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(57) Abstract: A paint circulating system is suitable for providing paint to applicators in a product finishing facility. The system
& includes a pump (22) for pumping paint around the system and a back-pressure regulator (BPR (25) , which substantially eliminates
pressure fluctuations of paint in the system upstream of the BPR (25) . Control means (26) are provided for controlling the pump
(22) and the BPR (25) to operate in one of a flow mode, wherein a required flow rate of paint around the system is maintained, and
a pressure mode, wherein a pressure of paint between the pump (22) and the BPR (25) is maintained . The paint circulating method
includes switching operation of the pump and the BPR between the flow mode and the pressure mode.
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PAINT CIRCULATING SYSTEM AND METHOD

The present invention relates to a paint circulating system and method, of a type suitable

for use with automated spray finishing processes.

BACKGROUND OF THE INVENTION

Traditional paint spray systems, of the type employed in car manufacturing for example,
usually consist of several separate paint lines, each providing a different coloured paint to
a spray booth for distribution to a number of user points (e.g. spray applicators). In
general, only one colour is sprayed or in use at any one time, 0 only one line is actively

employed whilst the rest remain ready for use.

When a system is not in use because the paint is not being sprayed, it is usual to maintain
the spraying pressure and paint velocity in the paint line, by pumping paint from a paint
tank around a circuit and back to the tank. This is done for two reasons: firstly, because
the liquid paint must be kept moving, otherwise pigﬁentation may start to settle out in the
paint lines; secondly, because the lines must be primed to the required pressure before

spraying commences. However, maintaining the lines at pressure is wasteful of energy.

To ensure that the paint is at the required pressure for spraying, a Back Pressure
Regulator (BPR) is used in combination with the paint pump to regulate and maintain the
required fluid pressure and flow at the spray booth. In conventional systems, the BPR is
adjusted manually and uses a coil spring acting on a diaphragm to vary the width of a flow
passage. This helps to maintain the paint pressure upstream of the BPR by controlling the
fluid flow rate returning to the paint tank. Also, in many systems (such as those
employing certain types of turbine or lobe pumps) the pump will be set to operate at a
fixed pressure and flow rate and the BPR used to maintain the required system pressure.

In this type of system, the BPR controls system pressure by adjusting flow rate to
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compensate for variations in the amount of fluid used at the spray booth. Thus, each line
is usually operated in the condition required for spraying, whether the paint is being used
or merely circulated. This is extremely inefficient and results a large waste of energy.
For example, a system operating 24 hours a day may only be required to spray each
individual colour, for, say, 1 hour a day. Each pump would be operated at the pressure
and flow rate required to meet the system requirement for 24 hours a day even though the
paint is not required to operate at the full system pressure and flow rate for 23 hours of

the day.

In addition, a pump that is required to provide a higher flow rate and pressure for a longer
period of time will suffer a higher rate of wear, requiring maintenance in a much shorter

period of time than one that is used more sparingly.

It is an object of the present invention to provide a paint circulation system, which

alleviates the -aforementioned problems.

SUMMARY OF THE INVENTION

The paint circulating system according to the invention comprises a pump for pumping
paint around the system, and a back-pressure regulator (BPR) to substantially eliminate
pressure fluctuations of paint upstream of the BPR. Control means control the pump and
the BPR to operate in one of a flow mode, wherein a required flow rate of paint around the
system is maintained, and a pressure mode, wherein a pressure of paint between the pump

and the BPR is maintained.

In embodiments of the invention, in the flow mode, the BPR is configured to be de-
activated so as to allow paint to flow without varying the flow rate in response to pressure

fluctuations. The BPR is preferably an automated type, whereby activation means such as
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compressed air or a hydraulic fluid is provided to activate and/or de-activate the BPR. The
BPR may comprise a diaphragm that is acted upon by a spring or by fluid pressure on one
side, and by the paint pressure on the other side. In the flow mode, the control means may
be configured to control the pump so as to pump paint at a fixed flow rate. The fixed flow
rate is preferably a low flow rate, at or just above a minimum flow rate required for the

paint.

It is an advantage that the system is able to place the BPR and pump into the flow mode
when pressurised paint is not required at the spray booth. In this flow mode there is no need
to maintain a high paint pressure in the lines, and the pump can be operated at a steady, low

flow rate to reduce energy consumption and wear. ’

In embodiments of the invention, when in the pressure mode, the BPR is configured to be
activated so as to respond to variations in the paint pressure to maintain a substantially
constant pressure upstream of the BPR. In the pressure mode, fhe pump is preferably
configured to deliver paint at a predetermined pressure. The pump may be a variable speed,
or variable capacity pump responsive to a control signal to maintain the predetermined
pressure. A pressure sensor may be provided at the pump outlet, or other suitable position
in the system, to provide a pressure signal as a basis for the control signal. The control
means may be arranged to receive the pressure signal and to provide the control signal to

the pump for maintaining the predetermined pressure.

