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Abstract

This Topical Report describes the design of the Mitsubishi Electric Total Advanced Controller
(MELTAC) platform and its conformance to the U.S. Nuclear Regulatory requirements for
nuclear safety systems. The MELTAC platform can be used for safety and non-safety
Instrumentation and Control (I&C) systems.

The MELTAC platform was developed specifically for nuclear applications. The modular
structure, deterministic response time and testability can be applied to solve plant-wide
needs for safety and non-safety applications. Moreover, the MELTAC platform has been
developed using a rigorous safety-related design process that ensures suitable hardware and
software quality and reliability for critical applications such as the reactor protection system or
engineered safety features actuation system.

The MELTAC platform has accumulated many years of positive operating experience in
various non-safety system applications such as the reactor and turbine control systems in
PWR nuclear power plants operating in Japan. Based on its excellent performance in
numerous non-safety applications, the MELTAC platform has now been applied to almost all
non-safety and safety systems throughout Japanese PWR nuclear power plants. The
MELTAC platform has also been applied for plant-wide digital upgrades in several Japanese
PWR nuclear power plants that have been completed and those currently in progress.

The goal of this report is to seek a favorable Safety Evaluation from the U.S. Nuclear
Regulatory Commission (NRC) for the use of the MELTAC platform for nuclear safety
systems in operating plants and new plants.

For applications in the US, this report demonstrates conformance of the MELTAC platform to
all appllcable US Codes and Standards. These include:

Code of Federal Regulations

Regulatory Guides

Branch Technical Positions

NUREG-Series Publications

IEEE Standards

Other Industry Standards

The information provided in this report covers the following topics to fully understand the
MELTAC platform:
The detailed description of the hardware and software of the MELTAC platform, including
digital processing, human systems interfaces (HSI) and digital communication interfaces
and the detailed description of the MELTAC application development tools
The equipment qualification of the MELTAC platform and its conformance to the
corresponding U.S. standards
The life cycle and the Quality Assurance Program (QAP) of the MELTAC platform and
conformance to U.S. regulatory criteria
The equipment reliability of the MELTAC platform and how that reliability is used to
determine the reliability of any MELTAC safety application
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MELTAC was developed under a Japanese QAP, and has undergone a one-time commercial
grade dedication (CGD) by MELCO for use in US safety related applications. The details of
that CGD program are provided in this report by reference. MELTAC is now maintained and
manufactured under MELCQO’s 10 CFR 50 Appendix B QAP.

Prior to implementing the MELTAC commercial grade dedication program, MELCO
developed and adopted a nuclear QAP in compliance with 10 CFR 50 Appendix B and 10
CFR 21. MELCO has undergone an inspection by NRC to verify the implementation of an
adequate QAP in compliance with the requirements of 10 CFR 50 Appendix B and 10 CFR
21 in support of digital I&C development activities. The results of this NRC inspection are
documented in NRC Inspection Report NO. 99901410/2011-202 (ADAMS Accession
number ML12013A353). In NRC Inspection Report NO. 99901410/2011-202, the NRC
inspection team concluded that MELCO is effective in implementing its QA and 10 CFR
Part 21 programs in support of the MELTAC platform development. The Inspection Report
stated that the NRC inspectors determined that MELCO’s commercial grade dedication
process adequately identified and verified the critical characteristics of the MELTAC
platform that provide assurance that the platform will perform its safety function
satisfactorily. The Inspection Report also stated that the NRC inspectors determined that
the process implemented by MELCO is consistent with regulatory requirements associated
with software development. The nonconformance identified in the Inspection Report has
been corrected.

MELCO also underwent a successful audit by the NRC Office of New Reactors (NRO). This
NRO audit focused on reviewing the design details related to the MELTAC platform to assist in
making the determination that the specifications for the digital platform to be used for the
implementation of the safety 1&C systems, which reflect the MELTAC platform, meet the
regulatory requirements. The results of the NRO audit are documented in the “Digital
Instrumentation and Controls Design Audit Report” (ADAMS Accession number
ML12291A673).

The information in this Topical Report is expected to be sufficient to allow the NRC to make a
final safety determination regarding the suitability of the MELTAC platform for safety-related
nuclear applications, on the condition of completing specific application engineering as
identified in future licensing submittals. Other documentation which has been generated
during the MELTAC design process is available for NRC audit, as may be needed to allow
the NRC to confirm the MELCO design and design process, as documented in this Topical
Report.
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BTP
CCF
CCP
CEAS
CFR
COTS
CPU
CRC
DAS
DI

DO
DSP
ECC
EEPROM
EMC
EMI
EMS
ESD
ESF
EUT
E/O
FBD
FIT
FMEA
FMU
FPGA
F-ROM
F/W
GBD
GDC
GUI
HFE
HSI

ID
IEC
IEEE
IPL
ISO

IT
ITAAC
I/0
1&C

List of Acronyms

Analog Input

American National Standards Institute
Analog Output

American Society of Mechanical Engineers
Branch Technical Position

Common Cause Failure

Component Control Processor
Corporate Electronic Archive System
Code of Federal Regulations
Commercial Off-The-Shelf

Central Processing Unit

Cyclic Redundancy Check

Diverse Actuation System

Digital Input

Digital Output

Digital Signal Processor

Error Correcting Code

Electronically Erasable Programmable Read Only Memory

Electromagnetic Compatibility
Electromagnetic Interference
Electromagnetic Susceptibility
Electrostatic Discharge

Engineered Safety Features

Equipment under Test

Electrical/Optical

Functional Block Diagram

Failure Rate

Failure Mode and Effect Analysis

Frame Memory Unit

Field Programmable Gate Array

Flash Read Only Memory

Firmware

Graphical Block Diagram

General Design Criteria

Graphical User Interface

Human Factor Engineering

Human System Interface

Identification

International Electrotechnical Commission
Institute of Electrical and Electronics Engineers
Interposing Logic

International Standardization Organization
Information Technology

Inspections, Tests, Analyses, and Acceptance Criteria
Input/Output

Instrumentation and Control
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JEC Japanese Electrotechnical Committee
JIS Japanese Industrial Standards

JEIDA Japan Electronic Industry Development Association
LCO Limiting Conditions for Operation

LED Light Emitting Diode

MCB Main Control Board

MCR Main Control Room

MELCO Mitsubishi Electric Corporation
MELTAC Mitsubishi Electric Total Advanced Controller
MEPPI Mitsubishi Electric Power Products Inc.
MIC Memory Integrity Check

MRP MELTAC Re-evaluation Program
MTBF Mean Time Between Failures

MTTR Mean Time To Repair

NC Normally Closed

NI Nuclear Instrumentation

NO Normally Open

NRC Nuclear Regulatory Commission

OBE Operating Basis Earthquake

PIF Power Interface

POL Problem Oriented Language

QA Quality Assurance

QAP Quality Assurance Program

PCS Plant Control System

PSS Plant Safety System

RAM Random Access Memory

RCP Reactor Coolant Pump

RFI Radio Frequency Interference

RG Regulatory Guide

RGB Red/Green/Blue

RM Radiation Monitoring

ROM Read-Only Memory

RPR Resilient Packet Ring

RPP Reactor Protection Processor

RTD Resistance Temperature Detector
SCMP Software Configuration Management Plan
SDOE Secure Development and Operational Environment
SDP Software Development Plan

SintP Software Integration Plan

SinstP Software Installation Plan

SMC Self-diagnosis Memory Check

SMP Software Management Plan

SPM Software Program Manual

SQAP Software Quality Assurance Plan
SSE Safe Shutdown Earthquake

SSP Software Safety Plan

STP Software Test Plan

S-VDU Safety VDU

SVVP Software Verification and Validation
VDU Visual Display Unit

V&V Verification and Validation
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UDP/IP User Datagram Protocol Internet Protocol
UTP Unshielded Twist Pair Cable
WDT Watchdog Timer
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1.0 PURPOSE

The purpose of this Topical Report is to describe the Mitsubishi Electric Total Advanced
Controller (MELTAC) platform and its conformance to the U.S. Nuclear Regulatory
requirements for nuclear safety systems. The MELTAC platform can be used for safety and
non-safety I&C systems. The modular structure of the platform allows it to be applied to solve
most utility needs for safety applications, including new systems, component replacements
and complete system replacements.

The MELTAC platform can be applied to nuclear safety systems such as the reactor protection
system, engineered safety features actuation system, safety-related HSI system, and any
other safety system. In addition, the MELTAC platform can be applied to non-safety systems.
The MELTAC equipment applied for non-safety applications is the same design as the
equipment for safety applications. However, there are software and hardware components that
are unique to non-safety applications. These components have differences in Quality
Assurance methods for software design and other software life cycle processes.

Therefore, MELTAC components that are applicable to either safety or non-safety applications
are identified as “MELTAC Nplus S”; components that are only applicable to non-safety
applications are identified as “MELTAC Nplus”. These identifier distinctions apply to all aspects
of MELTAC, including hardware, software, documentation and engineering tools.

The following terminology is used in this section and throughout this document:

Application Licensing Documentation — This refers to application specific
documentation for a group of plants or a single plant, such as the Design
Certification Document, Combined Operating Licensing Application, Final Safety
Analysis Report, or License Amendment Request.

Equipment - This refers to the components that are the subject of this Topical
Report. “Equipment” includes the MELCO safety-related digital 1&C platform.
“Equipment” does not include the MELCO non-safety digital 1&C or HSI platforms,
unless specifically identified.

