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Abstract

For the next nuclear power plant generation, REP 2000, the Engineering and construction Division (ED) and
the Research and development Division (R&D) of Electricite de France are working together in the field of
Instrumentation and Control (I&C) to improve its engineering method and tools. This method and these tools
are defined on the basis of the experience feedback from the N4 nuclear power plant generation and the current
information technology, to improve engineering competitiveness and quality of control applications. We intend
to decouple the I&C processing from the I&C Human Machine Interface (HMI), because methods and tools are
different. In this paper, we only focus on method and tools for I&C processing. We define the I&C processing
life cycle into three phases. The first phase is the specification of the control application processing, the product
of which is called Functional Requirement Diagrams (FRDs). The second phase is the design of the I&C
system. This phase is subdivided into two steps. The step 1 is the distribution of the FRDs into an I&C
architecture. The step 2 is the allocation of resources of the I&C system, to support the distributed FRDs. The
third phase is the implementation of the distributed FRDs into I&C equipment. The aim of the Engineering
Division is to achieve formal FRDs, independent of I&C suppliers. This allows a large improvement for the
quality of the specification and the dimensioning of the I&C system before calls for tenders. For the
specification phase, studies are almost completed. For the design and the implementation phases, studies and
experiments are in progress with European I&C system suppliers. As a conclusion, we present the interest of
EDF for standards and especially IEC 1131 improvements.

1 LIFE CYCLE OF THE I&C PROCESSING

The I&C processing life cycle should be summarized according to the following Fig. 1.
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FIG. 1. Control processing life cycle.

In this life cycle, we can distinguish the following major phases:

- The specification of a control processing application the result of which are the FRDs.
The distribution of the FRDs into a selected I&C architecture.
The implementation of the distributed FRDs into I&C equipment.
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The specification of a control processing application is carried out from the Process and Instrumentation
Diagrams (P&ID), describing the process mechanical parts the remote transmitters and actuators, and a
textual description of the process operation describing start up, normal and abnormal operation, and
shut down. The result of the specification of a control processing application are FRDs including
performance constraints like time, safety and availability.

For the design of the I&C system, we have to complete the formal description of the FRDs. Then, the
design is made in two steps. First, the FRDs are distributed into an overall I&C system architecture.
Second, the I&C resources are allocated to support the distributed FRDs.

The last phase is the implementation of the distributed FRDs into the I&C equipment.

2 SPECIFICATION OF A CONTROL PROCESSING APPLICATION, THE FRDS

The FRDs are the specifications of a control processing application. FRDs are composed of a set of
control functions depending on the process under control, with attached functional performance
constraints.

2.1. Identification of control functions

There are different types of control functions composing FRDs:

- measurement control functions delivering process measurements;

- control functions.
- open loop control functions controlling actuators;
- closed loop control functions, single or cascade, controlling process phenomenon;
- sequence control functions, co-ordinating down-stream control functions.

For the specification of a control processing application, we have, first, to identify control functions,
second, to specify the control functions.

Let us take a simple example of a process composed of a tank feeding three pumps. From the P&ED and
the description of the operation, we can identify two control functions:

Control function 1: to maintain the level of water in a tank. The level of the tank is delivered from
a level measurement. A closed loop control actuates a control valve feeding the tank and
maintaining the level of water to a setpoint.

- Control function 2: to feed water a down stream circuit. Two among three pumps are feeding a
downstream circuit. In case of trouble with one of the two operating pumps, the third redundant
pump will be switched on to maintain feeding water of the down stream circuit.

Once the control functions have been identified, and the operation is described with text, we have to
specify these two control functions with a neutral engineering function block language. This language is
independent of any programming language, to avoid being in favour of any supplier. However, the
control functions, described with the engineering language, are implementable into I&C systems.

2.2. Engineering function block language

The characteristics of the ED neutral engineering function block language are:

- it is a process control-driven language, it is not an implementation language;
- it must be built on standard foundations;
- it must be built on standardized blocks, but the standard must also provide construction rules

allowing the definition of application blocks (energy, manufacturing, chemical .) implementable
into I&C equipment;
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the independence of a neutral engineering language allows the Engineering Division to reuse
studies for other control systems, whatever the type of control system compliant with the standard
is.

Describing the FRDs using a neutral engineering language doesn't mean to describe the FRDs without
taking into account the capabilities of the control equipment available on the market. It means to define
an engineering language satisfying Engineering Division needs, being compatible with international
standards and implementable into I&C systems.

