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Abstract

Continual training of operators is one of the principal means by which Nuclear Power Plant
(NPP) operational efficiency can be improved. Since this training cannot take place in the actual
NPP, NPP simulator applications must be used instead. While digitalization scope of
Instrumentation and Control (I&C) systems has been expanded to the entire plant by using
Distributed Control System (DCS) implementation, Hitachi has implemented DCS emulator on a
general purpose Personal Computer (PC) and applied it to simulator applications. This paper
reviews such DCS emulator development for NPP by Hitachi.

1. Introduction

Since the 1980s in Japan, Hitachi, Ltd. has developed, built, supplied and maintained entire
NPPs including complete 1&C systems based on the HIACS (Hitachi Integrated Autonomic
Control System) industrial distributed controller (an in-house developed DCS platform). Hitachi
has also developed, built, supplied and maintained Operator Training Simulators (OTS) that
simulate regular as well as start-up, shut-down and transient plant conditions to help NPP owners
and operators realize safe and efficient operation. To support its OTS, Hitachi has developed and
improved plant Models and 1&C models to make its simulators behave as much possible like a
real NPP. The core of Hitachi’s latest I&C models are its DCS emulators. Using a DCS emulator
to help model 1&C simulators is the most effective method to date because DCS emulators can
directly execute the actual DCS application software used in the I&C systems of a real NPP.

This paper focuses on this crucial technology by describing Hitachi’s current DCS platform
emulator (for the HIACS-7000) and reviews the highlights of the next generation DCS emulator
which Hitachi is developing for its latest DCS platform G-HIACS NuSAFE. Hitachi believes
that by applying this new generation of DCS and DCS emulator, Hitachi can supply state-of-the-
art 1&C systems for coming new-build NPPs (e.g. ACR-1000, U-ABWR) and NPP full scope
simulators.

2. Hitachi’s DCS and NPP simulator development experience

Error! Reference source not found. summarizes the evolution, through 3 generations, of
Hitachi DCS and simulators since development first started in the 1980s.

The 1% generation simulator systems were constructed using multiple computers to share the
system load. The target plant type was the first generation of Japanese Boiling Water Reactors
(BWRs). The target plant control systems were composed of control modules and analog
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equipment. The simulator 1&C model was a simple mathematical/Boolean logic reproduction
(running on the computers mentioned above) of the electrical interlock circuits.

The 2™ generation simulator systems were constructed using computers and work stations. The
target plant type was still Japanese BWRs. The target plant control systems were by this time
made up of both digital controllers (about half) and traditional analog equipment. So the control
system models in this generation of simulator were an emulation of the digital controllers and the
electric interlock model (resident in the computers).

The current (3") generation simulator systems are implemented entirely using PCs. The target
plant types are refurbished BWRs and Advanced BWRs (ABWRs) with control systems that are
entirely DCS-based. In this generation, the simulator control system models are built around
DCS emulators.

Table 1 The evolution of Hitachi NPP simulators

Phase of Progress 1st Generation 2nd Generation (1990s~) Current Generation
(1980s~) (2000s~)
Simulator System Control Computers Control Computers General-purpose PCs
Work Stations
Target Plant Type BWR Refurbished BWR,
ABWR
Target Plant Control Control modules Digital controller Integrated digital system
Systems Analog equipment Analog equipment (DCS)
Simulator Replicated interlock | Emulation of digital controller DCS Emulator
I&C Models model + Interlock model

3. Relationship between ABWR training simulators and DCS emulators

This section describes Hitachi’s latest ABWR training simulator and DCS emulator. Figure 1
shows Hitachi’s latest full scope ABWR training simulator system architecture consisting of the
following sub-systems:
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Figure 1  Overview of the latest full scope ABWR training simulator configuration

1. PCs for simulation

The Simulation Computer consists of standard PCs on which NPP behavior and DCS processing
are simulated. The ABWR Simulation Computer architecture is shown in Process Computer

System

The Process Computer System (PCS) used in the Simulator Computer architecture is identical to
the actual NPP PCS. The PCS provides key functions to operate an NPP, for example, automatic
operation, plant status calculation and summary status monitor.
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Figure 2 - Architecture of the ABWR PC for simulation computer

b) Plant simulator system

The plant simulator system is composed of the plant model and the DCS emulator working
together and running on a standard PC.
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e Plant model

The modeled real plant behaviour runs on the plant simulator system. The plant model is written
in a high-level computer language such as FORTRAN.

e DCS emulator

The advantage of the latest generation DCS emulators lies in their ability to run actual compiled
versions of the DCS application software. In the case of Hitachi’s current generation ABWR
simulator, over 60 HIACS-7000 controllers can be emulated on a single emulator.

2. Human machine interface (HMI)

The HMI used in the simulator is identical to the actual NPP HMI.

3. Interface system

The Interface System is a group of DCS controllers that receive plant status data from the plant
simulator system for simulation and display on the operators display Panels; they also transfer
operator action data back to the plant simulator system.

