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Abstract The advanced Alarm System (AS) employs modern digital technology to implement the
alarm functions of the NPP(Nuclear Power Plant). The use of modern digital technology can provide
advanced alarm processing in which new algorithms such as a signal validation, advanced alarm
processing logic and other features are applied to improve the control room man-machine interfaces.
This paper will describe the design process of the AS of NPP, improving the system reliability and
availability using the reliability prediction tool, design strategies regarding the human performance
topics associated with a computer-based AS and the results of the performance analysis using a
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prototype of the AS.
Key words :

1. Introduction

The AS(Alarm System) of an NPP(Nuclear Power
Plant) is to assist the operator to monitor the
systems and processes and to take the necessary
actions required to preserve normal operating con-
ditions. Therefore, an advanced AS must present
meaningful information only, and must not flood the
operator with miscellaneous data that he does not
have to act upon. AS is a primarily digital alarm
system employing advanced alarm process logics
and a VDU(Visual Display Unit) based control and
a display for the alarms. AS is a part of an overall
MMIS(Man-Machine Interface System) information/
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monitoring system which is composed of an
Information Processing System(IPS), an Alarm and
Indication System(AIS) and a Large Display(LDP),
used for normal plant operations and post accident
monitoring. The information/monitoring system of
MMIS provides necessary data to maintain the
plant availability and to support the plant operation
in an efficient and safe manner. AS is developed as
an integrated information system of MMI according
to HSI(Human-System Interface) guidelines and the
MMIS(Man Machine
Interface System). (HSI is that part of the system

through which personnel interact to perform their

information hierarchy of

functions and tasks. Major HSIs include alarms,
information display, controls and procedures.) Alarm
and setpoints should be designed so that only
parameters and conditions that fall outside of the

normal and expected range that require operator
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attention or action are in the alarm state. An
illuminated alarm display device indicates a devi-
ation from the normal plant conditions. The AS
displays priority 1 and 2 alarms according to a
separation of the status alarms for the components
that do not need an operator's action. The design
goal of a AS is to reduce operator information
overload, to reduce the potential of human errors
through MMI improvement and to improve the cost
effectiveness by using common design guidelines
for both the NSSS(Nuclear Steam Supply System)
alarms and the BOP(Balance Of Plant) alarms of
research reactor.

2. Design of AS

2.1 A Design Goaf and Requirements of AS

The AS combines the annunciation and alarm
functions in a single system. The role of AS is to
provide the information necessary to safely shut-
down the reactor under all plant conditions, to
monitor the plant parameters approaching or ex-
ceeding the operating limits and to minimize the
number of alarms, and the alarms are grouped and
prioritized. The AS is designed according to the
requirements of the control room alarm reliability of
US NRC's SECY-93-087, Item ILT. It has been
reported that the alarm system for the ALWR
should meet the applicable EPRI requirements for
redundancy, independence, and separation [1,2]. The
redundant alarm systéms should be provided. These
redundant systems need not comply with the single
failure criterion, but independence between the
systems should be equivalent to that of the
protection systems. The AS is based on a redun-
dant architecture based on a dual concept. The
redundant systems shall inherently minimize the
consequence of a failure. Diversity shall allow a
continued plant operation with a failure in any of
the information hierarchy elements. To avoid a
common mode failure of the alarms, the AS uses
IPS in the MCR (Main Control Room) by means of
a diverse mean of the alarms. And the diversity is
accomplished by using both the IPS and the AS
implemented with different hardware and software
to independently calculate and display the same

validated process parameters and alarm conditions.

The IPS shall independently check the alarm output
of the AS and any discrepancies. The capability for
a AS testing during power operation shall be
provided. The hardware and software for AS have
surveillance and diagnostic test capabilities. Auto-
matic on-line surveillance tests shall continuously
selected
software) malfunctions. The malfunctions shall be

check for system (hardware and/or
indicated through the alarm display. The AS main-
tains a physical separation and electrical isolation of
the redundant alarm systems. Independence of the
data communication is as follows;

* between redundant alarm systems

* between the AS and other information systems

* between the AS and the safety systems

AS is isolated from the safety systems using
fiber optic cable to prevent against an electrical
The H/W and S/W used in AS

are qualified in accordance with the H/W qualifi-

fault propagation.

cation procedure and S/W qualification procedure
for the MMIS.