It is an advantage that, when paint is required at the spray booth, the system can be placed
into the pressure mode by activating (i.e. turning on) the BPR and operating the pump to
deliver paint at a high pressure, thereby ensuring that the paint is delivered to the spray

booth at the required flow rate and pressure.
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In embodiments of the invention, the controller may be operable to switch the system
between the flow mode and the pressure mode in response to a demand signal. The demand

signal may be provided from a plant scheduling or ‘job queue’ data processing apparatus.

In one embodiment of the invention, the controller comprises a control card for mounting in
a programmable controller or computer device. The control card is preferably provided
with a plurality of input and output terminals for receiving signals from sensors in the
system and for providing control signals to the BPR and the pump. The control card may be

provided with a data link to a graphics system for set-up and monitoring purposes.

The control card may include a plurality of channels for controlling a plurality of paint
circulating systems, each providing paint to é spray booth. Each of the plurality of paint

circulating systems may provide a different colour of paint to the spray booth.

It is an advantage that the system can operate in a manner that will allow the “job queue”
data to control circulating system operating parameters. “Job queue” data is defined as
the data collected by software that monitors the position of parts throughout an automotive
OEM, Tier 1 or industrial plant once the parts have been Ioaded on a conveyor system.
The job queue data may be used to provide demand signals to the colour valves to turn on
and turn off the supply of paint to the applicators in the spray booth. In the same
manner, with the system of the present invention, the job queue data can now be used to
provide demand signals that automatically pressurize or de-pressurize the circulating
system, depending on the needs at the applicator. This ability provides great savings with

regard to paint wear (shear) energy usage and general pump component wear.



10

15

20

25

WO 2007/032827 PCT/US2006/030176

BRIEF DESCRIPTION OF THE DRAWINGS
Particular embodiments of the invention are illustrated in the accompanying drawings
wherein:-

Figure 1 is a schematic representation of a known paint circulation system;

Figure 2 is schematic representation of a paint circulation system according to the
present invention; and

Figure 3 is schematic representation of a controller for use in the paint circulation

system of Figure 2.

DESCRIPTION OF THE PREFERED EMBDODIMENT

Referring to Figure 1, a paint circulation system 10 includes a paint tank 11 containing a
reservoir of liquid paint. A pump 12 is operable to supply paint from the paint tank 11,
optionally through a paint filter 13, to a spray booth 14. The spray booth 14 typically
includes one or more applicators 16. For example these may be spray nozzles manipulated
by robot arms. Any unused paint flows past the spray booth Vand is returped to the paint

tank 11 via a BPR 15.

In this set-up, the BPR 15 is employed to control the upstream pressure in the system at the
desired level, typically 5 to 10 bar when the paint is in use. The BPR 15 typically includes
a diaphragm, one side of which is acted upon by a coiled spring. The pressure of paint
entering the BPR 15 urges the diaphragm against the spring force to open up a passage for
paint. Any reduction in paint pressure results in the diaphragm moving under the spring
force, tending to close the passage. This acts as a restriction to the flow of paint, which
means that a greater pressure drop occurs across the BPR 15 so that the upstream pressure is
maintained. The spring force acting on the diaphragm is pre-set so that the BPR 15 acts to

maintain a set upstream pressure.
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The known circulating system of Figure 1 is based on pump flow rates being set to provide
the maximum flow demand from the paint take-offs (i.e. applicators 16), assuming all are in
use at the same time. As paint line pressure drops due to paint usage, the BPR 15 closes to
reduce the fluid flow returning to the paint tank 11 thus maintaining the desired line

pressure.

