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Abstract

The turbine protection system protects the turbine from over speeding,
monitors all critical turbine parameters, and trips the turbine if a condition
exists that could cause equipment damage.

The aim of this research is to use Programmable Logic Controller to
protect steam turbines with capacity of 30 Mega watts in Khartoum North
Power Station by using Siemens S7-300 controller,

The existing turbine protection circuit consists of relays, contactors
and resistor, and it operates more than 25 years. it has Only one common
alarm for turbine trip, the alarm not define which circuits is tripped and
which condition is occurring .This lead the maintenance and the
troubleshooting of the circuit takes long time to define the cause of the trip
signal and Also there is lack of spare parts.

The existing trip signals are condenser water level extra high,
condenser vacuum low, lubrication oil to bearing pressure low and electrical
trip signal from generator protection this signal are digital signal.

Additional analog signal added using the existing signal for turbine
over speed, lube oil bearing temperature, bearing vibration and generator
winding temperature.

The software was written for Siemens S7 300 PLC using ladder logic
language. And it consist an alarm for turbine trip and another one to define

which signal cause the trip. Then it simulated by PL.Csim.

iv



i

Y S 05 g, adlall ae pdl o iy g1l pomy 4yl Bylon ol
coandl il ) s adla 18] A gill (88 gy dsyal]
3Ly 8 Laad o paal] (8 il (Sail] alanin ] 50 ca l o aag )l )
S7 jiaws aSph cnloSalie planinl, sy adl (g pmn Alane (3 1lglana30 an 8y lag
.300
Jarxi 9 cnlogls ally cnliadall g oM jal) g0 555 8Ll 83Landl 8 30
Jorl e i g5 Ay gill ] madgi o dmg )133] 8)L5] gy angiy - wLe25 o SV
3k ool Jlae ¥ nanty ssbuall o) (JI g 130y .88 g1l s ~agi Y ey
Sl g b =t IR Ll gesd) pantd gl o
plaas) s Jle @Sl b eld] g (b i sl sylead] cnl L)
)L | 50y algall Jamd sic 8)L5] 5 Jalgall (3 ) dais plaasly , i) ks
LAl
asaall 8y Laadl 8ohy J 89 gall 8, LBlaill o)) Lo I am g pe Bolin Y <ol
b il Y, o lgadl (8 il 8))pa sy, gl B Jladl 5e ] (0 enl Ll
gl (3 angll 6l pa ta 3y Jalgall
)] agy 87 300 o aSys cnleSatid alull 4Ly zaliyy 40l s

50 s e ol a3 8 o g le 8 sy Joadl e cni o5 gl )~y
.c)_‘ah”



TABLE OF CONTENTS

a .-_y |
DEDICATION
ACKNOWLEDGEMENT
ABSTRACT

saslall

TABLE OF CONTENTS
Chapter One INTRODUCTION

1.1 Overview

1.2 Safety Controls
1.2.1 Tripping system
1.2.2 Solenoid trip circuit
1.2.3 Trip resetting

1.3 Problem Statement

1.4 Objective

1.5 Thesis Layout

PAGE

ii
iii
iv

OO0 WHR R~

Chapter Two Programmable logic Controller (PLC)

Theory and Operation
2.1 Introduction
2.2 A Historical Background

2.3 The First Programmable Controller
2.4 The Conceptual Design of The PLC
2.5 Today’s Programmable Controllers

2.6 PLC Applications

2.7 PLC Hardware
2.8 Internal Architecture
2.8.1 The CPU
2.8.2 The buses
2.8.3 Memory
2.8.4 Input/output unit

vi

10

11
11

12
13
15
PAGE
16
17
19
19

20
21



2.8.4.1 Sourcing and sinking
2.9 The Program Scan
2.10 Safety Programmable Logic Controllers
2.10.1 Process safety time
2.11 Programming Languages
2.11.1 Types of PLC languages
2.11.2 Ladder language
2.11.3 Boolean
2.11.4 GRAFCET

Chapter Three Safety Instrument Systems

3.1 Introduction

3.2 Safety Instrumented System (SIS)

3.3 Functional safety

3.4 Separation of Safety Controls From Process Control
3.5 Basics of Safety and Layers of Protection

3.6 Safety Integrity Levels
3.7 Basics of Safety Instrumented Systems SIS

3.7.1 Sensors

3.7.2 Logic solvers
3.7.2.1 Pneumatics
3.7.2.2 Relays
3.7.2.3 The safety relay

3.7.2.4 Solid-state systems

3.7.2.5 Programmable Logic Controllers

3.7.2.6 Safety Programmable Logic Controller

3.7.3 Final Elements

24
24
27
31
32
32
32
34
35

37
39
40
42

44
45
47

47
47
48
48
49
PAGE
49

49

49

50

Chapter Four The New Design ,Simulation and Result

4.1 Introduction
4.2 Generator Winding Temperature
4.3 Vibration
4.3.1 International standard organization (ISO)
4.4 Journal Bearings
4.5 Thrust Bearings
4.6 Bearing Temperature
4.7 Over speed
4.8 Turbine Tripping Circuit Block Diagram
4.9 Software

vii

52
52
53
53
55
55
56
56
57
60



4.9.1 Bit logic instructions
4.9.2 Integer math instructions
4.9.3 Floating point math instructions
4.9.4 Absolute addressing
4.9.5 Symbolic addressing
4.9.6 Elementary data types
4.9.7 Addresses and data types permitted in the symbol table
4.9.8 The LAD/FBD editor in the workbench
4.9.9 Scaling analog value
4.10 Program
4.11 Simulation and result
4.11.1 Condenser vacuum
4.11.2 Condenser water level
4.11.3 Electrical trip signal

4.11.4 Lubrication oil pressure

4.11.5 Generator winding temperature
4.10.6 Turbine Reset Circuit

4.11.7 Emergency stop valve interlock

Chapter Five Conclusion and Recommendations
5.1 Conclusion

5.2 Recommendations

REFERENCES

APPENDIX A

viil

61
62
62
63
63
64
66
67
69
70
75
75
78
79
PAGE
81
83
93
94

96
97
98



	Dedication