2.2 Design Strategies of AS

221 Functions of the AS

Alarm functions of AS provide priority 1, priority
2,
parameter signals based on the priority criteria of

, and some priority 3 alarms using validated
the information hierarchy for MMIS. Alarm func-
tions are presented in a manner which prioritizes
them so that the operator’s response can be based
on importance or urgency. Alarm functions are
designed to minimize the number of alarms that
occur in plant emergencies. Alarm functions of the
AS encompass alarm reduction and suppression
functions. Alarm functions reduce the number of
alarm tiles to minimize the occurrence of infor-
mation overload using the following methods.

* combining similar alarms under a single alarm

tile

* combining separate channel alarms of the same

parameter under a single alarm tile

* single alarm tile with a priority display

* alarm tile provides priority 1 & 2 conditions only

Alarm functions of the AS reduce the nuisance
alarms by using dead band and time delay and
they use the following techniques to help the
operation quickly correlate the impact of the alarm
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on the plant safety or performance {6,7].

«alarms are arranged by system a group to

achieve spatial dedication

 alarms based on plant mode

« alarms based on equipment operating status

» alarms prioritized into operational categories

AS alarms are displayed in accordance with the
visual and audible code strategy of the alarm
priority based on the HSI for MMIS. The AS
alarms are designed to display spatially dedicated
continuously visible alarms with VDU-based alarm
tiles and alarm lists.

222 Display and Control Strategies of AS

Alarm statuses of the AS are provided with
audible tones, alarm tiles and alarm lists. The
alarm tiles provide a mean for the operator to
acknowledge the alarms, request additional data on
the alarms, and to reset the cleared alarms. The
alarm control and display shall be designed using
the HSI guidelines of the alarms.

1) Alarm tiles/ Alarm lists Interaction

The alarm tiles provide the operator with a menu
to request additional information about the alarm.
The alarm list displays pages which provide addi-
tional alarm information. For an incoming alarm,
the alarm tile flashes and an audible tone is
generated for a 1-second duration. By pushing the
alarm tile the operator acknowledges the alarm and
a more detailed description of the alarm is provided
in the alarm lists. Since each alarm tile may
represent more than one alarm there is a distinct
description for each possible alarm.

2) Priority of Alarm

When alarms are displayed separately from the
detailed information, the detailed alarm information
display provides an indication of the priority and
status of the alarm condition. The display of lower
important alarms is overridden by the display of
the alarms with a higher importance. For a non-
spatially dedicated alarm presentation such as alarm
lists, sufficient display area is provided for the
simultaneous viewing of all the high priority alarms.

3) Display of Alarm Status

New, acknowledged, and cleared alarm states
have unique presentations to support the operator's
ability to rapidly distinguish them from the others.

New alarms are indicated both by visual (e.g,
flashing) and audible means. If the operator is not
currently using the VDU where a new, unacknow-
ledged alarm message appears, the alarm system
notifies the operator that a new alarm is available,
the priority of the alarm, and the location where
the alarm can be found. After the operator has
acknowledged an alarm (e.g., pressed the acknow-
ledge button) the alarm display changes to a
visually distinct acknowledged state and the aler-
ting function (e.g., audible tone) should cease. If
the operator is required to notice when an alarm
clears (i.e., the parameter returns to the normal
range from an abnormal range), the return to
normal conditions should be indicated by visual and
audible means. The ring-back, alerting the operator
when a parameter returns to normal, is not
required for all the alarms but it is required when
it is important that the operator knows immediately
when the deviation has cleared, or when the devi-
Such
cleared alarms provide a positive indication by

ation is not expected to clear for some time.

initiating audible and visual signals. A technique
that may be employed includes: a special flash
rate(on half the normal flash rate to allow for
discrimination).