Referring to Figure 2, there is shown a system 20 according to the present invention,
wherein equivalent components to those shown in Figure 1 have the same reference
numeral. In this case an electric variable speed pump 22, referred to hereafter as a smart
pump, pumps the paint from the paint tank 11 to the spray booth 14. Although the smart
pump described herein is an electric pump, it will be appreciated by those of skill in the art
that alternative pumps may be used, for example air driven or hydraulically driven pumps.
The smart pump 22 includes a pressure sensor 24. Paint not used in the spray booth 14 is
circulated back to the paint tank 11 via an automatically controlled BPR 25, referred to
hereafter as a-smart BPR. The smart BPR is of a type that can be activated and de-activated
by way of a suitable control mechanism, for example compressed air or hydraulic fluid. An
example of such a regulator is described in the applicants’ concurrently filed United
Kingdom patent application entitled “Back Pressure Regulator”, the contents of which are
hereby incorporated by reference. The smart pump 22 and the smart BPR 25 are controlled
from a controller 26. A signal from the pressure sensor 24 is provided as an input to the
controller 26. The controller 26 may be a PLC or other suitable programmable device. In
an exemplary embodiment, the controller comprises a smart card, as will be described in

more detail below,

The controller 26 is configured to control the smart pump 22 and the smart BPR 25 so that
these will operate in either a flow mode or a pressure mode. The mode may be determined

from job queue data.
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When paint is needed at the applicators 16 (as per job queue data), the system 20 will be
operated in the pressure mode. The controller 26 will issue a command signal that will
cause the smart BPR to be activated so that it will operate to maintain the upstream pressure
according to a predetermined set pressure. The user will also have pre-set the desired
system pressure into a memory of the controller 26, for example via a laptop or PC input
during initial start up. The controller 26 is programmed to control the pump speed so that
the pressure will be maintained, by means of a suitable control loop. The pressure sensor 24
transmits the actual pressure in the paint line to the controller 26, which reacts by using the
control loop to output a signal that controls the speed of the smart pump 22. For example if
the paint pressure drops in the line below the set pressure due to usage at the applicators 16,
the pump 22 will speed up in order to maintain pressure. Note: The smart BPR 25 will
initially dynamically reduce the amount of fluid returning to the paint tank 11 in order to
maintain the set pressure. The smart pump 22 only speeds up once the BPR 25 can no

longer maintain the system pressure.

When material is not in demand (as per job queue data) the system 20 will be operated in
flow mode. The user will have inpilt the minimum flow rate required to meet the desired
minimum paint velocity as recommended by material supplier and the controller will
control the smart pump 22 to operate at the speed required to provide this minimum flow
rate. In addition the controller 26 will issue a command to de-activate the smart BPR 25.
The smart BPR 25 will no longer operate to maintain the upstream pressure, so that the only

system back pressure will be due to the pipework frictional resistance. Energy usage will

now be at a minimum.

Referring to Figure 3, more detail is shown of an exemplary controller 26 for controlling the

smart pump 22 and smart BPR 25 of the system 20 of Figure 2. This controller 26 includes
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a smart card 30. The smart card 30 typically comprises one or more printed circuit boards
(PCBs) housed in a plastic carrier and mountable to a DIN rail in a purpose built or an
existing control panel. The smart card 30 contains circuitry that includes a programmable
memory and a processor. Alternatively, the smart card may include an interface for
communicating with an external processor, for example a PLC or a computer. The smart
card 30 may include a plurality (e.g. 8) channels, each channel on the card being used to
control one of a number of paint lines, each of which may provide a different colour,
feeding the spray booth. Each channel on the smart card 30 includes a number of

input/output terminals. These include:

o]

A digital input 41 for receiving a system mode signal

o An input 42 for receiving a signal (e.g. 4-20mA) from the pressure sensor 24

© An output 43 for providing a signal (e.g. 4-20mA) corresponding to a
frequency to an AC frequency inverter 32 for controlling the speed of the
smart pump 22

o An output 44 (e.g. capable of driving 24v at 50mA) for controlling the

switching of a valve 34 for connecting/disconnecting a supply of compressed

air 36 to the smart BPR 25.

In addition, the smart card 30 is provided with a serial communications link 45. This is
used as a data link to a computer 38 (e.g. a PC or a lap-top) that includes a graphics system
for use in setting up the smart card, and for monitoring, data-logging and display of system
parameters., The computer 38 may also receive data via one or more inputs 47 relating to
other operating parameters of the system, for example differential pressures across the paint
filter 13, or level indicators on the paint tank 11. The smart card 30 may also be provided
with a further data link 46 to another, similar smart card, so that a plurality of smart cards

may be cascaded in a single control system.
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In use, set point values are inputted to the smart card 30 at initial start up via the
communications link 45 from the laptop or PC 38. Job queue data from the software that
monitors the position of parts being conveyed through the plant reports which paint system
(i.e. which colour) needs to be in readiness for production, this data will be received by the
smart card 30 to control the smart pump 22 and smart BPR 25 accordingly. The job queue
data is transmitted to the smart card 30 by CCR LAN to the monitoring PC 38 or by digital

input 41.

