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Gas Turbines

Introduction

* Power Stations Which Work With Gas Turbines
Are Recently, And The Middle East Is The Highest
Nations Which Use These Types Of Power
Stations. It Generates About (:250 ) MW. , And It
Usually Uses During Maximum Load In The
Countries Which Use Steam Turbines, It Takes From
6 To 15 Minuets At Start Up Down And Shut Down.

* In Most Middle East Countries, They Use Gas
Turbines To Generate The Power All The Day,
Toadies We See Different Movable Units Of These
Generators For Emergency With Different Powers
And Volumes.

* There Are Many Advantages For These Units Such
As;  Simple, Price, Quick Installation, Easy
Maintenance, Does Not Need Much Cooling Water, It
Can Use Several Types Of Fuel (Petroleum, Natural
Gas, Heavy Gas ...), And It Very Quick At Start Up
And Shut Down.

* It Can Be Installed In Few Months, And Rapidly
Of Operation And Loaded On The Grid ( 6 : 15
Minuets ) , But Due To Its Lower Thermal
Efficiency ( 21 : 33 )% Because It Discharges
Much Amount Of Hot Gases To Atmosphere
Without Any Benefits From This Power , So It
Used A Stand By With The Bigger Grids ( Networks
) , And Its Age Is Approximately Short , And It
Consumes More Fuel Than The Steam Turbines.

* In This Course We Will Discuss Some Points In
Details , And We Will Take Some Examples For
Turbines Single Shaft (Nuovo Pignone GE 10 ),
And For Turbine Double Shaft ( NuovoPignone
Frame III ). From Italy

* but we will start talking about methods of electrical
generation.
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Methods Of Power Generation

Power Can Be Generated By Several Methods:

1 — Nuclear power station

2 — steam turbines power station
3 — Gas turbines power station

4 — diesel engines power station
5 — Win power station

6 — sun power station

7 — Hydraulic power station.

Components Of Gas Turbines

* Main components of gas turbine power
stations are the following:

A - The Air Compressor

It Takes The Atmospheric Air And
Compresses It To Tenths Pressures

B - The Combustion Chamber

* In This Combustion Chamber Both Air Which
Comes From Compressor And Fuel Are Mixed,
And Then Burnet Together By Special Means Of
Ignition, And The Hot Gases Which Discharged
From Combustion Camber Has High Pressures
And High Temperatures

C - The Turbine

* It Is An Axial Wheel Connected With The
Compressor From One Side And Connected With The
Generator From The Other Side Through Reduction
Gear Box To Reduce The Speed .Because The
Turbine Speed Is Very High And It Does Not
Proportion With The Generator Speed, Hot Gases
Inter To Turbine Buckets, Then It Go To (Flows) To
Low Pressure Side (The Diameter Of The Turbine
Increases From This Side) To The Atmosphere
Through A Stack
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D - Generator

* QGenerator Is Connected With The Turbine
Through Gear Box To Reduce The Speed , In
Some New Turbines The Turbines Is Divided (
Splited) To Two Turbines, One For High
Pressure And High Speed And It Is Connected
With The Air Compressor , And The Other For
Low Pressure And Its Called Power Turbine And
It Is Connected With Electric Generator Directly.

E - Auxiliaries

Gas Turbine Power Stations Need Many
Auxiliaries Such As :

1 — Air Filters Before Inter To The Compressor.

2- Primary Starting Means Such As Diesel
Engine Or Electric Motor..........

3 — Ignition Means

4 — Pressures And Temperatures Measuring
Devices.

5 — Electrical Measurements.

Types Of Gas Turbines

GAS TURBINES DIVIDED ITO

FIRST: For Load Tvype

1 — Mechanical Load (Compressor —Pump).
2 — Electrical Load (Generator).

SECONDARY: For Fuel Type

1 — Gas fuel 2 — Liquid fuel
3 — Duel fuel

Generator (kg dgall (2
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THIRDLY: NUMBER OF SHAFTS

1 — Single Shaft (Turbine And Compressor
And Load On The Same Shaft)

2 — Double Shafts (High Pressure Turbine And
Compressor On A Shaft, And The Low
Pressure Turbine And The Load On A
Different Shaft).

Fourthly: For Combustion System

1 — Constant Volume Turbines (Combustion
Process At Constant Volume)
2 — Constant Pressure Turbines (Combustion

Process At Constant Pressure)

Advantages Of Gas Turbines:

1 - It does not need water source for operation.
2 - It is possible to use either liquid or gaseous
fuel or their mixture for gas turbine operation.
3 -Operation and loading of the unit takes short
time not exceeding few minutes.( 10 : 15) MIN.
4 - Supply and installation of a gas turbine can be
done in short time
5 - It is possible to use exhaust gases in heating
processes or to help in operation of steam
turbine in combined systems.
6- It can be installed in deserts and remote
areas, as it does not need water for cooling.

7-1t needs few operators and can be remote-

operated.
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Constant Volume Gas Turbines:

The only effect due to heat addition in the

combustion chamber is to increase the pressure only.

In The Constant Volume Gas Turbine, Usually
Multi-Combustion Chambers Are Used.

The Most Important Disadvantage Of This Type
Of Turbines Is The Reduced Of Thermal
Capability That Is Why It Is Not Widely Used.

Constant Pressure Gas Turbines:

* In This Type The Air Is Compressed
Through The Compressor To The Combustion
Chamber Where Burn At Constant Pressure, So
The Air Volume Increases And Its
Temperature Increases, Then The Hot Gases
Go To The Turbine And Expands And Its
Pressure Decreases To Atmospheric Pressure,
Then The Pressure Energy Changes To
Mechanical Energy To Turn The Load
(Mechanical Or Electrical), And The Most

New Turbines Is From This Type.
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Gas Turbine Heat Cycle:

The constant-pressure gas turbine follows
Brayton cycle called constant pressure cycle,
as the combustion of the fuel-air mixture
takes place at constant pressure. The only
effect due to heat addition in the combustion
chamber is to increase the air volume only.

* The Following Diagram Shows The Heat
Cycle Curve For Simple Cycle For Single Shaft
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1 - Air Of Volume (1-5) Enters At
Atmospheric Pressure At Point (1). Air Is
Compressed To Point (2) Where Its Pressure

Is Increased And Its Volume Becomes (2-6).

2 - At This Point Air Enters The Combustion
Chamber And Its Temperature Increases Due
To Burning Of The Fuel Injected. Therefore,
The Volume Increases From Point (2) To

Point (3) Without No Pressure Increase.

3 - Gases Pass And Expand Through The
Turbine. The Gas Pressure Decreases And Its
Volume Increases, Which Is Represented By
curve (3-4). The Gas Volume Increases From
(3-6) to (4-5) And The Pressure Decreases
From Point (3) To Point (4). The Exhaust
Gases Leave The Turbine At Point (4).
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Working Principles Of Gas Turbines

* Gas Turbines Is One Of Heat Engines Which
Work According To Thermo Dynamic Cycle
With Constant Pressure, And The Air Is Used As
Working Medium In Most Applications Where It
Is Compressed And Heated, Then It Expands.

* From Thermodynamic Theory We Can Show
That The Work Which Taken From Air Or Gave
To Air At High Temperatures Is Higher Than Of

It At Low Temperatures.

* So We Can Obtain A Higher Amount Of Work
From Turbine During Expanding Sequence Than
And This

During Compression Sequence,

Difference Is Enough To Override Losses Sources,
And Another Amount Can Be Used As A Power
For Other Aims.

* There Are Many References Explain The
Thermo Dynamics In Details, But This Is Out Of
This Training Course,

So We Will Explain Some Principles Of
Thermodynamics Which Used In Gas Turbine

Field.
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Principles Of
Thermodynamic
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Thermodynamic

* It Is The Science Which Search About Changing
The Heat (Thermal) Energy To Energy To Obtain
A Large Amount Of Work.

Heat:

* It Is The Energy Transferred Through System
Boundary As A Result Of Temperatures Difference
Between The System And The Surrounding, And It
Transfers From Hot Body To Cold Body.

Energy

* It Is The Capability Which Found Inside The
System To Give Effort.

Work

* It Is The Energy Or Heat Which Go Out ( Pass
Through ) The System As A Result Of Any Other
Forces Except For Temperature Differences , And
We Can Analyze The Work As An Action Reward
For A Force Moves Through A Distance .

Specific Heat

* The Specific Heat Of A Substance Is The
Heat Required To Raise A Unit Mass Of | The
Substance By 1°.

Heat Cycle:

* We Say That A Mass Of Gas Follows A Heat
Cycle When It Passes Through More Processes
Such As Change Volume, Pressure And
Temperature And At The End It Returned To
Its Primary State.

* The Following Equation Is Used In
Thermodynamic:

P1V1 / T1 = Psz / Tz

Where :

P = PRESSURE, V = VOLUME,
T = TEMPERATURE, K=CP/CV
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Pressure:

* There Are Three Types Of Pressures:

1 - Atmospheric Pressure

* It is the air pressure above sea level, and it
equal (1.02 bar),(= 14.7 psi ).

2 - Gauge Pressure

* It is the pressure of any area of air relative to
atmospheric pressure.

3 - Absolute Pressure:

* It Is The Pressure Of Any Area Of Air Relative
To Vacuum Pressure Of Air , And This Pressure
= Zero Bar .

Absolute Pressure =
Gauge Pressure +Atmospheric Pressure

Temperature

Ambient Temperature:

* It Is The Temperature Of The Surrounding
Which The Machines Work, And It Measured
By Kelvin Or Fahrenheit Or Celsius,

The Relation Between Them Is :

K°=273+1¢°
F=32+1.8¢°

Absolute Temperature :

* It Is The Temperature Of Bodies Relative To
Absolute Zero Which Equal 0 KO Or =273 Co .

_: h hgiall e ) gl ¥ dllia

Atmospheric Pressure ¢ s kil
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Syl ALl 14,7 PSi = ol

Gauge Pressure (lial) bl
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Bovle's law:

* At Constant Temperature, The Volume Of An Ideal
Gas Is Inversely Proportional To The Pressure.

1
p

V o

Therefore:
PV = Constant,

Where: V=Volume and P =Pressure

Charles' Law

At Constant Pressure, The Volume Of An Ideal
Gas Is Proportional Absolute Temperature.

oooooooooooooooooooooooooooooooooooooooooooooooooooooooo

ENTHALPY:

* It Is The Heat Contain Of Substance, Or It Is
The Storage Energy ( Heat ) As A Result Of
Pressure And Temperature Of Material At Flow
State, And It Is A Characteristic For The
Substance Equal To Summation Of Both Internal
Energy Plus Pressure Energy.

H=U+PV

oooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Adiabatic Process:

* This Occurs When No Heat Is Added Or
Removed During Compression.

(PV)* = CONSTANT

i el i g 0 o8
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p
P V = Constant
Where:V = Volume and P = Pressure
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V/T =Constant, -zl

V a T

iy

0

L}M\MLH\@JTBAuﬂgJ\)J\dM\‘FA
OQM\U\AEEJMBJ\)&\&;JJ}M\M
Jaral) 48U

Sy £ Ay

Y

30 Uil a5 Y Gl Llai U s e 050 2 ) ) 5o
cMA.k:\AA‘:L\:\.\S\JeM\uy

(A Al e il L

(PV)* = CONSTANT

S0 el s g e




3 all o ma dS i
Js il g el S 5l (50a)
Egyptian Maintenance Co.

E,.C

First Low Of Thermo Dynamic

(Conservation Of Energy)

* Energy Cannot Be Created Nor
Destroyed During A Process, Although It
May Change From One Form To Another.

* The Laboratory Experimental Says That There Is
A Relation Between Work And Heat, Where The
Heat Added To A System Can Leave It As A
Work , Also, The Work Added To Any System
Can Leave It As A Heat,

This Means That:

Heat and work are two types of energy

which can convert any of them to the other.

* This Means That The Storage Energy Is Not
Work Or Heat, But It Is Known That Internal
Energy ( Summation Of Kinetic Energy And
Latent Heat For Substance Particles.

* In All Experiments They Insured That If There
Is A Complete Cycle , The Net Work Is
Proportional With Heat Added To The Cycle.
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APPLICATION THE FIRST LOW
ON OPEN CYCLE:

* THE EQUATION OF ANY OPEN OR
CLOSE SYSTEM IS :

TOTAL HEAT ADDED TO SYSTEM =
NET INCREASE IN STORAGE HEAT IN
THE SYSTEM

* Energy Can Be Added Or Removed Through
Heat And Work.

* In Open Cycle ( System ) , When We Input
A Mass To The System , We Observe That
The Energy Storied Increases By A Value
Equal To The Value Of Energy Storied For
This Mass , And When A Mass Leaves The
System , We Observe That The Energy Storied
Decreases By A Value Equal To The Value Of
Energy Storied For This Mass.

* ENERGY EQUATION CAN BE AS
THE FOLLOWING

Net Energy Added To The System As
A Work Or Heat + Storied Energy
Of Inlet Mass To The System -
Storied Energy Of Out Put Mass
The Net

From The System
Increase Of Storied Energy
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* Work In The Previous Equation Is
Divided Into Two Parts :

1 — the first part is the work necessary to push
the fluid into the system or output it , and it

called ( stream work=pv ).

2 — the second part is the change in internal
energy which depend on changes in
temperature.

AU =U2-U1=Cv(T2-TI)

Enthalpy :

* it is the summation of internal energy and
stream work.

Second Low Of Therme Dynamic

* The First Meaning ;

* If there is a group in a heat cycle , to produce
or add mechanical work and heat transfer , it
must there are two levels of temperatures.

* The Second Meaning ;

* Heat can't transfer from cold body to hot
)Body without external help.

From Results Of This Low We Can Conclude
> Entropy Characteristic

# In thermodynamics a measure of the
unavailability of energy has been devised and is
known as entropy. It is defined by the differential

equation :.
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Entropy

(As a measure of unavailability) increases as a
system loses heat, but remains constant when
there is no gain or loss of heat (as in an

adiabatic process).

* The process is called irreversible when
there is a friction or atmospheric heat transfer
due to gradient of temperatures.

* IN THIS CASE :

ds > &

The Simplest Heat Cycle

* Gas turbine in its simplest form, the gas
turbine consists of three main components,
working according to the open internal
combustion cycle. Figure (1/2) shows a
diagrammatic section for this turbine, while
fig. (2/2) shows the symbolic representation of
it. From this turbine, high-speed gases are
obtained that cause jet thrust as in airplane
engines, or a shaft power as rotational speed and
torque that can be used in driving different engines
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* Main Components Are:

1 - Compressor. 2 - Combustion Chamber.

3- Turbine Wheel.

All Thermodynamic Functions Occur At Adiabatic
Compression, Then Heating At Constant Pressure
Followed By Adiabatic Expansion. These
Processes Occur At The Same Sequence
Continuously.

* The Maximum Temperature Depends On

1 - The Thermal Cycle Design ,

2 - And The Estimated Life Of The Turbine.

As The Maximum Increases The Turbine Life

Decreases.

Finally, the Working Medium Pressure Reaches
To Atmospheric Pressure Due To Expansion
Through The Turbine Blades. The Power
Generated Is Sufficient To Drive The Compressor
And The Load.

* In Normal Case, Two Third Of The Generated Work
Is Consumed In Driving The Compressor And The
Other Resisting Parts And The Other Third Is The
Useful Load Used In Any External Applications.

* The Gas Turbine Is Very Simple, As The
Compressor Is Of The Rotating Type Either The
Axial-Flow Or The Centrifugal Type, Which Is
Directly Connected To The Turbine Forming The
Rotor. The Rotor Is Carried By One Or Two
Couples Of Bearings, Either Journal Or Roller
Bearings In Condition That One Of Them Is
Thrust Bearing.
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* The output power can be taken from
either sides of the rotor, but it is preferable to
take the power at the cold end to overcome the

problems that may happen at the hot end.

* Required work obtained from turbine idea
depends on an important property:

Work required to increase or decrease the
pressure of an amount of gases, increases as

the temperature of these gases increases,

* This is clear on ( t- s ) diagram , where the
constant pressure lines is divergent, and the
temperature increases.

In this diagram, the increase in temperatur
represents the required work to increase the pressur
of gases, and it increases as the temperature of gase

increase, and the same at expansion.
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Chapter Three

Description Of Main
Component Of Gas Turbine

1) Axial Flow Compressor

* INLET OF COMPRESSOR CASING............
* COMPRESSOR CASING .......cccoevvennnn.
* COMPRESSOR DISCHARGE CASING...
*BLADES. ...
¥ROTORS.....oooii
* INLET GUIDE VANE..............c..o..t.
* OPERATION OF THE COMPRESSOR
AND TROUBLES OF COMPRESSOR

2) Combustion Chamber

* FUELNOZZLE...........coooiiiiiinnn.

* SPARKPLUG........c.cooiiiiiii,
* FLAME DETECTOR....................

3) Turbine Section

* SINGLE SHAFT TURBINE...............
* DOUBLE SHAFT TURBINE.............
* BEARINGS. ...

* FIRST STAGE NOZZLE..................
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4) Gear Box

* SINGLE SHAFT TURBINE GEAR BOX
* DOUBLE SHAFT TURBINE GEAR BOX....

* ACCESSORIES OPERATED BY GEAR BOX.

5) Coupling

# TYPES OF COUPLING..................

# ACCESSORY GEARBOX...............

# LOAD GEAR BOX COUPLING........

Gear Box o« 3l (§gia (¢

....... Aa) g3 gae QI Ay A1 g Al (3 gaia

....... (R gac Q\S@Jﬂu&j‘)ﬂ‘é}m*

ool (3 gaiea oy Al sac bl o) a0k

cee 28Rl G s 3 (§ gdiar palall (ol S .

S0 el s g e




.Ql \AA“ ’ A .;uJ A::_I
Uil U S (s

Egyptian Maintenance Co.

