
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
1 

36
6 

39
9

B
1

��&������������
(11) EP 1 366 399 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
11.04.2012 Bulletin 2012/15

(21) Application number: 02723219.8

(22) Date of filing: 25.02.2002

(51) Int Cl.:
G05B 23/02 (2006.01)

(86) International application number: 
PCT/US2002/005384

(87) International publication number: 
WO 2002/071168 (12.09.2002 Gazette 2002/37)

(54) CAVITATION DETECTION IN A PROCESS PLANT

DETEKTION VON KAVITATION IN EINER PROZESSANLAGE

DETECTION DE LA CAVITATION DANS UNE INSTALLATION DE TRAITEMENT

(84) Designated Contracting States: 
DE GB

(30) Priority: 01.03.2001 US 273164 P
10.01.2002 US 44154

(43) Date of publication of application: 
03.12.2003 Bulletin 2003/49

(73) Proprietor: Fisher-Rosemount Systems, Inc.
Austin, TX 78754 (US)

(72) Inventor: ERYUREK, Evren
Minneapolis, MN 55410 (US)

(74) Representative: Bohnenberger, Johannes et al
Meissner, Bolte & Partner GbR 
Postfach 86 06 24
81633 München (DE)

(56) References cited:  
EP-A- 0 943 805 WO-A-97/21154
DE-A- 19 645 129 US-A- 5 284 523
US-A- 5 573 032 US-A- 5 646 539
US-A- 5 940 290 US-A- 6 152 684



EP 1 366 399 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Field of the Invention

[0001] The present invention relates generally to proc-
ess control systems within process plants and, more par-
ticularly, to the use of a coordinated monitoring system
to aid in the detection of cavitation in a process control
plant.

Description of the Related Art

[0002] Process control systems, like those used in
chemical, petroleum or other processes, typically include
one or more centralized or decentralized process con-
trollers communicatively coupled to at least one host or
operator workstation and to one or more process control
and instrumentation devices, such as field devices, via
analog, digital or combined analog/digital buses. Field
devices, which may be, for example valves, valve posi-
tioners, switches, transmitters, and sensors (e.g., tem-
perature, pressure and flow rate sensors), perform func-
tions within the process such as opening or closing valves
and measuring process parameters. The process con-
troller receives signals indicative of process measure-
ments or process variables made by or associated with
the field devices and/or other information pertaining to
the field devices, uses this information to implement a
control routine and then generates control signals which
are sent over one or more of the buses to the field devices
to control the operation of the process. Information from
the field devices and the controller is typically made avail-
able to one or more applications executed by an operator
workstation to enable an operator to perform desired
functions with respect to the process, such as viewing
the current state of the process, modifying the operation
of the process, etc.
[0003] While a typical process control system has
many process control and instrumentation devices, such
as valves, transmitters, sensors, etc. connected to one
or more process controllers which execute software that
controls these devices during the operation of the proc-
ess, there are many other supporting devices which are
also necessary for or related to process operation. These
additional devices include, for example, power supply
equipment, power generation and distribution equip-
ment, rotting equipment such as turbines, pumps, etc.,
which are located at numerous places in a typical plant.
While this additional equipment does not necessarily cre-
ate or use process variables and, in many instances, is
not controlled or even coupled to a process controller for
the purpose of affecting the process operation, this equip-
ment is nevertheless important to and ultimately neces-
sary for proper operation of the process. In the past how-
ever, process controllers were not necessarily aware of
these other devices or the process controllers simply as-
sumed that these devices were operating properly when
performing process control.

[0004] Still further, many process plants have other
computers associated therewith which execute applica-
tions related to business functions or maintenance func-
tions. For example, some plants include computers which
execute applications associated with ordering raw mate-
rials, replacement parts or devices for the plant, applica-
tions related to forecasting sales and production needs,
etc. Likewise, many process plants, and especially those
which use smart field devices, include applications which
are used to help monitor and maintain the devices within
the plant regardless of whether these devices are proc-
ess control and instrumentation devices or are other
types of devices. For example, the Asset Management
Solutions (AMS) application sold by Rosemount, Inc. en-
ables communication with and stores data pertaining to
field devices to ascertain and track the operating state
of the field devices. An example of such a system is dis-
closed in U.S. Patent Number 5,960,214 entitled "Inte-
grated Communication Network for use in a Field Device
Management System." In some instances, the AMS ap-
plication may be used to communicate with devices to
change parameters within the device, to cause the device
to run applications on itself, such as self calibration rou-
tines or self diagnostic routines, to obtain information
about the status or health of the device, etc. This infor-
mation may be stored and used by a maintenance person
to monitor and maintain these devices. Likewise, there
are other types of applications which are used to monitor
other types of devices, such as rotating equipment and
power generation and supply devices. These other ap-
plications are typically available to the maintenance per-
sons and are used to monitor and maintain the devices
within a process plant.
[0005] However, in the typical plant or process, the
functions associated with the process control activities,
the device and equipment maintenance and monitoring
activities, and the business activities are separated, both
in the location in which these activities take place and in
the personnel who typically perform these activities. Fur-
thermore, the different people involved in these different
functions generally use different tools, such as different
applications run on different computers to perform the
different functions. In many instances, these different
tools collect or use different types of data associated with
or collected from the different devices within the process
and are set up differently to collect the data they need.
For example, process control operators who generally
oversee the day to day operation of the process and who
are primarily responsible for assuring the quality and con-
tinuity of the process operation typically affect the proc-
ess by setting and changing set points within the process,
tuning loops of the process, scheduling process opera-
tions such as batch operations, etc. These process con-
trol operators may use available tools for diagnosing and
correcting process control problems within a process
control system, including, for example, auto-tuners, loop
analyzers, neural network systems, etc. Process control
operators also receive process variable information from
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the process via one or more process controllers which
provide information to the operators about the operation
of the process, including alarms generated within the
process. This information may be provided to the process
control operator via a standard user interface.
[0006] Still further, it is currently known to provide an
expert engine that uses process control variables and
limited information about the operating condition of the
control routines or function blocks or modules associated
with process control routines to detect poorly operating
loops and to provide information to an operator about
suggested courses of action to correct the problem. Such
an expert engine is disclosed in US6298454, entitled "Di-
agnostics in a Process Control System," which was filed
on February 22, 1999 and in U.S. Patent US6633782
entitled "Diagnostic Expert in a Process Control System,"
which was filed on February 7, 2000. Likewise, it is known
to run control optimizers, such as real time optimizers,
within a plant to optimize the control activities of the proc-
ess plant. Such optimizers typically use complex models
of the plant to predict how inputs may be changed to
optimize operation of the plant with respect to some de-
sired optimization variable such as, for example, profit.
[0007] On the other hand, maintenance personnel who
are primarily responsible for assuring that the actual
equipment within the process is operating efficiently and
for repairing and replacing malfunctioning equipment,
use tools such as maintenance interfaces, the AMS ap-
plication discussed above, as well and many other diag-
nostic tools which provide information about operating
states of the devices within the process. Maintenance
persons also schedule maintenance activities which may
require shut down of portions of the plant. For many new-
er types of process devices and equipment, generally
called smart field devices, the devices themselves may
include detection and diagnostic tools which automati-
cally sense problems with the operation of the device and
automatically report these problems to a maintenance
person via a standard maintenance interface. For exam-
ple, the AMS software reports device status and diag-
nostic information to the maintenance person and pro-
vides communication and other tools that enable the
maintenance person to determine what is happening in
devices and to access device information provided by
devices. Typically, maintenance interfaces and mainte-
nance personnel are located apart from process control
operators, although this is not always the case. For ex-
ample, in some process plants, process control operators
may perform the duties of maintenance persons or vice
versa, or the different people responsible for these func-
tions may use the same interface.
[0008] Still further, persons responsible and applica-
tions used for business applications, such as ordering
parts, supplies, raw materials, etc., making strategic busi-
ness decisions such as choosing which products to man-
ufacture, what variables to optimize within the plant, etc.
are typically located in offices of the plant that are remote
from both the process control interfaces and the mainte-

nance interfaces. Likewise, managers or other persons
may want to have access to certain information within
the process plant from remote locations or from other
computer systems associated with the process plant for
use in overseeing the plant operation and in making long
term strategic decisions.
[0009] Because, for the most part, the very different
applications used to perform the different functions within
a plant, e.g., process control operations, maintenance
operations and business operations are separated, the
different applications used for these different tasks are
not integrated and, thus, do not share data or information.
In fact, many plants only include some, but not all, of
these different types of applications. Furthermore, even
if all of the applications are located within a plant, because
different personnel use these different applications and
analysis tools and because these tools are generally lo-
cated at different hardware locations within the plant,
there is little if any flow of information from one functional
area of the plant to another, even when this information
may be useful to other functions within the plant. For ex-
ample, a tool, such as a rotating equipment data analysis
tool, may be used by a maintenance person to detect a
poorly functioning power generator or piece of rotating
equipment (based on non-process variable type data).
This tool may detect a problem and alert the maintenance
person that the device needs to be calibrated, repaired
or replaced. However, the process control operator (ei-
ther a human or a software expert) does not have the
benefit of this information, even though the poorly oper-
ating device may be causing a problem that is affecting
a loop or some other component which is being monitored
by the process control operation. Likewise, the business
person is not aware of this fact, even though the mal-
functioning device may be critical to and may be prevent-
ing optimization of the plant in a manner that the business
person may desire. Because the process control expert
is unaware of a device problem which may be ultimately
causing poor performance of a loop or unit in the process
control system and because the process control operator
or expert assumes that this equipment is operating per-
fectly, the process control expert may misdiagnose the
problem it detects within the process control loop or may
try to apply a tool, such as a loop tuner, which could never
actually correct the problem. Likewise, the business per-
son may make a business decision to run the plant in a
manner that will not achieve the desired business effects
(such as optimizing profits) because of the malfunction-
ing device.
[0010] Due to the abundance of data analysis and oth-
er detection and diagnostic tools available in the process
control environment, there is a lot of information about
the health and performance of devices available to the
maintenance person which could be helpful to the proc-
ess operator and the business persons. Similarly, there
is a lot of information available to the process operator
about the current operational status of the process con-
trol loops and other routines which may be helpful to the
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maintenance person or to the business person. Likewise,
there is information generated by or used in the course
of performing the business functions which could be help-
ful to the maintenance person or the process control op-
erator in optimizing the operation of the process. How-
ever, in the past, because these functions were separat-
ed, the information generated or collected in one func-
tional area was not used at all, or not used very well in
other functional areas which led to an overall sub-optimal
use of the assets within process plants.

Summary

[0011] The invention relates to a monitoring system
according to claim 1 for estimating the existence of cav-
itation in a device and to a method according to claim 18
for detecting cavitation within a device operating in a
process.
[0012] A process control system may use an asset uti-
lization expert to collect data or information pertaining to
the assets of a process plant from various sources or
functional areas of the plant including, for example, the
process control functional areas, the maintenance func-
tional areas and the business systems functional areas
and uses this information to detect and possibly take cor-
rective actions. In one example, a monitoring system is
configured to detect or predict cavitations within equip-
ment, such as pumps, within a plant. In this example,
process variable or operational parameter data, such as
measured flow rates and pressures, may be combined
with maintenance data, such as characteristic curves, to
detect or predict cavitation within a pump or other device.
Similarly, process data and pump manufacturing data
may be combined with process or device models to detect
the existence of or likely formation of cavitation within a
device.

