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ABSTRACT

Gas under pressure is admitted through an orifice
(26) formed in the bottom portion of a tank (22) of
substance (24) in powder form, and is guided along an
internal tube (32) connected to the admission orifice,
the tube passes through the powder stored in the tank and
entrains powder through openings (32b) formed in the wall
of the tube, the powder being extracted in the form of a
gas-and-powder flow through an outlet (30) at the top
portion of the tank. The gas-and-powder mixture
traveling along the internal tube (32) is guided to the
top portion of the tank where it is directed
substantially towards a side wall of the tank so as to
set up a gas-and-powder flow traveling through the volume
(34) situated in the tank above the powder (24) stored in
the tank, prior to the gas-and-powder flow being '
extracted through the outlet. The gas-and-powder flow
can be taken to one or more powdering nozzles, e.g. in a
system for powdering a developer in an installation for
detecting surface defects by sweating.
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AUSTRALIA
Patents Act 1990

COMPLETE SPECIFICATION
STANDARD PATENT

Applicant:
TURBOMECA

Invention Title:
METHOD AND DEVICE FOR POWDERING, AND A USE THEREOF IN

A POWDERING SYSTEM, IN PARTICULAR IN AN INSTALLATION
FOR DETECTING SURFACE DEFECTS BY SWEATING

The following statement is a full description of this
invention, including the best method of performing it known to

us:
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1A

Method and a device for powdering, and a use thereof in a
powdering system, in particular in an installation for

detecting surface defects by sweating

Background of the invention

The invention relates to powdering, and in
particular to a powdering system, and more particularly
it relates to a method and to a device enabling a film of
powder to be formed on the surface of a part, the film
being continuous and substantially uniform.

An example of a use for the invention lies in
forming a deposit of a developer in powder form on the
surfaces of parts in an installation for detecting any
open defects that might be present in the surfaces of
parts under inspection, in particular metal parts that
might present surface defects in the form of fissures or
cracks. In certain installations, a penetrating
composition including an indicator substance is applied
to the surfaces of the parts for inspection. After the
surfaces have been washed and dried, a developer in
powder form, such as talc, is deposited on the surfaces
of the part in order to cause the indictor substance that
has penetrated into any defects and that has therefore
not been eliminated by washing, to be extracted from
those defects by capillarity. The indicator substance is
typically a colored or fluorescent compound that shines
under ultraviolet (UV) illumination, thereby providing an
easily-visible indication that a defect is present.

The continuity, the regularity, and the uniformity
of the deposit of the developer are parameters that have
an influence on the quality of detection.

Patent document FR 2 163 182 describes a dispenser
for measuring out a powder, the dispenser having a
pierced tube that is fed with air under pressure and that
passes through a fluidized bed of powder contained in a
tank. The tube opens out into the top portion of the
tank above the bed of powder, and a mixture of air and
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powder as ejected by the tube is taken up immediately on
leaving the tube by an outlet pipe. Any clumps of powder
grains entrained with the air traveling along the tube
will therefore also be taken out.

Object and summary of the invention

In a first aspect of the invention, an object of the
invention is to provide a method of powdering a substance
in powder form that enables a continuous and
substantially uniform deposit to be formed on the
surfaces of parts, in particular a deposit that is of
regular thickness without any clumps.

This object is achieved by a method of the type
comprising: admitting gas under pressure through an
orifice formed in the bottom portion of a tank of
substance in powder form; guiding the admitted gas into
an internal tube connected to the gas admission orifice
and passing through the powder stored in the tank;

causing the gas traveling along the internal tube to
entrain powder through openings formed in the wall
thereof; and extracting from the tank a gas-and-powder
flow through an outlet in the top portion of the tank;

in which method, in accordance with the invention,
the mixture of gas and powder traveling along the
internal tube is guided by the tube to the top portion of
the tank and is directed on leaving the internal tube
substantially towards a side wall of the tank in such a
manner as to set up a gas-and-powder stream traveling
through the volume situated inside the tank above the
powder stored in the tank, prior to extracting the gas-
and-powder flow through the outlet.