Functional Description Of Turbine
Components

Introduction
For Single Shaft Turbine

The Turbine Is Used To Operate Both Of
Compressor, Accessories And Load, Then It Is
Better To Use It To Operate Loads Of Fixed
Speed Such As Electric Generators

In Double Shaft Turbine
There Are Two Types Of Turbines Sets

The First Turbine Set

Called Gas Generator Turbine And It Is Used To
Operate The Compressor And Turbine Accessories

Second Turbine

Is Called Power Turbine And It Is Used To
Operate The Load Only

We Prefer To Use This Type To Operate The
Variable Load Such As Pump And Compressor

Compressor

There Are Three Types Of Compressors
Which We Can Use

1- Axial Flow Compressor Which Is Called
Turbo Compressor

2- Radial Compressor And It Is Called
Centrifugal Compressor.

3- Positive Displacement Compressor (This Type
Is Not Used In Gas Turbine)

*We Will Talk About Axial Flow Compressor
Because It Is The Most Used In Gas Turbine Since
It Is Small In Size And Weight And It Has High
Efficiency And Its Compressor Ratio Between Inlet
And Outlet Is High And Its Flow Rate Is Very High
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This Compressor Consists Of Stator Blades And
Rotor Blades And It Has Several Stages And
Each Stage Consists Of Rotor Disk Containing
Blades And Stator Which Has Stator Blades

We Can Put One Disk Or More Of Stator Blades
At The Front Of First Stage Of The Compressor
Which Used To Guide The Flow To Suit The
Rotor Disk Of The First Stage

The Last Stage Of The Stator Vanes Can Be

Names As Exit Guide Vanes As It Guides The Ai

Flow In The Axial Direction Of The Compressor
Discharge

During Start Up Of The Compressor It May
Accumulate Air Inside Compressor So It May
Cause Damage Of The Compressor So We Can
Avoid This Damage Through Bleeding The
Excess Of Compressed Air To The Atmosphere
By Using Bleed Valve

Discharge Air From The Compressor Go
Through A Diffuser To Decrease Its Speed In
Order To Convert Its Kinetic Energy To Pressure
Energy, Then After That Passes To Combustion
Chamber Where There Is A Mix Of 25% Of Air
With Fuel To Complete The Combustion And
75% Of Air Used To Cool Combustion Chamber
Walls Then Remixed With The Hot Gas

The Combustion Chamber Has To Be Equipped
With Enough Number Of Air Inlets To Protect
The Chamber Walls From Being Touched By
The Flame Cone

Compressor Converts Mechanical Energy
To Air Pressure Energy But The Turbine
Converts The Gas Pressure Energy To
Mechanical Energy
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QOutput Air From Compressor Has Three Function

1- Cooling External Surface Of Combustion
Chamber During Combustion Process

2- Saving The Necessary Oxygen To Complete Fuel
Burning.

3- Bleeding Some Of Air To Cool The Stator Blades
And Rotor Blades Of Turbine, And Little Air Of
Cooling The Blades Passes Through Labyrinth
Seals Next To Bearings To Forbid Entering Oil Or
Air Inside This Bearing Then It Passes To Air Or
Exhaust Which Is Assembled With Expansion Gases
And Through Out To The Atmosphere
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Notes About
Axial Flow Compressor

*Consists Of Number Of Stages
* CONSISTS OF 3 MAIN PARTS:
1- Inlet Casing 2- Compressor Casing

3- Discharge Casing

1- Inlet Casing

* It Guides Air To The Compressor.
* It Supports Bearing No.1 Parts.

2 - Compressor Casing

* It Contains The First Four Compressor Stator
Stages.

* It Can Be Take Air From Definite Stages For The
Following Aims:

1 — Cooling. 2 — Sealing.

3 - Compressor Discharge Casing

* It Consists Of Two Barrel Parts , The First Is The
Outer To Follow The Continuity Of Compressor
Casing , The Second Is The Inner ( Compressor
Rotor.

* There Is A Diffuser Between The Outer And The Inner

helal) Jo clliada
Axial Flow Compressor.

dalyall e e sSa ¥
P elial Yoge oL *

.L;:L.zl\wzu =Y d';ﬂ\djﬁu

-
-y

Inlet Casing Ja) g giaa -]

Leloall 1) o) sell dn i e Jany -
Bearing ) s, Jseadll s S o)l cudii e dory -

Compressor Casing k&Ll ¢ giaa - ¥

First Four Comp. 1Y) dal el (e de o (5 iny *
Stator Stages

(el s ) Jalpdl aal el gn aafai,  *
AV (e e sedl 13 axdiy

(‘sealing il (aie) I3l -2 (' cooling ) 2l )

S lal) (7 da) ciypal g giaa -
Compressor Discharge Casing
> Laaaal (i) shad (838 il e (S *
GJA\A);‘}.L:QLAM 4_5}:\;.4(?\.1&:35\ -J\)Al»\)zagu
Compressor Rotor

S0 el s g e




3 all o ma dS i
Js il g el S 5 (s
Egyptian Maintenance Co.

Diffuser function:

* It Converts A Part Of Compressor Discharge

Speed To Pressure Energy.

Function of compressor discharge

casing:
1 - It Confirms Inner And Outer Wales For The

Compressor Diffuser

2 — It Connects Stators Of Compressor And Turbine.

3 — It Supports Bearings No. 1&2.

4 — It Supports The Forward Part Of Combustor Casing.

5 — It Supports The Inner Part Of First Stage

Nozzle Balding.

* Blades Is Designed To Give High Efficiency

For Compression Ratio, And The Blade Shape Is

As Air Foil.
STATOR BLADES | ROTOR BLADES
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Rotor Wheels
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Rotor

It Consists Of :

1 — Compressor Component.

2 — Turbine Component.

* 1t Is Supported By 2 Bearings, A Front One
And A Back One, Mounted Respectively On
The Air Inlet Casing And In The Turbine

Exhaust Casing.
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* The Rotor Compressor Component Is

Basically Made Up :
1 — Front Part :

* The First Stage Blades Are Mounted On It ,
A Collar Bearing Prevents The Axial
Movement Caused By Combustion , There Is
A Flange Is Used For The Connection To The
Charge .

2 — Central Area :

* There Are Blade-Carrying Disks Are
Mounted Using Tie Roads , The 2™ And The
7™ Stage Blades Are Mounted On The Blade —
Carrying Disks.

3 —The End Part :
* On The Compressor Side , The 8" To 11™
Stage Blades Are Mounted.

# The Rotor Turbine Component Is
Basically Made Of :

* The Disks On Which The 1% And 2™ Stage
Blades Are Mounted.

NOTE :

* No. Of Comp. Stages= 11 ( in single shaft)
* No. Of comp. Stages= 15 ( in double shaft).

Pre—Rotation Blades (1 G V)

* It Guarantee The Following Important Functions
1 — Decrease The Intake Air Flow During The
Start Up And Halt Phase In Order To Prevent
Dangerous Fluid dynamics Effects , And To
Reduce The Launching Engine Power.

2 — Optimization Of The Axial Compressor

Performance In The Functioning Rotation Field.

B9 £ 591 (oa by (alil) g5l £ 5 oSy

- ‘_’ALA;g‘ g jadl -
Gsb a5 IS5 W A all ) aile S 5
) saall A8 jal) aiay ((Coller ) Jsend o S
Al ) Joa gl 228505 28508 a0 9 (B pal) (e A

-2 h—u‘j‘}” f-j@i\-\'
L) i e il 53 Sy Gl D) el Gl S8 2 sy
(Y AT o) sl e S s

-2 u.“ﬂ\ f-j@i\ =Y

(M MNAoe ) Gullade s

-2 (e QoS Ay Al (el gigll g ¥

800 39 Ayl iy a5 0 al 5

(2] 51 3 swall 3 Ay i) Al 8 13 ) Lgale 201
S-T A

(an) 51 3 senll ol Ay il Alls 3138 ) Als ja V) = T Ll Jal e 2

((Cpaad) 3 A A ANS L3138 ) Als e 10 = LaeLiall Ja)ja 2

[ LG.V ]  3_sdall da gil) ()

- Ay Calla gl (a3 panat b yaiall dua gl i

Jaial) e Al ge oW1 JAIAN ¢ ged) Gl jus (2andds )
A8 a5 ppdadll ol il i (S3ellh g CaliyY) Als yag
& 5 el e ] die Fluid Dynamics ¢! se)

osisall 3,08 il Sl |

Cdaelal) el Jyaws -Y

S0 el s g e




Js il g el S 5l (50a)
Egyptian Maintenance Co.

(= VU it [l = V="

# Main Pre — Rotation Blades Parts :

* Electric Motor

* Movement Distribution Shaft.

* Two Half Circumferential Rings .

* Ground Levers To Insure Connection

Between Blades.

Function Description :

* The Whole Mobile Blade System Is Driven
By An Electric Motor , Which Is Connected
With A Distribution Shaft Where Some Joints

Have Been Installed .

* The Latter Serve As A Cam And Transfer
The Shaft Rotation Movement To The
Connecting Conrods , Which Allow The

Circumferential Ring To Move .

* The Pre Rotation Blades Are Mounted Onto

These Rings.

* An Angular Position Index , Installed On A
Pre — Rotation Blade , Allows To Verify The
Blade Position In Relation To The Turbine

Operating Conditions.

—: B ial) Gl U A 1 #1528

SRS Dsise ¥

Bam)siosme ¥

iV O Jra il aSlil A ji g 3 %

-1 Jeal) A8 )b g

J}J‘}A&M\}JKM\@)\?M@)\J}% <-.
G )88 3 gany disse (0550 (2 %S
e 48 o SOl s 2

o sill 3aacf ) 2 seall 40 ) o2l 4S ) Jany
a5 zeust Al Connecting Conrods
& o ddaysa) Adlall

Qm;j\adhésa_\s‘)au)ﬁz\s‘)md\dg)ﬂj <--

Al e S sl s b aa s <
Ll )l aia ge (Baiaty rany Sy AS jaidl)
A il Qi gl ) Al

S0 el s g e




N | CRE e
4 J.'UA uJ Akl pr—— B uKas B

Js il g el S 5 (s
Egyptian Maintenance Co.

Compressor Operation : L) Jhds

* .
Movable Blades Induce ( Draw ) Air , Then It ) o 5 A8 5 ¢l gl sy A yaiall i I g g

Push The Air To The Next Row Of Stator
ey Jaat Caaa AU USUJ\Q.A‘;JLSS\@_A..A\
Blades Which Slows The Flow And Convert Its

Sl a4l Jygatig 5 5al 5 e (38l gUay)
Kinetic Energy To Pressure Energy As A High . e sle

Jan Gy 0 ya Lo JS e g g 4l )

Pressure , So Each Stage Increases The Pressure.

el sl Jarn 3Ly e dal jall e ads ja S

Operation problems : Jurddl) JsUiia

1 — Reduce The Performance Which Results In
Dirt , Salt And Sand On Blades , And This

A Al e iy A oY) sl -
Gl 1y Gl e il #3Y)
Jelall o) all Jusl

Requires Periodic Compressor Cleaning.

2 — Blade Wear, And This Require Using Filters To alawl alasin) ¢ Ay 138 5 (Sl S Y
Clean Air Before Interring To The Compressor. R
Lelall )4l s Ji ) gl

3 — Distortion Due To Strange Objects Which e Jax Sl dy SV il Gl v
Inter With Air Such As Sand, Bolts , K . . - .
nter With Air Such As Sand, Bolts , Keys S il el i Yl e slsgl

And This Require Using Grids ( Net ) At The
L A LS aladni) Sl (dlay |
Inlet Of Air Filters. dade i Sl p Al g sebal
¢l sedl ;DA

4 — Surge Phenomena, And We Can Override Kas (z ) ) Ji z sadll 3alls Ghgas o€
This Problem By Using Air Bleed Valve Which 3 ¢l sel) iy 3l alaaiuly Ledle il
S el de yu Jat s Sogida Jlay

% Ao

Still Open Until The Compressor Speed Reaches
85%.
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Combustion Chamber

FUEL ROZZLE

Az
e

OUTER
CASING

LOUVERED
COOLED
LINER CAF

SLOTS COOLED
AREA

LOUVER COOLED
AREA

SPRING SEAL

Air Discharged From Compressor Is Used For

The Following Aims:

1 [Primary Air] Combustion Air

* This Air Pass Through Primary Holes Of The
Combustion Chamber To Achieve The Air Fuel Ratio
( A/ F ), And The Necessary Distribution For
Stability Of The Flame.

2 - |[Secondary Air] Dilution Air

* It Reduces The Mean Temperature Of The Gas
To Compatible Values With The Blade life.

3 - Cooling Air:

* Air Is Turned Externally And Internally Around
Liner Sides In Which Form A Film From Air
Continuously Able To Keep A Compatible Values

For Material Temperature.
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Fuel Nozzel2 8!l dxigd *

Fuel nozzle :

* It Installed Above The Combustion 83538 by Guoalldd e elae e LS 5y
Chamber Wall, And It Is Provided With The -0 A e sl

Following Ducts: il 24855 guda =)
1 — Liquid Fuel Pipe. e 3y gula Y
2 — Gas Pipe. sl 8 guska ¥

IS W D 3 LS &l
3 — Air Pipe. el TEse A s

LIQUID FUEL
CONNECTION

ATOMIZING AIR
CONNECTION

\\ GAS FUEL

CONNECTION
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Liner
(e)
SLOTS COOLED
AREA
} LOUVER COOLED|

AREA
* This Part Is Made From Nickel Alloy (0S5 48 ) JSll e g sima e 3all 1 <.
Because It Face It Is Anti — Oxidation. 500U e sl Ly e LY
* According To Air/Gas Flow And Cooling bl bl o g (elselly Sl ) bl Gy <
Type, We Can Specify Liner As The Following:- -t YIS Liner ) cCiyial (Say 43l axiioal)
* A Reverse Flow Or Direct Flow. A Direct Or Reverse Flow (~&e 5f e gl
* Th .
L.Ther\i]AJevslllc')t;Céoolecrlgzuvel:red) OAn . © Or (Louvered) ( Slots Cooled ) 28 Cilat o o
Cmelr. a ich Form A Film From Air For iy g ) lal Liner J) s e

oling.
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Transition Piece

TRANSITION PIECE FOR
DOUBLE SHAFT TURBINE MS 3002

FIG 8 GAS TRANSITION PIECE

TRANSITION PIECE FOR
SINGLE SHAFT TURBINE

* This Part Is Made From Nickel Alloy
And Ceramic Layer Which Tough Directly
With Gas.

* [t Transfer Hot Gases From Combustion

Chamber To 1* Stage Nozzle
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Flame Detector

It's Function:

1 — 1t Stops Spark Plug Lights Once The
Firing Starts

2 — It Trips The Turbine When The Flame Cut Off.

Spark Plug

* It Consists Of The Following Parts:
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Flame Detector Sensor
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Turbine Section

For Double Shaft

* The Turbine Converts The Potential Of

High Energy Of The Hot, High Pressure
Gases Which Comes From Combustion
Chamber To Kinetic Energy That Performs
The Useful Mechanical Work Of Shaft
Rotation, Also It Sets The Pressure Required
For Turbine Cycle, And The Turbine Consists
Of A , And It Is Connected Tog Series Of
Discs Coupled Together On One Common
Axial Axis Of Rotation, And There Are A
Group Of Blades Distributed Radically
Around The Circumference Of Each Disc.

* When Hot Gases Flow Out From Combustion
Chamber, They Inter Fixed Nozzle Vanes, Where
The Flow Is Smoothed Out, And A High Swirl
Speed Imparted To It. , Then Passages Guide Hot
Gases Towards Movable Blades Fixed On The
External Surface Of Rotational Collar ,And The
Turbine Shaft Rotates With It , Then Blades
Rotate And Turns The Shaft, Then The Gases Go
Out From It To The Next Stage Of Blades Until
The Gases , Then It Go Out The Turbine.
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Turbine Section Components

For Double Turbine Shaft

1 - Turbine Shell

2 - First Stage Nozzle

3 - High Pressure Wheel

4 - Second Stage Nozzle

5 - Low Pressure Wheel

6 - Diaphragm Assembly
7 — Sealing Air Piping.

8 — Horizontal Stator Parts

Blades
* It Is The Part Which Take The Air In

Compressor, Or Turns By Pushing Gases In

Turbine, So It Turns The Collar And The Shaft.

Components Of Turbine Blade:

1 — Airfoil ( It Is The Working Part For Blade
Which Receive Gases And React With Its Pulse.

2 — Base (It Is A Flat Surface Parallel With The
External Surface Of Fixing Collar Of Blades ).

3 — DISK.

4 — Shank ( It Is The Part Which Put And
Tightened Into Collar Body , And Also It Is
The Passage Which Transfer Through It A Big

Part Of Heat...

s AV £ 2 Y e Ad il adalla ¢ oS
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( Diaphragm Assembly ) sLiall ¢ ja -1
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First Stage Nozzle

* It Consists Of Nozzle Segment Which
Assembled In A Continuous Ring.

* The Ring And Nozzle Are Fixed On Gas
Passage By Construction In Turbine Casing.

* Nozzle Is Designed To Bear Effects Of High
Temperatures Due To Hot Gases, And To

Keep The Correct Passage For Gases.
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High Pressure Shaft
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View Looking Upstream
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Turbine Section
For Single Shaft
Fixed Blades (Nozzles)

* Nozzle Is Mounted Above The Rotor
Nozzles Is Made Of Number Of Holes Of
Constant Width That Are Capable Of
Determining The Physical And
Aerodynamically Conditions That The Gases
Should Have Before Expanding On The Rotor
Blades.

* Fixed Blades Uses These Holes To Define
The Dimensions Of Gas Flow Passage Inside
The Turbine.

IST

Stage Nozzle

* gases coming out of the transition piece
directly into the blades that are thermally more
stressed than the turbines , as the gas maximum
temperature value is " stopped" only as come
out of the transition piece.

* this nozzle is made of 22 groups of foils each
of which is contained between two platforms (

internal and external )

Turbine Section
a9 3 gas il ddy

Fixed Blades (Nozzles)
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1°T Stage Nozzle
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FIG. 10 FIRST STAGE NOZZILLE 3
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2"" Stage Nozzle

* It Is Made F 16 Sections Of 3 Foils Each And ,
Just As The Ones In The First Stage , It Is Made
Of A Cobalt Super Alloy Precision Casting .