The memory on the smart card 30 includes a programmed control algorithm that defines the
control loop for the operation of the smart pump 22 in response to the sensed pressure from
the pressure sensor 24, when the system is operating in pressure mode.

Sequence of Operation:

Material is not in use (Job Queue load data shows no immediate need for paint)

e Smart pump 22 operates in flow mode. A preset frequency setting is equal to the

low flow rate required to maintain the specified minimum paint velocity.

e The smart BPR 25 is fully unloaded (de-activated).

o The system operates at the lowest recommended flow rate with the only pressure

being that required to overcome the paint line pressure loss. Therefore paint shear,

energy usage and pump wear are at a minimum.
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Material will be needed shortly (before color will be required at the applicators).

Information is automatically provided by the job queue load data.

The smart BPR 25 is activated to provide the pre-set system pressure.

e The smart pump 22 is switched to pressure mode. The pressure setting is preset
and the controller 26 will operate the smart pump 22 in accordance with the

control loop according to the pressure senses at the pressure sensor 24.

o If the system pressure drops due to demand at the applicators 16 the BPR 25 will
dynamically close in order to maintain pressure. If the BPR 25 can no longer
maintain system pressure the smart pump 22 will automatically speed up, thus

maintaining the pressure at the set point.

e The system will continue to operate in this mode until the job queue data shows

that the paint material is no longer needed.

Material is no longer needed (after color is no longer needed at the spraybooth)

e The smart pump 22 is switched to flow mode. The preset frequency setting is equal

to flow rate required to maintain minimum paint velocity in the line.

e The smart BPR is fully unloaded (de-activated).

It will be recognised that the in the pressure mode, the control of the paint pressure at the

spray booth results from a combination of the operation of the smart pump 22 and the smart

BPR 25. Table 1 shows an example of how the paint flow rates provided by the smart

10
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pump 22 and through the smart BPR 25 might change as different amounts of paint are
taken out through the applicators 16. In this example there are five applicators, designated

Al, A2, A3, A4 and AS. Four different rates of paint usage are shown.

In condition 1, the system has been switched into the pressure mode, but there is not yet any
paint being taken out through the applicators. The smart pump provides a flow rate of 9
L/min to ensure the required paint pressure at the applicators, and all of this flow circulates

around the system through the smart BPR.

In condition 2, two applicators are spraying at a rate of 2 L/min, while one is spraying at
1L/min and the other two are not spraying. The total amount being taken out is 5 L/min. In
this condition, instead of the flow through the BPR dropping to 4 L/min and the smart pump
continuing to provide a flow of 9 L/min, the amount of paint circulating through the smart
BPR has only dropped to 6L/min, while the smart pump has increased its speed to provide a

flow of 11L/min.

Similarly in condition 3, all the applicators are taking out 2 L/min each (a total of 10
L/min), while the smart pump has increased its speed to deliver 13 L/min, and the amount
circulating back through the BPR has dropped to 3L/min. This means that the smart BPR is
still controlling the upstream pressure, even though the amount of paint being taken out is
more than was originally being plrovided. The pressure of paint at the spray booth will
therefore continue to be maintained by the smart BPR when there is a subsequent increase

in the amount being sprayed.,
In condition 4, the applicators are spraying at their maximum capacity of 3L/min each (a

total of 15 L/min). In this case there is no need to provide any flow through the smart BPR

as there can be no further increase in the amount of paint being taken out of the system.

11
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The smart BPR therefore closes the line back to the paint tank and all the flow is provided

from the smart pump (15L/min).

Table 1
Condition Al A2 A3 A4 AS Pump BPR
flow flow
L/min L/min L/min L/min L/min L/min L/min
1 0 0 0 0 0 9 9
2 0 2 2 1 0 11 6
3 2 2 2 2 2 13 3
4 3 3 3 3 3 15 0

12
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We claim:

1. A paint circulating system suitable for providing paint to applicators in a product
finishing facility, the system comprising:

a pump for pumping paint around the system;

a back-pressure regulator (BPR) to substantially eliminate pressure fluctuations of
paint upstream of the BPR;

control means for controlling the pump and the BPR to operate in one of a flow
mode, wherein a required flow rate of paint around the system is maintained, and a pressure

mode, wherein a pressure of paint between the pump and the BPR is maintained.