Directing the gas-and-powder mixture towards a wall
of the tank serves to break up at least in part any
clumps of powder grains picked up by the gas flowing
along the intermal duct, and serves to establish a flow
in the top volume of the tank that encourages heavier
grains or clusters of grains to be redeposited on the
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surface of the stored powder, while also making the flow
more uniform prior to being extracted. It is thus
possible to extract a flow of powder from the tank that
is substantially uniform.

According to a feature of the method, the stream of
the gas-and-powder flow travels through the volume
situated inside the tank above the stored powder by
traveling along a path going from the top portion of said
volume at the outlet from the internal tube towards the
bottom portion of said volume, and then towards the top
portion of said volume going towards the outlet.

According to another feature of the method, the gas-
and-powder mixture traveling along the internal tube is
directed towards a side wall of the tank in a direction
that is substantially opposite from the direction in
which the outlet from the tank opens out into the inside
of the tank.

In a second aspect of the invention, the invention
seeks to provide a device for powdering a substance in
powder form, the device being of the type comprising a
tank of substance in powder form, a gas admission orifice
for admitting gas under pressure that is formed in the
bottom portion of the tank, an internal tube connected to
the gas admission orifice and provided with perforations
over at least a fraction of its length passing through
the powder stored in the tank, and an outlet for a gas-
and-powder flow situated in the top portion of the tank,
in which device, in accordance with the invention, the
internal tube extends into the top volume of the tank
above the powder stored in the tank and opens out at its
end in the top portion of the tank towards a side wall
thereof so as to enable a gas-and-powder flow stream from
the internal tube to be set up that travels through said
top volume of the tank prior to being extracted through
the outlet.

Preferably, the end of the internal tube opens out
in a direction that is substantially opposite to the
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direction in which the gas-and-powder flow outlet opens
out into the tank.

In a third aspect of the invention, the invention
seeks to provide a system for powdering a substance in
powder form and including a powdering device as defined
above together with at least one powdering nozzle having
a first inlet for the gas-and-powder flow connected to
the outlet of the powdering device by a first pipe, and a
second inlet for gas under pressure for connection to a
source of gas under pressure by a second pipe.

Advantageously, a plurality of powdering nozzles can
be provided with first and second inlets connected in
parallel to the first and second pipes, respectively.

In a fourth aspect, the invention seeks to provide
an installation for detecting open defects in the
surfaces of parts by sweating, the installation including
a powdering system as defined above for powdering on the
developer in powder form.

Advantageously, the first and second pipes of the
powdering system are fitted with respective pressure-
measuring sensors for providing information
representative of the pressures of the gas-and-powder
flow and of the gas admitted into the tank, and the
installation includes a control unit receiving the
signals produced by the pressure sensors and issuing an
alarm in the event of the measured pressure values lying

outside respective predetermined ranges.

Brief description of the drawings

The invention can be better understood on reading
the following description given by way of non-limiting
indication and with reference to the accompanying
drawings, in which:

Figure 1 is a very diagrammatic view of a
powdering system in an embodiment of the invention;
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Figure 2 is a diagrammatic detailed section view
of a powdering device forming part of the Figure 1
system; and

Figure 3 is a very diagrammatic view of an
installation for detecting open defects in the surface of
parts by sweating and making use of a system of the kind

shown in Figure 1 for powdering on a developer.

Detailed description of embodiments of the invention

Figure 1 shows a system 10 for powdering a substance
in powder form, the system comprising a powdering device
20 that produces a gas-and-powder flow, two guns 40a, 40b
fitted with respective powdering nozzles 42a, 42b, a line
50 for feeding gas under pressure, a pipe 52 provided
with an expander 52a and connecting the line 50 to an
inlet of the powdering device 20, a pipe 54 connecting an
outlet from the device 20 in parallel to two first inlets
44a, 44b of the guns 40a, 40b, and a pipe 56 provided

‘with an expander 56a and connecting the line 50 in

parallel to two second inlets 46a, 46b of the guns 40a,
40b. The powdering system 10 may be of the electrostatic
type using means (not shown) for charging the powder
electrostatically.