4) Visual Coding Method

A flashing visual signal is included for important
Flash rates should be from three to five
flashes per second with approximately equal on and

alarms.
off times. For a display, such as lighted alarm
tiles, the brightest state should be no more than
100% brighter than the inactivated state and a dim
state should be at least 10 % brighter than the
inactivated state.
5) Audible Coding Method
Distinct sounds/tones are provided in the MCR to
indicate the following alarm information.
* Momentary alarm tone for new priority 1, 2
and 3 alarms
¢ Alarm reminder tone for priority 1, 2, and 3
new or cleared conditions (periodic every minute
while unacknowledged)
*Cleared tone for cleared priority 1,2 and 3
alarms (upon becoming cleared)
Tone A and B is present respectively for 1 and
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0.5 seconds. Tone B is present for 0.5 seconds and
will repeat periodically, one every minute, until all
new or cleared alarms are acknowledged. The
signal intensity of those sounds is within the
adjustable specified limits. Alarm tones can be
suppressed in a manner that an important alarm
tone occurs and the other tones are Sﬁppressed
when several alarms occur simultaneously. Order
of the important alarm tone is as follows;

*new priority 1 alarm, new priority 2 alarm, new

priority 3 alarm, reminder tone, cleared tone

6) Organization of Alarms

Alarms within a display are grouped by function,
system, or other logical organizations. The depth of
the display level is 2. System/functional group is
labeled such that the

operating crew can easily determine which system

clearly delineated and

has alarms and those that have not yet cleared and
which system is affected by a particular incoming
alarm. Lists of the alarm messages are segregated
by alarm priority with the highest priority' alarms
being listed first.
operators should be given the capability to group

In addition to priority grouping,

the alarm message according to the relevant opera-
tionally categories, such as function, chronological order,
and status(unacknowledged, acknowledged/active,
cleared).

7) Alarm Control
The alarm control provided by the AS is used by

the operator to perform the following control
functions :

*Silence : The primary purpose of the auditory
signal is to alert the operator to a new alarm.
Auditory signals should be silenced manually
by the operators unless they interface with
other more critical operator actions.

* Acknowledge An alarm acknowledgement
control terminates the flashing of an alarm and
continues at a steady illumination until the
alarm is cleared. Acknowledgement is possible
only from locations where the alarm message
can be read.

* Reset The reset control should place the
alarm system in an unalarmed state after an
alarm has cleared. Note that for some alarms

may have an automatic reset, it is not nece-
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ssary for operators to specifically know the
reset condition. Manual reset sequence should
be used where it is important to explicitly
inform operators of a cleared condition that had
once been deviant. An automatic reset sequence
should be available where operators have to
responnd to numerous alarms or where it is
essential to quickly reset the system.
AS follows the ring-back alarm sequences of
KEPIC EMDZ2100. A sequence table of KEPIC
EMD2100 describes the

sequence states by lines of statements arranged in

sequence actions and
columns. They sometimes do not show all the
aspects of the sequence, e.g, what happens when a
push button is pushed out of sequence. Therefore,
sequence diagrams of KEPIC EMD2100 are also
included to allow the sequence to be completely
defined. A sequence diagram has a block for each
sequence state arranged to describe the sequence
state through to the other
state

from the normal
sequence states and back to the normal
again. The normal alarm sequence and ring-back
sequence may be distinguished by different flashing
rates or by different audible tones. A manual reset
is required to return to the normal state.

8) Auxiliary Sequence Options

The first out alarm feature is used when one
alarm can trigger another alarm and some method
is needed to determine which alarm tripped first.
The first out alarm will be distinguished from
subsequent alarms by a difference in the flashing
rate. A first out reset push button is included to
reset the first out indication. Test controls are
available to initiate operational test conditions for
all the essential aspects of the alarm system

(including - processing logic, audible alarms, and

visual alarm indications). Periodic testing of the
AS is required and controlled by administrative
procedures.