2. The paint circulating system of claim 1 wherein, in the flow mode, the BPR is
configured to be de-activated so as to allow paint to flow without being responsive to

pressure fluctuations.

3. The paint circulating system of claim 2 wherein the BPR is an automated type,

whereby activation means is provided to activate and/or de-activate the BPR.

4. The paint circulating system of claim 3 wherein the activation means comprises

compressed air.

5. The paint circulating system of claim 3, wherein the activation means comprises an
hydraulic fluid.
6. The paint circulating system of claim 3 wherein the BPR comprises a diaphragm

that is acted upon by a spring on one side, and by the paint pressure on the other side.

13
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7. The paint circulating system of claim 3 wherein the BPR comprises a diaphragm

that is acted upon by fluid pressure on one side, and by the paint pressure on the other side.

8. The paint circulating system of claim 1 wherein, in the flow mode, the control

means is configured to control the pump so as to pump paint at a fixed flow rate.

9. The paint circulating system of claim 8 wherein the fixed flow rate is a low flow

rate, at or just above a minimum flow rate required for the paint.
10.  The paint circulating system of claim 1 wherein, when in the pressure mode, the
BPR is configured to be activated so as to respond to variations in the paint pressure to

maintain a substantially constant pressure upstream of the BPR.

11. The paint circulating system of claim 1 wherein, in the pressure mode, the pump is

configured to deliver paint at a predetermined pressure.

12. The paint circulating system of claim 11 wherein the pump is a variable speed pump

responsive to a control signal to maintain the predetermined pressure.

13.  The paint circulating system of claim 11 wherein the pump is a variable capacity

pump responsive to a control signal to maintain the predetermined pressure.

14, The paint circulating system of claim 1 wherein a pressure sensor is provided to

provide a pressure signal as a basis for a control signal.

14
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15.  The paint circulating system of claim 14 wherein the control means is arranged to
receive the pressure signal and to provide the control signal to the pump for maintaining the

pressure.

16. The paint circulating system of claim 1 wherein the controller is operable to switch

the system between the flow mode and the pressure mode in response to a demand signal.

17. The paint circulating system of claim 16 wherein the demand signal is provided

from a plant scheduling apparatus.

18. The paint circulating system of claim 16 wherein the demand signal is provided

from a ‘job queue’ data processing apparatus.

19. The paint circulating system of claim 1 wherein the control means comprises a

control card for mounting in a programmable computing device.

20.  The paint circulating system of claim 19 wherein the control card is provided with a
plurality of input and output terminals for receiving signals from sensors in the system and

for providing control signals to the BPR and the pump.

21. The paint circulating system of claim 19 wherein the control card is provided with a

data link to a graphics system for set-up and monitoring purposes.
22, The paint circulating system of claim 19 wherein the control card includes a

plurality of channels for controlling a plurality of paint circulating systems, each providing

paint to a spray booth.

15
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23.  The paint circulating system of claim 22 wherein each of the plurality of paint

circulating systems provides a different colour of paint to the spray booth.

24. A paint circulating system for use in association with a paint spray-booth, the system
comprising:

a variable speed pump for pumping paint around the system;

a back-pressure regulator operable in an active condition for varying a flow rate of
paint in response to pressure fluctuations of paint flowing into the back-pressure regulator
80 as to maintain upstream paint pressure, and in an inactive condition wherein paint is free
to flow through the regulator; and

a controller for controlling the system to operate in one of a flow mode and a
pressure mode,
wherein:

in the flow mode the controller is configured to place the back-pressure regulator in
the inactive condition and to operate the pump at a fixed speed so as to.provide a required
ﬁow rate; of paint around the system at a minimum pressure, and

in the pressure mode, the controller is configured to place the back-pressure
regulator in the active condition and to control the pump speed so as to maintain a pressure
of paint at the spray booth,

the controller being further operable to switch the system between the flow mode

and the pressure mode in response to a demand signal.

25. A method of operating a paint circulating system to provide paint to applicators in a
product finishing facility, the system comprising;

a pump for pumping paint around the system;

a back-pressure regulator (BPR) to substantially eliminate pressure fluctuations of

paint upstream of the BPR; and

16
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control means for controlling the pump and the BPR, the method comprising:
switching operation of the pump and the BPR between a flow mode, wherein a
required flow rate of paint around the system is maintained, and a pressure mode, wherein a

pressure of paint between the pump and the BPR is maintained.

