,
seals, valves or the metering unit for the metering of the spray powder.
Furthermore, a continuously constant quality of the spray powdei‘ 1s not
always guaranteed. Thus it can, for example, happen that a powder
charge contains particles which are much too large, so that clogging or
narrowing of the supply cross-sections results at critical positions and the
powder supply is reduced unduly or even interrupted completely. The
possible operating faults which are only listed here by way of example,
which occur during operation of a plasma spraying apparatus, all lead as
a rule to the sprayed layers no longer meeting the required specifications
so that the relevant workpieces have to be rejected in the worst case.
Relatively minor damage or faults which can be remedied easily if recog-
nised in time; can, if they remain undetected, lead in the long run to
further system components being damaged or rendered useless which can
naturally lead to considerable service and repair. costs, which would not
have occurred if the initially minor damage or faults had been discovered
in time. .

SUMMARY

An object of some embodiments of the present invention is thus to propose a plasma spraying appara-

tus and also a method with which faults and the damage of components of

‘the plasma spraying apparatus can be recognised at an early stage.
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The plasma spraying apparatus according to some embodiments of the invention includes a
plasma torch for heating up a spray powder in a heating zone and a me-
tering unit for metering the spray powder, said metering unit being con-
nected to a conveyor gas unit via a conveyor gas line for conveying the
spray powder into an injection unit by means of a conveyer gas under a
pre-determined pressure. The injector unit has an inlet and an outlet
designed as a powder injector, so that the injector unit can be supplied
from the metering unit through the inlet. In this arrangement the injector
unit is designed and arranged in such a way that the spray powder can be
brought into the heating zone by means of the conveyor gas emerging from
the powder injector, with a pressure sensor for the detection of the pres-
sure of the conveyor gas being provided for monitoring the condition of the

plasma spraying apparatus.

In accordance with some embodiments of the mvention a pressure sensor is thus provided for
the recognition of the pressure of the conveyor gas so that the gas pres-
sure of the conveyor gas can be monitored. If the plasma spraying appa-
ratus 1s in perfect condition, the pressure of the conveyor gas has a cer-
tain value or, in thé operating state of the plasma spraying apparatus, lies
within a pre-determined pressure region which registers the trouble-free

condition of the plasma spraying apparatus. The concrete value of the

pressure or the exact pressure range of the conveyor gas which corre-

sponds to a trouble-free condition of the plasma spraying apparatus and
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which can, for example, lie between 1000 mbar and 2000 mbar, and
preferably at approximately 1300 mbar, can depend on both the working
pressure, which can be predetermined by the conveyor gas unit, and also
on the type of plasma spraying apparatus used, on the spray powder or on

the operating conditions under which the plasma spraying apparatus can

be operated.

Should the condition of the plasma spraying apparatus or the condition of
one of its components deteriorate, for example the condition of the powder
injector in operation, then this has been shown to have an eftect on the
pressure of the carrier gas. Thus, by way of example, the injector unit, in
particular the powder injector, can be obstructed by spray powder to a
greater or lesser extent, which can for example become noticeable by an
increase in pressure in the conveyor gas which is detected by the pressure
sensor. This can occur for example if the spray powder used contains
particles which exceed a certain size. If a rise in the pressure 1s detected
by the pressure sensor, corresponding countermeasures can be taken
immediately so that deterioration in the quality of a layer to be sprayed

using the plasma spraying apparatus can be prevented.

A drop in pressure can also indicate a deterioration in the condition of the
plasma spraying apparatus, for example in the injector unit. It 1s thus
possible, for example, that the nozzle opening is stretched or damaged 1n
time by the spray powder, so that an ideal introduction of the spray pow-
der into the plasma flame is no longer guaranteed. The injector unit can
also be damaged, for example deformed, by the extremely high tempera-
tures of the plasma flame in the course of time, or can also wear faster

than intended due to material faults or faults in manufacture.
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Depending on the nature of the damage the pressure of the carrier gas can
also fluctuate or oscillate in a characteristic manner for example, which

can have a negative effect on the spraying process.