2.0 SCOPE

The scope of this report includes the hardware and software associated with the MELTAC
Nplus S platform. Components unique to the MELTAC Nplus platform for non-safety
applications are not discussed, except to the extent of their interface with MELTAC Nplus S
components in safety systems. The MELTAC platform described herein encompasses design,
qualification, and reliability.
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3.0 APPLICABLE CODE, STANDARDS AND REGULATORY GUIDANCE

This section identifies conformance to applicable codes, standards, and regulatory
guidance required by NUREG-0800 and ISG-06. Unless specifically noted, the latest
version issued on the date of this Topical Report is applicable.

Appendix D shows the compliance matrix of codes, standards, and regulatory guidance
required by NUREG-0800 and ISG-06. Also, Appendix D points to the corresponding
location within this Topical Report that describes design information related to the
applicable codes, standards, and regulatory guidance of the MELTAC platform.

Code of Federal Regulations

1.

10 CFR Part 50 Appendix A: General Design Criteria for Nuclear Power Plants

GDC 1: Quality Standards and Records

The lifecycle process for the Basic components of the MELTAC platform that
meets all requirements of 10 CFR Part 50 Appendix B is described in Section 6.
This is referred to as the App.B-based quality assurance program (QAP).

MELTAC was developed under a Japanese QA program and has undergone a
one-time commercial grade dedication (CGD) by MELCO for use in US safety -
related applications. The details of that CGD program are provided in this report
by reference. MELTAC is now maintained and manufactured under MELCO’s
10 CFR 50 Appendix B QAP.

GDC 2: Design Bases for Protection against Natural Phenomena

This Equipment is seismically qualified. The Equipment must be located within
building structures that provide protection against other natural phenomena.
Specific buildings and Equipment locations are described in Application Licensing
Documentation.

GDC 4: Environmental and Dynamic Effects Design Bases

This Equipment is qualified for use in a mild environment that is not adversely
affected by plant accidents as described in Section 5.

GDC 21: Protection System Reliability and Testability

This Equipment includes automated testing with a high degree of coverage, and
additional overlapping manual test features for the areas that are not covered by
automated tests. All manual tests may be conducted with the plant on line, with
consideration of plant specific accessibility, and with the Equipment bypassed or
out of service. Depending on the system design for a specific plant, the
Equipment is configured with N or N+1 redundancy, where N is the number of
divisions needed for single failure compliance and to meet the plant reliability
goals. For systems with N+1 redundancy, this GDC is met with one division
continuously bypassed or out of service. The redundancy configuration for each
plant system is described in Application Licensing Documentation.
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GDC 22: Protection System Independence

Redundant divisions are physically and electrically isolated to ensure that failures
that originate in one division cannot propagate to other divisions. Physical
isolation is discussed in Application Licensing Documentation. Platform features
to accommodate electrical isolation are discussed in this Topical Report.

All Equipment is qualified to ensure that the Equipment is unaffected by adverse
conditions that may concurrently affect multiple divisions. The qualification limits
of this equipment are described in this Topical Report. Application Licensing
Documentation describes the specific analysis for each plant.

Interlocks between redundant divisions and administrative controls ensure
maintenance is performed on one division at a time. Interlocks and administrative
controls are described in Application Licensing Documentation.

GDC 23: Protection System Failure Modes

Signals are generated for all detected failures. These signals can be configured
at the application level to generate alarms. Functions can be designed to fail to
an actuated trip state on loss of all power, on failures that are not automatically
detected, or on failures that are automatically detected and would prevent proper
execution of the function. Functions can also be designed to fail to an unactuated
state. The unactuated state may be desirable to avoid spurious plant transients.
Compliance for reactor trip and engineered safety features actuation functions
are application specific and described in Application Licensing Documentation.

GDC 24: Separation of Protection and Control Systems

The separation of protection and control systems is an application specific design
characteristic. Redundant divisions of the protection systems are physically and
electrically isolated from the non-safety control systems. Where safety sensors
are shared between control and protection systems, signal selection logic is
typically used in the control system to prevent erroneous control actions due to
single sensor failures. Eliminating these erroneous control actions prevents
challenges to the protection system while it is degraded due to the same sensor
failure. Where non-safety signals control safety systems or components, logic in
the safety systems is typically used to ensure prioritization of safety functions.
The details regarding the separation of protection and control systems are
described in Application Licensing Documentation.

2. 10 CFR Part 50.55a

(a)(1) Quality Standards for Systems Important to Safety
Section 6 describes the App.B-based QAP, which is fully compliant to 10 CFR 50
Appendix B.

MELCO has undergone an inspection by NRC to verify the implementation of an
adequate QAP.
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(h) Invokes IEEE Std. 603-1991
See conformance to IEEE Std. 603-1991

NRC Regulatory Guides

3. RG 1.22 Periodic Testing of Protection System Actuation Functions (Rev. 0,
February 1972)

See GDC 21 conformance. The functions controlled by this Equipment can be
configured at the application level to be completely testable through a
combination of overlapping automatic and manual tests.

4. RG 1.29 Seismic Design Classification (Rev. 4, March 2007)
The Equipment is designated Seismic Category |I.

5. RG 1.53 Application of the Single-Failure Criterion to Safety Systems (Rev. 2,
November 2003)

endorses IEEE Std. 379-2000

See conformance to GDC 21 and 24. This Equipment can be configured at the
application level so that safety functions are designed with N or N+1 divisions.
Each safety division can be independent from the other safety divisions and from
non-safety divisions. Independence ensures that credible single failures cannot
propagate between divisions within the system and therefore cannot prevent
proper protective action at the system level. Single failures considered in the
divisions are described in the Failure Mode and Effect Analysis (FMEA) for each
system. The FMEA method for the components of this Equipment is provided in
this Topical Report. The MELTAC module level FMEA report is incorporated by
reference. The module level FMEA provides input to the system level FMEA for
each application. The system level FMEA is described in Application Licensing
Documentation.

6. RG 1.75 Criteria for Independence of Electrical Safety Systems (Rev. 3,
February 2005)

endorses IEEE Std. 384-1992

The MELTAC platform contains features to ensure that redundant safety
divisions are physically and electrically independent of each other and physically
and electrically independent of any non-safety divisions. Physical independence
is maintained either by the required distance or by barriers which prevent
propagation of fire or electrical faults. Electrical independence is maintained by
fiber optic cable communication interfaces or conventional isolators, such as
opto-couplers, relays or transformers. Conventional isolators include fault
interrupting devices such as fuses or circuit breakers. Fiber optic cable
communication interfaces are described in Section 4.3.2 (Control Network), 4.3.3
(Data Link) and 4.3.4 (Maintenance Network). Specifications and qualification of
conventional isolators are discussed in Section 4.1.2 and 5.5 of this Topical
Report, respectively.
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7. RG 1.89 Environmental Qualification of Certain Electric Equipment Important to
Safety for Nuclear Power Plants (Rev. 1, June 1984)

endorses IEEE Std. 323-1974

The environmental qualification of this Equipment is by an appropriate
combination of type testing and analysis. This Equipment is qualified for use in
a mild environment that is not adversely affected by plant accidents.
Qualification for temperature and humidity is by type test. The generic MELTAC
temperature and humidity qualification is demonstrated to envelope actual plant
conditions by analysis of room ambient conditions and heat rise calculations for
the installed configuration. Seismic qualification is by type testing. The generic
MELTAC seismic qualification is demonstrated to envelope actual plant
conditions by analysis of floor response spectrum at the installed location.
Electromagnetic Interference (EMI) qualification is by type testing. MELTAC is
generically qualified to the EMI envelope and acceptance criteria that are
identified by regulatory guidance as enveloping US nuclear plant installations;
therefore there is no additional site specific EMI qualification.

This Equipment has no known aging mechanisms, except as noted in Section
7.4 and accommodated by periodic replacement; random failures will be
detected through self-diagnoses and periodic surveillance testing. Type testing
for conformance to RG 1.89 is described through the aggregate of all
qualification reports — Environmental, Seismic and Electromagnetic
Compatibility (EMC), see Section 5.

8. RG 1.100 Seismic Qualification of Electric and Mechanical Equipment for
Nuclear Power Plants (Rev. 3, September 2009)

This Equipment is designated Seismic Category . It is designed and qualified to
withstand the cumulative effects of a minimum of 5 Operating Basis
Earthquakes (OBEs) and one Safe Shutdown Earthquake (SSE) without loss of
safety function or physical integrity. The input spectrum is selected to envelope
all anticipated applications. Conformance to this envelope for specific
applications is discussed in Application Licensing Documentation.

9. RG 1.105 Setpoints for Safety-Related Instrumentation (Rev. 3, December
1999)

endorses ISA-S67.04-1994 and ANS-10.4-1987

The uncertainties associated with the Equipment are described in this Topical
Report. Appendix A.5 defines I/O module accuracies. Appendix A.6 defines
Isolation Module accuracies. Appendix A.9 defines accuracy of I/O power
supplies. This includes uncertainties for signal conditioning modules, signal
splitters, instrument loop power suppliers and analog to digital converters. The
uncertainties associated with specific process instrumentation and the resulting
safety-related setpoints are described in Application Licensing Documentation.
The plant specific uncertainty/setpoint analysis is described in Application
Licensing Documentation.
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10. RG 1.118 Periodic Testing of Electric Power and Protection Systems (Rev. 3,
April 1995)

endorses IEEE Std. 338-1987

See conformance to GDC 21, 10 CFR 50.36 and RG 1.22. The Equipment can
be configured so that all safety functions are tested either automatically or
manually, and so that manual tests do not require any system reconfiguration,
such as jumpers or fuse removal.

