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• Basis of Control System

• PWR Control System

• Reactor Protection System
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1. Basis of the Control System

(1) Feed-forward Control System

Control

Input

Controller Actuator Process
Response: x(t)

Valve

Depth
Flow

Control Signal

Valve Position

Bucket

Depth

Reference: v(t)

Characteristics

(1)Open-loop

(2)One direction

(3)Fixed Control in shortest way

(4)Good performance without Disturbance
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Error (t) between Response y(t) and 

Reference v(t) should be minimized 

as soon as possible.

Error
Disturbance

ε (t)

Control

Input

-+
Controller Actuator Process

Response: y(t)Reference: v(t)

Noise

Senser

Control

Signal

Accelerator, 

Brake, Handle

Car

Speed-meter

SpeedSpeed: 60km/h

(2) Feedback Control System

Characteristics

(1)Closed-loop

(2)One direction

(3)Reference value

(4)Good performance with Disturbance 

or Measurement Noise
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Definition of Transfer Function 

Transfer Function is defined as
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Here,

X(s): Laplace transform of input x(t)

Y(s) : Laplace transform of output y(t)

G(s)

Input Signal Ouput Signal

X(s) Y(s)
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Laplace Transform

The Laplace transform of a function f is defined as 
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F is a complex-valued function of complex numbers
t :  the time variable (in sec)
s:  the (complex) frequency variable (in sec-1)
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The inverse of Laplace transform is defined as 
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Transfer Function of Feedback System

G(s): Transfer Function

H(s): Feedback Transfer Function

Block Diagram of Feedback Control System

H(s)

G (s)
X(s) Y(s)
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G(s)H(s) : Open-loop Transfer Function
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Transfer Function of Closed-Loop (Reactor System) is defined as
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Stability

•Change of Reference

•Disturbance

•Measurement Noise

t → ∞
error: (t) ≈ 0

Stability in time domain
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System Stability by Transfer Function

The characteristic equation is obtained by setting the denominator 

of the transfer function equal to zero.
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The roots (poles) of characteristic equation are usually negative or 

real part of conjugate complex number (                                   ) are 

less than zero, if the system is stable.
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PID Controller

Control Input

u(t)

error
ε(t)

-

+
Response Output

x(t)

Reference

v(t)

KP

Process

GP(s)

1. Proportional term 

It makes a change to the output that is proportional to the current error value. →A high 

proportional gain results in a large change in the output for a given change in the error.

2. Integral term

Summing the instantaneous error over time (integrating the error) gives the 

accumulated offset 

3. Derivative term

The rate of change of the process error is calculated by determining the slope of the 

error over time 

KI /s

Ts

Disturbance: d(t)

+ +

PID Controller
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Concept of “Feedback Reactivity” (Temperature Effect)

Unexpected Disturbance 
(Increasing Nuclear Fission) 

Reactor Power Up

Rising of Fuel Temp.

Rising of Coolant Temp.

Doppler Effect 

Void Effect 

Density Effect 

Negative 
Reactivity 
Feedback

Decreasing of 
Nuclear Fission

Reactor Power 
Down

(BWR)

(PWR)

(BWR and PWR)

Temperature Effect 
(Self Regulating Characteristics)

If Temp. in a core rises, Reactor Power automatically goes down by 
Temperature Effect which is Physical Phenomenon.

Leads to 
Prevention of 
Nuclear Burst
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Reactor Control System of PWR

MAIN PURPOSE

◆ The reactor control system maintains the heat generation in the reactor and 

the heat transfer and steam generation in the steam generator.  

◆ The reactor control system also attenuates transients, without reactor trip, 

caused by changes in the turbine load, and provides the ability to recover from 

transients and maintain the plant in a stable condition.

PWR: Turbine is main. Reactor follows.

When the generator power demand changes, the turbine load of the secondary 

system is adjusted first, and then the reactor power of the primary system follows 

the turbine load.
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Reactor Control System of PWR

1. Control Rod Control System

2. Pressurizer Pressure Control System

3. Pressurizer Water Level Control System

4. Turbine Bypass Control System

5. Steam Generator Water Level Control System 

6. Boron Concentration Control System 

Reactivity Control :

Fast   : Plant power changes                      1. Control Rod

           (turbine load change, etc)

Slow  : fuel burnup and changes                 6. Boron

            in the xenon concentration                  Concentration 



15

Overall Configuration of Reactor Control System in PWR
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(1)  Control Rod Control System 

Case of without CR Control System (Only Self Regulating Characteristics)  

Source: 編書岡芳明・鈴木勝男、原子炉動特性とプラント制御、第4章加圧水型軽水炉の運転制御の実際、4-1PWRの運転制御方式、㈱オーム社、平成20年3月
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When turbine load decreases 
slightly, the Reactor power will 
decrease by inserting of Negative 
Reactivity given by Moderator Temp. 
Effect due to rising of Primary 
Average Temp..

That to say, primary and secondary 
systems will be balanced by Self 
Regulating Characteristics without 
any control actions by the CR 
Control System.
However, this Tavg will be stable with 
higher than the initial temp.. Which 
is different temp. from the Set 
Temp. of the CR Control System.     

100%

95%

100%

95%

Set Temp. for 95% (CR Control System)

Stable at Higher Position by effect 
of Self Regulating Characteristics 
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The control rod control system automatically regulates the position of control rod clusters in a 

control bank in order to control the reactor power by using three types of input signals: primary 

loop average temperature, neutron flux, and the first stage turbine impulse pressure. 

(1)  Control Rod Control System 
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(2)  Pressurizer pressure control system (PID)
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Circuit Diagram of Pressurizer Pressure Control System  
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Relation between Pressurizer Water Level and Tavg (Primary Coolant Ave. Temp.)   