Brief Description of the Drawings

[0013]

Fig. 1 is a block diagram of a process control plant
having an asset utilization expert configured to re-
ceive and coordinate data transfer between many
functional areas of the plant;
Fig. 2 is a data and information flow diagram with
respect to the asset utilization expert within the plant
of Fig. 1;
Fig. 3 is a block diagram of a generic model used to
simulate the operation of an area within a plant;
Fig. 4 is a block diagram of a generic model used to
simulate the operation of a unit within the area model
of Fig. 3,
Fig. 5 is a block diagram of monitoring system con-
nected within a process control loop, the monitoring
system being capable of detecting cavitation at or
near a pump located within the control loop;
Fig. 6 is a graph illustrating the relationship between

NPSHa, NPSHr and cavitation;
Fig. 7 is an example set of manufacturer character-
istic curves for a pump;
Fig 8 is a graph illustrating a normal V-A curve for
pump with and without high frequency noise as well
as a shifted V-A curve with and without high frequen-
cy noise, which may result from cavitation within a
pump; and
Fig. 9 is a partially cut-away diagram of a pump hav-
ing a cavitation monitoring routine disposed therein.

Detailed Description

[0014] Referring now to Fig. 1, a process control plant
10 includes a number of business and other computer
systems interconnected with a number of control and
maintenance systems by one or more communication
networks. The process control plant 10 includes one or
more process control systems 12 and 14. The process
control system 12 may be a traditional process control
system such as a PROVOX or RS3 system or any other
DCS which includes an operator interface 12A coupled
to a controller 12B and to input/output (I/O) cards 12C
which, in turn, are coupled to various field devices such
as analog and Highway Addressable Remote Transmit-
ter (HART) field devices 15. The process control system
14, which may be a distributed process control system,
includes one or more operator interfaces 14A coupled to
one or more distributed controllers 14B via a bus, such
as an Ethernet bus. The controllers 14B may be, for ex-
ample, DeltaV™ controllers sold by Fisher-Rosemount
Systems, Inc. of Austin, Texas or any other desired type
of controllers. The controllers 14B are connected via I/O
devices to one or more field devices 16, such as for ex-
ample, HART or Fieldbus field devices or any other smart
or non-smart field devices including, for example, those
that use any of the PROFIBUS®, WORLDFIP®, Device-
Net®, AS-Interface and CAN protocols. As is known, the
field devices 16 may provide analog or digital information
to the controllers 14B related to process variables as well
as to other device information. The operator interfaces
14A may store and execute tools available to the process
control operator for controlling the operation of the proc-
ess including, for example, control optimizers, diagnostic
experts, neural networks, tuners, etc.
[0015] Still further, maintenance systems, such as
computers executing the AMS application or any other
device monitoring and communication applications may
be connected to the process control systems 12 and 14
or to the individual devices therein to perform mainte-
nance and monitoring activities. For example, a mainte-
nance computer 18 may be connected to the controller
12B and/or to the devices 15 via any desired communi-
cation lines or networks (including wireless or handheld
device networks) to communicate with and, in some in-
stances, reconfigure or perform other maintenance ac-
tivities on the devices 15. Similarly, maintenance appli-
cations such as the AMS application may be installed in
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and executed by one or more of the user interfaces 14A
associated with the distributed process control system
14 to perform maintenance and monitoring functions, in-
cluding data collection related to the operating status of
the devices 16.
[0016] The process control plant 10 also includes var-
ious rotating equipment 20, such as turbines, motors,
pumps, etc. which are connected to a maintenance com-
puter 22 via some permanent or temporary communica-
tion link (such as a bus, a wireless communication system
or hand held devices which are connected to the equip-
ment 20 to take readings and are then removed). The
maintenance computer 22 may store and execute known
monitoring and diagnostic applications 23 such as, for
example, RBMware provided by CSi Systems or other
any other known applications used to diagnose, monitor
and optimize the operating state of the rotating equip-
ment 20. Maintenance personnel usually use the appli-
cations 23 to maintain and oversee the performance of
rotating equipment 20 in the plant 10, to determine prob-
lems with the rotating equipment 20 and to determine
when and if the rotating equipment 20 must be repaired
or replaced.
[0017] Similarly, a power generation and distribution
system 24 having power generating and distribution
equipment 25 associated with the plant 10 is connected
via, for example, a bus, to another computer 26 which
runs and oversees the operation of the power generating
and distribution equipment 25 within the plant 10. The
computer 26 may execute known power control and di-
agnostics applications 27 such a as those provided by,
for example, Liebert and ASCO or other companies to
control and maintain the power generation and distribu-
tion equipment 25.
[0018] In the past, the various process control systems
12 and 14 and the power generating and maintenance
systems 22 and 26 have not been interconnected with
each other in a manner that enables them to share data
generated in or collected by each of these systems in a
useful manner. As a result, each of the different functions
such as the process control functions, power generation
functions and rotating equipment functions have operat-
ed on the assumption that the other equipment within the
plant which may be affected by or have an affect on that
particular function is operating perfectly which, of course,
is almost never the case. However, because the func-
tions are so different and the equipment and personnel
used to oversee these functions are different, there has
been little or no meaningful data sharing between the
different functional systems within the plant 10.
[0019] To overcome this problem, a computer system
30 is provided which is communicatively connected to
the computers or interfaces associated with the various
functional systems within the plant 10, including the proc-
ess control functions 12 and 14, the maintenance func-
tions such as those implemented in the computers 18,
14A, 22 and 26 and the business functions. In particular,
the computer system 30 is communicatively connected

to the traditional process control system 12 and to the
maintenance interface 18 associated with that control
system, is connected to the process control and/or main-
tenance interfaces 14A of the distributed process control
system 14, is connected to the rotating equipment main-
tenance computer 22 and to the power generation and
distribution computer 26, all via a bus 32. The bus 32
may use any desired or appropriate local area network
(LAN) or wide area network (WAN) protocol to provide
communications.
[0020] As illustrated in Fig. 1, the computer 30 is also
connected via the same or a different network bus 32 to
business system computers and maintenance planning
computers 35 and 36, which may execute, for example,
enterprise resource planning (ERP), material resource
planning (MRP), accounting, production and customer
ordering systems, maintenance planning systems or any
other desired business applications such as parts, sup-
plies and raw materials ordering applications, production
scheduling applications, etc. The computer 30 may also
be connected via, for example, the bus 32, to a plantwide
LAN 37, a corporate WAN 38 as well as to a computer
system 40 that enables remote monitoring of or commu-
nication with the plant 10 from remote locations..
[0021] In one embodiment, the communications over
the bus 32 occur using the XML protocol. Here, data from
each of the computers 12A, 18, 14A, 22, 26, 35, 36, etc.
is wrapped in an XML wrapper and is sent to an XML
data server which may be located in, for example, the
computer 30. Because XML is a descriptive language,
the server can process any type of data. At the server, if
necessary, the data is encapsulated with to a new XML
wrapper, i.e., this data is mapped from one XML schema
to one or more other XML schemas which are created
for each of the receiving applications. Thus, each data
originator can wrap its data using a schema understood
or convenient for that device or application, and each
receiving application can receive the data in a different
schema used for or understood by the receiving applica-
tion. The server is configured to map one schema to an-
other schema depending on the source and destination
(s) of the data. If desired, the server may also perform
certain data processing functions or other functions
based on the receipt of data. The mapping and process-
ing function rules are set up and stored in the server prior
to operation of the system described herein. In this man-
ner, data may be sent from any one application to one
or more other applications.
[0022] Generally speaking, the computer 30 stores
and executes an asset utilization expert 50 that collects
data and other information generated by the process con-
trol systems 12 and 14, the maintenance systems 18, 22
and 26 and the business systems 35 and 36 as well as
information generated by data analysis tools executed in
each of these systems. The asset utilization expert 50
may be based on, for example, the OZ expert system
currently provided by NEXUS. However, the asset utili-
zation expert 50 may be any other desired type of expert
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system including, for example, any type of data mining
system. Importantly, the asset utilization expert 50 oper-
ates as a data and information clearinghouse in the proc-
ess plant 10 and is able to coordinate the distribution of
data or information from one functional area, such as the
maintenance area, to other functional areas, such as the
process control or the business functional areas. The as-
set utilization expert 50 may also use the collected data
to generate new information or data which can be dis-
tributed to one or more of the computer systems associ-
ated with the different functions within the plant 10. Still
further, the asset utilization expert 50 may execute or
oversee the execution of other applications that use the
collected data to generate new types of data to be used
within the process control plant 10.
[0023] In particular, the asset utilization expert 50 may
include or execute index generation software 51 that cre-
ates indexes associated with devices, like process con-
trol and instrumentation devices, power generation de-
vices, rotating equipment, units, areas, etc, or that are
associated with process control entities, like loops, etc.
within the plant 10. These indexes can then be provided
to the process control applications to help optimize proc-
ess control and can be provided to the business software
or business applications to provide the business persons
more complete or understandable information associat-
ed with the operation of the plant 10. The asset utilization
expert 50 can also provide maintenance data (such as
device status information) and business data (such as
data associated with scheduled orders, timeframes, etc.)
to a control expert 52 associated with, for example, the
process control system 14 to help an operator perform
control activities such as optimizing control. The control
expert 52 may be located in, for example, the user inter-
face 14A or any other computer associated with the con-
trol system 14 or within the computer 30 if desired.
[0024] In one embodiment, the control expert 52 may
be, for example, the control expert described in U.S. Pat-
ent US6298454 and US6633782 identified above. How-
ever, these control experts may additionally incorporate
and use data related to the status of devices or other
hardware within the process control plant 10 in the deci-
sion making performed by these control experts. In par-
ticular, in the past, the software control experts generally
only used process variable data and some limited device
status data to make decisions or recommendations to
the process operator. With the communication provided
by the asset utilization expert 50, especially that related
to device status information such as that provided by the
computer systems 18, 14A, 22 and 26 and the data anal-
ysis tools implemented thereon, the control expert 52 can
receive and incorporate device status information such
as health, performance, utilization and variability infor-
mation into its decision making along with process vari-
able information.
[0025] Additionally, the asset utilization expert 50 can
provide information pertaining to states of devices and
the operation of the control activities within the plant 10