In order to specify control functions with the engineering function block language, we need different
types of blocks gathered in two libraries. A library of Elementary Function Blocks (EFBs) which are
basic logical mathematical operators. A library of Application Function Blocks (AFBs) depending on
the control application, for example switchover 2/3, measurement and actuation function blocks. Each
block is defined with an internal and an external view.

The external view is a graphic symbol representing a block The external view is used to describe
graphically the specification of any control functions:

An EFB is summarized with a graphical representation on which we have standardized and
optional inputs and outputs, and a symbol (graphic or text) to summarize the internal processing.

- An AFB is summarized with a graphical representation on which we have standardized and
optional inputs and outputs, a graphical symbol summarizing the application, optional symbols
(graphic or text) for the different types of operator interfaces with the different types of commands
and optional textual characteristics.

The internal view is the description of the behaviour of a block:

An EFB should be a standardized block from a standard. As most of these process control EFBs
are not in conformity with the IEC 1131, these EFBs have been partially described with the ST
language of E C 1131;
An AFB should be:
- network of EFBs or should be described with a standardized formal language (an

improvement of Structured Text of IEC 1131), if this description does not stick to I&C
technological constraints;

- a textual description, if the description depends on technological constraints.

We point out that measurement and actuation AFBs include all the processing from the process
interfaces (signals from switches or transmitters and commands to power interfaces) up to operator
interfaces (Turn Push Light management for example).

2.3. External view of the FRDs

For the specification of a control function, we have to describe:

- The control function inputs:
the set of observations (from measurement or from other control functions) the control
function will process;
the set of requests (from operators or from other control functions) the control function will
process;

The control function outputs:
- the set of reports (to the operators or to other control functions) the control function will

deliver;
- the set of actions (to actuation or to other control functions) the control function will

deliver;
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The behaviour of the control function, described with EFBs and AFBs using the engineering
graphical function block language.

- The performances of the control function:
time constraints such as ordering of the function blocks processing, sampling time for
measurement or for control loops, response time between operator command and actuator
power interface, response time between alarm detection and protection operation;
availability constraints such as requiring the implementation of each pump actuation function
block into a different control equipment, or to require the implementation of control functions
into different control equipment;

- safety constraints such as requiring the implementation of each pump actuation function
block into a different control equipment with separated power supplies.

On the following Fig. 2, we have specified the two previous control functions of our example with the
engineering function block language, taking advantage of the external views of the AFBs and EFBs.
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FIG. 2. External view of control functions.

The FRDs are the control functions, they are described using the engineering function block language,
with the attached performances. At this stage, we point out that some AFBs are not formally described
because they are depending on technological constraints.

To summarize, the FRDs are purely functional, they represent the logic to control a process; the
protection loops, the open and closed control loops, the sequences. They also include the logic of alarm
processing, the information and the actions under control of operators. Even if the FRDs are depending
on the technology support, they are not depending on any I&C supplier.

3. COMPLETION OF THE FRDS: INTERNAL VIEW OF THE FRDs

To complete the formal description of the FRDs means to complete the internal formal description of the
AFBs depending on the technological constraints. The technological constraints of an AFB are
depending on a selected class of application (classes are based on safety or availability goals),
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For a nuclear power plant control application, the overall I&C architecture is composed of different
I&C systems according to the different classes, for example within the overall I&C architecture we have
a safety I&C system, an I&C system important for plant availability and a non classified I&C system.
Within each I&C system we have different layers. For example, the layer 0 is dedicated to the power
interfaces, layer 1 to the I&C processing and layer 2 to HMI. The content of a layer is depending on the
class of application.

Within the overall I&C architecture, for each AFB we have to explicit its class and its local I&C
architecture, in particular for measurement and actuation AFBs.

The distribution of the FRDs is made taking into account:

- on one hand, the application classes required in the FRDs. But distributing the FRDs does not
mean to code the I&C equipment, it means to distribute the control functions into these I&C
systems and layers;

- on the other hand, the capabilities and the time performance constraints of the selected I&C
equipment (processing, data exchanges, etc.).

Each control function is a network of function blocks (EFB, AFB). In consequence, distributing a
control function means to distribute each function block of the control function into the selected I&C
system and layers, with respect to the class of application.

Doing that, the following rules must be respected:

- EFBs (which are elementary logic-mathematical operations) are distributed into a single layer;
AFBs (which are composed of internal blocks) can be distributed mto different layers, as
summarized on the Fig. 4 for the actuation function block example.

Let us take the example of an actuation AFB. When we select a class of application for an AFB, in fact
we select a class of I&C equipment and implicitly we select a local actuation architecture with different
layers; the Motor Control Centre (MCC) for layer 0, the actuation control processing for layer 1, the
HMI for layer 2.