As shown in Figure 2, the powdering device 20
comprises a tank 22 with a substance in powder form 24
stored in the bottom thereof. The pipe 52 is connected
to an admission orifice 26 formed in the bottom portion
of the tank 22, e.g. via the central portion of the
bottom 22a of the tank. A vibrator 28 (Figure 1) is
associated with the tank 22 and is actuated by gas under
pressure coming from the line 50 via a pipe 58 provided
with an expander 58a.

The gas under pressure admitted by the orifice 26,
typically compressed air, entrains the powder contained
in the tank so as to form a gas-and-powder flow that is
taken up by the pipe 54 connected to an outlet 30 formed
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in the top portion of the tank, e.g. through its cover
22b.

A tubular duct or tube 32 inside the tank is
connected to the admission orifice 26 and extends inside
the tank towards the top portion thereof. Over a
fraction of its length starting from the orifice 26, the
tube 32 has its wall perforated so that air penetrating
into the tube 32 takes in powder from the powder stored
in the tank through the perforations 32b in the wall of
the tube. Arrangements may be made for powder to be
taken in only in the vicinity of the bottom of the tank,
with the tube 32 then being non-perforated all the way to
its end 32a opening out into the top portion of the
volume 34 of the tank situated above the stored powder.
At its end 32a, the tube 32 is provided with a grid 33
through which the air-and-powder mixture penetrates into
the volume 34, the tube 32 opening out substantially
towards a side wall 22c of the tank, preferably in the
vicinity of the wall and of the cover 22b.

The outlet 30 is fitted with a tubular element 36
that penetrates a little into the tank 22 and that is
provided at its end or bottom with a shutter 36a. The
tubular element 36 presents in its side wall one or more
openings 36b through which the air-and-powder flow can be
extracted from the tank.

The opening(s) 36b open(s) out into the tank 22 in a
direction substantially opposite to the direction in
which the tube 32 opens out into the tank at its end 32a.
This establishes a stream 38 of the air-and-powder
mixture coming from the tube 32 within the volume 34.
This stream travels through the volume 34 from its top
portion near the opening 32a down towards the bottom
portion of the volume 34 in the vicinity of the top
surface of the powder stored in the tank, and then up to
the top portion of the volume 34 towards the opening(s)
36b. The presence of the grid 33, the ejection of the
air-and-powder mixture from the tube 32 towards the side
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wall 22b of the tank, and the substantially turbulent
stream 38 that is set up all contribute to breaking up
any clumps of powder that might have been picked up by
the air entering the duct 32, with the heaviest clumps of
powder particles being redeposited on the surface of the
stored powder and with the air-and-powder flow that is
admitted into the pipe 54 being made uniform. Thus, an
air-and-powder flow is made available that is suitable
for depositing films of powder that are regular and
uniform in terms of grain size and thickness. In
addition, having the guns 40a, 40b connected in parallel
to the pipe 54 enables them to receive the same air-and-
powder flow at the same pressure and enables them to
present the same effectiveness.

In the example shown, the outlet 30 is situated in
the central portion of the cover 22b. It could be off-
center, being closer to the side wall of the tank that is
remote from the portion of said wall near the outlet from
the tube 32.

Figure 3 is a highly diagrammatic representation of
an installation for detecting any open defects that might
be present in the surfaces of parts by using a sweating
technique. In conventional manner, such an installation
comprises a station 60 for applying a penetrating
composition containing an indicator substance onto the
surfaces of the parts for inspection, a station 62 for
pre-rinsing the surfaces of the parts, a station 64 for
applying an emulsifier to the surfaces of the parts, a
station 66 for rinsing the surfaces of the parts, a dryer
station 67, and a station 68 for applying a developer to
the surfaces of the parts.