to the business systems 35 and 36 where, for example,
a work order generation application or program 54 can
automatically generate work orders and order parts
based on detected problems within the plant 10 or where
supplies can be ordered based on work being performed.
Similarly, changes in the control system detected by the
asset utilization expert 50 may cause the business sys-
tems 35 or 36 to run applications that perform scheduling
and supply orders using, for example, the program 54.
In the same manner, changes in customer orders etc.
can be entered into the business systems 35 or 36 and
this data can be sent to the asset utilization expert 50
and sent to the control routines or control expert 52 to
cause changes in the control to, for example, begin mak-
ing the newly ordered products or to implement the
changes made in the business systems 35 and 36. Of
course, if desired, each computer system connected to
the bus 32 may have an application therein that functions
to obtain the appropriate data from the other applications
within the computer and to sending this data to, for ex-
ample, the asset utilization expert 50.
[0026] Moreover, the asset utilization expert 50 can
send information to one or more optimizers 55 within the
plant 10. For example, a control optimizer 55 can be lo-
cated in the computer 14A and can run one or more con-
trol optimization routines 55A, 55B, etc. Additionally or
alternatively, optimizer routines 55 could be stored in and
executed by the computer 30 or any other computer, and
the data necessary therefor could be sent by the asset
utilization expert 50. If desired, the plant 10 may also
include models 56 that model certain aspects of the plant
10 and these models 56 can be executed by the asset
utilization expert 50 or a control or other expert such as
the control expert 52 to perform modeling functions, the
purpose of which will be described in more detail herein.
Generally speaking, however, the models 56 can be used
to determine device, area, unit, loop, etc. parameters, to
detect faulty sensors or other faulty equipment, as part
of optimizer routines 55, to generate indexes such as
performance and utilization indexes for use in the plant
10, to perform performance or condition monitoring, as
well as for many other uses. The models 56 may be mod-
els such as those created by and sold by MDC Technol-
ogy located in Teeside, England or may be any other
desired types of models. There are, of course, many other
applications that can be provided within the plant 10 and
that can use the data from the asset utilization expert 50
and the system described herein is not limited to the ap-
plications specifically mentioned herein. Overall, howev-
er, the asset utilization expert 50 helps to optimize the
use of all of the assets within the plant 10 by enabling
the sharing of data and coordination of assets between
all of the functional areas of the plant 10.
[0027] Also, generally speaking, one or more user in-
terface routines 58 can be stored in and executed by one
or more of the computers within the plant 10. For exam-
ple, the computer 30, the user interface 14A, the business
system computer 35 or any other computer may run a
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user interface routine 58. Each user interface routine 58
can receive or subscribe to information from the asset
utilization expert 50 and either the same or different sets
of data may be sent to each of the user interface routines
58. Any one of the user interface routines 58 can provide
different types of information using different screens to
different users. For example, one of the user interface
routines 58 may provide a screen or set of screens to a
control operator or to a business person to enable that
person to set constraints or to choose optimization vari-
ables for use in a standard control routine or in a control
optimizer routine. The user interface routine 58 may pro-
vide a control guidance tool that enables a user to view
the indexes created by the index generation software 51
in some coordinated manner. This operator guidance tool
may also enable the operator or any other person to ob-
tain information about the states of devices, control loops,
units, etc. and to easily see the information related to the
problem with these entities, as that information has been
detected by other software within the process plant 10.
The user interface routine 58 may also provide perform-
ance monitoring screens using performance monitoring
data provided by or generated by the tools 23 and 27,
the maintenance programs such as the AMS application
or any other maintenance programs, or as generated by
the models in conjunction with the asset utilization expert
50. Of course, the user interface routine 58 may provide
any user access to and enable the user to change pref-
erences or other variables used in any or all functional
areas of the plant 10.
[0028] Referring now to Fig. 2, a data flow diagram
illustrating some of the data flow between the asset uti-
lization expert 50 and other computer tools or applica-
tions within the process plant 10 is provided. In particular,
the asset utilization expert 50 may receive information
from numerous data collectors or data sources such as
multiplexers, transmitters, sensors, hand held devices,
control systems, radio frequency (RF) transceivers, on-
line control systems, web servers, historians, control
modules or other control applications within the process
control plant 10, interfaces such as user interfaces and
I/O interfaces as well as data servers such as buses (e.g.,
Fieldbus, HART and Ethernet buses), valves, transceiv-
ers, sensors, servers and controllers and other plant as-
sets such as process instrumentation, rotating equip-
ment, electrical equipment, power generation equip-
ment, etc. This data can take on any desired form based
on how the data is generated or used by other functional
systems. Still further, this data may be sent to the asset
utilization expert 50 using any desired or appropriate data
communication protocol and communication hardware
such as the XML protocol discussed above. Generally
speaking, however, the plant 10 may be configured so
that the asset utilization expert 50 automatically receives
specific kinds of data from one or more of the data sourc-
es and so that the asset utilization expert 50 can take
predetermined actions with respect to that data.
[0029] Also, the asset utilization expert 50 receives in-

formation from (and may actually execute) data analysis
tools such as typical maintenance data analysis tools
which are currently provided today, performance tracking
tools, such as those associated with devices, as well as
performance tracking tools for process control systems
like that described in U.S. Patent US6298454 and
US6633782. The data analysis tools may also include,
for example, a root cause application which detects root
causes of certain types of problems, event detection such
as that described in U.S. Patent No. 6,017,143, regula-
tory loop diagnostics such as that disclosed in U.S. Patent
US6397114 (filed May 3, 1999), impulse lines plugging
detection applications, such as that described in U.S.
Patent Application Serial Number 09/257,896 (filed Feb-
ruary 25, 1999), other plugged line detection applica-
tions, device status applications, device configuration ap-
plications and maintenance applications, device storage,
historian and information display tools, such as AMS, Ex-
plorer applications and audit trail applications. Still fur-
ther, the expert 50 can receive data and any information
from process control data analysis tools such as the ad-
vanced control expert 52, model predictive control proc-
ess routines such as those described in U.S. Patent
US6721609 (filed June 14, 2000) and US6445963 (filed
October 4, 1999), tuning routines, fuzzy logic control rou-
tines and neural network control routines, as well as from
virtual sensors such as that described in U.S. Patent No.
5,680,409, which may be provided within the process
control system 10. Still further, the asset utilization expert
50 may receive information from data analysis tools re-
lated to rotating equipment such as on-line vibration, RF
wireless sensors and hand-held data collection units, oil
analysis associated with rotating equipment, thermogra-
phy, ultra-sonic systems and laser alignment and balanc-
ing systems, all of which may be related to detecting prob-
lems or the status of rotating equipment within the proc-
ess control plant 10. These tools are currently known in
the art and so will not be described further herein. Still
further, the asset utilization expert 50 may receive data
related to power management and power equipment and
supplies such as the applications 23 and 27 of Fig. 1,
which may include any desired power management and
power equipment monitoring and analysis tools.
[0030] In one embodiment, the asset utilization expert
50 executes or oversees the execution of mathematical
software models 56 of some or all of the equipment within
the plant 10, such as device models, loops models, unit
models, area models, etc., which are run by, for example,
the computer 30 or any other desired computer within
process plant 10. The asset utilization expert 50 may use
the data developed by or associated with these models
for a number of reasons. Some of this data (or the models
themselves) may be used to provide virtual sensors with-
in the plant 10. Likewise, some of this data, or the models
themselves, may be used to implement predictive control
or real time optimal control within the plant 10.
[0031] The asset utilization expert 50 receives data as
it is generated or at certain periodic times over, for ex-
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ample, the bus 32 or other any communication network
within the process control plant 10. Thereafter, periodi-
cally or as needed, the asset utilization expert 50 redis-
tributes the data to other applications or uses that data
to generate and provide other information useful in dif-
ferent aspects of the control or operation of the process
plant 10 to other function systems within the plant 10.
The asset utilization expert 50 may also provide data to
and receive data from control routines 62 which may be
located in process controllers or interfaces associated
with those controllers, optimizers 55, business applica-
tions 63, maintenance applications 66, etc.
[0032] Furthermore, a control expert 65 (which may
include a predictive process controller), which in the past
simply assumed that the devices it was controlling either
worked properly or not at all, can receive information from
the asset utilization expert 50 related to the status or
health of the devices it is controlling, such as the utiliza-
tion, variability, health or performance information or oth-
er information related to the operating status of devices,
loops, etc. which can be taken into account when trying
to control a process. The predictive controller 65, as well
as the optimizers 55 may provide additional information
and data to user interface routines 58. The predictive
controller 65 or optimizer 55 may use the status informa-
tion pertaining to actual current status of the devices in
the network, as well as take into account goals and future
needs such as those identified by business solution soft-
ware provided from the asset utilization expert 50 as de-
fined by, for example, business applications 63, to opti-
mize control based on predictions within the control sys-
tem.
[0033] Still further, the asset utilization expert 50 may
provide data to and receive data from enterprise resource
planning tools such as those typically used in business
solutions or business computers 35 and 36. These ap-
plications may include production planning tools which
control production planning, material resource planning,
the work order generation tool 54 which automatically
generates part orders, work orders, or supply orders for
use in the business applications, etc. Of course, the part
order, work order and supply order generation may be
completed automatically based on information from the
asset utilization expert 50, which decreases the time re-
quired to recognize that an asset needs to be fixed as
well as the time is takes to receive the parts necessary
to provide corrective action with respect to maintenance
issues.
[0034] The asset utilization expert 50 may also provide
information to the maintenance system applications 66,
which not only alert maintenance people to problems im-
mediately, but also take corrective measures such as
ordering parts, etc. which will be needed to correct a prob-
lem. Still further, new models 68 may be generated using
types of information that are available to the asset utili-
zation expert 50 but that were previously unavailable to
any single system. Of course, it will be understood from
Fig. 2 that the asset utilization expert 50 not only receives

information or data from the data models and the analysis
tools but, also receives information from enterprise re-
source tools, maintenance tools and process control
tools.
[0035] Moreover, one or more coordinated user inter-
face routines 58 may communicate with the asset utili-
zation expert 50 as well as any other applications within
the plant 10 to provide help and visualization to operators,
maintenance persons, business persons, etc. The oper-
ators and other users may use the coordinated user in-
terface routines 58 to perform or to implement predictive
control, change settings of the plant 10, view help within
the plant 10, view alarms or alerts, or perform any other
activities related to the information provided by the asset
utilization expert 50.
[0036] As mentioned above, the asset utilization ex-
pert 50 can execute or oversee the execution of one or
more mathematical or software models 56 that model the
operation of a particular plant or entities within the plant,
such as devices, units, loops, areas, etc. These models
may be hardware models or they may be process control
models. In one embodiment, to generate these models,
a modeling expert divides the plant into component hard-
ware and/or process control parts and provides a model
for the different component parts at any desired level of
abstraction. For example, the model for a plant is imple-
mented in software and is made up of or may include a
set of hierarchically related, interconnected models for
the different areas of the plant. Similarly, the model for
any plant area may be made up of individual models for
the different units within the plant with interconnections
between the inputs and outputs of these units. Likewise,
units may be made up of interconnected device models,
and so on. Of course, area models may have device mod-
els interconnected with unit models, loop models, etc. In
this example model hierarchy, the inputs and outputs of
models for the lower level entities, such as devices, may
be interconnected to produce models for higher level en-
tities, such as units, the inputs and outputs of which may
be interconnected to create still higher level models, such
as area models, and so on. The way in which the different
models are combined or interconnected will, of course
depend on the plant being modeled. While a single, com-
plete mathematical model for the whole plant could be
used, it is believed that providing different and independ-
ent component models for different portions of or entities
within the plant, such as areas, units, loops, devices, etc.
and interconnecting these different models to form larger
models is useful for a number of reasons. Furthermore,
it is desirable to use component models that can be run
independently of one another as well as together with
other component models as part of a larger model.
[0037] While highly mathematically accurate or theo-
retical models (such as third or fourth order models) may
be used for the entire plant or for any or all of the com-
ponent models, the individual models need not neces-
sarily be as mathematically accurate as possible and
could be, for example, first or second order models or
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other types of models. These simpler models can gen-
erally be executed more quickly in software and can be
made more accurate by matching the inputs and outputs
of the models with actual measurements of inputs and
outputs made within the plant in a manner described
herein. In other words, the individual models may be
tuned or tweaked to accurately model the plant or the
entities within the plant based on actual feedback from
the plant.
[0038] The generic use of hierarchical software mod-
els will now be described with respect to Figs. 3 and 4.
Fig. 3 illustrates models for multiple areas 80, 81 and 82
within a refining plant. As illustrated in Fig. 3, the area
model 82 includes a component model of a raw material
source 84 which feeds raw material such as crude oil to
a pre-processor model 88. The pre-processor 88 pro-
vides some refining to the raw material and provides an
output, typically crude oil to a distillation process 90 for
further refining. The distillation process 90 outputs C2H4,
usually a desired product, and C2H6 which, generally
speaking, is a waste product. The C2H6 is fed back to a
C2 cracker 92 which provides its output to the pre-proc-
essor 88 for further processing. The feedback from the
distillation process 90 through the C2 cracker 92 is a re-
cycling process. Thus, the model for the area 82 may
include separate models for the raw material source 84,
the pre-processor 88, the distillation process 90 and the
C2 cracker 92 having inputs and outputs interconnected
as illustrated in Fig. 3. That is, each component model
may be tied to the inputs and outputs of other component
models in the manner illustrated in Fig. 3 to form the
model for the area 82. Of course, the models for the other
areas 80 and 81 could have other component models
having interconnected inputs and outputs.
[0039] Referring now to Fig. 4, the component model
for the distillation process 90 is illustrated in more detail
and includes a distillation column 100 having a top portion
100T and a bottom portion 100B. The input 103 to the
distillation column 100 is an indication of pressure and
temperature which may be tied to the output of the model
for the pre-processor 88 shown in Fig. 3. However, this
input could be set by an operator or be set based on
actual measured inputs or variables within the plant 10.
Generally speaking, the distillation column 100 includes
a number of plates disposed therein and fluid moves be-
tween the plates during the distillation process. C2H4 is
produced out of the top 100T of the column 100 and a
reflux drum 102 feeds back some of this material to the
top 100T of the column 100. C2H6 generally comes out
of the bottom of the column 100 and a reboiler 104 pumps
polypropylene into the bottom 100B of the column 100
to aid in the distillation process. Of course, if desired, the
model for the distillation process 90 may be made up of
component models for the distillation column 100, the
reflux drum 102 and the reboiler 104, etc. having the in-
puts and outputs of these models connected as illustrated
in Fig. 4 to form the component model for the distillation
process 90.