* It Is Supported Only On Its External
Circumference By A Welded Ring Situated On
The Turbine Casing.

3RD

Stage Nozzle

* It Is Made Of 16 Sectors Of 3 Foils Each And ,

Just Like The Ones Of The First And Second
Stages , It Is Made Of A Cobalt Super Alloy

Precision Casing.

2"" Stage Nozzle

Ve 05Sa ghie IS bl s dae e B35S
525 First Stage ) (4 o5l Jhe Lol 01,
Al S A (e g siean
dila 395k e (el sl (e L Cufle s

Rl G b Aasala

Stage Nozzle

¥ e 055 pdaie IS ahaliall (e e (e A5 S K
el dhe Ll (VY ) JSa s
e lash e ga g Al g Y Ads el (30
GOl dasale il 3ok e oa il bl
Ay 5l

FIG. 12 THIRD STAGE NOZZLE
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Turbine Disks And Blades
[ 1.2.3 rd Stage |

* The Energy Necessary For The Compression Of
The Intake Air Is Obtained By The Expansion Of
The Gases Coming Out Of The Combustion
Chamber On Three Turbine Blade Stages ( 60
Blades Per Stage ) Which , As The Disks And
Their Relative Spacers , Are Mounted On The

Rotor And Fastened With A Number Of Tie Rods

* Materials Used Are Nickel Super Alloys With

Different Mechanical And Technological Features.

* Because Blades Are Subjected To High
Temperature, So Eight Radial Holes Have Been
Made On The Rotor Hot Press In Order To Direct
A Certain Quantity Of Relatively Cool Air On
The Disks Inside The Blade Nozzle That Has

Been Taken From The Axial Compressor Return.

Turbine Disks And Blades
[ 1.2.3 rd Stage |
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Bearings
For Single Shaft Turbine

Bearings Have Two Functions:

1 — Kept For The Longitudinal Position For
The Rotor By Using An Axial Thrust Bearing
For Circular Collar On The Rotor.

2 — Raising The Rotor And Kept Its Position
(Central) With The Axial By Put an Alloy
Longitudinally Around The Shaft, And Fixed
With The Turbine Body.

For Single Shaft Turbine

* There Are Two Bearings In The Turbine:

1 — Bearing No.1
Is A (Journal And Thrust) In The Same Time.

2 — Bearing NO0.2 Is A Journal Bearing.

* The Turbine Structural Is Designed
According To The Dynamic Study Of The
Behavior Of The Rotor Body And Also
According To The Choice Of Journal And

Thrust Bearings.

Bearings
A g 3 gas il ddy

il g Ad Adgy ) b (prnti ) s SO
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Bearing Nol *
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Thrust Bearing

* In This Turbine Thrust Bearings Are Used
(Direct Lubrication Tilting Pad Direct
Lubrication) Type, They Are Installed At
Rotor Ends And Absorb Axial Charges Caused
By The Air / Gas System Pressures On The
Rotor Blades (See fig. 14).

* The Charges That Bearings Have To Bear,
By Means Of The Shaft Thrust Joint, May
Change Direction And Entity Depend On The

Turbine Usage Conditions.

* So It Is Necessary To Define The Value And

Direction Of The Maximum Axial Charge.

* The Bearing Side That Bears The Strongest
Charge Is Called (Active Side), And It Is
Distinguished By Bigger Size Pads,

*Lesser Entity Pressures Are Absorbed By The
Inactive Side That Is Opposite To The Other
And Distinguished By Smaller Size Pads.

Thrust Bearing

Tilting 5 & 55 O @@ Jaend (o S 2800 Ay yill 028
Lic oS 9sS sa9Direct Lubrication Pads
L g e Al 4 saall Jlea¥) ey 55l cililed

(\2 LM)JJSJJS\&JLAQ(JM‘/;‘}QJ\)?LEJ

et lla s 3k e ol JSI Lgd (e ) Jlaa)
Gog ok Ao Taladic) Ladsa g s Lealadl iy () Sy 3 gl
. a_.\...!..i‘)ﬂ\ L. Sewr

)}Md&ﬁﬂbbﬁbhﬁﬁgm‘é‘)}ﬂ\wﬂutﬂh}*
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* Referring To The Detail On Fig. 14
The Thrust Bearing Includes:

1 — A Pad Holding Gear Divided Into 2 Parts
Situated In The Relevant Bay.

2 — A Number Of Radial Oscillating Pads
Kept Into Position Transversally And On The
Circumference By Joggles Through Which Oil
Is Introduced Inside The Pad / Thrust Contact

Area.

(V6)d8a Mg saty *
St Jady oua S 138 Of 22

CRE 53 O (o) andie B3l sll Jala 6 3 )
LB kbl ¢l il <

o Lo Jadlaa dan S5l il (e 220 Y
bysall e (AL ) Agal sl gl sa
. Cﬁﬂ\ 3 BJLH:}M d;\d UMM\

TILTING
RING

X

UPPER
HALF-RING

ONTIVHL LSNUHL #1 "O14

PAD POSITIONING  phoii C
SPACERS AND OIL
IMMISSION

ACTIVE
PAD

SPRAYER
NOZZLE

INACTIVE SPRAYER
PAD NOZZLE

TILTING

LOWER
HALF-RING

FOATING
SEAL

DETAIL 1

DETAIL OF OIL
[~ FLOW PADS
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Bearings
For Double Shaft Turbine

* There Are4bearings Which Support The

Compressor And Turbine Rotors.

* Bearing No. 1 (At The Compressor Inlet).

* Bearing No. 2 (At The Compressor Exit)

* Bearing No. 3&4 ( Contained In Separate

Housings Which Are Bolted To The After

End Of Exhaust Frame Inner Barrel.

Bearing 1.2 Fix Both Compressor

And High Pressure Turbine Rotor .

Bearing 3.4 Fix Both Low Pressure

Turbine And Load

Gy o o8 (ll ol S € 220 L an ydip il ¥
A il & 5 sl el 5aY) g Jaelial)

Lelaall 5 gina Jida A ¢ 520 90 Bearing no 1

Lelall 5 sine z j2e dic ¢ wnse  Bearing No 2

=) S (6 sina (A (e a5« Bearing No 3.4
e po pebsay by Al (Liaiie) s jre
AR 5 guiall (nl) st

e Lial) Candtty e sdy Bearing 1.2 o

AN Aoy Al G lessy Bearing 3.4 *
M\ J\}J}
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No Kind Type No

1 | -Journal - Elliptical - GE1 41020
- Thrust ( active ) - Tilting — pad ( six pads ) - GEI 41018

self equalizing
- Thrust ( Inactive) - Tapered land - GEI 41018
2 |- Journal - Elliptical - GE1 41020
3 |- Journal - Tilting — pad five pads - GE1 41020
- Tilting — pad ( five pads ) - GEI 28100
4 |- Thrust ( Loaded ) - Tilting — pad ( eight pads ) -GEI 41018

self equal
- Thrust ( Un Loaded ) - Tilting — pad ( four pads ) | - GEI 41018
none equaling

No. 1 Thrust Bearing

Thrust Collar = )
P iJ

Active Pad ——p|

Alnactiva Pad
i

~ Active Pads are Larger

e

Active Pad ——=|

Inactive Pad

Typical Journal Bearing

Pad Stop
Nozzles
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Gear Box
Accessory And Reduction

Aa) g 3 gas Culd Ay i

GE10
GEAR RATED POWER = 15000 KW
RATED INPUT SPEED = 10997 RPM
RATED OUTPUT SPEED = 1500 RPM
TOTAL WEIGHT = 7140 KG (WITHOUT OIL)

TURBINE SIDE

HIGH SPEED SHAFT

PUMP

LUBE OIL
PUMP

GENERATOR SIDE '

FIG. 15 REDUCTION GEAR
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Accessory Drive Gear Box
For Double Shaft Turbine

* The Accessory Drive Gear Located At The
Compressor End Of The Gas Turbine.

* It Is A Gearing Assembly Coupled Directly
Through A Flexible Coupling To The Turbine Rotor

* Its Function Is To Drive Each Gas Turbine
Accessory At Its Proper Speed And To Connect Anc

Disconnect The Turbine From Its Starting Device.

* In Addition It Contains The Turbine Over
Speed Trip Bolt And Mechanism.

* Also , The Accessory Gear Box Contains
The Gear Trains Which Provide The Proper
Gear Reductions To Drive The Accessory
Devices At The Required Speed , With The
Correct Torque Values.

* The Starting Clutch Assembly Is Mounted
Forward On The Horizontal Joint Of The Main
Gear Shaft And Is Used To Connect The
Starting Device To The Gas Turbine.

* Accessories Driven By The Gear Include:-
1 — Main Lube Oil Pump.

2 — Main Hydraulic Pump.

3 — Liquid Fuel Pump
* Lubrication Of The Gear Is From The
Turbine's Pressured Bearing Header Supply

A High Pressure Turbine Over Speed
Trip Capable Of Mechanically Dumping
The Oil In The Trip Circuits

Accessory Drive Gear Box
O gas <l Ay

(uﬁ)hmmt}a.aylcw\b_)b:}“u»j)ﬁé}m *
Jae Lzl
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* This Mechanism Is Installed On The External
Casing Of Gear Box

* This Device Can Shut The Turbine Down
When The Speed Exceeds The Design Speed.
(112 % rpm).

* With The Exception Of The Lube Oil Pump
Shaft, And The Hydraulic Supply Pump Shaft,
All The Shaft Centerlines Are Located On The
Horizontal Joint Of The Accessory Drive Casing.

* All Of The Shaft Are Connected Together By
Single Helical Gears With Are Shrunk To The
Shafts After The Teeth Are Cut.

* The Main Lubricating Oil Pump Is Located
On The Inboard Wall Of The Lower-Half
Casing Of The Accessory Drive Gear And Is

Described In The Lubrication System Section.

* A Starting Clutch Assembly Is Located At
The Outboard End Of The Main Gear Shaft On
The Horizontal Joint Of The Casing, And Is
Used To Connect The Starting Device To The
Gas Turbine Input Shaft.

* The Clutch Automatically Become
disengaged When the Gas Turbine Reaches a
Speed at Which It Is Self-Sustaining.

¢ s=asa (over speed mechanism ) a slSuall 11
oo (3 sanal s Al Gl e (oS j0)
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OIL NOZZLE
L Ei RETAINING RING

SHAFT

MAIN HYDRAULIC PUMP
DRIVE SHAFT

NO.4 SHAFT AND
GEAR ASSEMBLY

FIG. AD-1 - CUTAWAY VIEW OF ACCESSORY DRIVE GEAR
No. 4 SHAFIT AND MAIN LUBE PUMP SHOWN

. T R
i \4,,3,

WITH

NO. 3 SHAFT AND GEAR
ASSEMBLY (INBOARD)

UPPER CASING

NO. 3 SHAFT AND GEAR
ASSEMBELY (OUTBOARD)-

NO.2 SHAFT

CLUTCH OPERATING
MECHANISM ASSEMBLY

FIG. AD-2 - CUTAWAY VIEW OF

ACCESSORY DRIVE GEAR
SHOWING No. 1 SHAFT

(WITH . CLUTCH)

OVERSPEED TRIP
MECHANISM
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Coupling Coupling

* The Basic Functions Of The Flexible Gear-Type
Couplings Used On This Turbine Are To:

1- Connect Two Rotating Shafts In Order To
Transmit Torque From One To The Other.

2 — Compensate For All Types Of Misalignment
(Parallel, Angular, & A Combination Of Both).
3 — Compensate Any Axial Movement For Any Shaft

* Types Of Misalignment:

Parallel Misalignment

* It Happens When The Two Shafts Are Parallel,
But They Are Not In The Same Straight Line.

Angular Misaliecnment

* It Happens When The Two Shafts Are In The Same
Straight Line But Their Centerlines Are Not Parallel.

* Combined Misalignment:

* It Occurs When The Shafts Are Neither Parallel
Nor In Displaced Along Their Axes (Centerline)

The Couplings Used In The Turbine Are To
1 — Connect The Accessory Drive Gear With
The Turbine Shatft.

2 — Connect The Turbine Shaft With The Load

Equipment.

o A i) B daddiieeal) A pal) LSl A 1) (il ol *

o Laaaal e o jall i SV oy il (pagee (o dpasi )
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Parallel Misalignment
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Angular Misalisnment
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Compound Misalignment
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Types of Misalignment

Offset 2 %lﬂ}ﬁlﬁﬂ m
\ g
Angular = ﬂ%%
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Accessory Gear Coupling

* This Coupling Is Continuously Lubricated
Flexible Gear —Type.

* It Employs a Hub of Male Teeth Fitted at
Each End of A distance Piece.

* The Teeth Mesh With The Female Ones Of
A Sleeve At Each End To Transmit Torque.

* The Male Teeth Are Crowned And Can Be Slide
Fore And Aft Within The Female Splint, This
Allows For All Three Types Of Misalignment.

* The Sleeve At The Accessory Gear End Is
Bolted To A Flange (Hub) Which Has Been
Shrink-Fitted And Keyed To The Accessory Gear
Shaft.

* Te Sleeve At The Turbine End Is Bolted
Directly To The Turbine shaft.

Load Coupling

* This Coupling Connects Between Load Gearbox
And Generator.

* It Is Also A Continuously Lubricated By A Gear
Type Lubricated Device.

* It Has The Same General Design As The
Accessory Gear Coupling.

* The Male Teeth Are Machined Into The Distance
Piece. Also, The Sleeves Are Bolted Directly Into
The Turbine Shaft Of The Lad Equipment.

Accessory Gear Coupling
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Coupling
For Single Shaft

* In This Turbine Type, The Coupling
Is Diaphragm Type.

* It Has Several Advantages In
Comparison To The Dog Clutches:

1 - In Particular As To The Elimination

Of The Lubrication Process.

2 — Removed The Speed Sliding
Problem. And Friction Coefficient
With Related Axial Pressure Which
Is Limited By The Elastic Reaction
Of The Diaphragm In The Axial
Direction.

* In This Way We Can Solve The

Problem Of Un-Alignments.

Coupling
For Single Shaft

ailie Sllas ¢ 5 (e Couplings padiud *
Diaphragm Joints
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¢

S 3

* Here Below Are The Typical Diaphragm

Stresses:

1 — Axial Stress, During The Temporary
Phases Of Axial Expansion Of The Turbine.

2 — Torsion Stress, With Regard To The
Transmitted Couple.

3 — Centrifugal Stress, Caused By Rotation.

4 — Thermal Stress, Due To Possible Thermal
Gradients Along The Diaphragm Radial Directrix.

5 — Alternated Stress, Caused By The Angular
And Radial Un-Alignment

= @;}[\ Glalgadl cLial) (pa ahyy <o
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FIGURE 16- DRY ELASTIC DIAPHGRAM JOINT
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Chapter 4

Generator

* Generator Types.................

* Salient Poles ....ooeeeiiiiie i,

* Cylindrical Rotor ....................cl.

*Excitation ...

* ( PMG ) Permanent Magnetic Generator ...
* ( AVR )Automatic Voltage Regulator ......
*Main Exciter .........o.oooiiiiiiiiii,
*  Description.........ooevvuveieiinininnn..

¥ Components..........o.eveeuiieninennn

*  Generator Bearings..............

* Notes About Disassembling And Assembling
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GENERATOR

Generator:

It Is The Machine Which Convert The
Mechanical Energy To Electrical Energy.

It Consists Of:

ROTOR:

The Rotor Consists Of Slots Contain Isolated
Windings (FIG. 1-3), To Form A Permanent Poles
Which Fed From DC Current Supply,

Usually, The Supply Of DC Current Is Small
Generator Which Its Ac Currents Started By
Using Brushes ( Then It Is Called Brush

Excitation), Or By Using Dc Shunt Generator, Or
By Using Diodes ( Then It Is Called Brushless
Excitation),

The Aim Is Formation Rotating Magnetic Field

Al Bysad e Jand S AV Gl (e 3 e a
Al S dill ) Asalsial)

10 M gall S

(Rotor) : )93 gpas*

S A o il Ly 352 (5 a0 sumall 3 555
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alaiuly Sl (Brush excitation) (rass s

3,k 3,k e sl (De shunt generator)
(Brushless excitation ) Al 03¢x awn s(Diodes)
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Wirlng Cover
Stator

<
Frame Stator
Electro-
Magnets
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Stator:

It Also Called The Armiture, There Are Slots On Its
Surface Containing Isolated Windings Which Form
The Stator Poles , And It Is 3 Phase Shape Which
Excite EMF Because There Is A Magnetic Field
Produced From Rotor Passes Around It ( FIG 3 —2)

Generator types:

It Divided To Two Main Types According To
The Rotor Poles Shape:

1 - Salient poles:

This Type Is Used With The Generator Of More
Than 4 Poles, And Of Low Speed , Where The
Diameter Of These Generators Is Long And The
Axial Length Is Short To Avoid The Centrifugal
Force Problems And To Keep The Same Flow
Quantity For Each Pole.