4. Instructor room

Through the instructor console, instructors can construct and control training scenarios as well as
inject malfunctions and transient situations into the plant model.

5. Training classroom

The training classroom, equipped with a main control panel and a wide display panel, mimics a
real NPP control room thus providing a realistic environment for operator training.

4. Overview of HIACS-7000 series DCS emulator development

This section presents an overview of the HIACS-7000 series DCS emulator. The HIACS-7000
series DCS emulator is an existing product being applied to the latest ABWR training simulator
(see section 2).

4.1 HIACS-7000 series DCS emulator concept

The HIACS-7000 series DCS emulator concepts are applied to the ABWR training simulator and
designed for the Verification and Validation (V&V) process of the DCS application. Therefore,
it consists of the simplest hardware architecture and supports the emulation of multiple
controllers. They will hereinafter be described in detail.
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4.2 Target Machine

For easy simulator implementation, the HIACS-7000 series DCS emulator allows the actual DCS
application software to be executed on a single PC without the need for any DCS hardware.
Hitachi recommends the following minimum specifications for a PC running the HIACS-7000
series DCS emulator in Hitachi’s latest ABWR training simulator:

e CPU: Intel® Core™2 Duo 2.4GHz
e Memory: 4Gbyte
e OS: Hitachi’s Linux based real time Operating System

4.3 Software Architecture

Figure 3 shows the software architecture of the HIACS-7000 series DCS Emulator. The
compiled application control software can run on a PC as if it were on a real DCS. Application
programming by the user is limited to using Function Block Diagram (FBD). Programming with
FBD (1) takes place in the Programming Tool environment; the Tool translates (2) the user-
created FBD (1) into the Instruction Word Table (3), which is the same as that used in the real
DCS. The Tool then loads the Instruction Word Table for every controller into Function Block
(FB) instruction tables (4) in the DCS emulator. In the DCS emulator, the emulator task (5) is
periodically activated by the task scheduler (14) and calls the emulator routine (8). The emulator
routine then takes input data from the plant model (9), calls the FB instruction interpreter (10),
and then sets the outputs to the plant model (11). When called, the FB instruction interpreter (12)
takes the FB instruction words out of the FB instruction tables (4), and then calls the
corresponding FB instruction routine (13) which is the same as that used in the real DCS. For a
multi-controller emulation, the emulator task (5) executes each controller’s software in sequence

(7).
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Figure 3 DCS Emulator Software Architecture

4.4 Communications

1. Inter-Controller Communication

The HIACS-7000 series DCS emulator can support the emulation of multiple [up to 128]
controllers. The data exchanges between emulated controllers are implemented by writing to or
reading from a shared common memory resident on the emulating PC.
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2. Communication with physical controller(s)

Since it is necessary to exchange data between the emulated controller(s) and the physical
controller used in the training simulator’s interface system, the HIACS-7000 series DCS
emulator supports a communications protocol that is identical to that used in the actual plant.

3. Communication with maintenance and programming tool

The HIACS-7000 series DCS emulator allows a user to use the Maintenance Tool “as is” to
control directly emulator functions such as run, freeze, data forcing and monitoring.

4. Communication with plant model

Hitachi’s ABWR training simulator plant model is developed internally by Hitachi’s nuclear
science laboratory. Since both the plant model and the HIACS-7000 series DCS emulator are
implemented in a PC environment, plant model input and output exchanges with the DCS
emulator take place by PC memory reads and writes.

4.5 Functions

The DCS emulator includes capabilities and functions that enable it to satisfy simulator
requirements. A list of the most important of these functions follows:

1. Freeze/Run

When the running DCS emulator receives the FREEZE command, it temporarily stops its
calculations, internal timer and counter. When the frozen DCS emulator receives the RUN
command, it restarts the calculations, timer and counter from the point at which the FREEZE
command was received.

2. Speed Up/Slow Down

The DCS emulator can change its calculation speed by preset selectable factors, for example,
speed up by 2X and 5X; or slow down by /2X, 1/5X, and 1/10X.

3. Store/Restore

When the DCS emulator receives the STORE command, it stores the current state. The DCS
emulator is able to store up to 100 states, such as the start-up conditions, rated output conditions,
transient conditions and so on. When the DCS emulator receives the RESTORE command, it

restores the selected stored state. These 2 commands are available only when the DCS emulator
is in the FREEZE state.

4. Backtrack/Restore Backtrack

BACKTRACK is used during the “Running” state. BACKTRACK is automatically executed at
every set time, and the state value is stored as a snapshot in the DCS emulator buffer. After that,
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the snapshot is automatically stored in a file. The RESTORE BACKTRACK can retrieve the
stored state for examination.

4.6 Performance

The HIACS-7000 series DCS emulator, when applied to the latest ABWR training simulator, can
emulate over 60 controllers and execute a total of 60,000+ FBDs (usually a FBD consists of
several FBs). The HIACS-7000 series DCS emulator’s CPU utilization is about 13% in a 100ms
cycle. With plant model added, the CPU utilization increases to around 16% of a 100ms cycle.
This loading provides the CPU with has enough margin to allow a calculation speed-up of up to
5X.

5. Overview of G-HIACS NuSAFE Series DCS Emulator Development

Hitachi is currently developing G-HIACS NuSAFE, an IEC51508 SIL2 Functional Safety DCS
platform with an IEC61131-3-compliant programming interface (HISEC61131-3FS) and the
corresponding DCS emulator. This state-of-the-art DCS emulator can be applied to NPP
simulators for plants using G-HIACS NuSAFE DCS. This section provides an overview of this
latest Hitachi DCS emulator.

5.1 Target machine

Similarly to the HIACS-7000 series DCS emulator, the G-HIACS NuSAFE series DCS emulator
also allows actual DCS application software to be executed on a single PC without the need for
any DCS hardware. The PC’s specifications are the same as those for the HIACS-7000 series
DCS emulator PC (see above).

5.2 Target program

The G-HIACS NuSAFE DCS application software is able to contain both SIL2 Functional
Safety (FS) and general-purpose (non-SIL) programs and run them on a single CPU. The G-
HIACS NuSAFE series DCS emulator can execute both program types “as is” and with no need
for any special user configuration.

5.3 Plant model

While the HIACS-7000 series DCS emulator must include a plant model, the G-HIACS
NuSAFE series DCS emulator allows the user flexibility to communicate with a plant model
residing on a separate PC. In this architecture, the G-HIACS NuSAFE series DCS emulator
sends/receives plant process data to/from the plant model via OPC-DA (OLE for Process
Control-Data Access). OPC is a published industry standard for system interconnectivity. OPC
enables applications to exchange data on one or more computers using client/server architecture.
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OPC defines a common set of interfaces so that applications retrieve data in exactly the same
format regardless of the data source.
5.4 Typical architecture

Figure 4 shows a typical architecture for a simulator implemented using the G-HIACS NuSAFE
series DCS emulator.

HMI System
Actual Network (optical pX-1000)
I
-1 ___
r

________ J
G-HIACS NuSAFE |
DCS Emulator == ===
| | OPC Server I
OPC Server T

II Simulator Network (Ethernet)

Plant Model

L

Figure 4 — Typical architecture of a G-HIACS NuSAFE series DCS emulator-based simulator

The Simulator Network (Ethernet) allows the G-HIACS NuSAFE series DCS emulator to
connect to the Plant Model PC via OPC for plant process data transfers. The G-HIACS NuSAFE
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series DCS emulator is also able to connect to same physical network medium and to
send/receive data via the identical communications protocol (i.e., “Actual Network”, Hitachi
uZ-1000) as that used in the real plant without interfering with the other simulator systems (e.g.
HMI system) that are already on the Actual Network. One can also connect an “Actual
(NuSAFE) DCS” to the Actual Network and have it communicate directly with the G-HIACS
NuSAFE DCS emulator as though it were a real DCS. These G-HIACS NuSAFE series DCS
emulator capabilities support robust and straightforward simulator implementation by allowing
the DCS application and hardware to be used almost exactly as they would be in a real 1&C
system architecture.

6. Example of the application of the most recent ABWR Simulator

Figure 5 is a screen-shot of Hitachi’s ABWR desktop virtual simulator. This simulator is also
implemented on a single desktop PC. The desktop virtual simulator can be used for a number of
activities from trainee self-study to multi-user classroom training sessions. The virtual wide
display panel and main control panel are created by a 3-D model using OpenGL. A user can
“enter” the virtual control room and manipulate the various panels as if in the real control room.
The desktop virtual simulator, using only a partial NPP model but the same DCS emulator as that
used for the Full Scope Simulator, can allow limited user training capability. Simulator
functions, for example, Malfunction, Speed Up and Slow Down, are also supported. Hitachi is
also studying on how to apply the desktop virtual simulator to new client requirements on
maintenance.
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Figure 5 - Screen-shot of the desktop virtual simulator

7. Conclusions

DCS emulator can handle the processing of an entire project or system in faithful real-time
emulation of all application program software logic even loaded on multiple individual
controllers. The Hitachi simulator solution package can provide the emulator function of the
controllers making possible controller-less software verification with no significant
modifications of the application program, the network communications or the system
configuration. Hitachi is a “one-stop shop” able to deliver real-time full-scope plant simulator
such as classroom training simulators and desktop virtual simulator and provide life-time support
and service.

8. References

[1] Y. Nakashima, S. Masunaga and Y. Maruyama, “Hitachi Power Plant DCS Simulator
Development”, 15™ Annual Conference of the Institute of Electrical Engineers of Japan, Hitachi-
shi, Ibaraki-ken, Japan, December 1, 2007.

Page 12 of 12



	Abstract
	1. Introduction
	2. Hitachi’s DCS and NPP simulator development experience
	3. Relationship between ABWR training simulators and DCS emulators
	4. Overview of HIACS-7000 series DCS emulator development
	5. Overview of G-HIACS NuSAFE Series DCS Emulator Development
	6. Example of the application of the most recent ABWR Simulator
	7. Conclusions
	8. References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