[0040] As noted above, the component model for the
distillation process 90 may be executed as part of a model
for the area 82 or may be executed separately and apart
from any other models. In particular, the input 103 to the
distillation column 100 and/or the outputs C2H4 and C2H6
can actually be measured and these measurements may
be used within the model of the distillation process 90 in
a number of ways as described below. In one embodi-
ment, the inputs and outputs of the model of the distilla-
tion process 90 may be measured and used to determine
other factors or parameters associated with the model of
the distillation process 90 (such as the distillation column
efficiency, etc.) to force the model of the distillation proc-
ess 90 to more accurately match the operation of the
actual distillation column within the plant 10. The model
of the distillation process 90 may then be used with the
calculated parameters, as part of a larger model, such
as an area or plant model. Alternatively or additionally,
the model of the distillation process 90 with the calculated
parameters may be used to determine virtual sensor
measurements or to determine if actual sensor measure-
ments within the plant 10 are in error. The model of the
distillation process 90 with the determined parameters
may also be used to perform control or asset utilization
optimization studies, etc. Still further, component models
may be used to detect and isolate developing problems
in the plant 10 or to see how changes to the plant 10
might affect the selection of optimization parameters for
the plant 10.
[0041] If desired, any particular model or component
model may be executed to determine the values of the
parameters associated with that model. Some or all of
these parameters such as efficiency parameters may
mean something to an engineer within the context of the
model but are generally unmeasurable within the plant
10. More particularly, a component model may be gen-
erally mathematically described by the equation Y = F(X,
P), wherein the outputs Y of the model are a function of
the inputs X and a set of model parameters P. In the
example of the distillation column model of the distillation
process 90 of Fig. 4, an expert system may periodically
collect data (e.g., every hour, every ten minutes, every
minute, etc.) from the actual plant indicative of the actual
inputs X to and the outputs Y from the entity to which the
model pertains. Then, every so often, a regression anal-
ysis, such as a maximum likelihood, least squares or any
other regression analysis may be performed using the
model and multiple sets of the measured inputs and out-
puts to determine a best fit for the unknown model pa-
rameters P based on the multiple sets of measured data.
In this manner, the model parameters P for any particular
model may be determined using actual or measured in-
puts and outputs to reconcile the model with the entity
being modeled. Of course, this process can be performed
for any and all component models used within the plant
10 and can be performed using any appropriate number
of measured inputs and outputs. Preferably, the asset
utilization expert 50 collects the data associated with the
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appropriate inputs and outputs for a model over a period
of time from the process control network and stores this
data for use by the models 56. Then, at the desired times,
such as every minute, hour, day, etc., the asset utilization
expert 50 may execute the regression analysis using the
most recently collected sets of data to determine the best
fit for the model parameters using the collected data. The
sets of measured input and output data that are used in
the regression analysis may be independent of or may
overlap with the sets of data used in a previous regression
analysis for that model. Thus, for example, a regression
analysis for a particular model may be run every hour but
may use input and output data collected every minute for
the last two hours. As a result, half of the data used in
any particular regression analysis may overlap with the
data, i.e., is the same as data that was used in a previous
regression analysis. This overlapping of data used in the
regression analysis provides for more continuity or con-
sistency in the calculation of the model parameters.
[0042] Similarly, a regression analysis can be per-
formed to determine if sensors making measurements
within the process 10 are drifting or have some other
error associated therewith. Here, the same data or po-
tentially different data pertaining to the measured inputs
and outputs of the entity being modeled are collected and
stored by, for example, the asset utilization expert 50. In
this case, the model can be generally mathematically ex-
pressed as Y+dY = F(X+dX, P), wherein dY are the errors
associated with the measurements of the outputs Y, and
dX are the errors associated with measurements of the
inputs X. Of course, these errors could be any types of
errors, such as bias, drift, or non-linear errors and the
model may recognize that the inputs X and outputs Y
may have different kinds of errors associated therewith,
with the different kinds of possible errors having different
mathematical relationships to the actual measured val-
ues. In any event, a regression analysis, such as a max-
imum likelihood, least squares or any other regression
analysis may be performed using the model with the
measured inputs and outputs to determine a best fit for
the unknown sensor errors dY and dX. Here, the model
parameters P may be based on the parameters P calcu-
lated using a previous regression analysis for the model,
or may be treated as further unknowns and may be de-
termined in conjunction with this regression analysis. Of
course, as the number of unknowns used within regres-
sion analysis increases, the amount of data required in-
creases and the longer it takes to run the regression anal-
ysis. Furthermore, if desired, the regression analysis for
determining the model parameters and the regression
analysis for determining the sensor errors may be run
independently and, if desired, at different periodic rates.
This different periodicity may be beneficial when, for ex-
ample, the time frame over which measurable sensor
errors are likely to occur is much different, either greater
than or less than, the time frame over which changes in
the model parameters are likely to occur.
[0043] In any event, using these component models,

the asset utilization expert 50 can perform asset perform-
ance monitoring by plotting the values of the determined
model parameter(s) (and/or model inputs and outputs)
versus time. Still further, the asset utilization expert 50
can detect potentially faulty sensors by comparing the
determined sensor errors dY and dX to thresholds. If one
or more of the sensors appears to have a high or an
otherwise unacceptable error associated therewith, the
asset utilization expert 50 can notify a maintenance per-
son and/or a process control operator of the faulty sensor.
[0044] It will be understood from this discussion that
the component models may be executed independently
for different purposes at different times and, in many cas-
es, may be executed periodically to perform the above
described performance monitoring activities. Of course,
the asset utilization expert 50 can control the execution
of the appropriate models for the appropriate purposes
and use the results of these models for asset perform-
ance monitoring and optimization. It will be understood
that the same model may be run by the asset utilization
expert 50 for different purposes and for calculating dif-
ferent parameters or variables associated with the model.
[0045] As noted above, the parameters, inputs, out-
puts or other variables associated with any particular
model may be stored and tracked to provide performance
monitoring for a device, a unit, a loop, an area or any
other entity of a process or a plant. If desired, two or more
of these variables may be tracked or monitored together
to provide a multi-dimensional plot or measure of the per-
formance of the entity. As part of this performance mod-
eling, the location of the parameters or other variables
within this multi-dimensional plot may be compared to
thresholds to see if the entity, as defined by the coordi-
nated parameters being monitored, is within a desired or
acceptable region or is, instead, outside of that region.
In this manner, the performance of an entity may be
based on one or more parameters or other variables as-
sociated with that entity.
[0046] It will be understood that the asset utilization
expert 50 can monitor one or more entities using the mon-
itoring technique described above based on model pa-
rameters or other model variables and can report the
operating states or performance measures of these en-
tities to any other desired persons, functions or applica-
tions within the process control plant 10, such as to a
process control expert system, a maintenance person, a
business application, a user interface routine 58, etc. Of
course, it will also be understood that the asset utilization
expert 50 may perform performance or condition moni-
toring on any desired entity, based on one, two, three or
any other desired number of parameters or variables for
each entity. The identity and number of variables or pa-
rameters to be used in this performance monitoring will
generally be determined by an expert familiar with the
process and will be based on the type of entity being
monitored.
[0047] In one particular example, the asset utilization
expert 50 can be implemented as a monitoring routine
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to use data from various sources to detect or predict the
occurrence of cavitations within or associated with a
pump within a process plant. Generally speaking, cavi-
tation is defined as the phenomenon that occurs when
the local absolute static pressure of a fluid, somewhere
in the flow, drops below the vapor pressure of the fluid
which leads to the temporary formation of vapor bubbles.
As the bubbles are convected down stream in the flow,
they reach a location where the pressure increases again
above the vapor pressure. At this point, the bubbles col-
lapse and create a sudden, very high pressure pulse
which can damage the material of a nearby flow passage
wall, impeller, etc. The onset of cavitation, i.e., the first
appearance of vapor bubbles, depends primarily on the
vapor pressure of the liquid.
[0048] In pumps, such as impeller type pumps, classi-
cal cavitation occurs when the absolute pressure of the
moving liquid is reduced to be equal to or even below the
vapor pressure of the liquid at, for example, the eye of
the pump impeller. Bubbles are formed as a result of this
pressure drop, with the lower pressures being caused at
the eye of the impeller by variations in the velocity of the
fluid and friction losses as the fluid enters the impeller.
The bubbles are caught up and swept outward from the
impeller along the impeller vane. Thereafter, somewhere
along the impeller vane, the liquid pressure exceeds the
vapor pressure, which causes the bubbles to collapse.
Implosions of these vapor pockets can be so rapid that
a rumbling/cracking noise is produced. In fact, it actually
sounds like rocks passing through the pump.
[0049] Cavitation has several effects on a centrifugal
pump. First, as indicated above, the collapsing bubbles
make a distinctive noise, which has been described as
a growling sound, or a sound like the pump is pumping
gravel. Operators currently detect the presence of cavi-
tation in a process plant by walking through the plant and
listening for this distinctive sound. Moreover, the hydrau-
lic impacts caused by the collapsing bubbles are strong
enough to cause minute areas of fatigue on the metal
impeller surfaces or pump walls, which reduces the long
term life and efficiency of the pump. An even more serious
effect of cavitation is the mechanical damage which can
occur due to excessive vibration of the pump. Also, de-
pending on the severity of the cavitation, the pump per-
formance drops below its expected performance, re-
ferred to as break away, producing a lower than expected
head (pressure) and/or flow.
[0050] There are a couple of different types of cavita-
tion including suction cavitation, discharge cavitation and
recirculation cavitation. Suction cavitation occurs when
the net positive suction head available to the pump (i.e.,
upstream pressure) is less than what is required as de-
fined by the pump manufacturer. Symptoms of suction
cavitation include the pump sounding as if it is pumping
rocks, a high vacuum reading on the suction line, a low
discharge pressure and/or a high flow rate on the dis-
charge side of the pump. Suction cavitation may be
caused by a clogged suction pipe, the suction line being