2.3 Configuration of the AS

AS is a part of the AIS (Alarm and Indication
System) for NPP. Equipment of the AS consists of
the alarm processor 1, 2, the alarm test device 1, 2,
the alarm display processor 1, 2, and alarm display
device 1, 2. Alarm equipment is connected via the
safety and non safety networks (subnet AB,C.D
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X,Y). The
(99%) to support
the AS shall
redundant architecture. The sufficient redundancy of
the AS is
maintenance

a high
plant

and subnet AS provides

availability continuous
operations. So, be based on a

provided to allow for hardware

without taking the entire system
off-line. On line self-checks of the system health
are periodically performed to allow for an early
identification of the faults. AS is both flexible and
expandable to adapt to the changing needs of the
utility throughout the life of the plant. The AS
provides extensive, reliable data communications to
support the required system information exchange.
Isolation is provided when a communication extends

to the integrity of the transmitted data.

3. Development Process

The steps for the AS design process are
described in Table 1, and the interface of the tasks
is described in Figure 1. AS is developed and
evaluated in accordance with the human factors
engineering program plan (HFEPP), equipment qua-
lification plan (EQP) for commercial products, and

the S/W qualification assurance plan (SQAP) for

Table 1 Design Process of the AS

Task Description Input Related to Task
Definition —Ana.lysis Result of HFEPP
1 Role & Goal -Design Bases of MMIS
~Information Hierarchy for MMIS
9 Decision of —Analysis of Code & Standard
Alarm Function -Analysis of Design Req't
-DR for I&C (NSSS, BOP)
3 Prep. of -P&ID, C&ID, CLD
Alarm Inventory -System Design Document
-Information for Safety Analysis
Detail Design of AS
4 —Alarm Generation -Human System Interface Guideline
-Alarm Structuring | -Alarm Design Guideline
—-Alarm Presentation
- -Procedure for H/W Development
Decision . . .
5 | Development -Qualification Activity
Strategy of AS ~Procedure for S/W Development
-Reliability Prediction and Analysis
System Design -System Functions, Design Req't
for Alarm -Environment and Electrical Req't
6 |-System Req't -Information of Interface Systems
~Interface Req't -H/W and S/W Requirement
-System Spec. —Operation, Test and Maintenance Req't
7 Component Design | -Information of Detail H/W Spec.
for H/YW& S/W Spec. | -Structure Analysis of S/W Req's

MMIS. Also during the basic system design, an
overall design process of AS is developed based on
the human factor engineering design methodology,

Project Management

Design Bases(Code & Std)
-Procedures(Doc, lgocess)

MMIS
- HFEPP
-HSI Guideline System Design Output
- Information Hierarchy for of AS
MMIS
-Procedure for H/W and S/W -Scope of Engineering
Development -System Requirement of AS
-Qualification Activity -System Interface of AS
-MMIS Design Output - System Specification of AS

|

L. AS Design Activity

Companent Design Output
of AS

-Analysis of Code&Std

BOP

-Analysis of Design Requirement
-Alarm Design Guideline

“-Design Output
-DR for 1&C
-System Drawings

-Design of Alarm Logic

-Structural Analysis of
Software Requirement

~Hardware Specification of AS
-Software Requirement
Specification of AS

H/W Reliability Team

i I

-Methodology of Reliability

> -Support estimation
NSSS A (Safety Analysis <of reliability
-DR for 1&C -Methodology of SA
-System Drawings -Analysis Information
- Design Output -Design Qutput

Fig. 1 Development Process of the AS
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and a prototype is developed to verify the design
and to evaluate the system’s performance. Espe-
cially the software development of the AS is
established on an integrated development plan
through a software life cycle. The CASE tool as a
software design assistance can enhance the
productivity and reliability probiem of the software
with the automation of the program implementation,
maintenance, analysis and design. Software engi-
neering using CASE provides an interactive
development environment in proportion to the use
of the fast response function, exclusive use of the
development resources, and the pre-control function

of the faults.

4. Result of Performance Analysis using
the Prototype of AS

4.1 information for the Prototype of the AS

The prototype of the AS was developed to verify
not only the major system functions and design
requirements but the technologies which have not
yet been implemented in conventional power plants.
Table 2 shows the constraints for the prototype of
the AS. The development environment information
of the hardware and software for the prototype is
as in Table 3. Figure 3 shows the board block
diagram for the alarm processor board. Table 4
information of the alarm

shows the memory

processor board.
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“Main Control Room !
Alarm Alam
Display 1 Display 2
(21") (@17 .
A A Audbl
Displey Display o | | Aam
Procassor Procassor Device Printer
i 1 : | I
Il | ] I
I
(Ao Faover Devjee ]
Aam PAlarm
Processor focessor
1 2 Alarm
Test
1 o T I : | Device
subret (88.CQL - -5"‘)";&9'0'0 L
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Fig. 2 Configuration of AS

Table 2 Constraints of Prototype of AS
Item Constraints
Requirements | Apply Code & Standard Conformance

Selection for

H/W and S/W

Set up Selection Criteria of H/W & S/W
Except Qualification Requirements of

H/W

Redundancy

Single Configuration

Communication

Ethernet is temporarily used
(communication under design)

Alarm
processing

Alarm Reduction for Partial Alarms
Alarm Suppression for Partial Alarms

Alarm control

Ring back Alarm Control based VDU

Alarm display

Hyperbolic Visualization Techniques

Table 3 Development Environment Information of the Prototype

Item H/W & S/W

Specification

Process Board

- Processor : TI DSP(TMS320C40)
- Memory : Local and Global Memory EPROM, Flash Memory

Alarm Processor System Bus

VME BUS Controller :

VICG08A

) Control Logic

7000A (ALTER)

Personal Computer

- Pentium III 500MHz, Serial Port to Communication with Alarm Processor
- 100/10-Base T

Test Device
DSP Board S/W Devl.

- Cross Development Environment

- TMS320C40 Assembler, C Compiler, Linker

- PC based DSP Board Emulation S/W : Board Support Library, Download
DSP Program, Test of DSP board

- VME Bus Backplane

Sub Rack Standard(19”) - 3U Single Height
- Pentium III 500MHz, 512KB Cache, 384MB memory, 100/10-Base T
. Flat Panel PC - TFT Color, 64K color
Alarm Display - Touch type : Analog Resistive
S/W Devl. Using QNX 4 OS and Photon MicroGUI
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Fig. 3 Board Block Diagram for Alarm Processor Board

Table 4 Memory Information of Alarm Processor Board

Memory Type Item Specification
Model Number K6R4016VIC - TC12
Size 256K x 16bit x 2
Local Memory Read cycle Time 12ns
Write Cycle Time 12ns

Function Application Software of Alarm Processing for Runtime
Mode! Number K6R4016VIC - TC12
Size 256K x 16bit x 2
Global Memory Read cycle Time 12ns
Write Cycle Time 12ns

Function Data Operation of Alarm Processing for Runtime
Model Number AMZ9F080B - 90EC
Size 1Mbypte x 8bit x1
Read cycle Time 90ns
Flash Memory Write Cycle Time 90ns

Initialization Count

Minimum 1,000,000 Program/Erase Cycle per Sector

Gate-Type Nor - Gate
Function Database Storage and Data Backup
Memory Type Item Specification
Model Number TMS27C256 - 15
EPROM Size : 32KB x 8hit x 1
Read cycle Time 150 ns

Function

Boot Loader and Application S/W of Alarm Processing

4.2 S/W Requirement Analysis and Design of
the Prototype Using a CASE Tool

The S/W  was

developed with a top-down

structure design approach using TeamWork (CASE
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APX_Common_Message Buffer
APX Teg{_Data_information_Osta -

3 Create.initSat_Dats

APX_System_lnfasmation_Data

APX_Alarm_ Created_Database

Fig. 4 Data Flow Diagram for AS

tool). The S/W deign used a hierarchical design
structure and principles of the modular design with
coherence and cohesive modules to reduce the
complexity of the verification and validation. High
level language was mainly used and assembly
language was used only where sufficient perfor-
mance can not be achieved through use of a high
level language or where it is justified based on the
the requirements. Figure 4 shows the DFD(Data
Flow Diagram) of the S/W requirment analysis for
the prototype of the AS.

4.2.1 APX_Input_Data_Prcoess

The module periodically collects the digitized data
of an analog and contact type through a safety and
non-safety network.

422 APX_Representative_Value

The module executes the logic to determine a
single value that can be representative of a given
parameter which is being sensed by multiple
sensors. As a port of the validation algorothm, any
sensor(s) which fails a cross channel deviation
comparison is secluded from the wvalid parameter
calculation.

423 APX_Alarm_Create_Process

Upon detection of the alarm conditions, the
module processes the alarm processing alogorithm
based on the validated variables to reduce the
nuisance alarms efficiently and to allow the opeator
to best focus his attentions. The applicable alarm
logics are the plant operating mode dependency
alarm with different setpoints, the equipment status
dependency alarm, the deadband and the time delay.

424 APX_Alarm Suppression_Process

Irrelevant or unnecessary alarms are eliminated
and less important alarms are suppressed. The
applicable alarm suppression logics are cause-
consequence processing and multi-setpoint relation—
ships. And First-out procesing is provided to
support the operators in determining the initiating
cause of a reactor or trubine trip in the alarm
system. By suppressing the minor alarms for a
period of time after a reactor trip, the operator's
attention would be directed towards the major
problem when multiple alarms are present.

425 APX_Alarm_Order_Process

Alarms are prioritized by their importance to
plant safety and its operation. The model indicates

the relative importance of the alarms based on a
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predefined set of conditions and relieves the opera-
tor of this time-consuming task when a major
event is taking place. The alarm prioritization
scheme depends on the alarm categorization stra—
gety based on the information hierarchy for the
MMIS.

4.2.6 APX_Management_Process

The module is provided to allow for the modi-
fication to the existing software and to minimize
the mean-time-to-repair by generating meaningful
error messages. The module recognizes a power
failure and is capable of an automatic restart upon
power restoration. The cold start software modle is
executed when initially energizing the prototype
hardware. The warm restart module attempts the
continuation of the program without the hardware
initialization, ‘

427 APX_Fail Over_State_Monitoring_Process

 not implemented
4.3 Result of the Functional and Performance
Test of the Prototype for the AS

The functional and performace test of the proto—
type for the AS was done based on the test plan
and test procedure. Table 5 shows each test item
and the results of the alarm processor and alarm
display. We can confirm the suitability of the
design requirements of the AS through prototyping.

5. Relaibility Prediction and Analysis of the
AS using a Prototype

The AS should be designed for an operational

availability goal of 99%. The MTBF (Mean Time
Between Failure) of the AS is more than 10,000
hours. Equipment that is easily accessible is
assumed to be repaired within a short time period
after the failure is detected. The MTBF should be
confirmed by a reliability analysis based on the
failure rate of the components.

5.1 Reliability Prediction and Analysis Tool (Relax)

A primary component of the reliability analysis is
referred to as the failure rate, or the number of
failures expected during a certain period of time.
Calculation of the equipment failure rate, and the
related MTBF of the prototype, is the basis of the
Relax Reliability Prediction Software. Relax per-
forms the reliability predictions and analyses on the
electrical, electronic, mechanical, and electro-mecha-
nical equipment. The Relax reliability prediction
software is available based on various standards,
including Telcordia (Bellcire), MIL-HDBK-217, CNET
93 and HRD5 [4].