In this arrangement other damage and/or damage to other components ot
the plasma spraying apparatus can be detected by measuring the pres-
sure of the carrier gas using the pressure sensor. For example the pres-
sure of the carrier gas can depend on the amount of spray powder which
is made available by the metering unit per time unit, so that changes in
the pressure of the carrier gas point to irregularities in the preparation or
the supply of the spray powder. Leakages in the system due to worn seals
for example, which can be provided at the injector unit, at the metering
unit, at the injector line, at the conveyor gas line, or at a different compo-
nent of the plasma spraying apparatus among positions, can also be
detected particularly easily by measurement of the pressure of the carrier
gas so that countermeasures can be taken immediately and thus further
damage 1s preventable. It goes without saying that even with wear of the
system components occurring in the course of time, cracks or other leak-
ages, in particular in the metering unit, the conveyor gas line, the injector
line, the injector unit or other system components of the plasma spraying
apparatus can be detected reliably in accordance with some embodiments of the invention by
measurement of the pressure of the carrier gas.

In this arrangement particular damage can lead to completely character-

istic alterations in the pressure of the carrier gas, so that in certain cases
even the nature of the damage can be discerned from the nature of the
alteration 1n the gas pressure of the carrier gas. Thus, for example, in a
particular plasma spraying apparatus, a reduction of 1mm? of the cross-
section of the outlet opening of the powder injector shows a change of the

pressure 1n the carrier gas of approximately 110 mbar. If a rise in pres-
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sure such as this is detected, an ongoing spraying procedure can, for
example, be mterrupted to remedy the corresponding damage to the

plasma spraying apparatus.

The pressure sensor for measurement of the pressure of the conveyor gas
can in this arrangement be provided at different places. In a preferred

embodiment the pressure sensor is provided in the conveyor gas line.

In a different embodiment the pressure sensor is in contrast provided in

the injector line on-the-other hand.

In this arrangement it is also possible for more than one pressure sensor
to be provided in a plasma spraying apparatus in accordance with some embodiments of the
invention. Thus for example one pressure sensor can be advantageously
placed 1n the injector line and one pressure sensor in the conveyor gas
line, so that two values of the pressure of the carrier gas can be deter-
mined. Moreover a plurality of pressure sensors can also be provided at
certain indicated positions. Thus, by way of example, the drop in pressure
can be measured and observed over the conveyor gas line and/or over the
injector line and/or over the metering unit. If a plurality of pressure sen-
sors 1s provided at different places, damage which occurs can be localised
more easily and precisely. Moreover the nature of damage which occurs,
for example a leak in a line, problems with the metering unit while meter-
Ing the spray powder or an obstruction of the powder injector or stretching
of the cross-section %of the powder injector or different damage which can
occur during operation of the plasma spraying apparatus in accordance
with some embodiments of the invention, can be classified and localised more simply. That is to
say by use of a plurality of pressure sensors the different kinds of damage

can be differentiated more simply and can be assigned more easily.
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Whereas, in a particularly simple embodiment, the pressure sensor 1s
merely connected with a pressure indicator which indicates the pressure
of the carrier gas, so that the operating personnel of the plasma spraying
apparatus can take appropriate measures at a certain pressure reading, in
an embodiment which is important in practice, the pressure sensor for
monitoring the pressure of the conveyor gas is connected signal-wise with
a monitoring unit. The monitoring unit can evaluate the pressure of the
carrier gas measured by the pressure sensor for example and generate a
corresponding optical, acoustic or a different signal, for example, via an
output unit for example, via a computer monitor for example, so that the
operating personnel can take appropriate measures. It is also possible for
the monitoring unit to determine the nature of the damage from the pres-

sure data measured and to issue this information via the output unit.