too long or having a diameter that is too small, the suction
lift being too high or a valve on the suction line (i.e., up-
stream of the pump) being only partially open.
[0051] Discharge cavitation occurs when the pump
discharge head or pressure is too high when the pump
runs at or near shutoff. Symptoms of discharge cavitation
include the pump sounding like it is pumping rocks, a
high discharge gauge reading and/or low flow on the dis-
charge side of the pump. Some common causes of dis-
charge cavitation include a clogged discharge pipe, the
discharge pipe being too long or too small in diameter,
the discharge static head being too high or a discharge
line valve (i.e., downstream of the pump) only being par-
tially open.
[0052] Recirculation cavitation (also called rotating
stall or separation), which is the least understood but
probably the most common type of cavitation, occurs
when vapor filled pockets occur within the line.
[0053] As indicated above, cavitation is typically de-
tected manually by an operator walking around and lis-
tening for the distinctive sound of cavitation within the
plant. However, this method of detection is tedious, time
consuming and not very fast or effective. To overcome
this problem, a cavitation monitoring system may auto-
matically detect, estimate or predict the presence (or ab-
sence) of cavitation by combining various data measured
in or associated with a plant. Such a cavitation monitoring
system is described herein with respect to an example
process control loop 200 illustrated in Fig. 5. The process
control loop 200 includes a tank 202 which provides liquid
via a pump 204 to another tank 206. In this example, an
output valve 208 associated with the tank 202 is located
upstream of the pump 204 and an input valve 210 for the
tank 206 is located downstream of the pump 204. A pres-
sure sensor (transmitter) 212 and a flow sensor (trans-
mitter) 214 are also located upstream of the pump 204
to measure suction pressure at the pump 204 and the
flow rate of fluid into the pump 204. Likewise, a pressure
sensor 216 and a flow sensor 218 are located down-
stream of the pump 204 to measure discharge pressure
and flow rate of the pump 204.
[0054] When the output valve 208 and the input valve
210 are opened, the pump 204 operates to pump fluid
from the tank 202, through the valve 210 to the second
tank 206 which may be, for example a mixing tank. If
desired, an output valve 220 may be used to empty the
tank 206 and a pressure or flow sensor 221 and a level
sensor 222 may be used to gauge the flow from the tank
206 and the level of liquid within the tank 206, respec-
tively. A controller 223 may receive the output of the level
sensor 222 and control a process loop to open or close
the valve 220. Furthermore, a controller 224 obtains feed-
back from the valve 210 and the flow sensor 218 to per-
form process control functions related to opening the
valve 210 as well as possibly other actions.
[0055] A cavitation monitoring system or computer
225, having a processor 226 and a memory 227, is con-
figured to receive data pertaining to one or more of the
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flow parameters, such as the suction pressure or flow
rate and the discharge pressure or flow rate measured
by the sensors/transmitters 212, 214, 216, and 218. The
monitoring system 225 may be a maintenance system,
such as the AMS system sold by Rosemount, Inc., may
be a control system, may be a centralized or decentral-
ized monitoring computer, or may be any other desired
computer. In one embodiment, the monitoring system
225 may be connected to or may be part of the asset
utilization system 50 described above. In any event, the
monitoring system 225 includes a collection or commu-
nication routine 228 stored in the memory 227 and adapt-
ed to be executed on the processor 226 to receive oper-
ating data from various data sources such as from the
sensors 212, 214, 216, 218. A monitoring routine 229,
which is also stored in the memory 227 and adapted to
be executed on the processor 226, uses the collected
data to determine whether or not cavitation is likely to be
occurring within the pump 204, i.e., to detect or predict
the occurrence of cavitations within the pump 204. Thus,
while the loop 200 is generally known, as are the steps
of collecting data pertaining to the various elements or
devices within the loop, it is possible, using the monitoring
system 225 to detect and predict the occurrence of cav-
itations within the process control loop 200.
[0056] Before describing a specific manner of detect-
ing and predicting pump cavitations in more detail, there
are a couple of important factors that effect or are related
to cavitation within a pump disposed, for example, within
a fluid line. In analyzing a pump to determine if cavitation
is likely, there are two aspects of NPSH (Net Positive
Suction Head) which must be considered. First, NPSHa
(Net Positive Suction Head available) is the suction head
present at the pump suction orifice over and above the
vapor pressure of the liquid. NPSHa is a function of the
suction system and is independent of the type of pump
in the system. 

where:

P = Absolute pressure
H = Static distance from the surface of the liquid to
the pump impeller
Hf = Friction loss
Hvp = Vapor pressure

NPSHr (Net Positive Suction Head required) is the suc-
tion head required at the impeller centerline over and
above the vapor pressure of the liquid to prevent cavita-
tion. NPSHr is strictly a function of the pump inlet design,
and is independent of the suction piping system. NPSHr
is established by the manufacturer using a special test,
and the value of NPSHr is shown on a manufacturer
pump curve as a function of pump capacity. In order for

a pump to be operating free of cavitation, NPSHa must
be greater than NPSHr. The interplay of NPSHa and
NPSHr is illustrated in the graph of Fig. 6 in which NPSHa
and NPSHr are plotted versus flow rate. The graph of
Fig. 6 illustrates that, at the point where NPSHa becomes
less than NPSHr, cavitation or breakdown begins to oc-
cur. Because the flow rate of a fluid changes the pressure
of that fluid, NPSHa and NPSHr are dependent on flow
rate.
[0057] When a manufacturer develops a new pump, it
is tested under controlled conditions and the results of
these tests are plotted as one or more curves on what
are commonly known as performance charts. Generally
speaking, pump manufacturers determine the NPSHr of
an impeller pattern by conducting one or more suppres-
sion tests using water as the pumped fluid. The result of
these suppressions tests is one or more curves defining
the NPSHr of the pump at different flow rates (for water).
These tests are usually only made on the first casting for
an impeller pattern and not on individual pumps. Thus,
these curves may not take into effect characteristics of
individual impellers, such as manufacturing differences
or flaws, and are most accurate for water, as opposed to
other fluids. Further, the NPSHr plotted on the tradition
pump curves is based on a three percent head loss due
to cavitation, a convention established many years ago
in the Hydraulic Institute Standards. Permitting this large
of a head loss means that the cavitation would already
have been occurring at some higher flow condition before
performance loss was noted.
[0058] Fig. 7 illustrates a typical performance chart or
set of manufacturer curves for a pump. Here, the curve
marked QH shows how the developed head changes with
the flow rate. The curve marked HP represents the power
consumed at different flows, and the curve marked EFF
shows the ratio between the actual amount of power add-
ed to the liquid and the power consumed by the pump at
the given flow rate. This performance chart also shows
the minimum head required at the suction nozzle of the
pump to avoid cavitation which is marked as NPSHr. By
viewing the relation between these curves, it is evident
that cavitation within the pump causes a reduction in ef-
ficiency as well as head developed within the pump.
[0059] Generally speaking, the first reaction to a cav-
itation problem is usually to check the NPSHa at the eye
of the impeller and to then compare this pressure with
the NPSHr determined for the actual flow rate in the im-
peller design. The ratio of the NPSHa to NPSHr must be
sufficiently large (and at least greater than one) to prevent
the formation of cavitation bubbles.
[0060] One way to detect or predict the occurrence of
cavitation within a pump or a control loop using a pump,
such as in the system of Fig. 5, is to obtain and store one
or more characteristic curves for the pump 204 within the
monitoring system 225 and use these curves along with
process measurements, such as flow rate and suction
pressure, to determine if cavitation is occurring. In the
system of Fig. 5, the characteristic curves are illustrated
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as being stored in the memory 227 of the monitoring sys-
tem 225. In this case, the collection routine 228 collects
and stores one or more operating parameters, such as
the flow rate and pressure within the pump 204 as meas-
ured by, for example, the sensors 212, 214, 216 or 218.
The monitoring routine 229 uses the measured suction
flow rate (or the discharge flow rate) from the flow sensors
212 or 218 to determine the NPSHr from the stored char-
acteristic curve 230 or any modified curves created for a
particular fluid or pump being used. Thereafter, the mon-
itoring routine 229 the estimate the NPSHa from the
measurements of suction pressure or discharge pres-
sure produced by the pressure sensors 214 or 216, and
can then calculate the ratio of NPSHa to NPSHr. Next,
if desired, the monitoring routine 229 can compare this
ratio to a predetermined threshold, such as one. If this
ratio is close to one or less than one, then cavitation is
probably occurring within the pump. However, if the ratio
is greater than one, cavitation is probably not occurring.
Of course, a ratio of around one means that cavitation
may or may not be occurring (depending on how well the
pump follows the characteristic curve and how well the
NPSHa has been estimated or measured, etc.) but that
the pump is operating close to the boundary of the for-
mation of cavitation. Of course, the monitoring routine
can compare the NPSHa and the NPSHr in any other
desired manner to see if NPSHa is greater than NPSHr.
[0061] If cavitation is detected, the monitoring routine
229 may alert an operator or maintenance person to in-
form this person of the problem. The monitoring routine
229 may make recommendations for corrections or po-
tential causes of the cavitation problem depending on
the type or nature of cavitation being detected. Of course,
the type of cavitation may be determined based on pres-
sure and flow measurements made upstream as well as
downstream of the pumps from the sensors 212, 214,
216, and 218 as well as other sensors.
[0062] In another example, where, for example, suc-
tion or discharge pressure cannot be measured directly
or where measurements of these values do not correlate
directly with NPSHa, the monitoring system 225 may use
one or more models 232 of the pump 204 stored in the
memory 227 to detect the existence of cavitation or to
predict the occurrence of cavitation. Here, the monitoring
routine 229 uses the models 232, along with appropriate
operational parameters to model the control loop 200
and, in particular, the pump 204. Of course, a generic
model of the pump 204 can be used and this generic
model can be updated or calibrated with actual pump
data as measured from the actual pump 204 or the control
loop 200 and with performance curves from the pump
manufacturer, to produce a better or more accurate mod-
el of the pump 204. The models 232 may be used to
estimate or model the operating parameters, such as the
actual pressures and flows within a device, such as the
pump 204, that may potentially be experiencing cavita-
tion. Such models may be implemented and updated as
generally described above. In this case, NPSHa and/or