5.2 Prediction of the Reliability

Electronic systems involve the utilization of very
large numbers of devices which are very similar. It
is difficult to test for the electronic component
defects that do not immediately affect the perfor—
mance. Very close attention must be paid to the
electronics part reliability. The AS design involved
a reliability team. A reliability prediction is the
analysis of the parts and components in an effort
to predict the rate at which an assembly or system

will fail. The basis of the analysis is generally a

Table 5 Test Items and Test Results

Test Type

Test Items

Test Method

Structure Analysis

Static analysis . .
Y - to confirm to limit value

- to confirm operation of conditional branch

- to confirm finish condition of subroutine

Test of individual software module
using test tool (McCabe)

Review S/W Design Output
using TeamWork

Table)

—- Review of Software Requirement Specification
(Context Diagram, Data Flow Diagram, DD )

- Review of Software Design Specification
(Structure Chart, Decision Table, Event Transition

Independent review using checklist
of requirement

Functional Test

Analysis of Time Response

- Alarm Processing, Display, Control

Using test case

- Analysis Memory Capacity

- Analysis Res i
Performance Test Y ponse Time

- Analysis Suitability of Memory Operation according to
Operation Mode (initial, turn on., turn off, blackout)

Based information through and
timing analysis using the worst
test case
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reliability prediction model. Reliability prediction
models offer standard equations to calculate the
failure rate of the components based on the com-
ponent data and parameters. These parameters
include the environment, temperature, quality and
When

components are established, a simple summation of

stress. individual failure rates for the
the component failure rates provides the failure rate
for the higher level assemblies and systems.

5.3 MIL-HDBK-217 Prediction Method

MIL-HDBK-217 was an original standard for the
reliability predictions. It was designed to provide
reliability math models for nearly every conceivable
type of electronic device. It is used by both
commercial companies and the defense industry,
and is accepted and known worldwide. MIL-
HDBK-217 includes the ability to perform a parts
count analysis or a part stress analysis. A parts
count analysis is not as detailed as a part stress
analysis, and is normally used early in a design
when detailed information is not available, or a
rough estimate of the faillure rate is all that is
required. A part stress analysis takes into account
more detailed information regarding the components,
and, therefore, offers a more accurate estimate of
the failure rate. The parts stress analysis method
requires a significant amount of design detail
Many of the details were not available in the early
design stages of the AS.

5.4 Parts Count Reliability Method

The parts count reliability method can be used in
the early design stage when detailed data is not
available. The parts count reliability method is used
for the generic part type, for the quality factor and
the environmental factor. And the following infor-
mation is required; generic part types (including
complexity for microcircuits) and quantities, part
and the equipment environment.

quality levels,

Equation of the parts count method is as follows.
deguir = S, N Ae7o)i
i=]
AEQuIP = Total requirement failure (Filures/10° Hours)

Ag = Generic failure rate for ith generic part
(Filures/10° Hours)
T = Quality factor for the i" generic part

weio) A4 A 12 A A 4 £Q06D)

Ni = Quantity of the i™ generic part

N = Number of different generic part categories
in the equipment

The prototype of the AS selected the parts count
reliability method for its improvement by showing
the highest contributors to a failure. Table 6 shows
the results of the reliability prediction of a alarm
processor board for the prototype. The total
equipment failure rate of the alarm processor board
is 0.8205. The need for a redundant or back—up
system may be determined with the aid of
reliability predictions. Also the maintenance strategy
can make use of the relative probability of a
failure’'s location, based on the predictions, to
minimize the downtime. Reliability predictions are
also used to evaluate the probabilities of the failure
events described in the failure modes, effects and

criticality analysis.

Table 6 Result of Reliability Prediction of an Alarm
Processor Board for Prototype
(Condition: Quantity = 1, Quality Level = Commercial,
Environment = Ground fixed, Uncontolled, Temp = 30)

Part Number(*) Parts Count

TMS320C40FLE0 (TMS320C40) 0.0609
VICO68A-NC (VIC068A) 0.0000
AM29F080B-90EC 0.1832
27C256-15 (27C256) 0.2443

K6R4016VIC-TC12
(K6R4016VIC-C) 01131

EMP71285TC100-15
(EMP7128EQI100-20) 02198
Total Failure Rate 0.8205

#If there is not component data in Relax, a similar component
data is used for prediction.