17



PCT/US2006/030176

WO 2007/032827

173

Y

FIGURE 1
(PRIOR ArT)

=

(2

Y




PCT/US2006/030176

WO 2007/032827

2/3

14

|

v

oy 4

/fum\ "

s [T

|
_

24

FIGURE 2




PCT/US2006/030176

WO 2007/032827

3/3

25

o
l
l
|
!
|
?
|
|
|
|
4

— —1

/

Unuuun\lNN..
0ooooq ,

) —r-“-“-“h-‘-—'—-~~-—~~—-‘- 3
jn]
a

Ny

o
Oy
-'—-—-——-—-——-—————--——s—-—

|

|
|
L.

FI¢UrRE 3




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2006/030176

A. CLASSIFICATION OF SUBJECT MATTER

INV. BO5B12/08 BO5BY9/04
ADD. BO5B12/14

According to International Patent Glassification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

BO3B

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal

Electronic data base consulted during the intemational search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 3 816 025 A (0 NEILL W) 1-11,
11 June 1974 (1974-06-11) 14-1€6,25
A 24
column 2, line 24 - column 4, line 16;
figures
X US 20037101931 Al (ESTELLE PETER W [US] ET 1-23,25
AL) 5 June 2003 (2003-06-05)
A 25
paragraphs [0025] - [0033]; figure 1
X GB 1 155 328 A (CLIFFORD COVERING COMPANY 1-5,8,9,
LTD) 18 June 1969 (1969-06-18) 11,16,25
A ‘ . 24
page 1, line 70 - page 2, line 24; figure
-/--

Further documents are listed in the continuation of Box C.

See patent family annex,

* Special categories ¢f oited dosuments :

*A" documentdefining the general state of the art which is not
cohsidered to be of pattioular relevance

"E* earlier dociment but published on or after the intemational
filing date

"L" document which may throw doubts on priority claim({s) or
which is sited tc establish the publication date of another
citation or other special reason (as specified)

'O document referring to an oral disclosure, use, exhibition or
other means

"P" document published prior fo the intemational filing date but
later than the priority date claimed

T" later document published after the international filing date
or priority date and notin conflict with the application hut
cited to Understand the principle or theory underlying the
invention

X" document of partioular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the dosument is taken alone

Y" document of partioular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docuy-
pr:?r?ts, zuch combination being obvious to a person skilled
inthe art.

*&" document member of the same patent family

Date of the actual completion of the intemational search

16 November 2006

Date of mailing of the intemational search report

24/11/2006

Name and mailing eddress of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswik

Tel. (+31-70) 340-2040, Tx. 31 651 epo l,

Fax: (+31-70) 340-3016

Authorized officer

Brévier, Francois

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2006/030176

C(Continuation), DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of dooument, with Indication, where appropriate, of the relevant passages

Relevant to claim No.

X US 4 917 296 A (KONIECZYNSKI RONALD D
[US]) 17 April 1990 (1990-04-17)

column 4, lines 16-51

column 5, lines 1-17; figure 1

A US 5 096 120 A (LUCKARZ MIROSLAV [DE])
17 March 1992 (1992-03-17)

column 3, line 28 - column 4, line 20
column 5, lines 17-20; figure 1

A FR 2 656 348 A3 (BREINING MASCHINEN
FAFRZEUGBAU [DE])

28 June 1591 (1991-06-28)

page 6, line 25 - page 7, line 22
page 8, lines 7-32; figure 1

A US 5 195 680 A (HOLT EARL R [US])

23 March 1993 (1993-03-23)

abstract; figure 1

- -

1-3,5,8,
9,25

1.17-21,

24,25

1,24,25

1,24,25

Form PCT/ISA/210 {continuation of second sheet) [Apiit 2008)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2006/030176
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 3816025 A 11-06-1974  NONE
US 2003101931 AL  05-06-2003  DE 10150230 Al 25-07-2002
JP 2002200445 A 16-07-2002
SE 523754 C2 11-05-2004
SE 0103429 A 01-05-2002
UsS 6517891 Bl 11-02-2003
éé-iigé3éé A 18-06-1969  NONE
US 4917296 A 17-04-1990  NONE
US 5006120 A 17-03-1992  DE 3821440 Al 28-12-1989
EP 0347607 A2 27-12-1989
ES 2661788 T3 16-12-1994
FR 2656348 A3 28-06-1991 DE 3942496 Al 27-06-1991
DE 8915850 U1 19-09-1991
US 5195680 A 23-03-1993  NONE

Forn PCT/ISA/210 (patent family annex) (Aprit 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - wo-search-report
	Page 23 - wo-search-report
	Page 24 - wo-search-report