In this arrangement, in a further embodiment, the monitoring unit in-
cludes a control unit for the control and/or regulation of the pressure and
/or of the magnitude of the flow of the conveyor gas and/or ot a supply
quantity of the spray powder and /or of the metering of the spray powder
and/or of a heating power of the plasma torch and/or of other operating
parameters and/or of a system component of the plasma spraying appa-
ratus. Not every change in the pressure of the supply gas makes the ex-
change or the repair of a system component immediately necessary. For
example a current spraying procedure can often still be finished by the
adaptation of certain operating parameters, for example the amount of
spray powder conveyed per time unit, the value of the pressure and / or
the flow quantity of the conveyor gas and /or the power of the plasma
torch and /or other operating parameters. The adaptation of the above-
named and other operating parameters can preferably be automatically

undertaken by the control unit in dependence on the pressure and/or

certain changes of the pressure of the conveyor gas, so that a current
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spraying procedure can be constantly automatically monitored and optimised. Adaptations

such as these can of course also be undertaken manually by the operating personnel.

In this arrangement the pressure sensor itself is preferably a mechanical,

optical, magnetic or an electric pressure sensor known per se, in particular a piezoelectric

pressure sensor.

Some embodiments of the invention further relate to a method for the
monitoring of the condition of a plasma spraying apparatus wherein a spray powder is
metered by means of a metering unit and a injector unit 1s provided which has an inlet and an
outlet designed as a powder injector, wherein the spray powder is supplied out of the metering
unit to the injector unit via an injector line through the inlet by means of a conveyor gas under
a predetermined pressure and the spray powder is brought into a heating zone by means of the

conveyor gas emerging from the power injector, with the pressure of the conveyor gas being

monitored by means of a pressure sensor.

[n an embodiment of the method in accordance with the invention which is
significant for practical use a monitoring unit, which includes a control unit, is connected
signal-wise with the pressure sensor, with the pressure of the conveyor gas and/or the tlow
quantity of the carrier gas and/or a supply quantity of the spray powder and/or a heating
power of the plasma torch and/or a different operating parameter and/or a system component

of the plasma spraying apparatus being monitored and/or controlled and/or regulated.

According to one aspect of the present invention, there i1s provided a plasma
spraying apparatus including a plasma torch for heating up a spray powder 'in a heating zone
and a metering unit for metering the spray powder, said metering unit being connected to a
conveyor gas unit via a conveyor gas line for conveying the spray powder into an injection
unit by means of a conveyor gas under a pre-determined pressure, wherein the injection unit
has an inlet and an outlet designed as a powder injectof so that the spray powder is supplied

from the metering unit through the inlet to the injection unit by means of the conveyor gas via

an injector line and wherein the spray powder is brought into the heating zone by means of the
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conveyor gas emerging from the powder injector, wherein a pressure sensor is provided for

the detection of the pressure (P) of the conveyor gas for monitoring the condition of the

plasma spraying apparatus.

According to another aspect of the present invention, there 1s provided a
method for monitoring the condition of a plasma spraying apparatus wherein a spray powder
1s metered by means of a metering unit, the method comprising: providing an injector unit
which has an inlet and an outlet, and which is designed as a powder injector supplying the
spray powder to the injector unit from the metering unit through the inlet by means of a
conveyor gas under a predetermined pressure via an injector line, bringing the spray powder
into a heating zone by means of the conveyor gas emerging from the powder injector, and

monitoring the pressure of the conveyor gas by means of a pressure sensor.

o — i — e ——C e e R o= S e S i P~ e S e P S e S

The invention will be explained in more detail in the following with the help of

the drawing which shows in a schematic representation:

Fig. 1 shows a plasma spraying apparatus with a monitoring unit and a

control unit.

DETAILED DESCRIPTION

Fig. 1 shows in a schematic illustration a plasma spraying apparatus in

accordance with the invention which is referred to as a whole with the reference numeral 1 1n

the following.
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The plasma spraying apparatus 1 in accordance with the invention
includes, in a manner known per se, a plasma torch 2 with an injector unit 6 for
heating a spray powder 3 in a heating zone 4. The injector unit 6 has an inlet 61 and
an outlet 62 designed as a powder injector, so that spray powder can be brought into
the heating zone 4 by means of the powder injector by means of a conveyor gas 7/
under a predetermined pressure P via an injector line 10, which is connected with the
inlet 61.