2 - Cylindrical rotor

It Is Used With High Speed Generators And Less
Poles (2 : 4 ) Poles, And Its Axe Is Long And Its
Diameter Is Short To Resist The Centrifugal Force
Due To High Speed, And The Length Of The Axe
To Obtain The Calculate Required Flow Rate

Excitation System

* Permanent Magnetic Generator
* Automatic Voltage Regulator

* Maine Exciter

( Stator) <l gpac

anhi o g jlae aa 5is ¢ el gl Liafl o
saanll il Lge sanay IS A 5 jre ilile (g g A1)
(3 3 D <3 e sale 4 gila (55 ¢ il

i (e Lgaadadl Cany 400 )¢S 4adla 3 8 Ly Ciniphases)
(F-Y) J£2 Rotor ¢ o2l ) sall pusshaliaal Jiadl

-l gall £ 630

S8 Crn ) G 5 () Gl gl
sl gazandl Udad

(Salient poles) :3_k U -

AUl o f e Y 3 il sall ae g sl 138 axiiuy
OsSs Alal gall 03l pladll ) Cuaddimsdiall cile yuldl Cldg

JJH\JSMA&QM&J}M&)M\J#‘}‘J&S
ki JSI 3l aS i e Aailaall SXSc g 5K 5l

Jgdl) guanll 2\,)3 | gla) ) ga - Y

ld il sall ae B ) sall eliac V) (pe dpe sill 038 a2dis

Hb Slaicdanf G Gl (e $ALEN CUAY 5 Allall Sile
Lkl g8 o bl elld g sl la jha 5 Jygha b ) 52
Jsaall jsaall Jgka3aly ) 5¢ Alall Ao ol Cansy (5 3S all
A penall il dpeS e

. (Excitation ) (3_5Y)) zeugdll sl

. (PMQG) Al UadY) Al ga
. (AVR)  Sslesis¥) sall ahia o
(Main Exciter). (o0l gl o
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Permanent Magnetic Poles

*It Consists Of Permanent Magnetic Poles To
Produce Rotating Magnetic Field, And It Has 4 Poles
And It Has A Power Factor Of 0.4

The Stator Consists Of Slots Contain Windings And It
[s Turned As One Phase To Produce Ac Current And
This Current Goes To AVR Circuit

* Automatic Voltage Regulator

* This Part Consists Of Electronic Boards Which
Contain Bridges To Rectifier The Current And
Convert It To Dc , Where There Are Two Bridges,
The First One Is Used To Start The Unit , And We
Control It Manually, The Second Bridge Is Used
When The Volt Reach To The Rated Value ( 12.7
KYV)., There A Balance Performed Between The Two
Bridges, Then Transferring To The Automatic Bridge
Which Raises The Rated Voltage Of Main Generator
To 12.7KV

* Also, There Is A Motor In The AVR Circuit To
Change A Resistance Value To 4 KQ , And To
Define The Reference Point For AVR

* AVR Sense The Terminal Voltage For Generator
Through Cross Current Compensator , This Leads To
Compare The Terminal Volt Of Generator Which The
Setter Motor Is Adjusted, If There Is A Drop In The
Terminal Voltage Of Generator, The Crosscurrent
Compensator Will Give A Signal To The Thirstier To
Increase The Pass Angle Of Thirstier To Increase
The Exciter Current Which Come From PMG To
Compensate The Decrease Of Main Generator
Voltage And Vies Versa, Where The Cross Current
Compensator Make As Feed Back For AVR, Then
Feed The Main Exciter Circuit

: (PMG) 4aildll SadY) Al ga

Jae ary s elld g ¢ daily dpulling caldadl oo Cally

vy € o lia PR ad (5S¢ aldadl Al (e callil g ol 50 pilaina
Casile s 5 lile gy 3 g 50 (5 lae (g allly ¢ i) guand)
(AC) 12350 1l Ja=il(One phase ) 2aly jlé Jsi e
(AVR) 55 )G 13 candy

(AVR) ASsiba gl oY) Al gil) aliia § il
sl a3 (5 a3 Cuae Ay S s gl e ) 12a cally
e S A AC 2258 g al iy Sl a1l e
oo o2y (A aadiad AWl shi 1 6 Cuad(DC)
Lgalatinl aid 2l 3yl Lale Uy say Lgd aSaill 3y g 32a 1)
Sune (KV 12.7) () 2 pall 4 Ll A dl) od 5 o o ey
8l () o satl a8 G el (a0 A0 ) e dee sy
) ot N 2 all A Ll Al i) a5 S A Sla 53 5Y)
.(KV 12.7)(Rated voltage)
s Ao Jexy(motor) @ yae AVR Ji5la 8 Lagf an g
2aadl aadin el 13 o) Cus kKQ 4 e jlaie daglic Ao
Lede Bliall Cangy Al Sila 55V A8 i) alaial Ayl ddal)

ddass) 53 ol sall 48 Hlall 481 GIAVR) i ey *

45 ,la e 138 Juny (Cross current compensator )
(Setter motor) Ji Lesle & saia sall 2 gall .8 ylal) 43l Gl
Cross J (4 Al sall 48 Hall 4.8 gl aliail Juas 1) Cua

(Thirstier) 3 L) ey (current compensator)
<l g(Thirstier) H a4 3 33l 3 43 5 ST sl
D 5al) I3 PMG (e el sl A 33
e paSall 5 (il A gall A ) A ) i)
Feed < Jws (Cross current compensator) Ji 13}
Main exciterdi e 4333 & (e s AVR JBack
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Main Exciter

It Is A Generator Has A Higher Power Than The
PMG.

The Stator Is Feeded With Current Which Comes
From AVR, There Is An Alternative EMF ( AC
)Produced Inside rotor , this EMF Is Converted
To DC By Using Brushes, And This System Is
Called Brush Exciter, Then The Rotor Feeds The
Main Generator To Produce Rotating Magnetic
Field Which Excite An EMF For The Stator Of
Main Generator, Then There Is A Terminal

Voltage On Generator Terminals ( Fig(3-3)

: (Main Exciter) (i) zegal)

PMG J15,3 (e el 3,08 53 alge e 3 ke s

A 55 G AVR JF (e aaldll il a3 Culdll guaell 45303 3
w833 ke (ROLOT ) )53l saianll Jahs Al joS el s 58

5 (Brushes) Uil_8 Gaob (e L) saiue L3 () Ll s
(Rotor) J1 433 & (e 5 (Brush exciter) sUaill 138 oo
dery ¢ )50 ounlaline Jlae A58 s @l g ¢ ad Hl) A gall
A sali(Stator) Cuwlll guall 8400 S dadlas 8 Can e
JSal) ol sall ol phal e 38l 4 Al g Ml 5 aasd )

(*-¥)

Perpansnt Mapgnet-

Slip-Bing
Coll Conneclor Assembly

Staccr-
Permanent Magnei

Armature Coll

Shait
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GENERATOR

*  The Generator Type Is Three Phases
Synchronous — Excitation — Brushless And Has
Digital Excitation Control System-Heavy Duty
And It Is Installed Horizontally

* It Consists Of Stator And Rotor

* It Called By Cooled Fans Installed Above
The Generator

* It Is Fixed Through Bearings Which
Cooled By Forced Oil

BEARINGS

¥ Generator Provided With Bearings Which
Include Hydro Static Oil To Raise The Rotor

And Cool It.
* Bearings Is Found In Casing With 2 Halfs

* These Bearings Can Be Removed Through
Remove The Cap

* Bearing Consists Of Two Halves In Order To
Capable Of Remove It Easley With Out Moving
The Rotor

* The Lube Oil Is Flushed To Inlet Flanges Of
bearing Through Hydrostatic Oil Through
Electric Oil ~ Pump Installed At The Left Side
Of Generator Frame Or The Oil Is Flushed
Through The Main Lube Oil System

* We Insure That The Oil Is Entered Along The
Rotor Shaft Through Suitable Seals And Covers.

U PN |

90— el 35— da Y] S e 550 g gall A gl
=B A0t aSatallal 5hg (58 (50 (shaa (e
E:\SS‘R_\Sf"b‘)AM:tAJA}J —

@ aie s 5as (STATOR ) el e 3a (3o 0553
( ROTOR ) (J's0)
G5 Ae 5uim 5a 2 8 = gl e Adasl 5o ) gl 2 i Gy

898y gy gy Wy i aiy Jaead il S i ol gl
4 ba)

Bearings Jxeail) ol S

Gy 3 al s @l Jend il S5 055 2] sl

2ol g 5550 ad )l (Sl s 8

N Bl i 2 e 833 5a g0 ol S
o) S e

(Cap ) stasdl Al ) 35k e (o SU A ) (S

Aald 5 Sa diay (piaal e 9 9SS

o5l el a5 4l s
=S Jane it ) oy 8l Gy y e iy
Aol s (Sl g ) Cop 3 (el (33 5k (e
) ilall A 53 s ge Ay S Cuy ) AR aa
US e il a5 sl (sl ) <]
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Generator Specification Al gal) Sldia) ga
RATED POWER - 1250 KVA = 10.625 KW 1250 KVA=10.625 KW ialls s
RATED VOLTAGE >  10.5 KV +-5 % 10.5 KV +-5% il
FREQUENCY > 50+-2% 50 +-2 % 22 )
RATED SPEED > 1500 RPM 1500 RPM daall eyl
OVER SPEED -2 1800 RPM 1800 RPM ! A e 32 3 de )
BEARING TYPE > SLEEVE SLEEVE Jaanll ol S ¢ 53
RATED CURRENT > 687 A 687 A ol Ll
3 ° ta &
Exciter Exciter (3all) il
It Is A small Generator Consists Of Rotor And O aby dus @ jatie JAT sl giae 55 pua dlge g8 *
Stator Which We Can Through It Excite The - . . . C e 1a -
Main Generator With Direct Current Which pSa S e S oufi N A sl i aBBls
Control The Value Of Result Magnetic Field , eall A Jull c_,u\ rhalizall (adl) 408
And Hence In The Voltage , And The Exciter . ) i
Takes Its Excitation From The Output RPN PP IRPEN ?'L‘-"“ TrA O i) ghaty g
Automatic Voltage Regulator
Automatic Voltage Regulator (A.V.R)  Siila ¢ agall alaia (AVR)

* It Control The Out Put Voltage Of The Gk e gl (e Jal) gl b oSadll A
Generator Through Controlling The Field
Current And It Compares Between The BLEWN g TR ETRPT RS (EON | g W ?S‘ﬂ‘
Requested Field Current And The Existing )5 L5 adms s 3 9m5all 55V L5 o pllaal
Excitation Current Then Amplify The Control
Signal To Give It The Enough Power To Control il (B a8l e 481K 6 0l gilac Y

The Exciter.
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Relation Between Generator, Av

& Exciter

* Example If The Out Put Of The Generator Less
Than 10.5 V , And This Is In Case Of Increasing
The Load And Hence The Generator In This Case
Need To Compensate This Drop In The Voltage
And This Happen By Sending A Signal To
Automatic Voltage Regulator To Feed The
Exciter, So Generating A Magnetic Field On It,
Then It Inject A Direct Current In Generator Coils,

So The Generator Output Increases ....Etc.

9 Algall O ABNal)
AVR s EXCITER J

Mg e (Vee0 ) e 8l Algall 2 A IS
oda 4 Al gall 8 Maie 5 Dia Jaadl 30l ) Al 8
seall b Gaill Al g ) rling A
plaia 5Ll Jhas) Gasb e dlld sy
A g i) A g oS Sl s s
A pall L (i Falens o5 il Jlae

..... 130 5 a5l 2 3 38 (i) iy

DC Exciterssiuetl jLall 5,0¥1 ol _tesdell S
________________ Alain 'I}enerat-:-r

r _i Figld Arma

| Fiald ".rr__“'l-!.mrn | l/___

| = e = \ T “'—r;

| ? I T

| s 'j | K l\-q. _.-/f Aﬂ PT

: S || D |

|| Jhadiphd e |

| et it it v :

|4 | |I ' -

| + | """"'J 'I"I"'"' U

3 T Voltage
________________ Fegulator Ut

DC Exciter aiodl jboll 58] JU -7 0« {7 S 2
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Al gall dpaiida 55 8 guad

AIR INLET PLENUM

AIR OUTLET

MAIN COOLING FANS
AIR INLET PLENUM

EXCITER FIELD WINDINGS

J/J_/ » H'.. e /Recor = Trlal Ve - I ] DIODE WHEEL

I se P hs‘
g LN

ROTOR {FIELD)

PMG FIELD

STATOR WINDINGS

ELECTRIC GENERATOR
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Generator
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BEARING COOLING ROTOR WINDINGS
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Notes About Disassemblyand
Assembly Of Generator (ANSALDO )

1 -Cleaning The Stator By Chemical ( CRC ) ,
And We Can Perform Another Cleaning With

Another Chemical (Electro Cleaner Fast Star).

2 — Inspection The Insulation Of The Stator , And ]
Is Fabricated From Bakelite , Then Determining
The Damage Parts.

Notes :

Limits To Full Change = 40 % Damage

3 — Cleaning All Mechanical Parts Such As
(Bearings, Air Ducts , Rotor And Stator Parts ).

4 — Installation New Gaskets For Air Ducts.

5 — Inspecting Bearings .
6 — Installing Turbine Side Flanges.
7 — Disassembling All Labyrinths To Two Halves.

8 — Installing All Labyrinths On Bearings On
Two Sides.

9 — Installing Each Labyrinth Cover ( There Are
Three Pins Fixed In Three Holes Of Three
Labyrinth ).

10 — Transfer Beside The Turbine.

11 — Used A Devise To Catch The Rotor From
Load Gear Box Side, And Used ( Bar & Polaris

) From Excitation Side.

Generator Ansaldo

CRC Stator

( Electro Cleaner Fast Star )

Stator
) =
Rotor , Bearing)
( stator
Bearings
( )
()
Bearings
Load Gear Box
(Bar + Polaris )
Excitation
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12 — Assembling The Rotor Gradually Until
Disconnect The Third Flange.

13 — Disconnect The Bar From The Crane.

14 — Assembling The Cover Of Turbine Side
Which Put In The Front Of The Fan.

15 — Installing The Polar Again On The Crane
, Then Adjust The Rotor , Then Fixed It .

16 — Installing Two Polaris , And Fixed It On
The Load Gear Box ( One In Each Side ),
Then Adjust The Two Ends Of The Coupling.

17 — Installing The Lower Half Of Bearing

And Its Cover From Excitation Side.

18 — Installing The Blake Sealing ( O Ring )
On Its Position On Labyrinth.

19 — Tightened The Two Plastic Covers Over Fans.

20 — Tightened The Cover Of Turbine Side.
21 — Installing Outside Labyrinth For Each
Side Which Consists Of Two Parts, Then Put

Seal On It.

22 — Alignment Coupling Flanges .

Bar -
Turbine Cover -
Polar -
Excitation Turbine
Polar -
Coupling
bearings -
Cover exciter
exciter
Sealing -
O Ring
Casing
(O Ring)
Casing
Alignment -
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i

NOTE :
* The Flange Of Turbine Side Should
Be Lower Than Generator Side

By 0.17 MM.

23 — Installing Ol Pipes ( Source And
Drain ) At Load Gear Box And

Excitation.

24 —Installing Instrument Devices

Such As Temp. Switches, VIB. Sensors

0.17mm

( Source And Drain )
(Load Gear Box )

( Excitation )

Vib. Instrument -

Sensor, Temp. Switches
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Chapter 5 o) Gl

Y - 4 g 4 :,,q
Operation diy Al Jedd
* START UP PREQUATIONS ........oocccces tvevesesssseene Jadal) o4y cillaliial N
* CHECKS BEFORE OPERATION .........  rvvvssesnens Jadal) Jé ¢l jLad 0
* CHECKS DURING STARTUP ... e, Juddll ey oW s O

— Al — ) S Jal e el cljlid) 0

* CHECKS DURING (CRANKING— 7777 !
FIRING — ACCELERATION )..... ..........
* HOW TURBINE WORKS ? ovvoooooooi e (JAa) Gudl) ST A Jai s O
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Turbine Operation L,,uﬂ\ s
* Start Up Prequations : diy il el g oy cillaliial) oY
* There Are Several Checks Required W 35 Gy A SILEAY (e yaad) AU
To Start The Turbine Safety : s Juddl) gy dadw (lanal
1 — Insure Supply Fuel Pressure. A5l jaae ke e oSl 2
2 — Insure That The Manual Fuel Valve Is Opened. 5 g5l 3 gl aleca o e ST Y

3 — Insure That All Connections Is Very Good ( — Al ) Oha gl JaiSls Al e a8 Y

Mechanical , Electrical, & Instrument). (e — A S

4 — Check And Calibrate Instrument Devices. (ol 8 el 8 plaa s and

5 — Check Air Inlets And Exhaust Outlets To pre e 2SE alall 7 jliag el sgll JAlaa yani -0
Insure That There Is Not Any Damages , And That S Sl sl el ne (sl o of i 2 ga
There Is Not Any Missing Tools During

: : : . REHVPN (PG B P PR NG|
Installation Or During Inspection, Or Repairing.

y — Insure That There Is Not Any Leakage ( Oil — Gas ). (O —u)y) @omlamgale (e < v

7 — Insure That There Is Not Any Flammable Elements AL ol yal ol el f @YTA dga e e aslill v
Or Bolts Causes Problems During Start Up. ey e JSLdia (o8 o il O oS Jlai &
Sl
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Checks Prior To Operattion

* The Following Checks Should Be Performed Before

Operate A New Turbine Or Repaired Turbine.

* Assuming That The Turbine Was Successfully
Assembled And Alignment.

* It Should Be Operate The Aux. Lube QOil
Pump, Then :

1 — Insure That All Pipes And Connections Are
Correctly Fixed .

2 — All Inlets And Outlets Are Cleaned , And All
Common Pipes Have Not Any Strange Particles.

3 — Insure That Oil And Air Filters Were Changed,
And All Caps Are Tightened Correctly.

4 — Insure That Lube Oil Tank Level Is Suitable,
And If The Tank Level Is Low , This Means That
We Should Be Add With Oil.

5 — Check All Aux. And Emergency Pumps Such
As Lube Oil Pumps....,Check If There Is Any Leakage
Or Vibration Or Noise Or Overheating.....

6 — Check Lube Oil System For Leakage.

7 — Check All Thermocouples Conditions On
Gauge Panel , It Should Be Narrow From The

Ambient Temperature.
8 — Check Spark Plug.

_s Jedal) g ) il

A5 Jaandd A glae U8 Lebee Cang 4 il iyl
Leadlal o diy il Baaa

A5 5 s sy B 0 end Sl iy ¥

A0 ) el e (Al g aslual) ey 31 ey 3

AlSaly difia diy il COua gi g yal sall JS of 2S5 -
(333 50) dausliia ) gall Clidie alana () 5

Ak A4S yidall ol sall 5 adladl g Jsaal) (an) oSWal - -Y

alie 51 U8 Ay il iy 3l US e palil)

NCIRPE PP PPV (RS I QLIPS (RUNS ST L B
ol 5 4 53 e Cilelardl aen of U 5 W s

G saa(ann) JAly o il Gy ol yA olasls - ¢
G 4l (Gila) Aaaa AN OIS 1) Jurdal)
C) e dqslhall Bagall sl o5lasale)
e 45 jlall 5 3ac buall Clamall(lidl) jasiy o8 0
S e a6 il ) ke
j‘ r’_\.\km i J‘ .y | c(.k 9;1&\) &A’A\J‘L?\.J. -yl
...... 3.\3‘) B)\J; o) elia guia

J"M“—‘M‘U“L‘ﬁ‘)ﬂ‘uj)é‘“}‘()ﬁ;\)u"ﬁ\ -1

Al cilal 52390 JS G yda (Uanidl) Hdl -V

A0 (e A B 0S5 Ol (i 3ol Al da ) e
Ll sall ) a
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ATTENTION :

* Don't Test Spark Plug When There Is A

Flammable Air Is Found.