flow rates may be estimated from the process models
and these estimated values may be used, along with the
characteristic curves, to determine whether cavitation is
or is likely to be occurring within the pump 204.
[0063] Similarly, to predict future pump cavitations, the
models 232 of the process control loop 200 or the pump
204 may be implemented based on expected or predicted
process conditions to estimate future behavior of the
pump 204 or the control loop 200 to thereby determine
pressures and flow rates at or near the pump 204 at some
point in the future. These predicted pressure and flow
rates may then be used, along with the characteristic
curves 230 for the pump 204 to determine if the pump
204 will cavitate in expected future conditions or to de-
termine when the pump 204 will start to cavitate. Such
data can be used in optimization routines, control rou-
tines, etc. to predict and prevent pump cavitation situa-
tions. In a similar manner, the monitoring routine 229 may
use a trending analysis, such as collecting past data re-
lated to flow rates and NPSHa within the pump 204 to
determine when and under what conditions the pump
204 will cavitate and alert the user to such problems be-
fore they occur or at the time they are likely to occur
based on process control feedback data.
[0064] In yet another method of detecting pump cavi-
tation, the monitoring routine 229 looks for changes in
performance of the pump 204, based on measured op-
erating parameters, characteristic curves, etc., to detect
the onset of cavitation. This method may be useful when
NPSHa is not directly measurable in a normally operating
pump and is based on the assumption that the direct
consequence of cavitation is a degradation in the oper-
ational performance of the pump. The reason for this re-
duced performance, it is believed, is that the cavitation
bubbles change the impedance or load of the pump,
which in turn affects the operating curve of the pump.
This shift in the operating curve or the change of the
pump impedance has a direct impact on pump’s electrical
loop, specifically the V-A (voltage-current) characteristic.
It should be possible, therefore, for the monitoring routine
229 to determine the existence of cavitation in a pump
by monitoring the V-A relation of the pump.
[0065] Fig. 8 illustrates an example V-A characteristic
curve 250 of a normally operating pump, i.e., without cav-
itation. A similar characteristic curve of a normally oper-
ating pump in the presence of high frequency fluctuations
is illustrated as the curve 252. Shifted V-A characteristic
curves without high frequency fluctuations 254 and with
high frequency fluctuations 256 are also illustrated in Fig.
8. The monitoring routine 229 may detect the voltage and
current operational parameters of the pump -204, such
as through any known maintenance routine which meas-
ures these values, and track the actual V-A curve or op-
erating point of the pump 204. The monitoring routine
229 may then, using for example any desired probability
measure, determine if the pump 204 is operating on the
normal characteristic curve or on a shifted characteristic
curve associated with the operation of the pump 204 un-
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dergoing cavitation. If the pump 204 is operating on a
shifted curve, the monitoring routine 229 detects that the
pump 204 is undergoing cavitation. Alternatively, to de-
tect the presence of cavitation, the monitoring routine
229 may use a deterministic indicator of cavitation in V-
A curve of the pump 204 by looking at the absolute shift
of the curve, the high frequency fluctuation in the curve
or a combination of these. While the absolute shift of the
V-A curve is easy to detect, this feature may not be a
very reliable indicator of cavitation because other factors
could shift the V-A curve as well. The high frequency
fluctuation of the V-A curve can be analyzed in frequency
domain using any desired technique. In the simplest
case, the cavitation may only occur in certain frequency
region(s). Here, threshold and filtering techniques can
be applied efficiently and reliably to detect the presence
of cavitation. If no distinct frequency regions can be found
that are exclusively related to cavitation, the monitoring
routine 229 may use other advanced tools, such as expert
engines like neural networks, or fractal analysis tech-
niques or a combination of these.
[0066] While the monitoring routine 229 has been de-
scribed as being implemented in a separate computer,
such as that associated with a maintenance system, the
monitoring routine 229 could be located in any desired
computer, such as in a controller, a user interface (like
any of those illustrated in Fig. 1), etc., and could receive
the operational data in any desired manner. Still further,
the monitoring routine 229 and associated characteristic
curves 230 and pump models 232 could be located in a
field device, such as in the pump 204 itself, assuming
that the pump 204 is a smart field device including a proc-
essor or other computing mechanism.
[0067] Fig. 9 illustrates a field device in the form of a
pump 260 which can detect the presence of cavitation.
In this case, the pump 260 includes a processor 262 and
a memory 264 that stores a data collection routine 266,
a monitoring routine 269 and one or more characteristic
curves 270 for the pump 260. Further, the pump 260 may
include a flow rate sensor (274 or 276) and a pressure
sensor (278 or 280) on one or both of the suction and
discharge sides of the pump 260. These sensors may
provide outputs to the collection routine 266. The collec-
tion routine 266 could, instead, receive the flow and/or
pressure data from other sensors within the plant using
any desired communication protocol or technique. Using
the collected data, the monitoring routine 269 can oper-
ate as described above to detect the presence of cavita-
tion.
[0068] Alternatively, or in addition, the pump 260 can
include and implement one or more models 280, trending
analysis and expert engines which can be used as dis-
cussed above to estimate the conditions within the pump
260 to thereby detect cavitation. Such expert systems
may include model based expert systems, neural net-
works, fractal analysis systems, data mining systems,
trending systems, fuzzy logic systems, or any other suit-
able expert system which collects data from the process

and uses that data to detect cavitation. The pump 260
could, upon detecting cavitation or conditions which are
leading to cavitation, send an error or alert message to
an operator, maintenance person or other person to in-
form that person of the existence or possible existence
of cavitation.
[0069] Similarly, the pump 260 may include a motor
290 coupled to an impeller 292 or any other desired pump
mechanism, the operation of which forces fluid through
the pump 260. The collection routine 266 may collect or
acquire data pertaining to the voltage and current oper-
ational parameters of the pump and use this data, as
discussed above, to determine the existence of cavitation
within the pump 260.
[0070] While the cavitation monitoring techniques de-
scribed above typically use a characteristic curve asso-
ciated with a device, this curve take any form, such as
those illustrated herein, or may simply be a trending anal-
ysis, a data plot, a neural network, or other description
of the operation of the pump. Likewise, this curve may,
in some cases, include only a single point or, in other
cases, include many points. As a result, the characteristic
curve discussed herein is not limited to the curves illus-
trated in Figs. 6, 7 and 8.
[0071] While the asset utilization expert 50, monitoring
routines 229 and 269 and other process elements have
been described as preferably being implemented in soft-
ware, they may be implemented in hardware, firmware,
etc., and may be implemented by any other processor
associated with the process control system 10. In any
event, however, the recitation of a routine stored in a
memory and executed on a processor includes hardware
and firmware devices as well as software devices. For
example, the elements described herein may be imple-
mented in a standard multi-purpose CPU or on specifi-
cally designed hardware or firmware such as an applica-
tion-specific integrated circuit (ASIC) or other hard-wired
device as desired and still be a routine executed in a
processor. When implemented in software, the software
routine may be stored in any computer readable memory
such as on a magnetic disk, a laser disk, or other storage
medium, in a RAM or ROM of a computer or processor,
in any database, etc. Likewise, this software may be de-
livered to a user or a process control plant via any known
or desired delivery method including, for example, on a
computer readable disk or other transportable computer
storage mechanism or over a communication channel
such as a telephone line, the internet, etc. (which are
viewed as being the same as or interchangeable with
providing such software via a transportable storage me-
dium).

Claims

1. A monitoring system (225) for estimating the exist-
ence of cavitation in a device (204, 260), the moni-
toring system comprising:
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a processor (226);
a memory (227, 264) that stores a characteristic
curve (230, 250, 252, 254, 256, 270) for the de-
vice (204, 260);
a collection routine (228, 266) adapted to be ex-
ecuted on the processor (226) to collect one or
more operating parameters associated with the
device (204, 260) during operation of the device
(204, 260); and
characterized by a monitoring routine (229,
269) adapted to be executed on the processor
(226) that uses the one or more operating pa-
rameters and the characteristic curve (230, 250,
252, 254, 256, 270) to estimate the presence of
cavitation within the device (204),
wherein the characteristic curve (230, 250, 252,
256, 270) defines a net positive suction head
required for the device (204, 260) or wherein the
characteristic curve (230, 250, 252, 256, 270)
defines a voltage-current characteristic curve
(230, 250, 252, 256, 270) for the device.

2. The monitoring system (225) of claim 1, wherein the
memory (227) also stores a model (232, 280) asso-
ciated with the device (204, 260) and wherein the
monitoring routine (229, 269) is adapted to use the
model (232, 280) to estimate a further operating pa-
rameter associated with the device (204, 260).

3. The monitoring system (225) of one of the preceding
claims, wherein the monitoring routine (229, 269) is
further adapted to use the estimated further operat-
ing parameter and the characteristic curve (230, 250,
252, 254, 256, 270) for the device (204, 260) to es-
timate the presence of cavitation within the device
(204, 260).

4. The monitoring system (225) of one of the preceding
claims, wherein the one or more operating parame-
ters includes a pressure indication associated with
the device (204, 260) and wherein the collection rou-
tine (228, 266) is adapted to collect the pressure in-
dication.

5. The monitoring system (225) of one of the preceding
claims, wherein the one or more operating parame-
ters includes a suction pressure indication.

6. The monitoring system (225) of one of the preceding
claims, wherein the one or more operating parame-
ters includes a fluid flow indication associated with
the device (204, 260) and wherein the collection rou-
tine (228, 266) is adapted to collect the fluid flow
indication.

7. The monitoring system (225) of one of the preceding
claims, wherein the one or more operating parame-
ters includes a suction fluid flow indication.

8. The monitoring system (225) of one of the preceding
claims, wherein the one or more operating parame-
ters includes a pressure indication and a fluid flow
indication associated with the device (204, 260) and
wherein the collection routine (228, 266) is adapted
to collect the pressure and fluid flow indications,

9. The monitoring system (225) of one of the preceding
claims, wherein the one or more operating parame-
ters includes a suction pressure indication and a suc-
tion fluid flow indication.

10. The monitoring system (225) of one of the preceding
claims, wherein the monitoring routine (229, 269) is
adapted to determine a net positive suction head
available in the device (204, 260) and compare the
net positive suction head available with a net positive
suction head required associated with the device
(204, 260).

11. The monitoring system (225) of one of the preceding
claims, wherein the monitoring routine (229, 269) is
further adapted to calculate the ratio of the net pos-
itive suction head available and the net positive suc-
tion head required for the device and to compare the
ratio to a predetermined threshold.

12. The monitoring system (225) of one of the preceding
claims, wherein the one or more operating parame-
ters are associated with electrical operating param-
eters of the device (204, 260) and wherein the mon-
itoring routine (229, 269) is adapted to use the elec-
trical operating parameters of the device (204, 260)
to detect whether the device (204, 260) is operating
in accordance with the voltage-current characteristic
curve (250, 252, 254, 270) of the device (204, 260).

13. The monitoring system (225) of one of the preceding
claims, wherein the voltage-current characteristic
curve (250, 252, 254, 270) is a voltage-current char-
acteristic curve (250, 252) for the device (204, 260)
operating without cavitation,

14. The monitoring system (225) of one of the preceding
claims, wherein the voltage-current characteristic
curve (250, 252, 254, 270) is a voltage-current char-
acteristic curve (254, 256) for the device (204, 260)
operating with cavitation.

15. The monitoring system (225) of one of the preceding
claims, wherein the voltage-current characteristic
curve (250, 252, 254, 270) is a voltage-current char-
acteristic curve (252, 256) for the device (204, 260)
including high frequency fluctuations.

16. The monitoring system (225) of one of the preceding
claims, wherein the monitoring routine (229, 269) in-
cludes an expert engine.
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17. The monitoring system (225) of claim 16, wherein
the expert engine is a neural network.

18. A method of detecting cavitation within a device (204,
260) operating in a process, that includes collecting
one or more operating parameters associated with
the device (204, 260) during operation of the device
(204, 260), and storing a characteristic curve (230,
250, 252, 254, 256, 270) for the device (204, 260),
characterized by:

automatically detecting the presence of cavita-
tion within the device (204, 260) based on the
one or more collected operating parameters
wherein
automatically detecting includes using the char-
acteristic curve (230, 250, 252. 254, 256, 270)
that defines a net positive suction head required
for the device (204, 260) or a voltage-current
characteristic curve (230, 250, 252, 256, 270)
for the device.

19. The method of claim 18, wherein automatically de-
tecting includes using a model associated with the
device (204, 260) to estimate a further operating pa-
rameter associated with the device (204, 260).

20. The method of claim 19, wherein automatically de-
tecting includes using the estimated further operat-
ing parameter and the characteristic curve (230, 250,
252, 254, 256, 270) for the device (204, 260) to detect
the presence of cavitation within the device (204,
260).

21. The method of one of claims 18 to 20, wherein col-
lecting includes collecting an indication of a pressure
associated with the device (204, 260).

22. The method of one of claims 18 to 21, wherein col-
lecting includes collecting an indication of a fluid flow
associated with the device (204, 260).

23. The method of one of claims 18 to 22, wherein au-
tomatically detecting includes determining a net pos-
itive suction head available in the device (204, 260)
and comparing the net positive suction head availa-
ble with a the net positive suction head required for
the device (204, 260).

24. The method of claim 23, wherein automatically de-
tecting further includes calculating the ratio of the
net positive suction head available and the net pos-
itive suction head required for the device (204, 260)
and comparing the ratio to a predetermined thresh-
old.

25. The method of one of claims 18 to 24, wherein col-
lecting includes collecting one or more electrical op-

erating parameters of the device (204, 260) and
wherein the step of automatically detecting includes
using the electrical operating parameters of the de-
vice (204, 260) to detect whether the device (204,
260) is operating in accordance with the voltage-cur-
rent characteristic curve (250, 252, 254, 270) of the
device (204, 260).

26. The method of one of claims 18 to 25, wherein au-
tomatically detecting includes using an expert en-
gine to automatically detect the presence of cavita-
tion within the device (204, 260).

27. The method of claim 26, wherein using an expert
engine includes using a neural network.

28. The method of one of claims 26 to 27, wherein using
an expert engine includes using a trending analysis.

29. The method of one of claims 26 to 28, wherein using
an expert engine includes using a fractal analysis
engine.

Patentansprüche

1. Überwachungssystem (225) zum Abschätzen des
Vorhandenseins von Kavitation in einer Vorrichtung
(204, 260), wobei das Überwachungssystem um-
fasst:

einen Prozessor (226);
einen Speicher (227, 264), der eine Kennlinie
(230, 250, 252, 254, 256, 270) für die Vorrich-
tung (204, 260) speichert;
eine Erfassungsroutine (228, 266), die dazu
ausgelegt ist, im Prozessor (226) abzulaufen,
um einen oder mehrere mit der Vorrichtung
(204, 260) zusammenhängende Betriebspara-
meter während des Betriebs der Vorrichtung
(204, 260) zu erfassen; und
gekennzeichnet durch eine Überwachungs-
routine (229, 269), die dazu ausgelegt ist, im
Prozessor (226) abzulaufen, und den einen oder
die mehreren Betriebsparameter und die Kenn-
linie (230, 250, 252, 254, 256, 270) verwendet,
um das Vorhandensein von Kavitation in der
Vorrichtung (204) abzuschätzen,
wobei die Kennlinie (230, 250, 252, 256, 270)
ein für die Vorrichtung (204, 260) erforderliches
positives Nettoansauggefälle (net positive suc-
tion head) definiert, oder wobei die Kennlinie
(230, 250, 252, 256, 270) eine Spannungs-
Strom-Kennlinie (230, 250, 252, 256, 270) für
die Vorrichtung definiert.

2. Überwachungssystem (225) nach Anspruch 1, wo-
bei der Speicher (227) auch ein mit der Vorrichtung
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(204, 260) zusammenhängendes Modell (232, 280)
speichert, und wobei die Überwachungsroutine
(229, 269) dazu ausgelegt ist, das Modell (232, 280)
zu verwenden, um einen weiteren mit der Vorrich-
tung (204, 260) zusammenhängenden Betriebspa-
rameter abzuschätzen.

3. Überwachungssystem (225) nach einem der vorher-
gehenden Ansprüche, wobei die Überwachungsrou-
tine (229, 269) darüber hinaus dazu ausgelegt ist,
den abgeschätzten weiteren Betriebsparameter und
die Kennlinie (230, 250, 252, 254, 256, 270) für die
Vorrichtung (204, 260) zu verwenden, um das Vor-
handensein von Kavitation in der Vorrichtung (204,
260) abzuschätzen.

4. Überwachungssystem (225) nach einem der vorher-
gehenden Ansprüche, wobei der eine oder die meh-
reren Betriebsparameter eine mit der Vorrichtung
(204, 260) zusammenhängende Druckangabe um-
fassen, und wobei die Erfassungsroutine (228, 266)
dazu ausgelegt ist, die Druckangabe zu erfassen.

5. Überwachungssystem (225) nach einem der vorher-
gehenden Ansprüche, wobei der eine oder die meh-
reren Betriebsparameter eine Ansaugdruckangabe
umfassen.

6. Überwachungssystem (225) nach einem der vorher-
gehenden Ansprüche, wobei der eine oder die meh-
reren Betriebsparameter eine mit der Vorrichtung
(204, 260) zusammenhängende Fluiddurchflussan-
gabe umfassen, und wobei die Erfassungsroutine
(228, 266) dazu ausgelegt ist, die Fluiddurchfluss-
angabe zu erfassen.

7. Überwachungssystem (225) nach einem der vorher-
gehenden Ansprüche, wobei der eine oder die meh-
reren Betriebsparameter eine Ansaugfluiddurchflus-
sangabe umfassen.

8. Überwachungssystem (225) nach einem der vorher-
gehenden Ansprüche, wobei der eine oder die meh-
reren Betriebsparameter eine Druckangabe und ei-
ne Fluiddurchflussangabe umfassen, die mit der
Vorrichtung (204, 260) zusammenhängen, und wo-
bei die Erfassungsroutine (228, 266) dazu ausgelegt
ist, die Druck- und Fluiddurchflussangabe zu erfas-
sen.

9. Überwachungssystem (225) nach einem der vorher-
gehenden Ansprüche, wobei der eine oder die meh-
reren Betriebsparameter eine Ansaugdruckangabe
und eine Ansaugfluiddurchflussangabe umfassen.

10. Überwachungssystem (225) nach einem der vorher-
gehenden Ansprüche, wobei die Überwachungsrou-
tine (229, 269) dazu ausgelegt ist, ein in der Vorrich-

tung (204, 260) zur Verfügung stehendes positives
Nettoansauggefälle zu bestimmen und das zur Ver-
fügung stehende positive Nettoansauggefälle mit ei-
nem erforderlichen, mit der Vorrichtung (204, 260)
zusammenhängenden positiven Nettoansauggefäl-
le zu vergleichen.

11. Überwachungssystem (225) nach einem der vorher-
gehenden Ansprüche, wobei die Überwachungsrou-
tine (229, 269) darüber hinaus dazu ausgelegt ist,
das Verhältnis des zur Verfügung stehenden positi-
ven Nettoansauggefälles zu dem für die Vorrichtung
erforderlichen positiven Nettoansauggefälle zu be-
rechnen und das Verhältnis mit einem vorbestimm-
ten Schwellenwert zu vergleichen.

12. Überwachungssystem (225) nach einem der vorher-
gehenden Ansprüche, wobei der eine oder die meh-
reren Betriebsparameter mit elektrischen Betriebs-
parametern der Vorrichtung (204, 260) zusammen-
hängen, und wobei die Überwachungsroutine (229,
269) dazu ausgelegt ist, die elektrischen Betriebs-
parameter der Vorrichtung (204, 260) zu verwenden,
um zu erkennen, ob die Vorrichtung (204, 260) in
Übereinstimmung mit der Spannungs-Strom-Kenn-
linie (250, 252, 254, 270) der Vorrichtung (204, 260)
arbeitet.

13. Überwachungssystem (225) nach einem der vorher-
gehenden Ansprüche, wobei es sich bei der Span-
nungs-Strom-Kennlinie (250, 252, 254, 270) um eine
Spannungs-Strom-Kennlinie (250, 252) für die ohne
Kavitation arbeitende Vorrichtung (204, 260) han-
delt.

14. Überwachungssystem (225) nach einem der vorher-
gehenden Ansprüche, wobei es sich bei der Span-
nungs-Strom-Kennlinie (250, 252, 254, 270) um eine
Spannungs-Strom-Kennlinie (254, 256) für die mit
Kavitation arbeitende Vorrichtung (204, 260) han-
delt.

15. Überwachungssystem (225) nach einem der vorher-
gehenden Ansprüche, wobei es sich bei der Span-
nungs-Strom-Kennlinie (250, 252, 254, 270) um eine
Spannungs-Strom-Kennlinie (252, 256) für die Vor-
richtung (204, 260) handelt, die hohe Frequenz-
schwankungen enthält.

16. Überwachungssystem (225) nach einem der vorher-
gehenden Ansprüche, wobei die Überwachungsrou-
tine (229, 269) eine Expertenmaschine umfasst.

17. Überwachungssystem (225) nach Anspruch 16, wo-
bei es sich bei der Expertenmaschine um ein neu-
ronales Netz handelt.

18. Verfahren zum Erkennen von Kavitation in einer in
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einem Prozess arbeitenden Vorrichtung (203, 260),
das umfasst, einen oder mehrere mit der Vorrichtung
(204, 260) zusammenhängenden Betriebsparame-
ter während des Betriebs der Vorrichtung (204, 260)
zu erfassen und eine Kennlinie (230, 250, 252, 254,
256, 270) für die Vorrichtung (204, 260) zu spei-
chern, gekennzeichnet durch:

automatisches Erkennen des Vorhandenseins
von Kavitation in der Vorrichtung (204, 260) auf
Grundlage des einen Betriebsparameters oder
der mehreren Betriebsparameter, wobei das au-
tomatische Erkennen umfasst, die Kennlinie
(230, 250, 252, 254, 256, 270), die ein für die
Vorrichtung (204, 260) erforderliches positives
Nettoansauggefälle definiert, oder eine Span-
nungs-Strom-Kennlinie (230, 250, 252, 256,
270) für die Vorrichtung zu verwenden.

19. Verfahren nach Anspruch 18, wobei das automati-
sche Erkennen umfasst, ein mit der Vorrichtung
(204, 260) zusammenhängendes Modell zu verwen-
den, um einen weiteren mit der Vorrichtung (204,
260) zusammenhängenden Betriebsparameter ab-
zuschätzen.

20. Verfahren nach Anspruch 19, wobei das automati-
sche Erkennen umfasst, den abgeschätzten weite-
ren Betriebsparameter und die Kennlinie (230, 250,
252, 254, 256, 270) für die Vorrichtung (204, 260)
zu verwenden, um das Vorhandensein von Kavita-
tion in der Vorrichtung (204, 260) zu erkennen.

21. Verfahren nach einem der Ansprüche 18 bis 20, wo-
bei das Erfassen umfasst, eine Angabe eines mit der
Vorrichtung (204, 260) zusammenhängenden
Drucks zu erfassen.

22. Verfahren nach einem der Ansprüche 18 bis 21, wo-
bei das Erfassen umfasst, eine Angabe eines mit der
Vorrichtung (204, 260) zusammenhängenden Fluid-
durchflusses zu erfassen.

23. Verfahren nach einem der Ansprüche 18 bis 22, wo-
bei das automatische Erkennen umfasst, ein in der
Vorrichtung (204, 260) zur Verfügung stehendes po-
sitives Nettoansauggefälle zu bestimmen und das
zur Verfügung stehende positive Nettoansauggefäl-
le mit einem für die Vorrichtung (204, 260) erforder-
lichen positiven Nettoansauggefälle zu vergleichen.

24. Verfahren nach Anspruch 23, wobei das automati-
sche Erkennen darüber hinaus umfasst, das Verhält-
nis des zur Verfügung stehenden positiven Nettoan-
sauggefälles zu dem für die Vorrichtung erforderli-
chen positiven Nettoansauggefälle zu berechnen
und das Verhältnis mit einem vorbestimmten
Schwellenwert zu vergleichen.

25. Verfahren nach einem der Ansprüche 18 bis 24, wo-
bei das Erfassen umfasst, einen oder mehrere elek-
trische Betriebsparameter der Vorrichtung (204,
260) zu erfassen, und wobei der Schritt des automa-
tischen Erkennens umfasst, die elektrischen Be-
triebsparameter der Vorrichtung (204, 260) zu ver-
wenden, um zu erkennen, ob die Vorrichtung (204,
260) in Übereinstimmung mit der Spannungs-Strom-
Kennlinie (250, 252, 254, 270) der Vorrichtung (204,
260) arbeitet.

26. Verfahren nach einem der Ansprüche 18 bis 25, wo-
bei das automatische Erkennen umfasst, eine Ex-
pertenmaschine zu verwenden, um automatisch das
Vorhandensein von Kavitation in der Vorrichtung
(204, 260) zu erfassen.

27. Verfahren nach Anspruch 26, wobei das Verwenden
einer Expertenmaschine umfasst, ein neuronales
Netz zu verwenden.

28. Verfahren nach einem der Ansprüche 26 bis 27, wo-
bei das Verwenden einer Expertenmaschine um-
fasst, eine Tendenzanalyse zu verwenden.

29. Verfahren nach einem der Ansprüche 26 bis 28, wo-
bei das Verwenden einer Expertenmaschine um-
fasst, eine Fraktalanalysenmaschine zu verwenden.

Revendications

1. Système de contrôle (225) pour estimer l’existence
d’une cavitation dans un dispositif (204, 260), le sys-
tème de contrôle comprenant :

un processeur (226) ;
une mémoire (227, 264) qui mémorise une cour-
be caractéristique (230, 250, 252, 254, 256, 270)
du dispositif (204, 260) ;
une routine de recueil (228, 266) adaptée pour
être exécutée sur le processeur (226) pour re-
cueillir un ou plusieurs paramètres de fonction-
nement associés au dispositif (204, 260) pen-
dant un fonctionnement du dispositif (204, 260) ;
et
caractérisé par une routine de contrôle (229,
269) adaptée pour être exécutée sur le proces-
seur (226) qui utilise les un ou plusieurs para-
mètres de fonctionnement et la courbe caracté-
ristique (230, 250, 252, 254, 256, 270) pour es-
timer la présence d’une cavitation dans le dis-
positif (204),
la courbe caractéristique (230, 250, 252, 256,
270) définissant une tête d’aspiration positive
nette requise pour le dispositif (204, 260) ou la
courbe caractéristique (230, 250, 252, 256, 270)
définissant une courbe caractéristique de ten-
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sion-intensité (230, 250, 252, 256, 270) pour le
dispositif.

2. Système de contrôle (225) selon la revendication 1,
caractérisé en ce que la mémoire (227) mémorise
aussi un modèle (232, 280) associé au dispositif
(204, 260) et en ce que la routine de contrôle (229,
269) est adaptée pour utiliser le modèle (232, 280)
pour estimer un paramètre de fonctionnement sup-
plémentaire associé au dispositif (204, 260).

3. Système de contrôle (225) selon l’une quelconque
des revendications précédentes, caractérisé en ce
que la routine de contrôle (229, 269) est en outre
adaptée pour utiliser le paramètre de fonctionne-
ment supplémentaire estimé et la courbe caractéris-
tique (230, 250, 252, 254, 256, 270) pour le dispositif
(204, 260) pour estimer la présence d’une cavitation
dans le dispositif (204, 260).

4. Système de contrôle (225) selon l’une quelconque
des revendications précédentes, caractérisé en ce
que les un ou plusieurs paramètres de fonctionne-
ment comprennent une indication de pression asso-
ciée au dispositif (204, 260) et en ce que la routine
de recueil (228, 266) est adaptée pour recueillir l’in-
dication de pression.

5. Système de contrôle (225) selon l’une quelconque
des revendications précédentes, caractérisé en ce
que les un ou plusieurs paramètres de fonctionne-
ment comprennent une indication de pression d’as-
piration.

6. Système de contrôle (225) selon l’une quelconque
des revendications précédentes, caractérisé en ce
que les un ou plusieurs paramètres de fonctionne-
ment comprennent une indication d’écoulement de
fluide associée au dispositif (204, 260) et en ce que
la routine de recueil (228, 266) est adaptée pour re-
cueillir l’indication d’écoulement de fluide.

7. Système de contrôle (225) selon l’une quelconque
des revendications précédentes, caractérisé en ce
que les un ou plusieurs paramètres de fonctionne-
ment comprennent une indication d’écoulement de
fluide d’aspiration.

8. Système de contrôle (225) selon l’une quelconque
des revendications précédentes, caractérisé en ce
que les un ou plusieurs paramètres de fonctionne-
ment comprennent une indication de pression et une
indication d’écoulement de fluide associée au dis-
positif (204, 260) et en ce que la routine de recueil
(228, 266) est adaptée pour recueillir les indications
de pression et d’écoulement de fluide.

9. Système de contrôle (225) selon l’une quelconque

des revendications précédentes, caractérisé en ce
que les un ou plusieurs paramètres de fonctionne-
ment comprennent une indication de pression d’as-
piration et une indication d’écoulement de fluide
d’aspiration.

10. Système de contrôle (225) selon l’une quelconque
des revendications précédentes, caractérisé en ce
que la routine de contrôle (229, 269) est adaptée
pour déterminer une tête d’aspiration positive nette
disponible dans le dispositif (204, 260) et comparer
la tête d’aspiration positive nette disponible avec une
tête d’aspiration positive nette requise associée au
dispositif (204, 260).

11. Système de contrôle (225) selon l’une quelconque
des revendications précédentes, caractérisé en ce
que la routine de contrôle (229, 269) est en outre
adaptée pour calculer le rapport entre la tête d’aspi-
ration positive nette disponible et la tête d’aspiration
positive nette requise pour le dispositif et comparer
le rapport à un seuil prédéterminé.

12. Système de contrôle (225) selon l’une quelconque
des revendications précédentes, caractérisé en ce
que les un ou plusieurs paramètres de fonctionne-
ment sont associés à des paramètres de fonction-
nement électrique du dispositif (204, 260) et en ce
que la routine de contrôle (229, 269) est adaptée
pour utiliser les paramètres de fonctionnement élec-
trique du dispositif (204, 260) pour détecter si le dis-
positif (204, 260) fonctionne conformément à la cour-
be caractéristique de tension-intensité (250, 252,
254, 270) du dispositif (204, 260).

13. Système de contrôle (225) selon l’une quelconque
des revendications précédentes, caractérisé en ce
que la courbe caractéristique de tension-intensité
(250, 252, 254, 270) est une courbe caractéristique
de tension-intensité (250, 252) pour le dispositif
(204, 260) fonctionnant sans cavitation.

14. Système de contrôle (225) selon l’une quelconque
des revendications précédentes, caractérisé en ce
que la courbe caractéristique de tension-intensité
(250, 252, 254, 270) est une courbe caractéristique
de tension-intensité (254, 256) pour le dispositif
(204, 260) fonctionnant avec cavitation.

15. Système de contrôle (225) selon l’une quelconque
des revendications précédentes, caractérisé en ce
que la courbe caractéristique de tension-intensité
(250, 252, 254, 270) est une courbe caractéristique
de tension-intensité (252, 256) pour le dispositif
(204, 260) incluant des fluctuations à haute fréquen-
ce.

16. Système de contrôle (225) selon l’une quelconque
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de revendications précédentes, caractérisé en ce
que la routine de contrôle (229, 269) comprend un
moteur expert.

17. Système de contrôle (225) selon la revendication 16,
caractérisé en ce que le moteur expert est un ré-
seau neural.

18. Procédé de détection d’une cavitation dans un dis-
positif (204, 260) fonctionnant dans un traitement,
qui comprend le recueil d’un ou plusieurs paramètres
de fonctionnement associés au dispositif (204, 260)
pendant un fonctionnement du dispositif (204, 260)
et mémorisant une courbe caractéristique (230, 250,
252, 254, 256, 270) pour le dispositif (204, 260), ca-
ractérisé en ce qu’il comprend les états consistant
à :

détecter automatiquement la présence d’une
cavitation dans le dispositif (204, 260) sur la ba-
se des un ou plusieurs paramètres de fonction-
nement recueillis, en ce que la détection auto-
matique comprend l’utilisation de la courbe ca-
ractéristique (230, 250, 252, 256, 270) qui définit
une tête d’aspiration positive nette requise pour
le dispositif (204, 260) ou une courbe caracté-
ristique de tension-intensité (230, 250, 252, 256,
270) pour le dispositif.

19. Procédé selon la revendication 18, caractérisé en
ce que la détection automatique comprend l’utilisa-
tion d’un modèle associé au dispositif (204, 260)
pour estimer un paramètre de fonctionnement sup-
plémentaire associé au dispositif (204, 260).

20. Procédé selon la revendication 19, caractérisé en
ce que la détection automatique comprend l’utilisa-
tion du paramètre de fonctionnement supplémentai-
re estimé et la courbe caractéristique (230, 250, 252,
254, 256, 270) pour le dispositif (204, 260) pour dé-
tecter la présence d’une cavitation dans le dispositif
(204, 260).

21. Procédé selon l’une quelconque des revendications
18 à 20, caractérisé en ce que le recueil comprend
le recueil d’une indication d’une pression associée
au dispositif (204, 260).

22. Procédé selon l’une quelconque de revendications
18 à 21, caractérisé en ce que le recueil comprend
le recueil d’une indication d’un écoulement de fluide
associé au dispositif (204, 260).

23. Procédé selon l’une quelconque des revendications
18 à 22, caractérisé en ce que la détection auto-
matique comprend la détermination d’une tête d’as-
piration positive nette disponible dans le dispositif
(204, 260) et la comparaison de la tête d’aspiration

positive nette disponible avec la tête d’aspiration po-
sitive nette requise pour le dispositif (204, 260).

24. Procédé selon la revendication 23, caractérisé en
ce que la détection automatique comprend de plus
le calcul du rapport entre la tête d’aspiration positive
nette disponible et la tête d’aspiration positive nette
requise pour le dispositif (204, 260) et la comparai-
son du rapport avec un seuil prédéterminé.

25. Procédé selon l’une quelconque des revendications
18 à 24, caractérisé en ce que le recueil comprend
le recueil d’un ou plusieurs paramètres de fonction-
nement électrique du dispositif (204, 260) et en ce
que l’étape consistant à détecter automatiquement
comprend l’utilisation des paramètres de fonction-
nement électrique du dispositif (204, 260) pour dé-
tecter si le dispositif (204, 260) fonctionne conformé-
ment à la courbe caractéristique de tension-intensité
(250, 252, 254, 270) du dispositif (204, 260).

26. Procédé selon l’une quelconque des revendications
18 à 25, caractérisé en ce que la détection auto-
matique comprend l’utilisation d’un moteur expert
pour détecter automatiquement la présence d’une
cavitation dans le dispositif (204, 260)

27. Procédé selon la revendication 26, caractérisé en
ce que l’utilisation d’un moteur expert comprend
l’utilisation d’un réseau neural.

28. Procédé selon les revendications 26 ou 27, carac-
térisé en ce que l’utilisation d’un moteur expert com-
prend l’utilisation d’une analyse tendancielle.

29. Procédé selon l’une quelconque de revendications
26 à 28, caractérisé en ce que l’utilisation d’un mo-
teur expert comprend l’utilisation d’un moteur d’ana-
lyse fractale.
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