A metering unit 5 is provided for metering the spray powder 3 which Is
brought into the heating zone 4 of the plasma spraying apparatus 1 during plasma
spraying. The spray powder 3 can be supplied to the metering unit 5 out of a storage
container 14 so that the spray powder 3 can be metered by the metering unit 5. The
spray powder 3 can be supplied from the metering unit 5 to the injector line 10, which
is not only connected to the metering unit 5 but also to the conveyor gas line 8. The
conveyor gas line 8 is fed with conveyor gas 7 from conveyor gas unit 9, so that the
spray powder 3 can be supplied out of the metering unit 5 into the injector unit 6 with
the help of the conveyor gas 7, wherein the conveyor gas unit 9 prepares the
conveyor gas 7 under a predetermined pressure P. In this special case further
parameters of the conveyor gas 7 can also be predetermined by the conveyor gas
unit 9, such as for example the flow quantity, the temperature, the composition, and

also further parameters of the conveyor gas 7 which are relevant to operation.
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The plasma torch 2 is designed as an anode 21, at least in the region of

the heating zone 4, so that a plasma can be triggered in cooperation with

the cathode 22, so that the spray powder 3 brought into the heating zone

4 can be heated in the operating condition of the plasma spraying appa-
ratus and a surface layer can, for example, be sprayed onto a workpiece

using the melted spray powder in a manner known per se.

In the embodiment shown here a pressure sensor 11 is provided in the
conveyor gas line 8 to detect the pressure P of the conveyor gas 7 and 1s
preferably, but not necessarily, a piezoelectric pressure sensor 11. The
pressure sensor 11 1s connected signal-wise with a monitoring unit 12 for
monitoring the pressure P of the conveyor gas 7. In the example shown
the monitoring unit 12 includes a control unit 13 for the control and / or
regulation of the pressure P of the conveyor gas 7 and/ or of the through
flow quantity of the conveyor gas 7 and /or of a supply quantity of the
spray powder 3 and /or of a heating power of the plasma torch 2 and /or

of other operating parameters and /or of a system component of the

plasma spraying apparatus 1.

In the embodiment shown in Fig. 1 the control unit 13 is connected sig-
nal-wise with an electric energy source 15 and the conveyor gas unit 9. By

these means, in dependence on the pressure P of the conveyor gas 7

recorded by the pressure sensor 11, not only can the pl’asma enthalpy of

the plasma beam be influenced by control and /or regulation of the elec-
tric energy source 15 or by control and /or regulation of the plasma gas,
but also the pressure P and /or the through flow quantity of the conveyor
gas 7 can be adjusted, for example. If, for example, an abnormal value of
the pressure P of the conveyor gas 7 is established by means of the pres-

sure sensor 11, then an operating condition of the plasma spraying appa-
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ratus 1 can be correspondingly influenced by the monitoring unit 12 and
the control unit 13, which for example can be realised by an electronic
data processing system, 1n particular a computer. Thus, a spraying proce-
dure can, for example, be stopped automatically or, in case of less serious
faults, an operating parameter such as for example the plasma enthalpy of
the plasma beam, the pressure P of the conveyor gas 7 or other operating
parameters can automatically be adapted in such a way that the ongoing
spraying procedure can be completed and after the conclusion of the
spraying process the necessary repair work and servicing can be under-
taken. It goes without saying that the invention is not limited to plasma
spraying apparatus of the kind illustrated in Fig. 1, but rather that for
example the plasma torch 2, the injector unit 6 or all other system com-
ponents illustrated in the schematic Fig. 1 can also be designed differ-
ently. Corresponding embodiments of plasma spraying apparatus are
known per se from the prior art and thus do not need to be described
individually here. This means that the invention relates to all possible
suitable embodiments of plasma spraying apparatus in which a spray

powder can be brought into a heating zone of a plasma torch with the help

of a conveyor gas.