* At This Time It Should Forbid The Ground.

* It Is Recommended To Don't Operate The
Turbine When A Ground Occurred , And We Must
Treatment This Ground.

Start Up Checks

* The Following List Shows The Important
Checks With Turbine Inspection.

* When We Perform An Inspection , It Should Be
Follow Carefully All Parts Which We
Disassembled And Tested ( Checked ).

* This Inspection Includes ( Leakage , Vibration ,
Noise, And Hot Oil ).

During Cranking :

* Hear To Any Noise Due To Friction Between
Turbine Parts ( You Can Use A Device If
Necessary ) , Then It Should Stop The Turbine
And Insure If There Is Any Abnormal Noise.

* Check Abnormal Vibration.

Jlielon den g0 oS larie Ja i) Gilaad Huidd Y -
(Jaisdl) jlaasdd

Lenie o Of ity a1 gee (8 gl 13a die -
o) e ()3 HLEY) a3 13 Claa gl Jd sy aas -

Y 8 G paladl oy (STl Le dee oy o iy

Jeadal) Ly p U] (paadl)) Lasy)

o ) dagall il HLeaL (CaiS) A8 (e ala ¥
&) 55V ae A il Aipaa (Alpa ) #3lal 2ie Lelee
.s)‘w. ” - '!w- S\

Selal¥l gl Ay il Bla Jae o e -

oaaidll) Gaal ff Lgals o ) il Kl

PRE) o L iy Lghdl ya (= (C)\_ﬁ-ay\j
Ayl Jls
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CRANCKING ) s\
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During Firing_

1 — Check Fuel System ,And The Area Around
The Fuel Nozzle For Leakage , And Then Insure If
There Is Any Leakage In ( Turbine Parts — Gas
Manifold — Assembly Pipes ).

2 — Use Mirrors To See Sight Glasses Of
Combustion Chambers To Visually Inspect That
Each Combustion Chamber Has A Flame , And The
Flame Is Stable , And Its Center Is Inside The Liner.

* In Addition , Insure That Cross Fire Tube Is
Good And Un Burnt, And Spark Plug Is Good.

3 — Monitor The Turbine Control Panel ( Speed
Tronic ) For Any Abnormal Temperature From
Thermocouples Readings And Wheel Space
Temperature. , And Exhaust Temperature Spread ,
And Hot Spots.

* For Example ( A Combustion Chamber Fired
Higher Than Another.

4 — Hear To Any Abnormal Noise, And Any
Abnormal Friction.

5 — Monitor Vibration.

FIRING J) s\l

A Jsa o) Aaloall 5 LIS 3 68 o)l Ao glate yanil
o 35 g axe (e XU g o paiill o 38 1)
Dmslsdll + 3l g See o+ Al el el )

( Ananial

Gl yan A 3daa ol jad (553 STl e axii)
Ol Jlaid) Led s aa JS oi}:ﬁf paadi S (5l
Ja123 38 je gl dglaia ol 5 (plaiia) e gl

linerd

¢ Augile Cal o ) Ja5 4 gl o oSB ety ) dsleayl
e Jpanll Jag il Asiaa sl g Anadll o) yal
Cross Fire Tube <elll 4l
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Automatic , Manual

* Let The Turbine Work For ( 30 : 60 ) Minuet At
Full Speed No Load.

* This Period Permit A Stable Heating For All Parts.

* The Following Checks Should Recorded In Log
Book , To Compare It With The Recommended
Values ( Setting ) In The Future.

1 — Continue Monitoring Abnormal Noise , And

Stop The Turbine If There Is Any Abnormal Noise.

2 — Monitor Lube Oil Tank , Lube Oil Header
Temperature , And Drain Temperature During Warm
Up Period.

3 — At This Time , It Is Recommended To Check
Vibration With A Device.

* It Suggested To Record The Following Axial ,

Vertical . And Horizontal Readings :

# All Bearing Casing .

# Inlet Compressor Casing.

# Turbine Supports.

# Generator Bearing Casings.

4 — Check And Record Readings Of Wheel Space
And Exhaust Temp.

5 — Check Flame Detector Operation.

6 — Check Over speed System ( Mechanical And
Electronic ) During Inspection Period The Turbine.
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Heat Cycle For Singl Shaft Turbine

1 — Air Inters To Compressor , Then It Cross
Through Several Stages Compress This Air

Before Going To Combustion Chamber.

2 — Compressed Air Inters Combustion Chamber ,
Then Its Temperature Increased Due To The

Burning Of ( Air / Fuel ) Mixture.

3 — Hot Gases Produced From Combustion
Chamber Has High Temperature, Expands
Through Turbine Blades, So It Turns Both Of
Turbine And Compressor ( When It Impact With
The Blades ), Then It Produces Out Put Torque To
Turn Both Of Accessories And The Load
(Generator Or Pump...).
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Principles Of Operation
For Double Shaft Turbine

1 — When We Start The Turbine , The Starting
Motor ( Electric Motor Or Diesel Engine ) Rotates
High Pressure Shaft , So The Filtered Air Inters To

Compressor Which Compresses It ,

* There Is Bleed Valve On Compressor To Prevent
Vacuum And Surge Inside The Compressor., This
Bleed Valve Is Open During Start Up To Protect

The Compressor.

* There Are Inlet Guide Vanes At The Compressor
Inlet , It Is Relatively Close During Start Up,

And When The Speed Reaches To (85 % :95 %)
rpm., Bleed Valve Starts To Close , and [.G.V.
Starts O Open To Increase The Amount Of Air
Which Inter To Compressor.

2 — Compressed Air Inters To Combustion
Chamber Between Inside Wall Of Elbow And
Liner., Then The Fuel ( Gas & Liquid ) Inter To
Combustion Chamber Through The Fuel Nozzle

* Air Mixes With Fuel , Then They Ignite By
Spark Plug Which Found In Two Combustion
Chambers , Then The Fire Transfer To The Other
Combustion Chamber Through Cross Fire Tube.
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3 — Hot Gases Expands Through Turbine Blades
Which Consists Of Two Stages, Each Stage
Consists Of Stationery ( Fixed) Nozzles And
Moving ( Rotator ) Blades.

* Kinetic Energy Of Gases Increases In Each

Fixed Nozzles Row So The Pressure Decreases.

* In Each Rotating Blades Row , Kinetic Energy
Converts To Work Useful To
Shaft.

Rotate The Turbine

* After The Second Stage Wheel , Hot Gases Go
Out ( Exit) To The Stack Through Fans To
Convert The Gas Direction From Axial To
Vertical , So The Exhaust Pressure Decrease Near
To The Atmospheric Pressure In Order To Avoid
Noise Of Resistance , Then Go To Stack.

* Energy Produced From Hot Gases Used To
Rotate The Generator.
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CHAPTER 6

Oil & Auxiliary Systems

* LUBE OIL SYSTEM ..................

* HYDRAULIC OIL SYSTEM .........

* CONTROL OIL SYSTEM .........
* STARTING SYSTEM .........

* GAS FUEL SYSTEM .........

* LIQUID FUEL SYSTEM .........

* COOLING AND SEALING AIR SYSTEM ...

* FIRE FIGHTING SYSTEM ......

* VENTLATION SYSTEM .........
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Turbine Auxiliary Systems

* When We Talk About Turbines , We Should
Remember That All Turbines Equipped With
Auxiliary Systems , Which There Is A Function
For Each System ,

These Systems Are :

1 - LUBE OIL SYSTEM

2 - HYDRAULIC OIL SYSTEM

3 - CONTROL OIL SYSTEM

4 - STARTING SYSTEM

5- GAS FUEL SYSTEM.

6 - LIQUID FUEL SYSTEM

7 - COOLING AND SEALING AIR SYSTEM
8 - FIRE FIGHTING SYSTEM

9 - VENTLATION SYSTEM
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LUBE OIL SYSTEM

* Lube Oil System Contains Oil Tank, Pumps,
Cooler , Filters, Valves ,And Several Devices To

Control And Protect The System.

* Lube Oil Go To The Following Parts :

1 - TURBINE BEARINGS .

2 — GENERATOR BEARINGS.

3 — TURBINE ACCESSORIES.

4 - OIL GO TO (HYDRAULIC, CONTROL,
STARTING,AND RACHET ) SYSTEMS.

5 — COUPLINGS.
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Figure 1. Lube Oil System (Simplified)
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Functional Description :

* Lube Oil System Is A Closed Loop, Where The
Oil Is Sucked From The Tank Through Pumps.

* After That The Oil Go To Oil Cooler, Then To
Oil Filters, Then To Bearings And Couplings , And
Hydraulic System And Control System...

* There Are Many Devices To Protect The System
Against Low Level, Over Temperature, And Low

Lube Oi1l Pressure.

il Tank And Pipes :

* Qil Tank Is Made As An Integral Component For
Turbine Base, And Installed On It The Following Parts
# Lube Oil And Hydraulic Auxiliary Pumps , And
Emergency Pump , Starting Motor, Protection And
Control Devices , Accessory Gear Box ,Torque
Converter , Lube Oil Filters , Coupling Filters ,
Liquid Fuel Pump , And Gauge Panel .......

* At The Right Side Of Lube Oil Tank There Is A

Duct For Filling And Splitting The Oil.

* Tank Capacity = 6435 Liters = 32 Barrel ( For
Double Shaft Turbines ).
Note :

1- 1 Barrel=210 Liter =180 KG.
2 - 1 Gallon = 3.77 Liters.
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Lube Oil Pumps
* There Are Three Pumps In Lube Cu )b A Cldidae ED dae da g
Oil System: - A S Kl
1 -Main Lube Oil Pump Ao ) cun ) cu ) ddlas -
A — It Is Installed On Turbine Shaft And It Is ol o g Ay jill dgee e AS 0 & -

Rotated By Accessory Gear Box. seliad) g sl 3 g2im

Lol AV £ 9 e Ulle daaall 228

B — This Pump Is (Gear) Positive Displacement (GEAR) Positive Displacement)

Type. o Al o3 e g il liall lum oty -
C — Discharge Pressure Of This Pump Adjusted sl Galy 3

By Relief Valve ( VR1).

2 - Auxiliary Lube Oil Pump Baclual) Con 3l Cu ) Aduaa -Y

A — Tt Is Rotated With A.C Motor Placed g a5 psisedhanls IS A, -

Vertically Above The Lube Oil Tank Surface. Gl 38 s (358 L

B — It Is Centrifugal Pump Type . Center fugal &3S 5al 52l 55 (e (e Aaunall ol -

C — When Selector Switch Is Located On ( Auto ) b AUTO g o iVl #bie o Sy laie
Mode , The Pump Is Controlled By Low oadiall Cyy 5 dara - Uidey 4 sSae () S5 daiadll
Lube Oil Pressure Switch ( 63 Qa-1). Pressure Switch ( 63 QA -1)

S0 el s g e




“ uall “ s m s | 5 | guE
4 (] .,‘AA )—J.AA uJ Ak —_ m LKAS m

Js il g el S 5 (s
Egyptian Maintenance Co.

D — This Pressure Switch Sends An Alarm
Signal To Start Lube Oil Auxiliary Pump At
The Following Cases :

D — 1 — At Start Up , Where The Oil Pressure In

The System Is Low.

D — 2 — When The Turbine Tipped Due To Any
Reason, Where The Speed Decreases, Then The
Discharge Pressure Of Main Oil Pump Decreases
To The Value At Which The Pressure Switch ( 63
Qa-1) Is Set, And It Continue Working Along
Cool Down Period.

D — 3 — At Normal Operation , When The
Discharge Pressure of Main Lube
Oil Pump Decreases Either Before Lube Oil Filters

Or In The Coupling And Bearing Header.

d —4 — When There Is An Error Signal Represents
That The Lube Oil Pressure Is Decrease From
Main lube Oil Pump , Although The Actual
Pressure Is Normal Higher Than ( 63 QA-1 &

63QA-2).

ddlal) Jadal A 3 JLET Jlu b asly Lkl 128 -2
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Caaca 3 il 3
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E,.C

Valves
Thee Are Many Valve Types In Lube Oil System:

1- RELIEF VALVE (VR -1).

2 - CHECK VALVES.

3 - PRESSURE REGULATING VALVES (VPR-2).
4 - TEST VALVES.

5 - TEMPERATURE CONTROL VALVE (TCV).

1 - Relief Valve ( VR -1)

* This Valve Is Put At The Discharge Of Main Lube
Oil Pump To Protect It By Limit (Control) The
Discharge Pressure At A Defined Value , And the
Excessive Value To Tank Through This Valve.

2 — Check Valves

* It Put At The Outlet Of Each Lube Oil Pump To
Prevent The Oil For Return In The Reverse Direction
To Lube Oil Tank.

* This Valve Contains An Orifice To Lubricate The
(Main) Gear Pump When The Turbine Work At Cranking.

4 - Temperature Control Valve (Vtrl)

* This Valve Put Before Oil Cooler To Keep The
Temperature of lube oil at the operating value. To

Prevent any damage due to temperature increase.

(< sdad)) Slalanall

s fia iglid) (e Badmia £ 3 B a0l 030 A aa g

1 - RELIEF VALVE (VR -1).

2 - CHECK VALVES.

3 - PRESSURE REGULATING VALVES (VPR-2).

4 - TEST VALVES.

5 - TEMPERATURE CONTROL VALVE (TCV).

Relief Valve ( VR-1) 1

alll 13s 3y e Ol AD ) 2 33l 3 5 303

Check Valves - 2

e R N R
o Tadle Sall olad¥) (8 Gl ) (e g 3 aiay (S
Sl gl A

o3 S (Orifice ) 4ass Ao caldl a g ginyy *
Al ) A il Al e 58 Ca 3l B3 pame G H AeS
bl SN e o))l ol @llyy (2 5ead) Lo A jall

Temperature Control Valve -3 VTRI1
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3 - Pressure Regulating Valve (VPR-2 ) Pressure Regulating Valve (VPR-2) -¥

* This Valve Put After Lube Oil Filters, It Is e 8 syl 0 Ay alaall 138 2 gy ¥
Diaphragm Type, And It Is Used To
Regulate The Oil Pressure Which Go To

Bearings And Couplings. OISy Jaaatll ) S (e S ) A

* The Excessive Pressure Is Return To il lall  lgale) sy salyjlly
Main Lube Oil Header.
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Figure VR1-1 Pressure Reliel Valve, Sectional View
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Operation

At Start Up:

* When The Oil Temperature Is Low , Then This
Valve Is Fully Open At ( X) Hole. , And Fully
Close At ( Z) Hole.

* For This Reason , The Oil Flow Through The (
X )Hole To (O) Hole And To Bearing Surfaces.

At Normal Operation :

* Oil Temperature Increases , Then This Increase
Is Monitored By ( Sensor 1 ) Which Start Expand ,
And When The Oil Temperature Increase , At This

Time , The Sensor Expands Against The Plug ( 2
),So It Pull The Piston(14) To Down.

* The Hole ( Z ) Opens And The Hole ( X)
Closes, Then The Oil Flow Decreases From Pump
By Transfer A Part Of Oil Flow Through The
Cooler And The Hole (Z) .

* Oil Temperature Continue Increase And The

Sensor Continue Expand .

* At This Moment , The Piston ( 14 ) Moves To
The Maximum Its Stroke And The Hole ( X))
Completely Close , And The Oil Go Through The
Cooler And Hole (Z) .

Operation Jsdal
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Notes:

* This Valve Regulates Oil Temperature At
The Set Value.

* This Valve Put Before O1l Cooler, And It
Has A Sensor Metal.

* It is three way valve type. ( two inlets and
one outlet ).

* Hot Oil Inter From Oil Tank Side , And
Cold Oil From Cooler Side , They Mixes

And The Oil Exit At Set Temperature.

* Sensor Expands , So , It Closes The Hole
Of Hot Oil Side Partially, Then Some Oil
Flow Through It , And At The Same Time ,
The Hole Of Cooler Side Opens More , So
A Big Amount Of Oil Follow And The
Two Amount Of Oil Mix And Exit With

The Set Temperature Oil.
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Qil Filters
1 - Lube Oil Filters

1 — It Is A Double Filter Has Two Groups , One
Is Main And The Second Is Stand By.

2 — Between The Two Groups, There Is A Transferee
Valve To Convert From The Main To Stand By And

Vice Versa According To Work Requirements.

3 — We Transfer From One To Another When
The Differential Pressure Between Outlet And Inlet
=21 Psi

NOTE :

This Valve Installs After Oil Cooler To Insure
Clean Air Going To The Other Circuits

a3l i

A 1) g 1)y B -

Ofie sane e O3S0 7 53 e Al e Byl g8 2
bl AV 5wl Laaaal

( Transfer Valve ) dassicalilagimans -V
s Bl ) bl e gl dyeaill axdiay
Jaal e i el

O el (3,8 Juay Laaie il ff ol 2y -3
21 PSI Y Al J3ae gz e
_;Z\.Bjﬂa

Al pecal ST 30y day S je calll 12a
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Coupling Oil Filter Sl e Y
1 — It Is A Double Filter Has Two Groups , One Is O sana (0 O3S 52 5e Sl 0o B ke 2 )
Main And The Second Is Stand By. hlin) AV bl Laaal

3 caly Lagin -y
2 — Between The Two Groups , There Is A Transfer ( Transfer Valve ) sl Login > 5

. I alia¥) ) ol ¢ Al A ardi
Valve To Convert From The Main To Stand By And S BT G el o sl psaill oy
Jaadl cilillaie o uSal)

Vice Versa According To Work Requirements.