Once the actuation architecture is selected, we have to specify the internal blocks corresponding to each
layer, keeping in mind that a block is depending on the dedicated class of I&C equipment.

In our example, the actuation AFB is composed of three internal blocks; the MCC, the control and the
HMI blocks, depending on the safety class, as summarized on Fig. 3.

Distributing an AFB into an I&C architecture means to cut the AFB into different AFB subsets and to
distribute these AFB subsets into different layers. This distribution will provide:

- AFB processing subset needs;
communication needs between the AFB subsets (the data exchanged between the different AFB
subsets) and the up and down stream function blocks of the control function.
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FIG. 3. Internal view of an actuation AFB.

If we don't specify correctly these internal blocks, we may cut internal blocks during the distribution
between layers.

Whatever the AFB is, the internal blocks of an AFB are specified with the unique engineering function
block language, keeping in mind these blocks are depending on the selected class of application. When
the specification of the internal function blocks of the AFB is completed, we have a formal specification
of an AFB.

For each AFB of the FRDs we have to select the class, once the class is selected we can formally
specify each internal blocks. When all the AFBs of a control function are specified, we have a formal
specification of a control function. When all the control functions of the FRDs are specified, we have a
formal specification. One can notice that, for a set of FRDs, it is possible to arrange different
distributions into the I&C architecture, to optimize the cost and the performance of a distribution At
this stage, we point out that the different layers of the I&C architecture can be supported by equipment
from different suppliers.

On the Fig. 4, we have distributed the control function "to feed water the down stream circuit" into three
layers of a selected I&C system. All the EFBs and AFBs are distributed into these layers. For this
example, all the EFBs and the AFB 2/3 are distributed into the layer 1, the AFB for pump 1, 2 and 3
into three layers. For each layer we have a control function subset.

A point of interest of the formal FRDs is the simulation:

to validate each application function block;
to validate each control function, composed of elementary and application function blocks;

- to validate the interworking of the control functions of the FRDs;
to validate the operation of the FRDs connected to a simulation of the process.

Due to the cost, the validations are carried out taking into account safety, availability, and novelty
considerations.
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FIG. 4. Distribution of a control function into three layers of an I&C system class.

4 DESIGN OF THE I&C SYSTEM: ALLOCATION OF I&C RESOURCES TO SUPPORT THE
DISTRIBUTED FRDs

The allocation of I&C resources to support the FRD subsets is arranged taking advantage of the
processing and data exchanges capabilities of the available I&C equipment.

For the allocation of the FRD subsets into the I&C equipment, we describe:

- the sizing of the PLCs and the cabinets;
- the system integration of the I&C equipment;

the impact of the I&C technology on the FRDs.

For the impact of the technology we take into account the mode of operation and the disturbances of the
I&C equipment (I/O, CPU and bus hardware failures, different types of reset, processing error
recovery, etc.). The FRD subsets are completed with additive function blocks depending on the
technological constraints. At this stage we point out the difference between FRDs and distributed FRDs:
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FRDs are purely functional, distributed FRDs are FRDs embedded with technology. For example, we
have additive I/O blocks to describe the inputs and outputs hardwired and point to point connected to
field devices (digital, analog signals). We have additive serial blocks to describe the digital and analog
inputs and outputs exchanged between PLCs through a network. We can also have validation blocks,
for example to check congruent switches, to filter switch blinking, to filter analog spike, etc.

We also have to take into account the safety and availability constraints. For example, from Fig. 4 we
have a control function subset layer 1 with 3 pump actuation under control of a 2/3 switch over. To
improve the availability of this control function, we can allocate this control function subset into three
PLCs, to avoid a common failure. The 2/3 switchover is also allocated into three PLCs. On the Fig. 5,
the control function subset layer 1 is distributed into three I&C equipment.
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FIG. 5. Allocation of a layer I control function subset into PLCs of the layer 1.

Once the allocation is completed, we can size and optimize precisely the PLC's and the cabinets of the
I&C system.

To improve the quality of the design, previous hardware qualification tests can be performed on the
I&C equipment of the shelves. In addition, previous functional tests allow an evaluation of the
processing and data exchanges capabilities the certified I&C equipment.

5. IMPLEMENTATION OF THE CONTROL PROCESSING INTO AN I&C SYSTEM
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The implementation of the FRD subsets aims at delivering the I&C equipment coded. From the
distributed FRDs the code generation should be automatic. The code is downloaded when the I&C
equipment are assembled. It means, to fill in the racks of the cabinets with the CPU, I/O, network
boards, interconnecting the cabinets and the HMI devices, the power supplies, implementing the
distributed FRDs code and commissioning the control application.