11. RG 1.152 Criteria for Use of Computers in Safety Systems of Nuclear Power
Plants (Rev. 3, July 2011)

endorses IEEE Std. 7-4.3.2-2003

The methods used for specifying, designing, verifying, validating and
maintaining software for this Equipment conforms to these requirements,
including requirements for a secure development environment and MELTAC
features that facilitate a secure operational environment. The life cycle process
for the MELTAC platform is described in “MELTAC Platform Software Program
Manual” (JEXU-1041-1016).

MELCO has undergone an inspection by NRC to verify the implementation of an
adequate QAP.

The life cycle process for the system application software is described in the
Application Licensing Documentation.

The methods used for ensuring a secure development and operational
environment throughout the life cycle are described in these documents.

12. RG 1.153 Criteria for Safety Systems (Rev. 1, June 1996)

endorses IEEE Std. 603-1991
Compliance with the General Design Criterion identified in this Regulatory Guide
is discussed above. Compliance with IEEE Std. 603-1991 is discussed below.

13. RG 1.168 Verification, Validation, Reviews, and Audits for Digital Computer
Software Used in Safety Systems of Nuclear Power Plants (Rev. 2, July 2013)

endorses |IEEE Std. 1012-2004 and IEEE Std. 1028-2008

This Equipment uses processes for verification, validation, reviews and audits
that conform to this Regulatory Guide. The software life cycle process for the
MELTAC platform is described in “MELTAC Platform Software Program Manual”
(JEXU-1041-1016). MELCO has undergone an inspection by NRC to verify the
implementation of an adequate QAP.

The life cycle process for the system application software is described in the
Application Licensing Documentation.

14. RG 1.169 Configuration Management Plans for Digital Computer Software
Used in Safety Systems of Nuclear Power Plants (Rev. 1, July 2013)

endorses IEEE Std. 828-2005 and |IEEE Std. 1042-1987
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15.

16.

17.

This Equipment is designed and maintained using a Configuration Management
process that conforms to this Regulatory Guide. The Configuration Management
process for the MELTAC platform is described in “MELTAC Platform Software
Program Manual” (JEXU-1041-1016). MELCO has undergone an inspection by
NRC to verify the implementation of an adequate QAP.

The Configuration Management for the system application software is described
in the Application Licensing Documentation.

RG 1.170 Software Test Documentation for Digital Computer Software Used in
Safety Systems of Nuclear Power Plants (Rev. 1, July 2013)

endorses IEEE Std. 829-2008

The test documentation for this Equipment conforms to this Regulatory Guide.
The test process and corresponding documentation for the MELTAC platform are
described in “MELTAC Platform Software Program Manual” (JEXU-1041-1016).
MELCO has undergone an inspection by NRC to verify the implementation of an
adequate QAP.

The test documentation for the system application software is described in the
Application Licensing Documentation.

RG 1.171 Software Unit Testing for Digital Computer Software Used in Safety
Systems of Nuclear Power Plants (Rev. 1, July 2013)

endorses |IEEE Std. 1008-1987

Unit testing for this Equipment conforms to this Regulatory Guide. The unit
testing for the MELTAC platform is described in “MELTAC Platform Software
Program Manual” (JEXU-1041-1016). MELCO has undergone an inspection by
NRC to verify the implementation of an adequate QAP.

Unit testing for the system application software is described in the Application
Licensing Documentation.

RG 1.172 Software Requirements Specifications for Digital Computer Software
Used in Safety Systems of Nuclear Power Plants (Rev. 1, July 2013)

endorses IEEE Std. 830-1998

The Software Requirements Specifications for this Equipment conforms to this
Regulatory Guide. The Software Requirements Specifications for the MELTAC
platform are described in in Section 6.1 of this Topical Report. MELCO has
undergone an inspection by NRC to verify the implementation of an adequate
QAP.

The Software Requirements Specifications for the system application software
are described in the Application Licensing Documentation.
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18.

19.

20.

21.

RG 1.173 Developing Software Life Cycle Processes for Digital Computer
Software Used in Safety Systems of Nuclear Power Plants (Rev. 1, July 2013)

endorses IEEE Std. 1074-2006

The Software Life Cycle Process for this Equipment conforms to this Regulatory
Guide. The Software Life Cycle Processes for the MELTAC platform are
described in “MELTAC Platform Software Program Manual” (JEXU-1041-1016).
MELCO has undergone an inspection by NRC to verify the implementation of an
adequate QAP.

The Software Life Cycle Processes for the system application software are
described in the Application Licensing Documentation.

RG 1.180 Guidelines for Evaluating Electromagnetic and Radio-Frequency
Interference in safety-related Instrumentation and Control Systems (Rev. 1,
October 2003)

endorses MIL-STD-461E, IEC 61000 Parts 3, 4, and 6, IEEE Std.
C62.41-1991, IEEE Std. C62.45-1992, IEEE Std. 1050-1996, EPRI TR-
102323
This Equipment conforms to the EMI/RFI (Radio Frequency Interference)
requirements of this standard. Qualification testing for the digital platform is
described in this Topical Report.

RG 1.204 Guidelines for Lightning Protection of Nuclear Power Plants (Rev. 0,
November 2005)

The platform has been designed with surge resistance. Surge qualification
testing has been performed using ANSI Std. 62.41, ANSI Std. 62.45, and IEEE
Std. 472, see Section 5.3.

RG 1.209 Guidelines for Environmental Qualification of Safety-Related
Computer-Based Instrumentation and Control Systems in Nuclear Power Plants
(Rev. 0, March 2007)

endorses |IEEE Std. 323-2003

This Equipment is tested and analyzed to satisfy the mild environment
qualification requirements.

NRC Branch Technical Positions

22.

BTP 7-8 Guidance for Application of Regulatory Guide 1.22

The Equipment includes extensive self-diagnosis tests which run continuously.
The LCO related to bypassed or out of service conditions for a single division
are dependent upon the extent of redundancy and the extent of automated self-
testing for the equipment that remains in service to perform the safety function.
The Equipment can be configured at the application level with additional
manual test features to test the portions of the system that are not tested
automatically. These manual test features can be configured so that all
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functions of the protection system are testable at power. Self-diagnosis tests
are described in Section 4.1.5 of this Topical Report. Manual test features are
described in Section 4.1.7 and 4.2.4 of this Topical Report, and also in
Application Licensing Documentation.

23. BTP 7-11 Guidance on Application and Qualifications of Isolation Devices

endorses |IEEE Std. 472, ANSI| Std. C62.36, ANSI Std. C62.41, ANSI
Std. C62.45

See conformance to RG 1.75. Isolation devices are qualified in conformance to
these standards.

24, BTP 7-14 Guidance on Software Reviews for Digital Computer-Based I&C
Systems

See conformance to RG 1.168 through 1.173.

25. BTP 7-17 Guidance on Self-Test and Surveillance Test Provisions

See conformance to GDC 21, 10 CFR 50.36, RG 1.22 and RG 1.118.
Surveillance testing taken together with automatic self-testing provides a
mechanism for detecting all failures. The methods used for testing are described
in Application Licensing Documentation.

26. BTP 7-21 Guidance on Digital Computer Real-Time Performance
The real-time performance for this Equipment conforms to this BTP. The
response time performance for digital platform components is described in
Section 4.4 of this Topical Report. Requirements for system response time for
conformance with the plant design basis and the response time of actual plant
systems is described in Application Licensing Documentation.

NUREG-Series Publications (NRC Reports)

27. NUREG-0737, Supplement 1 Clarification of TMI Action Plan Requirements

This Equipment can be configured at the application level for conformance to the
following TMI Action Plan Requirements:

e Plant Safety Parameter Display — This Equipment can provide safety-
related data to the non-safety HSI system which can provide this display
for the control room and for emergency support facilities.

¢ Indication and Control for Safety Components (e.g.: relief valves,
pressurizer heaters, containment isolation valves), Inadequate Core
Cooling Monitoring and Instrumentation for Accident Monitoring - This
Equipment can provide safety-related controls and monitoring for safety-
related instruments to generate safety-related displays. Alarms and non-
safety displays can be generated by the non-safety HSI system.
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28.

29.

30.

NUREG-0800 Chapter 7 of the USNRC Standard Review Plan for the Review
of Safety Analysis Reports for Nuclear Power Plants, Section 7.1 Rev.5

This Equipment fulfills all safety-related requirements of this NUREG for
monitoring safety-related plant instrumentation and controlling safety-related
plant components. Descriptions of specific plant systems are described in
Application Licensing Documentation.

NUREG/CR-6303 Method for Performing Diversity and Defense-in-Depth
Analyses of Reactor Protection Systems

The design of this Equipment is described in this Topical Report. Functional
diversity within the safety and non-safety 1&C systems is described by the
Application Licensing and design documentation.

NUREG/CR-6421 A Proposed Acceptance Process For Commercial-Off-The-
Shelf (COTS) Software in Reactor Applications

This NUREG is not applicable to this Equipment since there is no COTS software.
All software has been designed for nuclear applications.

Digital Instrumentation and Controls (DI&C) Interim Staff Guidance (ISG)

31.

32.

DI&C-ISG-04 Highly-Integrated Control Rooms — Communications Issues
(Rev 1,March 2009)

A detailed discussion of the MELTAC platform communication systems and
compliance with the requirements given in DI&C-ISG-04 is provided in Section
4.3 and “MELTAC Platform 1SG-04 Conformance Analysis” (JEXU-1041-1015
Rev.0).