3—We Transfer From One To Another When The O Dl (38 Jeay Ladie il o Jysaill 2ty -3
Differential Pressure Between Outlet And Inlet = 21 Psi. DAl e 63 Badna dad ) yilal) JRda g 2 j3a

4 — This Filter Installed On 25 Psi Header Because 25 PSI bina spcpili bt o aag sildll e -4

The Coupling Is A Gear Type , So It To A 0588 05 ol o Al gl 0n SN Y
Friction Between The Two Sections Of It. Ll ) 5l O eall ASS iy B
(O gend) I3
SSSSSSSSSSSSSSSSSSSSSSSSSSSSSS SODESEESSESSESEESZEEZEEZZZ
. . dlaal) 5 3eal
Protective Devices = :
: _e e \ ‘ h o G
It Contains : t S BV oM Jaldi
. et . . wy W _\
1 — Pressure Switches e (63) bl clisu
63QN , 63QT , 63QA-2 , 63 QA-1 ]
(63 QA-1, 63 QA-2, 63 QT, 63 QN, 63 QL ) [ 63QL ,
2 — Temperature Switches - Jia 26 Byl A clliyew Y

(26 QA, 26 QT, 26 QL, 26QM, 26 QN) (26Q ,26QN, 26QL, , 26 QT, 26 QA ]
- B (71) )l s e Gldlypw -

3 — Level Switches [ 71 QL ,71 QH]

(71 QL, 71 QH, ).
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TP 010/1-A (2/2)

Lube Qil System s
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* Auxiliary Lube Oil Pump Starts
Drafts The Oil From The Tank ,
This Oil Pass Through The Header
Installed A Pressure Switch And
Valve On It .

* There Is A Pressure Switch ( 63 qa ) to
Sense The Oil Pressure And If The

Pressure Decreases , Then The Aux.

Starts.

, So It

Then
Which
Check

Pump

i a5 88 Janll 8 500 Uil A pallal) fag *
) 5 saalall (8 3l I e ) A e 3N
D g Caly g Lgale Jaa i (ulide g o
Check Valve 1 asl g oladl 8 < 3l

aams* (63 QA.) Switch a3l daicay sy
sacluall dacadll )8 la) aay (el 13) Gy
Janll 8 ) il
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* After That ,The Oil Pass Through An Orifice ,
Then Three Way Valve ( Temperature Control
Valve ) Which The Oil Inters From Two Sides
And Mixes , Then The Oil Exits At The

Recommended Temperature.

* After That The Oil Pass Through Oil Filters
Which Have 5 Micron, And There Is A
Differential Gauge To Measure A P Between After
And Before The Filter.

NOTE:

* Oil Pressure In The Header Should Equal 120
Psi Before Filter

And ( 100 : 115) Psi After Filter According To
Filter Efficiency.

* We Should Change The Filter When A P =21 Psi.

* After That The Oil Pass To An Orifice 4 Inch,
Then To Another Orifice 1.4 Inch. , Then It Go To
Lubricate 4 Bearings And Couplings Which
Connect Low Pressure Turbine With Generator,

Then It Returns To Tank.

* Note That Before The Oil Go To Lubricate The
Coupling It Passes Through Another Filters ( 3 Micron)

3 Way Gkl S8l e & Orifice el *
O ol AL Cu Bl (e aS gl Jaa el 13 o S
o a8 A L 3l e dnaS ) daay s o) A
Gl aa g S Al 3l pallda jn aie 7 5ag5 0 )
A sthaall Al die 3l 3 ) s A o @il axdiiy VTR ]

oY Laaae 5l a8 e 3l ey @lld ey ¥
O ) 05 Sae © At ld (hlaal )+ il V)
Feed Back g mg( bosaa »OU 4 e g sSa yild JS

Sy dé A p oudy duss Differential <l

di pis 120 = 05S o (i 5 smlall (& 3l i %
il
(Al 8ol aa ) il 2ay PIS (1100: 115) = OsSu

PIS 21 =lazall 3,8 (S 13) o yud by *

Al Gl o s (1) Dol e ol jeplld oy ¥
4 w3k 25 pis diea v atez iy Gusa(),6)
AU Ay il agee Gmday e b SB35+ Bearings

O AN (N s a8 Asall 35ee 5 LPT

N e ey ol sSU iy 53T cndy o U 4l Adas e e
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* Before The Oil Going To Coupling It
Passes Through A  Filter, Then
Temperature Switch (26 QT) To Trip The

Turbine When The Temperature Exceeds.

* And Pressure Switch (63 QT1) To Trip
The Turbine When The Pressure

Decreases.

* After The Oil Exits From Coupling
Filters It Passes Through A Pressure
Switch ( 63 QL2 ) To Trip The Turbine
If The Oil Pressure Decreased , then

goes to lubricate the load coupling

ot ol SV iy B 0 08 OF S 3
b S 26 QT i Switch zeilie e
5l :XA.)J A2 33 Ladie 4_\.:.1‘):\&\ alay 5 L)

5 smlall 8 3

b addiy Laaie 4w il s {63QT 1

REE

e o OlsSI I8 e C g A ey ¥
—afgy S ( Switch 63QL 2 )zl
Cady 25 ) gulall A Jazall (=eds) 13) ddy jl)

g 5 gl (8353 5all ol sS0) a
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Hvdraulic Supply System

It Used For Two Purposes:

1 — Operate (Move) Some Parts Such As (Pistons,
Valves & Pumps).

2 — A Part Of Oil Goes To Control Oil System To
Control Fuel (Gas & Liquid) Systems.

Example:

* It Prepares The Necessary Means To Open Or Restart
The Main Fuel Valve To Protect The Turbine.

* Oil Comes From Lube Oil System At 25 Psi ,
The It Inters To Main Pump ( It Rotates Through
Gear Box ) , And It Raise The Pressure To The
Recommended Value ( 1200 : 1350 ) Psi.

* If The Main Hydraulic Pump Can Not Increase
The Pressure To The Recommended Value , Then
The Pressure Switch ( 63 Hg-1 ) Gives A Signal
To Start The Auxiliary Pump.

* If The Pressure Decreases To ( 840 +- 30 ) ,

Then The Pressure Swich (63 Hq — 2 ) Gives
A Signal To Stop The Turbine To Protect It.

g uuel) &y daglila
: G llg ngl) gl andiey *
— ) e el pa¥l pan (hat) dides -
Y CENI g

ot aSanll aSaills sy M ddes jaz ya - Y
{ il + 3le )o@l dakal

i

3585l ey Caly eaysale) of il da DU Jilu gl jemy ®

gy ) len im sty

L vie Lube Oil il cuysis ge ol L *
Gear Al g Ha3) A dadb A J30525 psi
Gsbed a5 A slhaall Aadll <yl daiaa 28 5 685 (Box
{1350 : 1200 psi} Lo

dagdll o2z all Jia giy a5 o) aulai i 113y ¥
3Ll ey {63 HQ -1} ibhsnd) gl& (1150 +- 30)psi
(osise ddand 53 Jand (8 5) Jasi (S) Aux. 32 lusall dallall

(63 HQ-2)
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Figure 3. Hydraulic Oil System (Simplified)
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At The Exit Of Each Pump There Are

Some Valves:

Relief Valves (TWO )

* (VPR — 4 ) it control the discharge pressure of
aux. Pump.

*( VR—21) It Protects Main Pump When Its Inlet
Pressure Decreases.

Check Valve :

It Keeps The Hydraulic Lines Full Of Oil
When The Turbine Stopped.

Bleed Valves :

* It Bleeds Any Air Inside The Pipes.
* The Oil Exits From The Header To Filters 5 Micron
To Insure That The Oil Which Inter To Protective

Devices Is Very Clean.

* Qil Passes Through One Filter , And The Another Is
Stand By.

* There Is A Manual Transfer Valve To Change Over
From One Filter To The Anther One After Insure That
There Is An Equalizing Amount Of Oil In It .

* There Is A Pressure Gauge To Know The Differential
Pressure Between After And Before The Filter.

* If A P = 72 Psi This Means That We Should
Change The Filter.

* oil from this system go to the following CIRCUITS

1- Fuel Gas System  2- Liquid Fuel System

3- Control Oil System

MJS\:\—‘A-‘H‘U—‘MCJAAJ—‘; °
b gl Bas da gy Basleally

Y a2 5 Relief Valves *

mw\w\w@wmg;&:ﬂ (VPR-4)*
oaladi) aie A jll dpallal) ey aly (VR - 21) %
Ll Jatall Jaziall

Check Valve *

Ay il el 65 Ladie 3¢ glaa

Bleed Valves *

g oAl callall Gy i da gl Ay 6l 58 (o i #
8 el O e (S 058 0 B (g sl o 3l G
iy i) e

Dlle 30168 Jand (S Tax cadas cyyj Ll Jala *

hlin) DAY G5 Lty M sl el ey
AVl 5 qslladl Halal) Jiaal (500 Ji il pagy ¥
48 ol e Adlae S D 5 lasa 2a

) e il (3528 el e ) s e a g ¥

DN s e Mxie a8 72 PST Y (P A ) dad duas 1
A1 5 ) A el g A K
1- Fuel Gas System
2- Liquid Fuel System
3- Control Oil System
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Control And Trip Oil System

GENERAL :

* Turbine Protective Devices Consists Of Two
Systems:

1 — Primary Systems Which Work Through
Control Panel.

2 — Secondary Systems Which Work Directly On

Turbine Base Dependant From Hydraulic Trip

Speed Tronic.

* Hydraulic Trip Oil System Is The First
Protection For Turbine Between Speed Tronic
And The Devices (Parts) Oil The Turbine Base

Which Close Or Open The Fuel To Turbine.

* This Oil Is Used To Trip The Turbine Through
Open The Oil Loop To Fuel Gas And Liquid

Systems, And Then Returns It To Lube Oil Pump.

Control And Trip Oil System

ple a5

ad ol dalail ) Ay il A e B jgad adn #
Geob e Jery Lpnany o G 4 518 dalail
Jramy SAY) Gl gd i Il Saillia )
e Allie A il & S e adl Cun bl
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Cooling And Sealing System Air

The Air Used To Cool The Following Places:

* First And 2" Wheels.
* First Stage Nozzle.
* Turbine Rotor.

* Exhaust Casing And Bearing.

Cooling Air Sources :

1 — 10™-Stage Extraction Air.

2 — 15™. Stage Bleed Air.

3 — Compressor High Pressure Air Seal Leakage Air.

4 — Compressor Discharge Air

Cooling And Sealing System Air
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Al g g Ada jall A 530 0 gad) £ 8-
S Ala Ll i b Y
Ayl Hgisyadle Y

Cadil) ol S5 palall GDE -

Ll £l oh ilaa

bilall § pdlal) dda jal) (e (aliiie ¢ 58 -
belall jde dualdl da jall (e galiiua sl d Y

J:QL@J\;:\_J\.Q_\UACJBJ}A -¢

S0 el s g e




:I;AA“ ’ A BJ A
Uil g S ) (sa)

Egyptian Maintenance Co.

c W K T [ N 3 Q Q
o
o4l
VALVE OPERATED T0 o
270 DIA DIRT SEPPARATOR FIRE_PROTECTION
ORIFICE SYSTEM PRESSURE
CONTINUOUS [3sce-1]
BLOV DO~ "\ p'7 SE~578 DA COOLING AIR VENT
2 QRIFICE —
X ox ! N 0
T ]
543 DA == -
BRiFioe” VAL 2
f<_ 0200 DA<= RING L
P ORIFICE” —~ g/ MANIFOLD == .550 DIA EXHAUST = PC 22
& 20 (QUCTOR) ¥ GRIFICE
1]
INLET
16
|_625 DIA
AE-1D Y ORIFIGE
10% STAGE &
300 DIA / 24
ORIFICE ND. =
(UNICO) KEre. COMPRESSOR:
NN
TO OLL TANK IT;I;‘_‘
VENT VA 0.335 DIA
OIL DRAIN ORIFICE *
10% STAGE 0 OIL TANK
— VENT VLA, OLL DRAIN 2
AE-10 -
24
ES
E
P11 CONNECTION 1|
cs =——| 96CD
AES10 2|
a4
AD-1/1
- Cowi-08
Muovo Plgnone FIRENZE 2846216
TTEn
TTOLO — TITLE Q414
SCHEMATIC DIAGRAM N® SOM 5081127/3
UNGLA-LANG PAGINA—SHEET
COOLING AND SEALING AIR N
o [ ssue
e o SrsREoE T Sosmrumce 1L remces
NNNNN ev] oesTRITON © 2092 Nuovo Pignone Sp.A. all rights reserved ["Sosmrumo oa = Repuaced &Y

INVHOVIA ONIdId ¥IV ONI'TVIS ANV DONI'TO0D 8°T "Old

AIR EXTRACTION

BEFORE

AIR EXTRACTION FOR
ANTISURGE SYSTEM
AFTER TP STACGE

4°STAGE

AIR EXTRACTION FOR
COBUSTION SYSTEM

S0 el s g e




Js il g el S 5 (s
Egyptian Maintenance Co.

1-10""-Stage Extraction Air.

a- It Used To Seal Bearings No 1,3&4.
b - It Used To Cool Aft. Wheel Space For First

Stage Turbine Wheel.

¢ - It Used To Cool The Aft Wheel Space Of The

Second Stage Turbine Wheel.

NOTE:

Before Sealing Air Is Piped To Bearings No 1,3.,4
It Is First Passed Through A Centrifugal Dirt
Separator To Remove Any  Entrained Dust

Particles.

2 —15"™_ STAGE BLEED AIR.

a — It Is Used For Internal Cooling Of The Follow

Compressor Rotor Aft Stub Shaft Through Radial Slots

Machined On The Aft Face Of The 5" Stage Wheel.

b — It Is Used For Cooling Thr 15" Stage Turbine
Wheel Forward Face.

¢ — It Is Used To Cool The Aft Wheel Space.
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E,.C

3 — Compressor High Pressure Air Seal

Leakage Air.

A — It Is Used For Sealing The Bearing No.2.

B — It Is Used For Cooling The Compressor Rotor
Aft Stub.
C — It Is Used For Cooling The 2™ Stage Turbine

Aft Wheel Space.

4 — Compressor Discharge Air

* It Is Used For Cooling Combustion Chamber

Transition Piece

* It Is Used For Cooling The First Stage Nozzle

* It Is Used For Cooling The Shroud Segments

First Stage Turbine Wheel

LELaY (e g puaiial) £l gl - ¥
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CO2 Or Halon System
Fire Protection And Safety

Technoloqy

The Aim ( Purpose ) Of This System Is To Protect
The Turbine From Firing,

This System Consists Of The Following Systems:

1 — Extinguishing System.

2 — Alarm System.

* Extinguishing System Consists Of (Standing
Cabinet In Which Has Bottles (Cylinders) And
Accessories To Give Good Operation And A

Distributing Network For The Co2 Discharge.

* The Alarm System Consists Of A Series Group

Of Signals Installed On The Turbine, Which Sense

Temperature (Temp. Detector) And Sense Gas

(Gas Detector).

Ol o CO2 alii
Fire Protection And Safety

Technology

Cra Al 1 AglB g o QUBIN A (e pa jd) ¥
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CHAPTER 7

Control System

* Control Types (Hydraulic — Electric —
Pneumatic — Electronic).............

* Control Circuit Components.......

* Control System Components......

* Speed Governor.....................

* Control Systems
# Start Up Control....................
# Speed Control........................

# Temperature Control...................
# Protection Systems................

# Sequencing.........................

* Protection Systems
# Over Speed Protection..........
# Over Temperature Protection......

# Over Temperature Protection......

# Flame Detection...........ccoovveeen...

abead)
A 1) | asail) U

..... (5 - litla g — 2568 — S5 Saill gl gl ¢

......... SPEED GOVERNER 4e jull alaia ¢

coneennmennnes A A (B aSadl) Aal3) ¢

......... (Startup Control) Jseiill ey U oSaill #

.................. (Speed Control) 4e yull oSa3 #
........ (Temperature Control) 5l all &a )2 oSa3 #
............. (Protection) 48 5 #

........... ( Sequencing) &l #
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....... Over Speed Protection 3331 )l de jull (e dileall oUai #

Over Temperature Protection .‘.‘-,-.*SL’J‘ EJ‘JQ‘ :‘-.AJJ e :‘-,-.‘L“AM e\-k’ #

..... Vibration Protection dllall &l ) 3a ¥ (e dglasl) aldas #

............ Flame Detection —elll 28] jo alai #
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Control System

Gas Turbine Engine Is High Speed Equipment And
Its Auxiliary Systems Have Many Components,
Every Component Has Its Specified Rule In The
Periods Of Starting Or Stopping Or Operation.

* Both Of Starting And Stopping Process Need
Several Steps, Some Of Them Begin Or Stop At The
Same Time, The Others Begin In A Rapid Sequence.

* The Operation Process May Be Affected By Some
Troubles And Needs Direct And Instantaneous
Reaction To Protect The Turbine., It Is Impossible To
Let These Tasks And Reactions To The Man Power
(Human Capabilities).

* So The Turbine Must Be Provided With Control
System Which Is Able To Carry Out This Rapid
Sequence And Sense Any Undesired Variation Or
Any Fault In The Turbine Behavior Or Performance And
Take The Best Action To Deal With This Variation Or

Fault Instantaneously.

* So The Control System In The Turbine Is
Responsible For Caring Out Starting And Stopping
Sequence, Speed Regulation During Operation And
The Turbine Protection Against Any Trouble.
* The Control System Should Display The Fault Name
And Give An Alarm To Say The Operator To Follow Up
The Fault.
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Control Types:

* The System Uses Many Different Control

Loops To Perform Its Function Such As:

1 — Pneumatic Loops.( It Operates With Gas Or
Air Pressure ).

2 — Hydraulic Loops ( It Operates With Oil
Pressure ).

3 — Electric Loops It Operates With Electric Voltage).