Thus the invention makes available a plasma spraying apparatus and also
a method for monitoring the condition of a plasma spraying apparatus
which allows the condition of the plasma spraying apparatus to be moni-
tored very etfectively in a particularly simple manner by measuring the
pressure of the conveyor gas, which conveys the spray powder into an
injector unit of a plasma torch of the plasma spraying apparatus. In this

arrangement completely different faults or damage on components of the

plasma spraying apparatus can not only be detected and localised from

the measured pressure data, but rather it is also possible in the operating

state to control or regulate different parameters of the spraying process,
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such as the conveyor gas pressure, the plasma enthalpy of the plasma
beam or of any other parameter in such a way that the operating pa-
rameters are adapted so that when minor faults or damage occurs, a
spraying process can be completed without having to accept losses in the
quality of the sprayed layer. Should serious faults or damage occur at one
of the system components, then the plasma spraying apparatus can be
switched off automatically, for example, so that subsequent damage can

be excluded and a workpiece in the process of being coated does not

become unusable due to the breakdown.
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CLAIMS:
1. A plasma spraying apparatus including a plasma torch for heating up a spray

powder in a heating zone and a metering unit for metering the spray powder, said metering
unit being connected to a conveyor gas unit via a conveyor gas line for conveying the spray
powder into an injection unit by means of a conveyor gas under a pre-determined pressure,
wherein the injection unit has an inlet and an outlet designed as a powder injector so that the
spray powder is supplied from the metering unit through the inlet to the injection unit by
means of the conveyor gas via an injector line and wherein the spray powder 1s brought into
the heating zone by means of the conveyor gas emerging from the powder injector, wherein a
pressure sensor is provided for the detection of the pressure (P) of the conveyor gas for

monitoring the condition of the plasma spraying apparatus.

2. The plasma spraying apparatus of claim 1, wherein the pressure sensor 1s

provided in the conveyor gas line.

3. The plasma spraying apparatus of claim 1, wherein the pressure sensor 1s

provided in the injector line.

4. The plasma spraying apparatus of any one of claims 1 to 3 wherein the
pressure sensor for monitoring the pressure (P) of the conveyor gas is connected signal-wise

with a monitoring unit.

5. The plasma spraying apparatus of any one of claims 1 to 3, wherein a
monitoring unit includes a control unit for at least one of control and regulation of at least one
of the pressure (P) of the conveyor gas, a flowing quantity of the conveyor gas, a supply
quantity of the spray powder, a plasma enthalpy of a plasma beam, and of a system

component of the plasma spraying apparatus.

6. The plasma spraying apparatus of claim 4, wherein the monitoring unit
includes a control unit for at least one of control and regulation of at least one of the pressure

(P) of the conveyor gas, a flowing quantity of the conveyor gas, a supply quantity of the spray
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powder, a plasma enthalpy of a plasma beam, and of a system component of the plasma

spraying apparatus.

7. The plasma spraying apparatus of any one of claims 1 to 6 wherein the

pressure sensor 1s one of a mechanical, optical, magnetic pressure sensor and an electric

pressure Sensor.

8. The plasma spray apparatus of claim 7, wherein the pressure sensor is a

piezoelectric pressure sensor.

9. A method for monitoring the condition of a plasma spraying apparatus wherein
a spray powder 1s metered by means of a metering unit, the method comprising: providing an
injector unit which has an inlet and an outlet, and which 1s designed as a powder injector
supplying the spray powder to the injector unit from the metering unit through the inlet by
means of a conveyor gas under a predetermined pressure via an injector line, bringing the
spray powder into a heating zone by means of the conveyor gas emerging from the powder

injector, and monitoring the pressure of the conveyor gas by means of a pressure sensor.

10. The method of claim 9 comprising connecting signal-wise a monitoring unit
which includes a control unit to the pressure sensor, detecting the pressure of the conveyor gas

by means of the pressure sensor, and performing one or more of:

at least one of monitoring, controlling, and regulating at least one of a flow
quantity of the conveyor gas, a supply quantity of the spray powder, a plasma enthalpy of a

plasma beam, and a system component of the plasma spraying apparatus; and

at least one of controlling and regulating the pressure of the conveyor gas.
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