The operation of the installation is controlled by a
control unit 70 which controls the stations 60, 62, 64,
66, 67, and 68, and which transfers the parts between
them (arrows 72), the parts being supported by a loader
device that is transferred automatically from one station
to another by a loading frame (not shown).
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The indicator substance is a colored or fluorescent
compound that shines when appropriately illuminated and
thus serves to reveal the existence and the nature of any
open defects by visual examination or by image analysis.
The indicator substance is applied by spraying in a
vessel in the station 60, with a load of parts being
driven in rotation inside the vessel.

The surfaces of the parts are cleaned so as to leave
penetrating composition only within any cracks or
fissures that might be present in the surfaces of the
parts. In the example shown, cleaning comprises in
succession pre-rinsing, applying an emulsifier, rinsing,
and drying.

The pre-rinsing is performed in the station 62 which
comprises a vessel fitted with nozzles for spraying water
under pressure, the nozzles being steerable so as to
match the spraying to the particular load of parts for
inspection.

The station 64 comprises a vessel containing a bath
of emulsifier for encouraging washing and provided with a
device for stirring the bath.

Rinsing is performed in the station 66 which, in the
same manner as the pre-rinsing station 62, comprises a
vessel fitted with steerable nozzles for spraying water
under pressure. After rinsing, drying is performed under
hot air in the station 67.

The developer is a powder which, by capillarity,
causes the penetrating composition that has penetrated
into the defects (cracks or fissures) that might be
present in the surfaces of the parts to be extracted
therefrom. The developer is applied in the station 68 in
a vessel fitted with powdering guns fed by an air-and-
powder flow, with the load of parts being caused to
rotate within the vessel. Advantageously, a powdering
system is used of the kind shown in Figure 1 that is
fitted with a powdering device of the kind shown in
Figure 2 so as to form a film of developer powder that is
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regular and uniform, thereby guaranteeing high quality
detection of defects.

In addition to the indicator and developer
substances used, various parameters influence the quality
or the reliability of the inspection process. These
parameters include in particular the duration and the
pressure of the spraying of the indicator substance, the
water pressure and the duration used for pre-rinsing and
for rinsing, the duration of immersion in the emulsifier,
the duration and the temperature of drying, the duration
of powdering the developer, and the pressure of the air-
and-powder flow fed to the nozzles for powdering the
mixture, the air pressures feeding the tank and the
vibrator of the device for powdering the developer, and
the speeds of rotation of the loads within the vessels of
the stations 60 and 68.

Optimum values can be predetermined for at least
some of these parameters serving to obtain the best
possible playback of images of surface defects. One
process for optimizing an installation for inspecting
parts by sweating is described in patent document
EP 0 650 045. That process makes use of standard
testpieces, i.e. sample parts that present characteristic
surface defects that are known.

The real values of several parameters are
advantageously measured during the process of inspecting
a load of parts by using sensors or measurement
equipment. Thus, for the powdering installation of
Figure 1, respective pressure-measuring sensors 54b, 52b,
and 58b are mounted on the pipes 54, 52, and 58
respectively in order to provide information
representative of the pressure of the air-and-powder
flows feeding the guns 40a, 40b and the nozzles 42a, 42D,
representative of the air pressure in the pipe 52 feeding
the tank 22, and representative of the air pressure in
the pipe 58 feeding the vibrator 28. The information
from the measurement equipment or sensors is transmitted
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to the control unit 70 so as to be recorded and possibly
produce an alarm in the event of the value of a measured
parameter lying outside a respective predetermined range
of good values. A list of values for the measured
parameters and of any alarm generated can be archived in
association with the identities of the loads of parts
being inspected, so as to achieve statistical control

over the inspection process.

In the claims which follow and in the preceding
description of the invention, except where the context
requires otherwise due to express language or necessary
implication, the word “comprise” or variations such as
“comprises” or “comprising” is used in an inclusive
sense, i.e. to specify the presence of the stated
features but not to preclude the presence or addition of

further features in various embodiments of the invention.

It is to be understood that, if any prior art
publication is referred to herein, such reference does
not constitute an admission that the publication forms a
part of the common general knowledge in the art, in

Australia or any other country.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method.of powdering a substance in powder form, the
method comprising: admitting gas under pressure through
an orifice (26) formed in the bottom portion of a tank
(22) of substance (24) in powder form; guiding the
admitted gas into an internal tube (32) connected to the
gas admission orifice and passing through the powder
stored in the tank; causing the gas traveling along the
internal tube to entrain powder through openings (32b)
formed in the wall thereof; and extracting from the tank
a gas-and-powder flow through an outlet (30) in the top
portion of the tank, the method being characterized in
that the mixture of gas and powder traveling along the
internal tube (32) is guided to the top portion of the
tank and is directed substantially towards a side wall of
the tank in such a manner as to set up a gas-and-powder
stream traveling through the volume (34) situated inside
the tank above the powder stored in the tank, prior to
extracting the gas-and-powder flow through the outlet.

2. A method according to claim 1, characterized in that
the stream of the gas-and-powder flow travels through the
volume (34) situated inside the tank (22) above the
stored powder (24) by traveling along a path going from
the top portion of said volume at the outlet from the
internal tube towards the bottom portion of said volume,
and then towards the top portion of said volume going
towards the outlet.

3. A method according to claim 1 or claim 2,
characterized in that the gas-and-powder mixture
traveling along the internal tube (32) is directed
towards a side wall of the tank (22) in a direction that
is substantially opposite from the direction in which the
outlet (30) from the tank opens out into the inside of
the tank.
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4. A device for powdering a substance in powder form, the
device comprising a tank (22) of substance (24) in powder
form, a gas admission orifice (26) for admitting gas
under pressure that is formed in the bottom portion of
the tank, an internal tube (32) connected to the gas
admission orifice and provided with perforations (32b)
over at least a fraction of its length passing through
the powder stored in the tank, and an outlet (30) for a
gas-and-powder flow situated in the top portion of the
tank, the device being characterized. in that the internal
tube (32) extends into the top volume (34) of the tank
(22) above the powder (24) stored in the tank and opens
out at its end (32a) in the top portion of the tank
towards a side wall thereof so as to enable a gas-and-
powder flow stream from the internal tube to be set up
that travels through said top volume of the tank prior to
being extracted through the outlet.

5. A device according to claim 4, characterized in that
the end (32a) of the internal tube (32) opens out in a
direction that is substantially opposite to the direction
in which the gas-and-powder flow outlet (30) opens out
into the tank.

6. A device according to claim 4 or claim 5,
characterized in that the end (32b) of the internal tube
(32) is provided with a grid (33).

7. A system for powdering a substance in powder form, the
system comprising a powdering device (10) according to
any one of claims 4 to 6 together with at least one
powdering nozzle (42a, 42b) having a first inlet for the
gas-and-powder flow connected to the outlet (30) of the
powdering device by a first pipe (54), and a second inlet
for gas under pressure for connection to a source of gas
under pressure by a second pipe (56).
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8. A powdering system according to claim 7, characterized
in that it has a plurality of powdering nozzles (42a,
42b) having first and second inlets connected in parallel
to the first pipe (54) and to the second pipe (56),
respectively.

9. A powdering system according to claim 7 or claim 8,
characterized in that it includes a pressure sensor (54b)
mounted on the first pipe (54) to deliver information
representative of the pressure of the gas-and-powder
flow, and a second pressure sensor (52b) mounted on a
pipe (52) for feeding the gas admission orifice (26) of
the tank (22) of substance in powder form to provide
information representative of the pressure of the gas
admitted into the tank.

10. An installation for detecting open defects in the
surfaces of parts by sweating, the installation including
a system (10) for powdering a developer in powder form

according to any one of claims 7 to 9.

11. An installation according to claim 10, including a
system for powdering a developer in powder form according
to claim 9, the installation being characterized in that
it includes a control unit (70) for receiving signals
produced by pressure sensors (54b, 52b) and issuing an
alarm in the event of the measured pressure values lying
outside respective predetermined ranges.
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