4 — Electronic Loops ( It Operates By Analog Or
Digital ~ Signals From Solid  Solid-State
Components)

* The Control System Arrays And Arrange The
Function Of This Loops According To Definite
Program To Start, Operate, Stop And Protect The
Turbine Against Any Trouble.

* The Simple Control Loop Consists Of:

I — The process to be controlled.

2 — A sensor that measure the amount of the
process controlled variables a signal form.

3 — Set Point (desired value ) as a signal form.

4 — Programmable Controller.

5 — The Final Controll Control Element.
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is fed to the controller which compares the
actual signal coming from the sensor with
the set point signal ( the change between
them is called the error), the controller
sends an out put signal proportional to the
error signal to the final element ( such as
control valves , heaters and coolers..) to
modify its position to increase or decrease
the mentioned control variable to be as the

set point.
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Basic Definitions

* The Set Point:

- It Is The Value Which The Operator Put It
For Any Process Where The Controller
Works On Its Base To Do Not Let The

Measured Variable To Deviate From It.

* Span:
-It Is The Difference Between The Max. And

Minimum Value For Measured Variable.

* Control Point:

- It Is The Value Of Measured Variable At
Steady State Point.

* Off Set:

-It Is The Difference Between The Set Point
And The Control Point At Steady State

Point.

* Error:

- It Is The Difference Between The Set Point
And The Control Point Before Steady State At

Any Time.
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. Control System Components:

1 — Logic Cards:

* The Logic Card Is A Printed Circuit Board
Contains The Solid- State Logic Components Such
As (Nor Bit Units, Amplifiers, Filters, Diodes,
Capacitors And Relays ...)

*These Cards Are Used For Start Sequencing,
Annunciation; Maintain The Operation Condition,

Stopping And Protection The Turbine.

* These Cards Are Fixed In Chassis And Every Card
Has Its Special Number

2 — Module:

* It Is A Frame Contains Some Cards And Relays
Which Serves Specified Purpose.

3 — Miscellaneous Components:

* It Prepares The Required Signals To The Logic
Cards Or To Receive The Out Put Signals From
The Logic Cards To Translate These Signals Into

The Required Actions.( Such As Solenoids)
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Speed Governor

* It Is The Device Which Control The
Fuel Flow To Perform The Following :

1 — Increases The Gas Generator Turbine
Gradually During Starts Sequence, By

Increasing The Angle Of The Fuel Valve

2 — Increases The Power Turbine Speed To The

Minimum Operation Speed.

3 — Control The Fuel Within The Allowable
Limits Of Gas Generator Turbine Speed And

The Turbine Temperature.

4 — Protect The Turbine Against Over Speed

That Produced Due To Any Fault.

* This Means That It Keeps The Generator Speed
Fixed At Synchronous Speed To Maintain The

Frequency Constant And Equal To The Grid

Frequency By Controlling The Fuel Flow Rate.
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Governor Description

* It is an electronic device consists of a group of
modules, such as (speed control module — gas
generator turbine module — power turbine module
— speed demanded module.. ), each of them made
of several solid state and transistor components
and has specified function .

*It Receives Analog Or Digital Signals From
Different Control Loops And Provides Its Main
Out Put Signal To The Fuel Control Valve To

Reach Or Maintain A Presetting Speed

Main Control Systems

1- Start Up Control

2- Speed Control

3- Temperature Control.
4- Protection

5- Sequencing

Start Up Control Includes :-

1- Zero VCE 2- Fire VCE
3- Warm Up VCE  4- Acceleration
5- Max., Min. VCE.
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Start Up Control Includes :-

1 - Zero VCE 2- Fire VCE
3- Warm Up VCE
5- Max., Min. VCE.

4- Acceleration
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Start Up Characteristics

* When We Start The Turbine, The Nozzle
Control The Maximum

Value Of ( NCE ) Because The Speed And

The Temperature Are Under The Set Point.

* So The Second Stage Nozzle Will Open To

System Requires

Save The Maximum Power For High Pressure
Shaft Set.

* starting mean device increases the hp. Turbine
speed to firing speed (= 20% ).

¥ At this speed the purge period starts and
continue for I minuets to insure that there is

not any fuel inside the unit or in the exhaust

system ( to avoid any explosion).

Start Up Characteristics

*
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* At This Time, Cards Which Perform Start Up
Sequence Adjusts The Firing VCE. And Activates
The Spark Pug.

* When The Control System Detect The Fire,
VCE. Decrease To Warm Up Value To Reduce
Thermal Shock Which Affect The Hot Gas Path,
At The Same Time The Starting System Is
Programmed To Give Maximum Power To
Accelerate The Turbine.

* At The End Of Warm Up Sequence, The VCE

Increases With Exponential Rate:

JedY) Gl iy s ( Firing VCE) JI
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Acc=Al- A)
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* Also, At This Point The Exhaust Temperature
Can Increase With 5 Fo Each Second

*  After Few Time The HP. Turbine Will

Accelerate.

* Also, LP. Turbine Will Start Running And Accelerate.

* When The HP. Turbine Speed Increase, The
Efficiency Of Turbine Will Increase And The
Exhaust Temperature Will Decrease.

* At 60% Of HP. Speed, The Starting Slouch Cuts
Off Then The Starting Mean Stops.
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The Acceleration Cantrol

* It monitors the acceleration rate of ( HP. & LP.
) turbines if its rate exceeds 1% each second or

not, and it decreases VCE. To adjust this rate.

* The acceleration sequence finished when the

turbine reaches to complete sequence.

* At complete sequence phase, the hp. Turbine
will monitored and controlled by second

stage nozzle and the auxiliary's pumps stopped.

* After that the turbine can be loaded.

Note:

* Speed Tronic

* It Is The Heart Of Control System, It Receive
LP. Speed And Exhaust Temperature Signals
Then It Converts These Signals To VCE Signal
To Regulate Fuel Flow Rate Which Will Go To

Combustion Chambers.

The Acceleration Cantrol
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Speed Control

* It Compares Between The Actual Of LP.
Turbine Or Load And The Set Point Speed.

* Speed Control System Changes VCE. To Keep
The Actual Speed At The Set Point Speed.

* For Generator Turbines The Speed Range Is
Between (95% : 107%).

* There Are Two Types Of Governor

Speed Control

Speed e judl aliia sl The Governer (pkhiall ) asiy «
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Characteristics:

Isochronous

* Tt Used With Turbines Which Operate
Mechanical Loads.

* This Type Maintain Constant Speed For Each
Set Point Independent On Load Changes.

Droop

* It Used With Turbines Which Operate
Electrical Loads.

* In This Type , The Speed Decreases When The
Load Increases And Vise Versa

.( At Constant Set Point).

* When We Connect Several Generators With
Same Rid, This Type Permit To Distribute
Loads Between All Turbines By Changing The
Set Point.

-: Laa Charactesties

Isochronous
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Notes:

* For Turbines Of Constant Speed And Constant
Set Point, The Governor Is Stabilize At
Constant Load ( i.e. Constant VCE).

* From Time To Time, When We Operate Generator
Isolated From The System, Then We Can Use
Isochronous Characteristic.

* Speed Control Can Change (VCE) Between

Minimum And Maximum As Required.

* The Main Difference Between Speed Control

In Single Shaft And Double Shaft Turbines Are

1 — Speed Signal From LP. Is Used For Control (
VCE ), While HP Speed Is Controlled By

Second Stage Nozzle.

2 — There Are Two Acceleration Limit Control (
One For Hp, And The Second For LP.).

ks gala

Set JI S 4 A de judl s el il dadly  *
xie ) sie 58 (Governer) bl (fé 243 Point
(<5 VCE 2ie gl ) @i das

Iso chronous 4vala aladiul (S 4l

(&2 VCE J) s of (S Ao pudl b Kol
—sthe 4 WS (Maximum ) ,( Minimum)) ,

(38 B Speed Control aUii ¢ il G AN
-: %2 Two Shaft, Single Shaft

28l st andi i TP e diVlde pudls L)
Gaob e &y HP de s (8 aSadll 4 L (VCE)
2ND STAGE NOZZL

gobedll) Jonaill dgaa 8 a8a% 50 30 Y 2ae dagy -
Acc. Limit Control (
LP Jaaat Jaza (8 aSa553 0 g HP Jasald Jara (8 28355 il

e SO PR Bt iy
HP SET !r‘;-
] FIRE | 20%
: aAc { ‘
SELCELSEUHSAT:I?NJQ‘ 3 o ] et
¥ [.Te] GOVERN
GOVERNING MIN, [T} S :ﬂ( gy
MAX 100~ 232

S0 el s g e




3 all o ma dS i
Js il g el S 5 (s
Egyptian Maintenance Co.

Temperature Control

* ts Function To Limit Thermal Stresses At Hot

Parts (Buckets — Nozzles — Combustion
Chambers ) And It Is Activated At All Turbine

Operation Sequences.

* Internal Temperature Changes With Fuel And

Air Quantities.

* There Is A Maximum Temperature Which Any
Turbine Is Designed At It And If It Is
Exceeded It , The Age Of This Parts Will

Decrease.

* Firing Temperature Is Not The Actual Flame
Temperature, But It Is The Average Gas
Temperature Which Inter ( Go To ) The First
Stage Nozzle.

* The Same, For Overall Gas Temperature At
The Front Edge Of First Stage Bucket.

* It Is Very Hard To Measure The Temperature

At First Stage Nozzle Accurate Due To

Natural Changes In Gas Temperatures From

Combustion Chambers And Due To Short
Service Period Of Temperature Measuring
Sensors.

Temperature Control
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* Instead Of This:

1 — We Use The Exhaust Temperature As An
Indicator Due To More Mixture (Between Air
And Fuel) And To Insure More Long Life For

Temperature Sensors.

2 — The Level Of Exhaust Temperature Will
Change With Expanding Process Across

Turbine Section.

3 — The Ratio Can Be Changed With (PCD) .

4 — Temperature Control System Compares

between Turbines Operating Temperature

With Temperature Set Point Limit.
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Compares Between Turbines Operating
Temp. With Temp. Set point Limit

INPUT ;/_\ >

OUT PUT

INPUT ;/\ >

OUT PUT

Temperature set point

* (VCE) Reduces The Fuel To Forbid The

Exceed Of Temperature.

* Exhaust Temp. Is Measured ( T x ) As A
Pointer For Turbine Operating Temperature,
Then It Compared With Set Point Limit By
Control System.

O—

Temperature set point
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* Exhaust Temp. Is Measured ( Tx ) And The
Firing Temperature Is Calculated From The

Following Relation:-

Firing Design

UM\(’\&“\ eﬂ,}\gedw\ 3\)\\)&&4\;4‘;‘1{5& *

Gl 31 da o 48 mal 45V

Exhaust measured

P x =BAROMETRIC PRESSURE

K =CONSTANT

PCD = COMPRESSOR PRESSURE DISCHARGE

Temperature Control Consists Of 3

Subsystems:

1 — Temp. Control Comparator.
2 — Temp. Measurement

3 — Thermo Couple Processing.

Temperature Control System Has 3

Functions:

1 — Measuring Temperature By Thermo Couple.

2 — Adjust Second Stage Nozzle By Thermo Couple.

3 — Limiting Fuel By Temperature.

Y oad Al Aa b asadl) Sl G eSSy
-: de b dalii)

(Q)GA)BJ\)A&;)J# -)

ylada,nold oY

gl gl dg b oY

¥ ) awda adlad) 3 ) & da )y B asadl) aUAS
-:u.hd.‘\mj

Lﬁ)\)ﬂ\(\}d)&\%\}'&)\)ﬂ\&;)ﬁ L?qf&;_ﬂ\ =)
ol da s ok ge 2™ stage nozzle Josd) bws WY
Sl da 3 Gk o A S (23a3) Jana Ly

S0 el s g e



3 all o ma dS i
Js il g el S 5 (s
Egyptian Maintenance Co.

Thermo couple temp. Control system

1 — It is an electronic system receives its signal
from thermocouples which put in hot gas path, and
made average for these signals, then made
amplifier for it and converts it to volt signals
proportion directly with exhaust temperature.

2 — This volt signal enter two systems (nozzle
temperature control& limit fuel
temperature control

Nozzle Temp. Control And Fuel Limit Temp.

1 — They perform the function of exhaust temp.
control system, and i consists of electric signals

which control exhaust temperature_

2 — During normal operation, until reach 100%
rpm., hp speed and exhaust temperature still at
optimum values by nozzle control function
performance.

3 — During changing load it is limited by fuel
limitation performance.

4 — Devices in the system change to achieve the
fact of ( the temperature set point is less than the
temperature set point of gas control )

5 — When the exhaust temperature increases and
exceeds the nozzle control set point , the
compressor speed should increase to increase the
air flow rate to decrease the exhaust temperature .

6 — If nozzle control can not maintain the exhaust
temperature and the temperature is still increase
due to load requirements, the fuel cut back when
the exhaust temperature reaches to the max. value
such as the adjusted value which adjusted by
performance of fuel limitation.

7 — Turbine can be loaded until it exceeds the
value of fuel set point.

8 — To protect the turbine, it should adjust the alarm
and trip systems (for the exhaust temperature) higher

than the fuel set point.

Thermo couple Temp. Control System
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Sequencing

* Sequencing Circuits Is Provided In The Control
System To Ask The Turbine, The Generator, The
Starting System And Auxiliaries To Ensure That All
Processes Are Normal Especially At Start Up And
Shut Down Sequences.

* Feedback Signal From These Devices Work To
Continue The Operation Of The Turbine.

* Sequencing System Monitors Protection System
And Other Systems Such As Fuel System,
Hydraulic System, Also Generates Logic Signals To
Able The System To Operate And Stop Normally,
And This Signals Includes Speed Signals, Control
The Load Set Point, Start Mean Control And Timers.

Protection Systems

General:

* Devices Which Trip The Turbine Reduce The Oil From
Trip Oil Circuit Either Directly Or Through The
Hydraulic Dump Valve (20 HD) To Open And Decrease
The Trip Oil.

* When The Trip Oil Decreases, It Closes The Stop
Speed Ratio Valve.

* At Start Up The Hydraulic Dump Valve Should Be Closed.

* When The Trip Oil Decreases, The Speed Ratio Valve
Be Closed, So The Way Forward The Gas Which Go
To Combustion Chamber Will Be Closed.

* Also the second stage nozzle dump valve will
activate and  operates the hydraulic  cylinders to
open the nozzle buckets, then reduce the transfer of

power to load turbine to prevent it from over speed.
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Hydraluic Dump Valve (20 HD) :

* This Valve Is Normally Open And Its Type Is ( 2
/2 ) And It Is Put On The Trip Oil Circuit To
Close Speed Ratio Valve And Open The Dump
Valve Of Hydraulic Cylender Of The Nozzle And
It Electrically Connected With Start Up Sequence
In The Control Panel.

* These Circuits Operate Through Relayes Which
Found In Main (Start — Stop ) Circuit.

Manual Emergency Trip Devices

There Are 3 Devices For Manual Trip At
Emergency Mode :

1 — Installed under the pressure gauge panel.

2 — A Push Button Installed On The Main Speed
Tronic Pane

3 — A Hand On Over Speed Mechanism At HP&
LP Shafts

Components Of Protection Systems:

1 — Over speed protection.
2 — Vibration protection.
3 — Vibration protection.
4 - Flame detection

Hvydraluic Dump Valve 20 HD
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* Protection System Is Designed To Trip The
Turbine Electrically And Mechanically And
Electrically When  There Is Any Parameter
Exceeds The Limit Set Point Such As ( Speed,
Temperature,...... ) or if there is fault in any part.

* Protection System Is Working During Start Up
And Normal Operation.

* The System Out An Alarm When Reaching To
Very High Levels And When Any Machine
Work At Up Normal Mode.

* Protection System Consists Of Primary

And Secondary Systems:

* Some Of This Systems And Its Components
Work Through Turbine Control Panel.

* Other Systems Work Directly On Turbine
Components, So It Is Dependent Of Turbine

Control Panel.

The Hydraulic Trip System

* It Is The Primarys Protection System Which
Connect Between Turbine Panel And Turbine
Components,Or Shut Off The Inlet Fuel Through
The Main Fuel Valve .

* These Devices Shuts Off The Fuel Through The
Hydraulic Oil Trip And To Reduce Oil Pressure ,
And This Is By Electrohydraulic Dump Valve.
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Over Speed Protection

* Turbine Can Be Protected From Over

Speed By Two Systems:

1 - Electronic Over Speed Protection System.
2 - Mechanical Over Speed Protection System.

1 - Electronic Over Speed Protection System:

* It Consists Of 4 Magnetic Pick Ups , Each Two
Magnetic Pick Up Installed On 60 Teeth Gear
(Lp Shaft, Hp Shaft).

* Magnetic Pick Up Sends Ac Volt Proportion To
Frequency And Velocity. And If The Speed
Reached To 110% From Rated Speed , Then It
Sends A Signal To Control System Then It Trips
The Turbine.

* When Electronic Over Speed System Detects
Speed Over The Set Point, The Group Circuits
Which De Energize The Hydraulic Dump Valve (
20 HD ) Which Decreases Trip  Oil
Which Shut Off Speed Ratio Gas Valve And
Open The Second Stage Nozzle And Close Gas

Circuit

Control Valve.
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Turbine Shaft
Speed Measured
and Converted

to Voltage Signal.

Speed Sensed

by Magnetic
Pick-ups.
Overspeed Circuit
Ma.gnetic
Pickup Overspeed Setpoint

Typically 110 %

o

80 Tooth
Wheel

Master Protective Circuit
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Components Of Magnetic Pick Up And
Method Of Its Function:

*It Is A Fixed Magnetic Included By Coil In Insulation
Inside And Outside Threaded Housing.

* There Is A Lock-Nut Installed On The Housing
To Adjust The Clearance Between Pick Up  And
Rotor ( =0.005 +- 0.05 inch ).

* The Tip Of Pick Up Consists Of To Isolated
Wires (1 red - 1 Wight).

* The Gear Is A Part Of The Shaft And It Consists
Of 60 Teeth.

* Magnetic Filed Changes With The Distance
Between The Top Of Pick Up And The Tooth
Of The Gear , And This Generate Ac Volt
Discharged From Magnetic Pick Up.