DI&C-ISG-06 Licensing Process (Rev 1, January 2011)

DI&C-ISG-06 is intended for plant-specific licensing amendment requests
(LARs) and lists the documents expected for a plant-specific review of a digital
safety system. Some interpretation is required to identify the subset of
documentation that applies to a generic review of a safety system digital
platform. This interpretation and summary of DI&C-ISG-06 compliance is given
in "Mapping of MELTAC Platform Licensing Documents to the DI&C-ISG-06
Guidance" (JEXU-1041-1012 Rev0).

IEEE Standards

33.

IEEE Std. 7-4.3.2-2003 Criteria for Programmable Digital Computer Systems in
Safety Systems of Nuclear Power Generating Stations

This Equipment conforms to all requirements of this standard, as augmented by
RG 1.152.
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34.

35.

36.

37.

38.

39.

40.

IEEE Std. 323-2003 Qualifying Class 1E Equipment for Nuclear Power
Generating Systems

This Equipment is qualified in conformance to this standard, as augmented by
RG 1.89. See conformance to RG1.89.

IEEE Std. 338-1987 Periodic Surveillance Testing of Nuclear Power Generating
Station Safety Systems

The self-diagnosis that is usable for Periodic Surveillance Testing are described
throughout this document. RG1.22 and Std. IEEE 338 test features that are
configured at the system level or within the application software are described
by the Application Licensing and design documentation.

IEEE Std. 344-2004 Seismic Qualification of Class 1E Equipment for Nuclear
Power Generating Stations

This Equipment conforms to this standard as augmented by RG 1.100.
Conformance is described in the Section 5 of this Topical Report.

IEEE Std. 379-2000 Application of the Single-Failure Criterion to Nuclear Power
Generating Station Safety Systems

As described in RG1.53 item 13, compliance to the Single-Failure Criterion is
achieved through the configuration of this Equipment at the system level.

IEEE Std. 383-2003 Type Test of Class 1E Electric Cables, Field Splices, and
Connections for Nuclear Power Generating Stations

The cable and electrical connections used within MELTAC cabinets conform to
this standard, including requirements for flame retarding qualification. Cables
for interfaces between MELTAC cabinets and interfaces to/from MELTAC
cabinets to other I&C systems and components are discussed in Application
Licensing Documentation.

IEEE Std. 384-1992 Criteria for Independence of Class 1E Equipment and
Circuits

This Equipment supports conformance to this standard as augmented by RG
1.75. All safety functions implemented within multiple divisions can have physical
separation and electrical independence between redundant safety divisions and
between safety and non-safety divisions. Electrical independence between
divisions is accomplished through the use of fiber optic cables or conventional
qualified isolators. Digital data communication using fiber optic cables also
facilitates physical independence between divisions. MELTAC components for
electrical isolation are described in Section 4 (4.3.2.3) of this Topical Report.

IEEE Std. 420-1982 Design and Qualification of Class 1E Control Board,
Panels and Racks.

Standard enclosures for this Equipment conform to this standard. These
enclosures are described in this Topical Report. Equipment is clearly marked to

MITSUBISHI ELECTRIC CORPORATION

11



SAFETY SYSTEM DIGITAL PLATFORM - MELTAC - JEXU-1041-1008-NP(R1)

41.

42.

43.

44,

45.

46.

identify safety-related designations, as described in Section 6.1.8 Identification
of Equipment. Other enclosures, including any deviations from this standard, are
described in Application Licensing Documentation.

IEEE Std. 472 IEEE Guide for Surge Withstand Capability (SWC) Tests

Power supplies and Input/Output modules used within this Equipment conform
to this standard. Conformance to surge withstand requirements is described in
the EMC Qualification Report.

IEEE Std. 497-2002 Accident Monitoring Instrumentation for Nuclear Power
Generating Stations

See conformance for RG 1.97.

IEEE Std. 603-1991 Safety Systems for Nuclear Power Generating Stations
1998 version is currently not endorsed by NRC

This Equipment conforms to this standard, as augmented by RG 1.153, including
key requirements for:

e Single failures

e Completion of Protective Action
e Quality

e Qualification

e Independence

o Testability

¢ Monitoring and Information

e Bypasses

Specifications corresponding to the key requirements above are described in
Sections 4 through 7.

IEEE Std. 730-1989 Software Quality Assurance Plans

The Software Quality Assurance Plans are described in Section 6 and
“‘MELTAC Platform Software Program Manual” (JEXU-1041-1016).

IEEE Std. 828-2005 IEEE Standard for Software Configuration Management
Plans

The Software Configuration Management Plan is described in Section 6 and
“‘MELTAC Platform Software Program Manual” (JEXU-1041-1016).

As the Standard of Configuration Management, ISG-06 refers to IEEE Std. 828-
1990 and IEEE Std. 828-1998.

IEEE Std. 828-1998 contains the contents of IEEE Std. 828-1990.Therefore,
this Topical Report refers IEEE Std. 828-1998 as the applicable standard.

IEEE Std. 829-2008 Software Test Documentation

MITSUBISHI ELECTRIC CORPORATION
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The software test documentation is described in “MELTAC Platform Software
Program Manual” (JEXU-1041-1016).

47. IEEE Std. 830-1998 IEEE Recommended Practice for Software Requirements
Specifications

The software requirements are documented in the Platform specification as an
output of Requirement Phase, which is described in Section 6.1.

48. IEEE Std. 1008-1987 IEEE Standard for Software Unit Testing

Software unit testing is described in “MELTAC Platform Software Program
Manual” (JEXU-1041-1016).

49. IEEE Std. 1012-2004 |IEEE Standard for Software Verification and Validation
Plans

Software V&V is described in “MELTAC Platform Software Program Manual”
(JEXU-1041-1016).

50. IEEE Std. 1016-1987 IEEE Recommended Practice for Software Design
Descriptions

The software design description is documented in the Software Specifications
as outputs of Design Phase which is described in Section 6.1.

51. IEEE Std. 1028-2008 IEEE Standard for Software Reviews and Audits

Software reviews and audits are described in “MELTAC Platform Software
Program Manual” (JEXU-1041-1016).

52. IEEE Std. 1042-1987 IEEE Guide To Software Configuration Management

Configuration management is described in “MELTAC Platform Software
Program Manual” (JEXU-1041-1016).

53. IEEE Std. 1074-2006 IEEE Standard for Developing Software Life Cycle
Processes

The software life cycle process is described in Section 6 and in “MELTAC
Platform Software Program Manual” (JEXU-1041-1016).

54, IEEE Std. 896-1991 Standard For Futurebus+® - Logical and Physical Layers

The communication between modules in the same subsystem of the MELTAC
platform conforms to this standard.

Other Industry Standards

55. ANSI C62.41 IEEE Recommended Practice on Surge Voltages in Low-Voltage
AC Power Circuits

This Equipment conforms to the sections of this standard endorsed by RG
1.180.

56. ANSI C62.45 IEEE Guide on Surge Testing for Equipment Connected to Low-
Voltage AC Power Circuits

This Equipment conforms to the sections of this standard endorsed by RG
1.180.
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57. IEC 61000 Electromagnetic compatibility (Basic EMC publication)

This Equipment conforms to the following sections of this standard:

e |EC 61000-4-2: Testing and measurement techniques - Electrostatic
discharge immunity tests. Basic EMC publication

e |EC 61000-4-4: Testing and measurement techniques - Electrical fast
transient/burst immunity test. Basic EMC publication

e |EC 61000-4-5: Testing and measurement techniques - Surge immunity
test

e |EC 61000-4-12: Testing and measurement techniques - Oscillatory
waves immunity test.

58. ISA-S67.04-1994 Setpoints For Nuclear Safety Related Instrumentation Used in
Nuclear Power Plants

See conformance to RG 1.105. The methodology used to develop setpoints is
described in Application Licensing and Design Documentation.

59. MIL-STD-461E Requirements for the Control of Electromagnetic Interference
Characteristics of subsystems and equipment

This Equipment conforms to this standard as referenced in RG 1.180. This
standard replaces MIL-STD-461D and MIL-STD-462D referenced in EPRI
TR-102323.
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4.0 MELTAC PLATFORM DESCRIPTION

The MELTAC platform is based on using qualified building blocks that can be used for many
safety system applications. The building blocks are the following items.

Controller

Safety VDU (Visual Display Unit) panel and processor
Control Network

Data Link

The MELTAC platform can take a single controller configuration, redundant standby controller
configuration, or redundant parallel controller configuration, depending on the system
requirements. The I/O modules can also take a redundant configuration. The MELTAC
platform includes a large variety of I/O modules that can interface with various plant
components (See Section 4.1). Also, the MELTAC platform includes a safety VDU which
consists of a safety VDU panel and processor (See Section 4.2). The Control Network is used
to communicate safety-related data between multiple controllers, and between controllers and
the safety VDU processor(s) in the same division. The Data Link is used to transmit process
signals between the controllers in different safety divisions or trains (See Section 4.3).

A typical configuration of the MELTAC platform for a safety system is shown in Figure 4.0-1. It
shows a single division of a Plant Safety System (PSS) with an interface to a different division
via Data Link. It also shows Controllers, which are the main component of the MELTAC
platform, as the Reactor Protection Processor (RPP) and the Plant Safety System Component
Control Processor (PSS-CCP).
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Figure 4.0-1 MELTAC Platform Typical PSS Configuration

The PSS provides monitoring and displays for safety-related plant instrumentation, and
automated actuation and manual control of safety-related plant components. It consists of
multiple independent safety divisions.