6. CURRENT EXPERIENCE FEEDBACK

6.1. Specification of FRDs feedback

To achieve formal and non ambiguous description, the EFBs have been described partially with the
Structured Text of the IEC 1131 standard. The library of the EDF engineering function block is
currently composed of 80 EFB. These EFB should be part of a standard. We need a standard for
process control function block in addition to IEC 1131. As this standard doesn't exist, we tried to use
the IEC 1131

But, as the IEC 1131 is a programming-driven standard for manufacturing industries, the EEC 1131
standard is not currently adapted for building an EFB library and an engineering function block
language. Some lacks must be completed.

For example, for the EFB variables, we need logical, engineering, percentage and time variables. At the
specification stage we don't mind about integer, double integer, floating point variables, this is used for
programming I&C equipment.

For the EFB processing (filters and so on), we don't mind about the algorithms. For the specification,
we are reasoning in functional terms; it means pure mathematical and physical formulations. We need to
specify a mathematical formulation, its range of operation and its requested accuracy, whatever the
algorithm would be implemented further on.

For the AFB processing, we have two cases:

- AFB for mathematical processing;
AFB for standardized applications described as a network of EFBs and mathematical AFBs.

For mathematical processing AFBs, we need to specify a direct mathematical formulation instead of a
network of mathematical EFBs.

For standardized AFBs, we need different levels of "encapsulation". To highlight this need, let's take the
example of the actuation AFB described in the previous chapters 3 and 4. Within the FRDs, an
actuation AFB is represented as a graphical symbol summarizing all the processing and the inputs and
outputs between the actuator instrumentation (for example, the limit and torque switches, the switchgear
control) and the operator interfaces (for example, the display and the touch-screen in the control room,
on the front panel of the MCC).

When we distribute the AFB into the different layers of an I&C system, we decompose the AFB into
three "macroblocks", each "macroblock" is distributed into a specific layer and there are connections
between these "macroblocks".

Inside each "macroblock", we have a description of the processing as a network of EFBs.

We need a standard for the rules of construction of such a generic mechanism of encapsulation. We
point out that the AFB can be considered as a specific block, but in fact the AFB is built as a network
of standardized EFBs.
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For the AFB execution, we need standard rules to configure the order of the EFB execution within the
"macroblocks" and to configure the order of execution of "macroblocks" execution within AFBs.

As control functions are networks of EFBs and AFBs, we also need to configure the order of execution
of the blocks within control functions.

Last but not the least, as FRDs are networks of control functions, we need to configure the order of
execution of the control functions within FRDs.

6.2. Distribution of the FRDs feedback

For the distribution of the FRDs into FRD subsets, we need to keep the function blocks execution
ordering of the FRD subsets in conformance with the execution ordering specified in the FRDs.

For the AFBs, such as actuation and measurement, which are composed of "macroblocks", they are
implemented into distributed I&C equipment. We need a standard mechanism which maintains the order
of execution of the distributed "macroblocks" in accordance with the execution order specified in the
AFBs.

For the control functions which are composed of networks of EFBs and AFBs, these EFBs and AFBs
are implemented into distributed I&C equipment. We need a standard mechanism which maintains the
order of execution of the distributed EFBs and AFBs in accordance with the execution order specified in
the control functions.

Last but not the least with the FRDs which are composed of control functions.

Within the design, we have to take into account the technological constraints, from the current
experimentation, we have currently identified some needs.

- definition of a standardized mode of operation for the function blocks initialisation;
- definition of a standardized mode of operation for the function block reset, in particular for time

varying function blocks;
- definition of standardized function block error recovery (for example, overflow, underflow,

division by zero);
definition of standardized digital and analog function blocks for inputs and outputs supported by
serial multiplexed or hardwired point to point connections

6.3. Neutral files between CAD systems

From the Fig. 1, the life cycle is composed of three phases. The activities of these phases can be carried
out by different companies. These companies will exchange application data.

From the experimentation feedback, we identified we need neutral file standards to exchange these data
between CAD systems. In a first case, these data should be exchanged between the specification and the
design phase, we need standards:

to export the graphical description of the FRDs (control functions and AFBs);
to export the internal behaviour of the FRDs (network of EFBs and AFBs for control functions,
network of EFBs for AFBs).

In a second case, these data should be exchanged between the design and the implementation phase, we
need standards:

to export the graphical description of the distributed FRDs;
to export the internal behaviour of the distributed FRDs.
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