Variation of Turbine Loading

Expansion/Shrink Primary Coolant 

Change of Pressurizer Water Level Tavg Change of Pressurizer Pressure 

Proportional Relation with Tavg

Regulating of Charge Line Flow of 
Chemical and Volume Control System Pressurizer Water Level Control System 

Extractive Line 

Charging Line 

<Chemical and Volume 
Control System (CVCS)>

Volume 
Control Tank 

Boric Acid Injection Pump

Pressurizer Water Level Control System (1/2)
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Turbine Bypass Control System
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Function: 

1. To operate the turbine bypass valves to ease off the temperature rise of  the primary system 

accompanying to the reduction of load at the transition if the load is reduced over 10% 

stepwise or 5%/min rampwise.

 

2. To operate the turbine bypass valves to suppress excessive rise of the steam pressure on 

the secondary side and to switch the plant to the hot shutdown condition without operating 

the main steam safety valves at the transition in the case of a plant trip from the power 

operation. 

3. To remove residual heat from the reactor to maintain the hot shutdown condition and to cool 

the reactor system during the operation for lowering temperature toward cold shutdown. 

(5) Turbine bypass control system
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Circuit Diagram of Turbine Bypass Control System
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REACTOR PROTECTION SYSTEM

(DESAIN RPS RDE)
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Arsitektur I&C

Sensor/Transmitter Sensor/Transmitter
Sensor/

Transmitter

Sensor/

Transmitter

A

B

C

D

LCD Tampilan Mimic Tampilan Mimic

Tiles

SAD

Konsol Kendali Reaktor Konsol Kendali CI

Sistem Proteksi 

Reaktor

Pasca 

Kecelakaan

SPR Kendali Daya
Kendali 

Proses

CI BOP

Antarmuka 

Manusia-

Mesin

Jaringan 

Komunikasi

Sistem 

Kendali dan 

Proteksi

Antarmuka 

Proses
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Sistem Proteksi Reaktor

FUNGSI:

• untuk memantau dan memproses variabel-variabel yang penting bagi 

keselamatan reaktor dan lingkungan,

• untuk mendeteksi kecelakaan secara dini, dan 
• untuk menginisiasi secara otomatis tindakan proteksi

Dalam suatu kejadian operasi abnormal, sistem proteksi reaktor melakukan 

shut down reaktor (trip) dan mengaktifkan tindakan proteksi yang 
dibutuhkan untuk mitigasi.
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• RPS functions are classified as “Category A” as defined in IEC 

61226

• Design criteria:

– Redundancy

– Fail-safe

– Single failure criterion

– Design simplicity

– Well known technology

– Separation

– Independence

– Diversity 
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Generic identification of I&C systems important to safety 
(IAEA NS-G-1.3)
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RDE RPS Initiation criteria
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SAFETY SHUTDOWN AND PROTECTION

Modul Trip Teknik Shutdown & Protection

1

• Batang kendali di reflektor disisipkan

• Sirkulator helium dihentikan

• Isolasi sistem untai sekunder

2
• Modul Trip 1

• Isolasi sistem untai primer

3
• Modul Trip 1

• Relief generator uap
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Pengelompokan Kecelakaan

Kecelakaan Kelompok 1 Kelompok 2 Kelompok 3

Kecelakaan reaktivitas 

positif



Station black out 

Kegagalan sirkulator 

Depresurisasi untai primer 

Pipa uap utama pecah 

Tabung steam generator 

pecah 
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RPS Diagram

CH-A 
BISTABLE 

PROCESSORS

A B C

TR TR

CH-A  LCL 
PROCESSORS

CH-A  
INITIATION 

LOGIC

REACTOR 
TRIP - A

TR = SENSOR AND 
TRANSMITTER

2 BISTABLE 
PROC/CH

CROSS CHANNEL 
COMMUNICATION

LOCAL COINCIDENCE 
LOGIC

INITIATION LOGIC

REMOTE 
CONTROL 
MODULE

INTERFACE 
& TEST 

PROCESSOR

CH-B 
BISTABLE 

PROCESSORS

A B C

TR TR

CH-B  LCL 
PROCESSORS

CH-B  
INITIATION 

LOGIC

REACTOR 
TRIP - B

REMOTE 
CONTROL 
MODULE

INTERFACE 
& TEST 

PROCESSOR

CH-C 
BISTABLE 

PROCESSORS

A B C

TR TR

CH-C  LCL 
PROCESSORS

CH-C  
INITIATION 

LOGIC

REACTOR 
TRIP - C

REMOTE 
CONTROL 
MODULE

INTERFACE 
& TEST 

PROCESSOR

Keterangan :

MCR : Main Control Room

ECR : Emergency Control Room

CPC : Core Protection Calculator

AI : Analog Input

DI : Digital Input

DO : Digital Output

BP : Bistable Processor

CP : Coincidence Processor

CB : Circuit Breaker

SCB : Secundary Circuit Breaker

APSR : Alternate Protection System Rods

CRDM : Control Rod Drive Mechanism

MG : Motor Generator 
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RPS Implementation : Microprocessor vs FPGA
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Background of FPGA based RPS

• FPGA advantages for RPS implementation

– High reliability (As keep simple using only Finite State Machines 

and Combinational Logic)

– Parallel nature

– Portability using Hardware Description Languages (HDL)

– Long term support

• IEC 62566 standard

– IEC 62566 – Nuclear power plants – Instrumentation and control 

important to safety – Development of HDL –programmed integrated 

circuits for systems performing category A functions

– The design process follows a Verification and Validation process 

similar to software V&V process. 



39

Thank You
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