The PSS consists of the following items described in a) to g).

a) Each PSS division typically contains one Reactor Protection Processor (RPP). The
RPP is a MELTAC controller with associated I/O modules. The RPP performs the
following key functions:

Execute reactor trip (RT) functions and Engineered Safety Features (ESF)
functions

Receive RT and ESF initiation signals from the RPPs of other divisions via inbound
inter-division Data Links, and transmit those same signals from its own division to
the other divisions via an outbound inter-division Data Link

Direct actuation of RT Breakers (RTB)

Transmit Interlock and ESF initiation signals via the intra-division Control Network
to PSS Component Control Processors (PSS-CCPs)

Receive manually initiated control commands from the safety Visual Display Unit
(VDU) processors via the intra-division Control Network

Transmit the monitored plant sensor data and status to the safety VDU processors
via the intra-division Control Network

b) The number of PSS-CCPs per division is application specific. Each PSS-CCP is a
MELTAC controller with associated I/O modules. The PSS-CCPs perform the following
key functions:
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Control and drive the plant components and equipment by ESF actuation signal
from the RPP

Receive ESF actuation signals from the RPP via the intra-division Control Network
Receive manual component control commands from the safety VDU processors via
the intra-division Control Network

Receive diverse component control signals from the Diverse Actuation System
(DAS), and combine the signals with the control signals from the PSS-CCPs within
the hardware based Interposing Logic (IPL) of the Power Interface (PIF) Module to
determine the final control command relayed to each plant component

Transmit the monitored status of interlocks and components to the safety VDU
processors via the intra-division Control Network

c) Each PSS division typically contains at least one safety VDU processor and safety
VDU panel. The safety VDU processor and safety VDU panel consist of a special
purpose MELTAC controller, peripherals, and an LCD touch screen. The safety VDU
processor and safety VDU panel perform the following key functions:

Transmit the operation signals to the RPP and PSS-CCPs via the intra-division
Control Network, and can be configured to provide the human-machine interface
Receive plant sensor data, RT and ESF initiation, and actuation status from the
RPP via the intra-division Control Network

Receive interlock and component status data from the PSS-CCPs via the intra-
division Control Network

Receive touch commands from safety VDU panel

d) There is one MELTAC engineering tool connected via Maintenance Network in each
PSS division used exclusively for the following functions within that one division:

To display self-test diagnostics reported from all PSS processors within the division
To store copies of software for all processors within the division, and to conduct the
manually initiated Memory Integrity Check (MIC) using that stored software

To control the updating of software for any processor within the division, utilized
only when a processor is taken out-of-service and declared inoperable by plant
Technical Specifications and the processor CPU Module is removed and
transferred to the dedicated Re-programming Chassis

To control simulated input values for troubleshooting any processors within the
division, only when a processor is taken out-of-service and declared inoperable by
plant Technical Specification

e) There is one Control Network in each PSS division used for the following key intra-
division communication functions:

Interlock and ESF initiation signals from the RPP to the PSS-CCPs

Manual control commands from the safety VDU processor to the RPP and the
PSS-CCPs

Monitored plant sensor data, RT and ESF initiation, and actuation status from the
RPP to the safety VDU processor

Monitored plant sensor data, interlock and component status data from the PSS-
CCPs to the safety VDU processor

f) There is one Data Link in each PSS division used for broadcasting RT and ESF
initiation signals from one PSS division to each of the other divisions.
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g) Each PSS division typically contains Manual Switches. Manual Switches manually
initiate the same RT and ESF functions that are automatically initiated by the RPP.
The switch for each function interfaces with the RPP using conventional hardwired
interfaces.

4.1 Controller
4.1.1 Hardware Configuration

The controller for the MELTAC platform consists of the following parts.

a) 1 CPU Chassis including 1 or 2 subsystems, 1 Switch Panel, 1 or 2 Status Display (and
Switch) Modules, and 1 Fan Unit. Each subsystem consists of 1 or 2 Power Supply
Modules, a CPU Module, 1 or more Control Network I/F Modules, a System Management
Module, and 1 or more Bus Master Modules. Each subsystem communicates with the
Control Network via its own Optical Switch.

b) Multiple I/O Chassis, each with multiple 1/0 modules

4.1.1.1 Configuration Concept
The MELTAC platform is capable of operating in any of the 3 following configurations:

a) Single Controller Configuration
The controller includes 1 subsystem. The subsystem operates in Control Mode.
(Control Mode means the subsystem controls the outputs to plant components.)

b) Redundant Parallel Controller Configuration
The controller includes 2 subsystems. Each subsystem operates in Control Mode.

c¢) Redundant Standby Controller Configuration
The controller includes 2 subsystems. 1 subsystem operates in Control Mode while the
other subsystem operates in Standby Mode. Standby Mode means the subsystem is
closely monitoring the operation of the subsystem in Control Mode, including memory
states. If that subsystem fails, the subsystem operating in Standby Mode will
automatically switch to Control Mode, with no bump in the control outputs.

The configuration to be applied is determined based on the application system requirements.
Any of the 3 configurations may be applied to safety systems.

For redundant configurations, the internally redundant subsystems are only for reliability
enhancement. This redundancy is not credited for single failure compliance. Single failure
compliance is achieved through multiple controllers located in physically separate and
independent safety divisions.
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4.1.1.1.1 Single Controller Configuration

The single controller configuration is shown in Figure 4.1.1-1.

Optical Switch ! Control Network

CPU Fan

CPU Chassis

Control Network

=t [Status Display
I/F

I
System
Management
|

-  CPU

Bus Master

<~ VO Bus /O Chassis
!

Repeater Single I/O
l

1
/0 /0

A 1

| Distribution |

—

| Terminal Unit |

_______ [___. R 2

' Input Signal ! Output Signal E

Figure 4.1.1-1 Single Controller Configuration
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The single controller consists of the following:
a) CPU Chassis

The CPU Chassis includes 1 subsystem and a CPU Fan. A subsystem consists of a CPU
Module, System Management Module, Status Display Module, Control Network I/F Module,
and Bus Master Module. A subsystem communicates with the Control Network via its own
Optical Switch. A subsystem is capable of driving a number of Control Network I/F Modules
and Bus Master Modules depending on the scale of the application.

b) 1/0 Chassis

The 1/0O Chassis includes only single 1/O. Single I/O consists of a Repeater Module and
multiple 1/0 modules. Each 1/0O module communicates with the Bus Master Module in the
subsystem via the Repeater Module and the I/O bus.

The 1/0O modules receive signals from sensors and send control outputs to components via the
Terminal Unit and Distribution Module. For single 1/O, the Distribution Module works as a
surge absorber between the I/O modules and the Terminal Unit which connects external
cables.
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4.1.1.1.2 Redundant Parallel Controller Configuration

The redundant parallel controller configuration is shown in Figure 4.1.1-2. This configuration
can only be used within the same division (i.e.: the redundant subsystems cannot be in
different divisions), because there is no electrical or functional independence between
subsystems.

Optical Switch { Optical Switch

CPU Fan
Subsystem-1 Subsystem-2 CPU Chassis
Control Network ) ) Control Network
IF ¢ | Status Display Status Display| = IF
I I
System /\/ System
Management Management
| |
Bus Master Bus Master
mm CPU CPU =
I IR
/0 B
O Bus 0 Bus 0 Bus /o Bu\
i Single /O (Parallel) Dedicated /0O G Dedicated /Q
1
Repeater Repeater Repeater Repeater
s < — . 1 JN
[T I T T T T T
110 1/10 110 1/10 I/0 110
e A - S A N
..... Distrbution ~__ ] L..—. Distribution = __ &
| Terminal Unit | Terminal Unit |
! Input Signal | EOUtput Signal ; | Input Signal | i Output Signal |
1 1 1 1 1 1

Figure 4.1.1-2 Redundant Parallel Controller Configuration
The redundant parallel controller consists of the following:

a) CPU Chassis

The CPU Chassis includes Subsystem-1, Subsystem-2, and a CPU Fan. Both subsystems
have the same configuration. Each subsystem consists of a CPU Module, System
Management Module, Status Display Module, Control Network I/F Module, and Bus Master
Module. Each subsystem communicates with the Control Network via its own Optical Switch.
The subsystem is capable of driving a number of Control Network I/F Modules and Bus Master
Modules depending on the scale of the application.

In the redundant parallel controller configuration, both subsystems operate in Control Mode.
Each subsystem operates independently. However, when a subsystem initially starts, the Data
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Link between the System Management Modules allows all state based logic to be updated, if
the other subsystem is already in Control Mode. Since both systems operate in Control Mode,
there is no subsystem changeover to accommodate a subsystem failure as in the redundant
standby configuration.

The Status Display Module displays the mode and alarms of the subsystem.
b) 1/0 Chassis

The redundant parallel controller can be configured with either redundant 1/O (called dedicated
I/0) and/or non-redundant 1/O (called single 1/O).

For single 1/0, each non-redundant I/O module communicates with the Bus Master Modules in
Subsystem-1 and Subsystem-2 via separate Repeater Modules and the redundant I/O bus.
The single 1/0, redundant Repeater Modules, and redundant I/O bus are all contained within
the same 1/O Chassis. The data from each non-redundant input module is communicated to
both subsystems. The output control signals from each subsystem are logically combined
within the non-redundant output modules. Each output can be individually configured using 1-
out-2 or 2-out-of-2 voting logic, as needed for the specific application. The single 1/O for a
redundant parallel controller is referred to as single I/O (Parallel) to distinguish it from the
single I/O for a single controller. Single 1/0 (Parallel) provides interfaces for the redundant /O
bus and the redundant subsystems.