5.5 Improving System Reliability and Availability
Using the Relax RBD
There are several techniques that we can employ

to improve the reliability, and/or availability of the
AS design. Three common techniques that might
be used are the parallel redundancy, standby redun—

. dancy, and spares. By using Relax’s Reliability

Block Diagram (RBD) tool, the effects of these
methods can be investigated when determining if

any of these technmiques should be used bhefore any
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design changes. Since one of the main purposes of
the RBD is to calculate the reliability and avail-
ability of a system based on the redundancies, it is
useful to only analyze the AS at the level that
includes redundancies. A reliability prediction model
assumed that the configuration of the system was
a simple one. As a system configuration becomes
more complex, more complex calculation methods
are required to calculate values like the failure rate,
MTBEF, reliability, and availability. The Relax RBD
was used to calculate complex redundant systems
that cannot be computed using the Relax Reliability
Prediction portion of the program alone.

5.6 Result of the Analysis of the Reliability using
Relax RBD

Table 7 shows the failure rate of a component of
an alarm processor board for the prototype. Table 8
shows the various parameters and variables chosen
for the analysis, as well as the availability,
reliability and failure rate at specific time intervals.
Standby redundancy is more effective than the
parallel redundancy because the unit/junctions are
not always operating. The results of the standby
redundancy show its suitability for the MTBF and
the availability and reliability requirements of the
AS through the prototype.

6. Conclusion

The AS design has been attempted to resolve the
problem that existed in the alarm system of the
conventional plants and support the MMIS. To

achieve this, we introduced advanced alarm pro-

Table 7 Failure Rate of Component of an Alarm
Processor Board for Prototype (N: count, FR
! Failure Rate, CFR : Combination of FR)

Part Number Function FR N CFR
TMS320C40FL60 DSP
(TMS320C40) Processor 001528 | 1 | 0.015281
VME
VICO68A-NC
(VICOBRA) Interface | 0.00312 | 1 | 0.003120
Controller
AM29F080B-90EC Flash 052425 [ 1 | 052425
Memory
27C256-15
(27C256) EEPROM | 0.00571 | 1 |0.005715
K6R4016V1C-TC12
(K6RAOLEVIV-C) SRAM | 0.00571 | 4 | 0.22860
EMP71285TC100-15
(EPM7128EQI100-20) FPGA [0.659031| 1 | 0.659031

cessing methods based on a digital system, and a
new display method, and an alarm control method
based VDU (Visual Display Unit). The AS was
designed as an integral part of the control room
design and plant operation. It was therefore recog-
nized that only good established design processes
should be used. For optimizing the design and to
meet the current licensing issues, the evaluation
activities for the AS design were performed in
accordance with the V/V and through the prototype
This
process and strategies of the AS, results of the

development. paper described the design
functional and performance tests using the proto-

type and the improvement of the system’s
reliability and availability by using the reliability
prediction and analysis tools. In conclusion, the

design of the AS should be continuously revised

Table 8 Result of Reliability Analysis

Hour Reliability Failure Rate Availability
Parallel Standby Parallel Standby Parallel Standby
0 1.00000 1.000000 0.000000 0.042247 1.000000 1.000000
20000 0.993435 0.995849 0.633273 0.365093 1.000000 1.000000
40000 0.975826 0.985806 1.136928 0.641669 1.000000 1.000000
60000 0.949867 0.970853 1.545742 0.881257 1.000000 1.000000
80000 0.917754 0.951851 1.883097 1.090811 1.000000 1.000000
100000 0.881270 0.929556 2.165296 1.275647 1.000000 1.000000
120000 0.841854 0.904625 2.404056 1.439893 1.000000 1.000000
140000 0.800658 0.877631 2.608012 1.586809 1.000000 1.000000
160000 0.758600 0.849074 2.783674 1.719000 1.000000 1.000000
180000 0.716402 0.819382 2.936038 1.838575 1.000000 1.000000
200000 0.674628 0.783928 3.069005 1.947256 0.999000 1.000000
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for the whole process of the detailed design, to

complement the detailed requirements.
28
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