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Development of the SMART Control System Architecture

Based on the Functional Analysis
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Abstract

Establishing the functions and design concepts of SMART control systems, the architecture
of control system is developed. This is based on the results of functional analysis, which is
recommended on NUREG-0711 and EPRI URD, in order to lead the control system to a
highly structured system. In the process of design, the SMART functions are analyzed from
high level functions to detailed functions and grouped by function. This structure supports the
MMI designed by operator’'s function basis, and enhances the operability of the plant through
improved operator's understandability to the plant and easy access to the controllers to

perform the intended control functions.
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SMART Control System Configuration

NNIN : Interfacing with softcontrollers, other control sys. and Information

NUEG-0711, "Human Factors Engineering Program Review Model”. 1994
old, "o AZEA Y] ZHAA" ‘99 F=A e

A4, “SMART Al AlE AA LA, SMART-MM-SR245, 2000

%3], A skE], 1999

1A, “SMART 7]%5#4 Hi314” SMART-MM-RR221-02, 1999
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Function Goal : Power Production

Critical Function Major-function

Create Fission Energy

Control Reactivity

Sub-Function System Function

Control Rod
Regulate Shutdown Rod
Regulate Regulating Rod
Control Boron
Inject Borated Water

Control Moderator Density

Transfer Fission Energy

Control Moderator Temp.

Control FW Flow
Control Moderator Pressure

Control PZR Pressure

Maintain Coolant Inventory

Circulate Coolant

Control Coolant Flow
Align V/Vs
Control Makeup Water
Maintain Coolant Purification
Connect Filters/lon Exchanger
Maintain Sub-cooled Margin
(Maintain Coolant Temp.& Press.)
Control PZR Temperature
Control PZR Pressure
Control Main Coolant Pumps
Regulate Control Rods

Maintain Forced Circulation

Control Main Coolant Pumps
Maintain Natural Circulation

Control PZR Pressure

Maintain Secondary Heat Sink

Create steam and Transfer
Create electricity

Supply Feed Water
Regulate Feed Water Flow
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Function Goal : Power Production

Major—function Sub-Function

System Function Assigned Control Sys.

Control Reactivity
Control Rod Absorber
Regulate Shutdown Rod
Rod Control Sys
Regulate Regulating Rod
Rod Control Sys.
Control Liquid Absorber
Inject Boron

Control Moderator
Density Control Moderator Temp.

Control FW Flow  Feed Water Control Sys.

Control Moderator Press.
Control PZR Press. PZR Control Sys.
Maintain Coolant
Inventory Control Coolant Flow
Align V/Vs
Control Makeup Water
Makeup Control Sys.

Maintain Coolant
Purification Connect Filters/Ion Exchanger
Coolant Purification.
Control Sys.
Maintain Sub-cooled

Margin Maintain PZR Temp. CCW Control Sys.

Control PZR Press. PZR Control Sys.

Control MCPs MCP Control Sys.
Regulate Control Rods
Rod Control Sys.
Circulate Coolant
Maintain Forced
Circulation Control MCPs MCP Control Sys.
Maintain Natural
Circulation Control PZR Press. PZR Control Sys.
Maintain Secondary

Heat Sink Supply FW Regulate FW Flow FW Control Sys.

Boron Inject. Control Sys.

NSSS Comp. Control Sys.

Components

Shutdown Rods
Regulating Rods

2 Makeup Pumps,
Several V/Vs

3 MFWPs,
2 SEFWPs,
2 Cont. V/Vs

5 V/Vs

Several V/Vs

2 Makeup Pumps,
Several V/Vs

Several V/Vs
Several V/Vs

5 V/Vs
4 MCPs

S-Rods, R-Rods

Same as above

Same as above

Same as above
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