To enhance /O reliability, a redundant parallel controller can also be configured with
redundant dedicated I/O. Dedicated /O is distributed in 2 separate 1/O Chassis. Each chassis
consists of a Repeater Module and multiple dedicated I/O modules. Each dedicated 1/0O
module communicates with the Bus Master Module in only 1 subsystem via the Repeater
module and the I/O bus within the chassis. Therefore, each dedicated I/O module is
subordinate to Subsystem-1 or Subsystem-2. The same input signals are distributed to each
dedicated I/0O module via the Distribution Module. And output signals from each dedicated 1/0O
module are combined in the Distribution Module by using wired OR logic.

The Terminal Units for dedicated 1/O are the same as for single 1/O.
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4.1.1.1.3 Redundant Standby Controller Configuration

The redundant standby controller configuration is shown in Figure 4.1.1-3.
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Figure 4.1.1-3 Redundant Standby Controller Configuration

A photograph of the MELTAC redundant standby controller configuration is shown in Figure
4.1.1-4.
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Subsystem-A  Status Display & Switch Module =~ Subsystem-B

Figure 4.1.1-4 Picture of Modules in a CPU Chassis for a Redundant Standby Controller
Configuration

The redundant standby controller consists of the following.
a) CPU Chassis

The CPU Chassis includes Subsystem-A, Subsystem-B, a Status Display & Switch Module,
and a CPU Fan. Both subsystems have the same configuration. Each subsystem consists of a
CPU Module, System Management Module, Control Network I/F Module, and Bus Master
Module. Each subsystem communicates with the Control Network via its own Optical Switch.
The subsystem is capable of driving a number of Control Network I/F Modules and Bus Master
Modules depending on the scale of the application.

In a redundant standby controller configuration one subsystem is in Control Mode while the
other one is in Standby Mode. Each subsystem operates independently.

When the subsystem in Control Mode stops operating due to a self-detected fault, the
subsystem in Standby Mode will automatically switch to the Control Mode, with no manual
intervention. When in the Control Mode the subsystem takes over all control functions with no
bump in the control process. The switchover is controlled by the System Management
Modules. The subsystems can also be switched manually from the Status Display & Switch
Module.
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b) 1/0 Chassis
The redundant standby controller includes either redundant 1/0 and/or single 1/0.

The single 1/0O consists of 2 Repeater Modules, a non-redundant I/O Bus and multiple 1/0
modules. Each I/O module communicates with the Bus Master Module for the subsystem in
Control Mode. When the subsystems switch modes, communication with the I/O modules also
switches. Process input signals and output signals are connected to the single I/O via the
Distribution Module and Terminal Unit.

To enhance I/O reliability, a redundant standby controller can also be configured with
redundant I/O. The redundant I/O consists of redundant I/O primary (P) and redundant I/O
secondary (S). 2 I/0 modules (primary and secondary) are utilized to interface with one field
signal via the Distribution Module and Terminal Unit. However, like the subsystems, one 1/0
module is in Control Mode and the other is in Standby Mode. Only the I/O module in Control
Mode generates output signals.

The subsystem in Control Mode decides which I/O module is in Control Mode based on
communication self-diagnosis. Each I/O module communicates only with the subsystem in
Control Mode via the I/O bus, Repeater Module, and Bus Master Module.
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4.1.1.2 Mode Management
There are 2 types of mode management depending on the controller.
4.1.1.2.1 Mode Management of Single Controller and Redundant Parallel Controller

In the single controller and the redundant parallel controller, there are 2 modes: Control Mode
and Failure Mode.

The Mode Management of the subsystem in a single controller configuration is the same as
the Mode Management of each subsystem in a redundant parallel controller configuration.

Mode Management of these controllers is shown in Figure 4.1.1-5.

P Normal operation status =~ |-,

@

A

Failure recovered and

. Failure / CPU reset
failure reset

A\ 4
Power
ON

Initial status: Power OFF

Figure 4.1.1-5 Mode Management of Single Controller and Redundant Parallel

The subsystem has the following 2 modes.

Control Mode: A state in which the subsystem performs input, operation, output processing,
and Self-diagnosis. When the subsystem detects its own failure (through self-
diagnosis), it automatically changes from Control Mode to Failure Mode. A
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failure signal, which can be used for external alarming, is generated for this
transition.

Failure Mode: The subsystem initializes to Failure Mode after initial power activation. The
subsystem also shifts to this mode automatically after it detects its own failure
or there is a loss of power longer than 20 ms. A subsystem shifts from Failure
Mode to Control Mode only when the Reset button on the Status Display
Module is pushed.

In the redundant parallel controller configuration, Subsystem-A and Subsystem-B operate
independently with the Mode Management described above, including failure detection, loss of
power detection, and manual reset.

Analog and digital outputs can be held in their preset initial mode, after the subsystem shifts to
Control Mode, until the Output Start button on the Status Display Module is pushed. After
pushing the output start button, output updating by the controller is enabled. For the redundant
parallel controller configuration there are separate Output Start buttons for each controller.
Pushing either button will enable output updating for the respective controller.

The output holding function can be disabled or enabled in the application program
configuration. If this function is disabled, the outputs are enabled immediately after the
subsystem shifts to the Control Mode, without the need for pushing the Output Start button.
This function is enabled if it is required to confirm that the status of application software
outputs matches the status of actual output devices before enabling output updating.
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4.1.1.2.2 Mode Management of Redundant Standby Controller

In a redundant standby controller, there are 3 modes: Control Mode, Standby Mode, and
Failure Mode. The system transitions between these modes according to the events that occur.
An example of the status transitions of a redundant standby controller configuration is shown

in Figure 4.1.1-6.

Normal operation status

B selected by using the Status

Display & Switch Module
A: Control
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A: Standby

<
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and failure reset and failure reset

A: Failure

B: Failure

Power
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Initial status: Power OFF

Figure 4.1.1-6 Mode Management of Redundant Standby Controller

! A: Subsystem-A |
! B: Subsystem-B |

Control Mode: A state in which the subsystem performs input, operation, output processing,
and Self-diagnosis. When the subsystem detects its own failure (through self-
diagnosis), it automatically changes from Control Mode to Failure Mode.

In this mode the subsystem tracks the data from the subsystem in Control
Mode so it can automatically transition into Control Mode if the other
subsystem transitions to Failure Mode. When the subsystem detects its own
failure (through self-diagnosis), it automatically changes from Standby Mode to
Failure Mode.

Standby Mode:
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Failure Mode: The subsystem is initialized to Failure Mode after initial power activation. The
subsystem also shifts to this mode automatically after it detects its own failure.
A subsystem shifts from Failure Mode to Control Mode or Standby Mode only
when the Reset button on the Status Display & Switch Module is pushed. If
there is no subsystem in Control Mode, the subsystem switches to Control
Mode when the Reset button is pushed. If a subsystem is already in Control
Mode, the subsystem switches to Standby Mode when the Reset button is
pushed.

Analog and digital outputs can be held in their preset initial mode, after the subsystem shifts to
Control Mode, until the Output Start button on the Status Display & Switch Module is pushed.
After pushing the Output Start button, output updating by the controller is enabled. For the
redundant standby controller configuration there is one common Output Start button. Pushing
the button will enable output updating for the redundant standby controller.

The output holding function can be disabled or enabled in the application program
configuration which is the same as the Mode Management of single and redundant parallel
controllers described in Section 4.1.1.2.1.
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4.1.1.3 Scale and Capacity

The scale and capacity of the MELTAC platform controller is described in Table 4.1.1-1.

Table 4.1.1-1 Scale and Capacity

ltem Scale/Capacity
Input/Output Maximum 3072 I/O modules per controller
Software Cycletime: 20 msto 1s

The value between 20 ms to 1 s is set in the application software F-ROM.
This value is determined based on the application requirements. During the
design phase, the system response time is determined through analysis,
as described in Section 4.4. This analysis confirms the ability of the system
to execute all functions within the allowed software cycle time. In the
Integration Test phase, the system response time is confirmed by
measurement.
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4.1.1.4 Environmental Specifications

The MELTAC controller is designed to operate within the environmental conditions described
in Table 4.1.1-2. Also see Section 5.

Table 4.1.1-2 Environmental Specifications

ltem Specifications
Room Ambient | Recommended 68 to 78.8 °F (20 to 26 °C)
temperature This temperature range is expected within a heated/
air-conditioned instrumentation and control room of
the nuclear power plant. The controller should be
mounted in a cabinet with no more than 18 °F (10 °C)
heat rise. Operating within this range will maximize
the life of the equipment.
Operation 3210 122 °F (0 to 50 °C)
guarantee The controller should be mounted in a cabinet with no
more than 18 °F (10 °C) heat rise.
Relative 10 to 95%Rh (No condensation)
humidity
Withstand AC power input line | AC power input line:
voltage 5 MQ or more (500 VDC megger) (input - ground,
input - DC output)
Analog /O line:
5 MQ or more (500 VDC megger) (I/O - ground, input
- output)
Digital I/O line:
5 MQ or more (500 VDC megger) (I/O - ground, input
- output)
Applicable standard: JIS-C0704-1995 (IEC664/947)
I/O line Analog /O line:
1 KV AC (1 minute) (I/O - ground, input - output)
Digital 1/0O line:
2 KV AC (1 minute) (I/O - ground, input - output)
Applicable standard: JIS-C0704-1995 (IEC664/947)
Electro- Electromagnetic Complies with MIL-STD-461E for emissions:
magnetic Interference (EMI) | 1.Conducted emissions
Compatibility Conducted emissions from the power line (field
(EMC) discharge)
CE101: Low-frequency, 30 Hz to 10 kHz
CE102: High-frequency, 10 kHz to 2 MHz
2.Radiated emission
RE101: Magnetic field, 30 Hz to 100 kHz
RE102: Electric field, 2 MHz to 10 GHz
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ltem Specifications
Electromagnetic Complies with MIL-STD-461E for susceptibility:
Susceptibility 1. Conducted susceptibility
(EMS) CS101: Low-frequency, 30 Hz to 150 kHz

CS114: High-frequency, 10 kHz to 30 MHz
CS115: bulk cable injection, impulse excitation
CS116: damped sinusoidal transients, 10 kHz to
100 MHz
2. Radiated susceptibility
RS103: Electric field, 30 MHz to 10 GHz
3. Surge to the power line
e |EEE Std. 472
e |EC61000-4:
- IEC61000-4-12: Ring wave
- IEC61000-4-5: Surge (Switching, lightning)
- IEC61000-4-4: Electrically Fast
Transients/bursts
4. Electrostatic noise resistance
IEC61000-4-2-1999 Level 2
5. Lightning impulse resistance
AC power source line: Applied voltage 4 kV,
waveform 1.2/50 us
Digital 1/0 signal line: 4 kV, waveform 1.2/50 ps
Applicable standard: JEC-210-1981 (Japanese
Standard) Circuit category: 6

Seismic MELTAC Cabinet Horizontal: 2.5 G (X- and Y-directions)
resistance (at floor mounting) | Vertical: 1 G
MELTAC modules | Horizontal: 10 G (X- and Y-directions)
(at chassis Vertical: 2 G
mounting)
Radiation Environment in which radiation is negligible.
resistance
Dust 1.87 x 107 Ib/ft® (0.3 mg/m®)

Reference standard: JEIDA-63-2000 Class B (Japanese Standard).

Corrosive gas Environment where no corrosive gas is detected.
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4.1.2 Hardware Descriptions

4.1.2.1 CPU Chassis

The modules that reside in the CPU Chassis are described in Table 4.1.2-1.

Table 4.1.2-1 Module in the CPU Chassis

Name Module Function
Type

Basic CPU Module PCPJ e Executes basic software
Function e Executes application software, including
Module control computation processing

System PSMJ e Communication between the redundant

Management subsystems

Module e Communication with the MELTAC

engineering tool.
e Auxiliary DI and DO functions

Communic | Control Network PWNJ Communication with the Control Network.
ation I/F Module
Module Bus Master PFBJ e Communication with 1/0

Module e Data Link communication with other

controllers
This module has 4 communication channels.

Power CPU Power PPSJ Supplies power to the modules within the CPU
Supply Supply Module Chassis.
Module
Display & | Status Display & PPNJ e Mode display LED
Switch Switch Module e  Subsystem Mode switch
Module e  Output Start button (described below)

Status Display
Module

This module is only used in the redundant
standby controller configuration.

e Mode display LED

e  Output Start button (described below)
This module is used for the single controller
configuration or the redundant parallel
controller configuration.
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MELTAC has 2 types of CPU Chassis as shown in Table 4.1.2-2.

Table 4.1.2-2 CPU Chassis

Type Use
Mirror-split CPU Chassis - For redundant standby controller configuration
Non-split CPU Chassis - For redundant standby controller configuration

- For redundant parallel controller configuration
- For single controller configuration

The CPU Chassis is selected from these 2 types to match the scale and configuration of the
controller. For example, if each subsystem in redundant standby controller configuration has
less than 5 modules, then a Mirror-split CPU Chassis is used. If each subsystem in redundant
parallel controller configuration or single controller configuration has less than 5 modules, then
a Non-split CPU Chassis is used. If each subsystem in redundant standby controller
configuration or a redundant parallel controller configuration has more than 5 modules, 2 Non-
split CPU Chassis are used. If the subsystem in single controller configuration has more than 5
modules, one Non-split CPU Chassis is used.
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4.1.2.1.1 CPU Module (PCPJ)

The CPU Module utilizes a 32-bit microprocessor. This processor module is IEEE Std.
Futurebus+ compliant, and performs internal operations and data transmission with other
modules (i.e.: Bus Master Module, Control Network I/F Module and System Management
Module) via Futurebus+.

The data transfer between the CPU Module and other modules is asynchronous. All modules
have separate clocks.

This module utilizes F-ROM (Flash Read Only Memory) for storing both the basic software and
the application software (such as function block interconnections, setpoints and constants).
Specifications of the CPU Module are in Appendix A, Section A.1.

4.1.2.1.2 System Management Module (PSMJ)

The System Management Module monitors the status of the CPU Module and executes
auxiliary controller functions that are not directly related to the CPU Module.

This module has the following functions:

e Auxiliary DI/DO for generating alarms such as Fan failure.

e Ethernet interface for communicating with the MELTAC engineering tool.

e Transmits and receives the changeover signal for redundant subsystem
configurations via a dedicated backplane bus, as shown in Figure 4.1.1-3. In addition,
this module has a 2-port memory Data Link for communicating operation data
between the Standby Mode subsystem and the Control Mode subsystem.

Specifications of the System Management Module are in Appendix A, Section A.2.

4.1.2.1.3 Bus Master Module (PFBJ)

The Bus Master Module has 4 communication interface channels. Either of the following 2
functions can be defined for each channel.
e  Communication with I/O modules
This module is IEEE standard Futurebus+ compliant. It has a 2-port memory, allowing
the CPU Module to deliver process I/O data via Futurebus+. Each communication
channel is capable of controlling 96 I/O modules, enabling control of a maximum of
384 1/0 modules per Bus Master Module.
¢ Data Link communication
This module implements serial Data Link communication between controllers in
separate safety divisions. It has a 2-port memory to ensure that communication
functions do not disrupt deterministic CPU operation.
Description of the Data Link is shown in Section 4.3.3.
Specifications of the Bus Master Module are in Appendix A, Section A.3.
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4.1.2.1.4 Control Network I/F Module (PWNJ)

The Control Network I/F Module connects the controller to the Control Network. This interface
employs a Resilient Packet Ring (RPR) based on IEEE Std. 802.17.

The Control Network is redundant using optical fiber as the communication medium. An optical
switch unit enables optical bypass for node maintenance. This module employs a 2-port
memory to ensure that communication functions do not disrupt deterministic CPU Module
operation.

The description of the Control Network, including the Control Network I/F Module is shown in
Section 4.3.2.

Specifications of the Control Network I/F Module are in Appendix A, Section A 4.

4.1.2.1.5 Status Display & Switch Module and Status Display Module (PPNJ)

The Status Display & Switch Module and the Status Display Module are mounted in the CPU
Chassis. The Status Display & Switch Module is used with the redundant standby controller
configuration and the Status Display Module is used with the redundant parallel controller or
single controller configurations. Both of these modules display the mode and alarms of the
subsystem. The Status Display & Switch Module also provides a manual Mode Change Over
Switch.

Specifications of the Status Display & Switch Module and Status Display Module are in
Appendix A, Section A.14.
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4.1.2.2 1/0 Modules

The 1/0O modules in the MELTAC platform provide the input/output functions and the signal
conditioner function, including signal conversion and noise reduction. The MELTAC platform
includes several types of analog and digital modules to accommodate various input/output
signal interfaces.

The 1/0 modules are mounted in dedicated I/O Chassis. One I/O Chassis can accommodate
16 modules. The modules mounted in the chassis are connected to the Bus Master Modules in
the CPU Chassis via Repeater Modules that can shape and amplify data communication
signals. Data transfer is achieved via the 1/O bus.

There is 1 analog input or output per analog I/O module and there are 4 digital inputs or
outputs per digital I/O module.

Dedicated 1/0O modules are applied for nuclear instrumentation (NI) and radiation monitoring
(RM). These modules provide unique signal processing for neutron monitoring and RM
detectors. These I/O modules are mounted in the dedicated chassis installed in the dedicated
cabinets for NI and RM, respectively. NI and RM I/O modules are connected to MELTAC Bus
Master Modules in the CPU Chassis, the same as described above.

Specifications of I/O modules are in Appendix A, Section A.5, A.12 and A.13.
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4.1.2.3 Isolation Module and Distribution Module

Isolation Modules provide electrical isolation between equipment in different divisions or fire
zones. Analog Isolation Modules receive current input signal, Resistance Temperature
Detector (RTD) input signals, or pulse input signals and transmit corresponding analog output
signals without any software processing.

Electrical isolation is provided between the input and output signals inside the Isolation Module.
The Isolation Modules are mounted in dedicated Isolation Chassis. A single Isolation Chassis
can accommodate 14 Isolation Modules. Analog Isolation Modules process 1 signal.

The location of Isolation Modules is shown in Figure 4.1.2-1.
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Figure 4.1.2-1 Location of Isolation Modules

Specifications of Isolation Modules are in Appendix A, Section A.6.
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Figure 4.1.2-2 shows the internal configuration diagram of the Analog Isolation Modules KILJ
and KIRJ. For common mode faults, the input and output are electrically isolated by the
isolation amplifier. The positive temperature coefficient device (e.g.: PolySwitch ™) is used to
limit overcurrent conditions for transverse mode faults. The positive temperature coefficient
device raises its resistance value when it is heated by sustained overcurrent conditions.

Isolated side Protected side

(Output side) (Input side)
KILJ or KIRJ

=
/ N

7 \
Positive Temperature Isolation AMP

Coefficient

Figure 4.1.2-2 The Internal Configuration Diagram of the Analog Isolation Modules

Figure 4.1.2-3 shows the internal configuration diagram of pulse input Isolation Module KIPJ.
The input and output are electrically isolated by a photo coupler. The positive temperature
coefficient device (e.g.: PolySwitch ™) is used to limit overcurrent.