When The Gear Running
The Frequency Of Generated Volt Equal The
Speed Of Turbine Shatft.
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Low Pressure Turbipe

Magnetic Pickup Arrangement (Typical)
(Ref. Dwg. 1130224961) :

1- LP SHAFT
2- M.Pickup

3- Tubing Glass Levine
4- Connector

5- Plug blat
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* Signals From Pick Up Converts To DC Volt
Proportion Directly With Its Frequency
(1.e. LP Speed ).

These Signals Is Used For :

1 — Monitor And Control The Turbine At Start
Up And Shut Down.

2 — It Used A Feed Back For Speed Control

During Normal Operation.
3 — To Stop The Turbine When Occurring Over
Speed.

Remark :

* All Previous Information Applied For Double
Shaft And Single Shaft Turbines.
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-Mechanical System
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2 - Mechanical Over Speed

Protection System

* It consists of a bolt installed on a spring

included on the shalft.

* When the shaft speed increases and the
elctronic system does not activated and the
speed reached to 112 % , then the cenrefugual
force of the shaft increases and push the spring
out side , then the bolt come out and touch with
atrigger cnnected with a mechanism  which
opens the oil drain to the tank, this means that the
oil pressure in hydraulic system was decreased ,
then it send a signal to control system to shut off

the fuel gas valve and trips the turbine.
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Overspeed Bolt Testing

* We Must Perform A Periodically Test For The
Over Speed Bolt To Ensure That The Bolt
Movement Is Free Also And The Trip Finger.

* We Should Perform A Test For Each Bolt Which
Found On Each Turbine Shafts.

When We Perform Tests :

# At Major Inspection.
# Each Two Months (When Turbine Stopped).
# Annually As Apart Of Maintains.

* For Turbines Which Work Along All The Year
(Heavy Duty).

Overspeed Bolt Testing
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Over Temperature Protection

* It Protect The Turbine Againest A Faulire Due To
Fire Or High Temperature , And It Works After Faulire
Of Control Systems For Each Speed And Temperature.

* Under Normal Operation , The Over Temperature
Protection System Reacts To Limit (Control ) Gas Fuel
Flow When Reaching To Firing Temperature.

* In The Other Side , If There Is A Faulire , The

Exhaust Temperature And Fuel Flow May Exceed

Control Limits.

* In Thih Circumfernce, The Over Temperature
Alarm Over

Turbine And This

Permits For Operator To Avoid Loaded The

Protection System Gives
Temperature Before Trips The
Turbine

If The Exhaust Temperature Increased To High Levels.

General :
* Set point alarm is over temperature control point
by 20 F.

* Set point trip is over temperature control point
by 40 F.

Over Temp . Protection
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Relation Between Tex & PCD

* The aim of this system is to provide the turbine with
a set point temperature limit.

* This relation is detrmined by compretion ratio
across the turbine.

* This is very important because the compression ratio
changes with speed .

* This results from a large change in temperature set point.

The Horizontal Line :

* Excpress about the maximum limit temperature.

*This limit is based to limit temperature of exhaust frame.
The Slope Line :

* Express about exhaust temperature or interance

temperature  which turbine designed however
increasing pcd or pressure ratio.

* This curve is independent for each turbine.

* It considers the average atmospheric pressure and

the exhaust back pressure.
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Flam Detection And Protection System

* It Is One Of Turbine Protection Systems.

* It Used To Detect And Monitor The Flame
Inside Combustion Chamber And To Stop The
Turbine If There Is Loss Of Flame.

There Are Two Requirements For This System:

1 — Protect The Turbine During Start Up Where
The Fire Is Established At 20 % Rpm.

* These Spark Plugs Continues Ignites For 1
Minuet, At The End Of This Time The Flame
Detector Should Detect The Fire
Combustion Chamber ,Otherwise The Start Up
Will Stopped And The Fuel Gas Valve Will
Shuts Off.

Inside

2 — Protect The Turbine From Flame Out During

Operation.

*If There Is Loss Of Flame And It Was Detected
During Turbine Operation, At This Time The Gas

Valve Will Close And The Turbine Will Stops.

Flam Detection And Protection System
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Vibration Protecion

* Vibration Protection System Consists Of

Vibration Sensors Installed On The

Following Places :

1 — All Bearings Of The Turbines.

2 — Bearings Of Generator.

3 — Load Gear Box

* These Sensors Measure The Vibration Then

It Send It To Control System To Trip The

Turbine If It Exceedsover Its Allowabl Limits.

* The System Monitors Two Levels Of
Vibration :

1 — Alarm Point
2 — Trip Point.

This System Perform Alarm And Trip
For The Turbine Through ;

1 — Turbine Control Panel.

2 — Hydraulic Oil Trip.

3 — Dump Valve.
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The Main Function Is :

1 — Alarm Vibration ( In Any Part Due To Any
Fault In The Circuit).

2 — Alarm ( When The Vibration Increases
To High Levels).

3 — Trip ( At High Levels Of Vibration).

Svystems Components :

1 - VIB. Transduces ( Pick Ups)
2- VIB. Alarm Card (SVDE )

3- VIB Trip And Fault Detected Card SVDC

4-VIB Calibration And Read Out Card SVD

o i) il gl

( 5oalall 8 cue o )Leix» & Alarm Vib. -)
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1- Vib . Transduces ( pick ups) (B3¥ ) ) jial 3@l )
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Maintenance Application Steps

* In This Chapter We Will Talk About Several
Important Bands Such As: Maintenance Meaning,
Importance Of Maintenance Application, The
Results Maintenance

Of Ignoring It, Types,

Maintenance Requirements,

The Correct Meaning For Maintenance:

It Is A Group Of Means And Procedures And
Zontinuous Operations Which We Should Perform

['o Put The Machine In Good Position For operation.

Maintenance And Scopes Of Maintenance:

* Maintenance Is A Continuous Operation, When
The Machine Is Running And When The Machine Is
Stopped Because Machines Overrides To Many
Problems Such As Corrosion, Oxidation, During Its

Operating Life.

* Maintenance Benefits:

1 — Keep Good Stations For Machine And Ensure

Good production

2 — Less Malfunctions And Less Economic Costs.
3 — Increase The Age Life For Machine.

4 — Stability Operating Conditions.
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First: Maintenance Types

1 - Preventive Maintenance

* It Is A Group Of Inspections And Services
Which Performed Periodically According To A
Plan (Through Maintenance Engineers) To Treat
Any Malfunction If Found Before It Happened.

* Maintenance Is Performed Daily, Weekly, And
Monthly, Where The Periodical Inspection And
Cleaning And Greasing And Lubricating......

2 - Corrective Maintenance

It Is A Group Of Operations To Repair The
Machines According To A Plan, And In This Type
We Should Perform The Following:

1 — Replacement The Defected Parts Which Its
Life Was Finished.

2 — Repairing The Defected Parts To Use It Again
If Possible (Welding ...).

3 — Adjust And Calibration For Some Parts Which

Need This Procedure.
3 — Emergency Maintenance

* It Is A Group Of Operations To Repair The Machine
Due To Emergency Damage Cause To Stop The
Machine Without Any Previous Plan.

* usually this damage is due to FALSE ( Incorrect )
Operation, Or Don't Perform Manufacturing
Instructions, Or Don't Perform The Correct Preventive

Maintenance.
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Results Of Ignoring Maintenance

1 — Power Losses 2 — Increase Costs.
3 — Decrease Quality. 4 — Decrease Production.

5 — Exit From Markets. 6 — Bad Environment Of Work.

Maintenance Scopes

* Maintenance Management Should Put Strategy
Aims For The Next Year. And This Strategy Should
Include The Following Bands:

1-The Method Of Performing Plan Maintenance Programs.
2 — Avoid The Non Plan Failures.
3 — Plan For Finishing Main Projects and Operations.

4 — Inspection Programs.

Maintenance Programs Can't Success

Unless The Following Aims Achieved:

1 — Continue Operate The Machines With High
Efficiency.

2 — Applicator Maintenance Programs Strategies.

3 — Achieved Decreasing In Maintenance Costs To
Arrive The International Rates.

4 — Keep Workers Activity When We Show
Decreasing In Costs, So That Keep The Quality
And Efficiency.
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Technical Documents For

Maintenance Operations

1 — Drawings In Details For Machine Parts
(Dimensions — Weights-...).

2 — Codes List For Machine And The

Technical Description For Them.

3 — Data About Special Parts And Time Of
Import And Price ......

4 — Manuals (Catalogs) For (Installation —

Operation — Maintenance).

5 — Maintenance Catalogue Should Include
The Instruction Of Corrective Maintenance
And How To Disassemble And Assemble
All Parts.

6 — For Each Unit, It Should Be There
Steps, Periods, And Methods Of Protective
Maintenance That We Should Perform For
Each Part.
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Comparison Between Pm And TPM

American Thinking Japanese Thinking
Preventive Maintenance Total Production Maintenance
(PM) (TPM )

It Concrete For The Specialist On | It Put To Benefit The Efficiency Of
Machines Maintenance, Although It | Production Systems As Possible.

Increase The Efficiency Of Machine, | Production Efficiency Increases By
It Can't Increase The Total Efficiency | Benefit Manufacturing Methods By

For Production Operations Maintaining Tools.

Operators Are Responsple For | Operators Should Perform Routine
Production Operations, While | Maintenance For Their Tools (Cleaning
Maintenance Staff Is Rsponsples For | — Lubrication — Inspection — Bolt Tighten
Routine Maintenance And Inspection, | - ....), While Maintenance Staff Performs
And Install Spare Parts. Install Spare Parts And Maintenance

Operations.

There Isn't The Idea Of Small Work | It Consists Of A Small Group For
Group Because All People Share In | Activates Through All Members , And
Work. All Persons Share With It From High
Management To Workers, And It Called

Co Operation worker Groups
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Third — Steps Of Application

Maintenance

Of Maintenance

That The

Before Mention  Steps

Application We Should Note
Management Is Responsible Of Chaise The
Person Who Is The First Responsible About
Maintenance, And He Will Perform These Steps
And He Supported From The Management To

Facilitate All Problems For Him.

The Correct Steps Of Application

Maintenance Are :

1 — Determine All Machines And

Devices Which Need To Maintain

It Should Be Collect All Unit Components
Which Need To Maintain And Rearrange It

According To Its Importance In A Table Show
Specifications And Its Numbers And It Place,

2 — Insure That All Catalogues Are

Found

This Point Is The Most Importance Because The
Manufacture Mentions All Data And Instructions
For The Method Of Correct Maintenance And
Spare Parts And The Correct Method For

Operation.
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3 — Determine Maintenance Operation:

* Maintenance Group Must Read All Supplier
Instructions And Manufacturing Company Which
Mentioned In Catalogues , Because The Supplier Is
The Important Side For Maintenance Group To
Dependant On Applicator The Preventive And
Corrective Maintenance Operation And Spare Parts
Order.

* This Means That Maintenance Staff Should Read
And Understand Continuously These Catalogs
Before Start In Maintenance Operation, And Return

To These Catalogs If Necessary

4 — Preparing Maintenance Schedules:

After Determining Maintenance Operations It
Should Put In Models And Tables Designed
According To Operations Type.
* The Daily Operations Assembled In One Model
For Each Machine,
* The Weekly And Monthly Operations Also.And So On.
S — Put A Maintenance Plan:

It Should Be Put A Future Plan For Maintenance

Operations By Putting Maintenance Periodic Plan
(Monthly — Annually) For Each  Machine

According To Manufacturing Company Instructions.

And Also It Should:

1 - Save The Workers.
2 - Save Spare Parts And Tools
3 — Determine Holidays Times.

4 — Determine Technical Holidays.
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6 — Training The Technical Persons:

* The Important Element Is The Training Workers

Which Increase Maintenance Operation And
Decrease Its Costs. It Should Be Choose The
Persons Which Able To Understand The Failures
And Its Causes And Methods Of Repairing It , And

Perform Continuous Training For Them.

* The Training Workers Decrease The Amount Of
Used Spare Parts By Inspect The Units And
Determine What Toole Are Should Be Replaced
And Cleaning And Repaired To Install It Again In
The Machine.

* Using Training Workers Achieve

The Following:
1- Increase Operation Unit Efficiency.
2 — Decrease Damages During Maintenance
Operations.
3—  Decrease Spare Parts.

4 — Decrease The Time Necessary To Finish The
Maintenance Operation.
5 —

Preparing To Avoided The Emergency

Conditions And Critical Stations.
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7 — Save Spare Parts :

* Saving Spare Parts And Necessary Tools Such
As ( Lubricant — Grease — Wires - .....) Are Very
Effective To Success Maintenance Plans Which Put

From Maintenance Staff.
* And If There Are No More Spare Parts, This

Cause To Increase Failures And Increase The Time
Of Stopping The Machine , So The Production
Quantity And Quality Will Decrease.

8 —Tools:

* Saving Tools Affects Directly For Success

Maintenance Plans And Performed It In The
Required Time.

* Tools Can Be Determined From Manufacturing
Instructions Or From Expense And Record It In

Special Files And Tables.
* Saving New Tools Decrease Disassembling And

Assembling Time , So Decreasing The Maintenance

Time And Increasing Operation Time.

9 — Perform Recording Date System:

* If This System Is Found With Maintenance Staff , This
Is Considered As The First And Last Reference For
Maintenance Reports Which Go To Management And

Determine Maintenance Plan And Buy Spare Parts.
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10 — Regulate Work (Orders) And
Responsibilities:

Technical Regulating:

* It Means Make Description Cards For All
Maintenance Operations, And These Cards Should
Include The Following:

1 — Elements Of The Work Which We Will Perform.
2 — The Required Time To Perform Each Element.

3 — All Required Tools To Perform This Work.

4 — Number Of Workers Required.

5 — All Spare Parts Required.

Management Regulation:

1 — Show The Construction Regulation For The Factory
For All Workers In Maintenance Department To Know
The Name Of Each Job, And The Arrangement Of All
jobs, The Distribute All Workers In This Department For
These Jobs, Then Show Each Worker His Job And His
Responsibilities.

2 — Choose Persons To Perform Jobs, Distribute
Responsibility, and Perform Work Orders........

11 — Monitoring Plan Perform:

1 — Determine Difference Between What We Planed In
The Maintenance Plane And What We Actually Perform,
Then Perform Monthly Report About These Points.

2 — Determine And Analyses Causes Of Differences.(
Not Saving Tools , Workers, Spare Parts,........ ).

3 — Take Corrective Actions (Procedures)
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CHAPTER 9

Types Of Inspection

* COMBUSION INSPECTION.....

* HOT GAS PATH INSPECTION...

* MAJOR INSPECTION.............

* BOROSCOPE INSPECTION....
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Types Of Inspection A A1 (A o pand) £ 80

1 - Combustion Inspection:

* It Begins From Fuel Nozzle To Transition
Piece, And It Includes:

(Liner+ transition piece + spark plug + flame. ).
stage nozzle detector 1*

2 — Hot Gas Path Inspection

* It Includes ( Combustion Inspection + 1,2&3
Turbine Stages ).

* It Is Recommended To Take All Turbine
Clearances Before Disassembly Any Part.

3 — Major Inspection

* It Begins From Flange To Flange, And
Contains (Combustion Inspection + Hot Gas
Path Inspection + Rotors + Bearings + ....).

* To Perform This Type We Must Remove The
Upper Half Of Casing And Bearings.

* To Calculate Number Of Hours Necessary
To Start Inspection:

1 — Calculate no. Of Starts.

2 — Calculate Total Fired Hours.

3 —Divide ( Step 1/ Step 2).

4 — If The Result = 1/25 This Means That We
Should Perform Combustion Inspection After
5000 Running Hours.

5 — If The Result = 1/41 This Means That We
Should Perform Combustion Inspection After
6000 Running Hours.

* The Following Table Show Scheduled

Inspections For Double Shaft Turbines:
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For Gas Turbine MS 3002

N | INSPECTION TYPE PERIOD FROM.....TO...

1 | COMBUSTION Every 16000 hours | Start From 10" Stage Of Compressor To 1*
CHAMBER Stage Nozzl

Every 24000 hours Start From 10" Stage Of Compressor To

72 | HOT GAS PATH Exhaust System.

3 | MAJOR Every 32000 hours | To Start From Compressor Inlet To
INSPECTION Low Pressure Turbine

* There Is A Fourth Type Of Inspection ((Borescobe Inspection).

p B pand) £ 4 B _pand) cud g1 dole il g Agla)
1 | COMBUSTION Every 16000 hours | .—ishéloalls bl dts yall o oy
CHAMBER A Aaall 35

(1" STAGENOZZLE )

2 | HOT GAS PATH Every 24000 hours | d\gS s hélall 3 pdlal) dda sal) ¢ fay
edw\ 9‘}9
3 | MAJOR Every 32000 hours Ll (Aa BELAN 40y (e oy
INSPECTION Low Pressure Turbine

( BORESCOBE INSPECTION ) s &, .58 M) ddlayl 1 *

: A9\ &l 38l s a3 Liner + Transition Piece ) ¢+ JS! upgrade Je 2 oSl *

1 — Liner Inspection After 12000 HR
2 — Combustion Inspection After 25000 HR
3 — Major Inspection After 48000 HR

S0 el s g e
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Types Of Inspection In SULZER Turbines
Single Shaft Turbine

Standard Overhaul Interval

( SINGL SHAFT )

Accumulated | Maintenance Accumulated Maintenance
operating Code operating hours Code

hours
8000 B 120000 C
20000 C 133000 D
33000 D 150000 C
50000 C 166000 D
66000 D 185000 C
85000 C 200000 E
100000 B

B = Inspection C = Minor Over Haul

D = Major over Haul E = General Over Haul

S0 el s g e
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Turbine Main Components Life Time

For Turbine Model GE 10

* Replacement Of Hot Parts

* Combustion Chamber Liners << every 33000 hr
* First And Second Stage Blades << every 33000 hr
* First Stage Fixed Blades

<<< every 33000 hr.

* Turbine Disks & Rotor Blades < every 100000 hr

* Stator And Its Turbine Blades <<< every 100000 hr.

* