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Method and System for Identification of Indexes for

Distributed Control Systems

Description

The invention refers to a method and system for identification of indexes for goods
for distributed control systems, by evaluation of state variables of such goods e.g. as
distributed control systems, field devices and personal computers and their respec-
tive spare parts which data concerning specific properties and/or features of these
goods are used for simulation and stochastic models of the behaviour of components

of a plant.

A distributed control system (DCS) refers to a control system usually of a manufac-
turing system, process or any kind of dynamic system, in which the controller ele-
ments are not central in location but are distributed throughout the system with each
component sub-system controlled by one or more controllers. The entire system of

controllers is connected by networks for communication and monitoring.

It is already known that any prediction of certain occurrences within the near or far

future is desirable, but it is known, too, that such predictions often fail to become true.

Furthermore with the increase of calculation power the efforts for developing such
methods and system which allow any reliable prediction or at least a safe estimation
of selected criteria with respect to measurable properties or appreciable data of
goods, in particular technical equipment such as distributed control systems, field
devices and personal computers and their respective spare parts and the like have

been raised.
CONFIRMATION COPY
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Today, the so-called “Mean Time to Failure” is used to calculate the average number
of failures assuming a constant failure rate. Hence it is an object of the present in-
vention to provide a method and a system for the identification of indexes for goods,
in particular provided for distributed control systems, which are easily viable at rather
low effort.

Accordingly the invention improves upon this method by using more realistic failure
behaviour, i.e. the method according to the invention is characterized in that a model
of a real world system is being defined by means of a bill of material which bill com-
prises a collection of data of features which are adopted from those components be-
ing critical for the respective process whereas the identified data are being used for
simulation of the real world system.

The invention uses simulation combined with stochastic information about the system

components to calculate the average values for the metrics.

As for the indexes to be generated they shall reveal the prospective performance of
the respective goods in particular with special regard to the reliability of operation, the
plant safety and its operability.

As a matter of course all data being identified are collected and stored in a compre-
hensive database in order to have all information about current products available for

reliable assessment of the respective good.

Furthermore said bill of material is annotated with the respective information which is
supposed to be critical for the respective process or sub-process with regard to the
plant or equipment to be evaluated and rated.

Concretely the method according to the invention is characterized in that in a first
step failures with the operation of the respective components are simulated, in a sec-
ond step the number of failures per year is set at either O or 1 per instance, and in a
third step the drivers of the different indexes are calculated as well as the average

values of the calculated indexes

Preferably the average values are calculated by running the simulation multiple times
whereas singular values of the indexes to be calculated may be changed.
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According to preferred embodiment the method according to the invention is charac-
terized in that the calculation of the drivers of the different indexes is based on the
probability of failure as well as of redundancy.

An advantageous improvement of the method according to the invention provides for
the simulation that it uses known failure data to calculate the probability of failure

each year ignoring the fact that multiple failures could occur.

A system for identifying indexes for distributed control systems by using simulation
and stochastic models of the behaviour of components of a plant, advantageously is
characterized in that the system is a model of a real world system being defined by
means of a bill of material which bill comprises a collection of data of features which
are adopted from those components being rated to be critical for the respective proc-
ess whereas the simulation of the real world system uses the identified data.

Preferably the system comprises a chain of products and decisions whereas a deci-
sion can be either “keep” or “replace” and whereas the chain describes an evolution

plan, i.e. a schedule for changes to be observed during the life time of the system.

According to an improvement of the invention the system examines a class of com-
ponents being regarded as critical for the operability of the component and reliability
of operation.

In detail the system is designed for gathering all information of components belong-
ing to the distributed control system in order to establish a model of a real-world sys-
tem whereas the information comprises in particular the data of components being
assessed to be critical for the respective process,

Furthermore the required technical information to be processed by the system pro-
vides data of the respective component and/or equipment whereas the data refer
among others to failure modes, reliability information, spare part information each
related to any component distinguished according to their manufacturers.

Finally the results of the simulation according to the system of the invention are data
which reveal the probability distribution for several technical properties of the system,
such as downtime, use of spare parts, or man-hours, and furthermore a score which
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expresses the quantification of the quality of the achieved solution based on quantita-

tive factors.

Summarizing the invention is an automated method for calculating crucial metrics or

indexes for distributed control systems using simulation and stochastic models of the
plant's components’ behaviour whereas the problem to be solved is a proper calcula-
tion of metrics respectively indexes to measure the quality of a distributed control

system (DCS) evolution plan.

For this purpose a comprehensive database with information about current products
is created. Future products are described by a comparative estimation based on an
existing product. The database contains information such as a cumulated probability
function for reliability, additional failure information, and cost data and being repre-

sented by the cubes in the figure.

A system is modeled as a chain of products and decisions. The decisions can be ei-
ther stay, in which case the product is kept, and replace, in which case a new in-
stance of the same product or an instance of a follow-up product may be installed.

This chain describes an evolution plan, which is shown in the middie of the figure.
Each pair of product instance and decision represents one year of planned time.

In order to calculate the desired metrics, failures are simulated. The number of fail-

ures per year is either 0 or 1 per instance. Based on the probability of failure as well
as redundancy, the drivers of the different metrics are calculated. The averages are
calculated by running the simulation multiple times.

As a simple example, a system consisting of only 2 controllers of the same type is
examined. The intended metric to be calculated is the total system downtime within
the next 15 years.

For each of the controllers a plan of future replacements exists whereas in this case,
both controllers will be replaced by a follow-up product in 10 years. The simulation
uses known failure data to calculate the probability of failure each year ignoring the

fact that multiple failures could occur.
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In each simulation run, a random variable is used to determine whether a controller
fails in a given year or not. The average of all simulation runs is used to provide an

estimate of the metric.

Typical metrics are downtime, number of failures, and service man hours.

The automated method can be run by itself or as part of a plant design/engineering
tool. In the latter case it can support design decisions and evaluate their impact on
life cycle cost.

Description

The attached figure reveals an exemplary system according to the invention where -
in a first box a model of the real-world system is being depicted with all its compo-
nents and respective criteria to be observed. In particular those components are be-
ing depicted which are assessed to be critical for the respective process.

The model of the real-world system is defined as a bill of material wherein the re-
spective components and criteria to be observed for the distributed control system

are collected and wherein technical information, e.g. criticality, is annotated.

In a second box the technical information being available for any of the components
belonging to the real-world system is shown whereas for any component the infor-

mation-as depicted has to be provided.
A third box contains the results gained by the simulation according to the invention.

Furthermore there are two arrows whereas the first arrow points from the first box
which reveals the model of the real-world system to the third box and is labelled as
“Simulation”. The second arrow is labelled as “Metadata for Simulation” and points
from the second box to the first arrow.

The arrows shall symbolize the main route of the claimed method according to the
invention which is based on the simulation of a model of a real-world system by

means of the necessary technical information and results in the desired predictions
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of various distribution probabilities e.g. for downtime, for spare part use, for man-

hours and the like.
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Claims

Method for identifying indexes for distributed control systems using simulation
and stochastic models of the behaviour of components of a plant,

characterized in that

a model of a real world system is being defined by means of a bill of material
which bill comprises a collection of data of features which are adopted from
those components being critical for the respective process whereas the identi-

fied data are being used for simulation of the real world system.

Method according to claim 1, characterized in that all data being identified are
colliected and stored in a comprehensive database in order to have all informa-
tion about current products available for reliable assessment of the respective

good.

Method according to claim 1 or 2, characterized in that

- failures with the operation of the respective components are simulated

- whereas the number of failures per year is either 0 or 1 per instance,

- the drivers of the different indexes are calculated as well as average val-

ues of the calculated indexes

Method according to claim 3, characterized in that the averages are calculated

by running the simulation muiltiple times.

Method according to claim 3 or 4, characterized in that calculation of the drivers
of the different indexes based on the probability of failure as well as of redund-

ancy.

Method according to at least one of the preceding claims, whereas the simula-
tion uses known failure data to calculate the probability of failure each year ig-
noring the fact that multiple failures could occur.
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System for identifying indexes for distributed control systems using simulation
and stochastic models of the behaviour of components of a plant,
characterized in that

the system is a model of a real world system being defined by means of a bill of
material which bill comprises a collection of data of features which are adopted
from those components being rated to be critical for the respective process

whereas the simulation of the real world system uses the identified data.

System according to claim 1, characterized in that the system comprises a
chain of products and decisions whereas a decision can be either “keep” or “re-
place” and whereas the chain describes an evolution plan.

System according to claim 1, characterized in that the system examines a class
of components being regarded as critical for the operability of the component
and reliability of operation.
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