Protected side Isolated side
(Input side) (Output side)

KIPJ

% e B

AN

Photo coupler Positive Temperature Coefficient

Figure 4.1.2-3 The Internal Configuration Diagram of the Pulse Input Isolation Module

Calibration of input circuit, output circuit and current limiting circuit is conducted for all modules
during manufacturing. Functional input-output operation is also confirmed for all modules
during production.

As shown in Figure 4.1.1-1, Figure 4.1.1-2, and inputs from sensors are input to the
Distribution Module via the Terminal Unit. The Distribution Module distributes input signals to
redundant I/O modules. Output signals are also output via the Distribution Module.

The Distribution Module is used in accordance with the type of I/O modules. Appendix A.6
shows the list of I/O modules applicable to each Distribution Module.
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4.1.2.4 Power Interface Module

The Power Interface (PIF) Modules have the same 1/O bus interfaces as with the 1/0 modules.
These modules receive output commands as the result of subsystem operation, and control
the power that drives the switchgears, solenoid valves, etc. for plant components. This module
utilizes power semiconductor devices for controlling power. Therefore, periodic replacement is
unnecessary in contrast to electro-mechanical relays.

The PIF Modules also receive inputs from external contacts (the status contacts of the
components) and transmit component status signals to the subsystem. The PIF Modules
include Interposing Logic (IPL) sub-boards that control the components in direct response to
external contact inputs, independent of the subsystem output commands. There are several
types of IPL sub-boards, for different types of plant components (e.g.: switchgears, solenoid
valves, etc.). Each PIF Module is configured with the appropriate IPL sub-board for the
component being controlled. The IPL is realized by discrete logic Integrated Circuits.

[

]
New IPL sub-boards may be required for US applications, due to changes in plant process
components, changes in DAS interfaces and changes in priority logic. New IPL sub-boards will
maintain the same design process, qualification process, hardware technology and quality
program as current IPL sub-boards.

The entire PIF Module, including the Communication Interface part is considered safety-
related. Therefore, the life cycle process for the development and maintenance of the firmware
within the Communication Interface part is the same as the firmware for all other MELTAC
modules. During manufacturing and production, the PIF Modules are all tested to confirm the
soundness of communication operation, IPL logic operation, and output operation.

Unlike electro-mechanical relays, the power semiconductor output of the PIF Module does not
degrade mechanically or electrically and can be treated the same as any other general
semiconductor device. Thus, the PIF Modules have no known aging limitations in their
expected service life. Therefore, the PIF Module is not included in the list of MELTAC platform
components that have a limited service life as identified in Section 7.4 Periodic Replacement
Equipment (Parts) to Keep Reliability.
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Figure 4.1.2-4 Sample Internal Configuration Diagram of the PIF Module

Specifications of the PIF Module are in Appendix A, Section A.8.

4.1.2.5 Electrical/Optical Converter Module

Electrical/Optical (E/O) Converter Modules for Data Link communication convert electrical
signals to optical signals or optical signals to electrical signals. They are mounted in dedicated
E/O Chassis. Up to 14 modules can be installed per chassis, with 1 communication link per
module.

The specifications for the E/O Converter Module are in Appendix A, Section A.7.
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4.1.2.6 Optical Switch

The Optical Switch is installed outside the CPU Chassis. It optically bypasses the Control
Network communication line in the Control Network I/F Module during controller maintenance.

4.1.2.7 Fan Units

4.1.2.7.1 CPU Fan

The CPU Fan is installed on the top of the CPU Chassis to cool the modules within the CPU
Chassis. It is equipped with a fan stop detection circuit which provides a contact signal to the
System Management Module.

The fan stop detection circuit detects the decrease of fan rotation frequency by converting fan
rotation frequency into a voltage pulse and monitoring the pulse length. If the pulse length
reaches the length equivalent to the detected rotation frequency limit, the fan stop detection
circuit de-energizes a relay, which generates a contact closing signal. Also, the same relay is
de-energized if there is a power loss to the fan. Therefore, fan failure can be detected.

4.1.2.7.2 Door Fan Unit

The Door Fan Unit is installed at the top rear of the cabinet to cool internal cabinet
components. It is equipped with a fan stop detection circuit (described above) which provides
a contact signal to the System Management Module.

4.1.2.7.3 Power Supply Fan Units

The Power Supply Fan Units are installed at the bottom and the midsection on both the left-
and right-hand sides of the cabinet to cool the power supplies (PS). It is equipped with a fan
stop detection circuit (described above) which provides a contact signal to the System
Management Module.
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4.1.2.8 Power Supply Module

The Power Supply Module convert the AC power supplied to the chassis to DC power voltages
suitable for the individual modules and units. Redundant Power Supply Modules with power
from 2 separate AC sources are typically provided.

There are 2 types of Power Supply Modules. The CPU Power Supply (PS and PPSJ) provides
multiple outputs of +2.1 VDC and +5 VDC for the CPU Chassis. The 1/0 Power Supply (PS)
provides +24 VDC for I/O modules, Isolation Modules, PIF Modules, E/O Converter Modules
and Fan Units.

PPSJs are mounted in the CPU Chassis. PSs are mounted outside of the chassis. PSs are
mounted on the panel cut parts that are set right and left of the cabinet chassis as shown in
Figure 4.1.2-5 and Figure 4.1.2-6. This mounting location was selected, rather than mounting
them within the chassis for 3 reasons (1) this leaves space in the chassis for additional
modules, (2) external mounting allows DC power to be supplied to the chassis from 2
redundant Power Supply Modules, and (3) this location keeps the heat from the power
supplies away from the modules, thereby improving module reliability.

Both types of Power Supply Modules are equipped with overvoltage protection that de-
energizes the output when the output voltage exceeds a setting, and overcurrent protection
that lowers the output voltage level when an overload or output short-circuit occurs. Both types
of Power Supply Modules also provide a contact output alarm signal when an output shutdown
OCCurs.

For a redundant standby controller configuration and a redundant parallel controller
configuration, each subsystem monitors the output condition of the other subsystem’s Power
Supply Module. For a redundant standby controller configuration, when there is a shutdown of
the Power Supply Module of the subsystem in the Control Mode, the subsystem in the
Standby Mode shifts to the Control Mode. When there is a shutdown of the Power Supply
Module of the subsystem in the Standby Mode, the subsystem in the Control Mode generates
an “Alarm”. For a redundant parallel controller configuration, each subsystem generates an
“Alarm" if there is a shutdown of the Power Supply Module of the other subsystem.

The CPU Power Supply Module is also equipped with AC power input monitoring. When the
AC power input is lost, it is detected by the AC power reduction detection circuit within the
power supply, and an alarm signal is output to the CPU Module. When the CPU Module
receives an alarm signal for loss of AC power from its own subsystem’s Power Supply Module,
the CPU Module shifts to the “Failure" Mode before the Power Supply Module output voltage
level becomes lower than the operable voltage of the CPU Module.

Specifications of the Power Supply Modules are in Appendix A, Section A.9.
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4.1.2.9 Controller Cabinet

a) Overview

The controller cabinet stores the following:
e CPU Chassis

I/O Chassis

E/O Chassis

Isolation Chassis

Power Interface Chassis
CPU Power Supply Module
I/0 Power Supply Module
CPU Fan

Power Supply Fan

Door Fan

Terminal Unit

Optical Switch

The inside layout of the cabinet is as follows:

e Each module can be changed from the front side of the cabinet and each status display
can be monitored from the front side of the cabinet. Therefore, maintenance personnel
can easily identify the status of the module and repair the module without pulling it out of
the chassis.

e  The modules within the I/O Chassis can be replaced at power. The modules in the CPU
Chassis cannot be replaced at power. For redundant subsystem configurations power
down of the CPU Chassis for module replacement has no effect on the system operation,
since the other subsystem remains operable.

e Field cables enter through the rear side of the cabinet (through top and/or bottom entry)
and are connected to the Terminal Unit.

b) Controller Cabinet Specifications
The MELTAC cabinet is described in Table 4.1.2-3. Typical configurations of MELTAC
cabinets are shown in Figure 4.1.2-5 and Figure 4.1.2-6.

Table 4.1.2-3 MELTAC Cabinet Specifications

ltem Specifications
Typical External | 2.62 (W) x 2.95 (D) X 7.55 (H) ft (800 (W) x 900 (D) x 2300 (H) mm)
dimensions per cabinet

Weight Approximately 1600 Ib (750 kg) per cabinet including inside modules and
units. Weight will vary with the number of chassis and modules.

Door Front and rear doors include handles, locks and seismic support bolts.

specifications

Cooling The cabinet has forced air-cooling.

An exhaust fan is mounted in the upper part of the cabinet’s rear side.
The doors are provided with filtered ventilation ports.

Exhaust fans are mounted above each CPU Chassis and adjacent to I/0
power supplies.

The 1/0O Chassis are convection-cooled with no forced ventilation.
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Figure 4.1.2-5 Cabinet External Dimensions and Rack Up, Typical Sample A
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Figure 4.1.2-6 Cabinet External Dimensions and Rack Up, Typical Sample B |
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4.1.2.10 Power Supply Configuration

Redundant AC power from 2 separate sources may be supplied to the MELTAC cabinet to
avoid loss of function due to a single failure in the power supply or power source, as shown in
Figure 4.1.2-7.

The source of AC power is described in system Application Licensing Document. The AC
power is filtered and converted to DC voltage by the Power Supply Modules. DC power from
both sources is diod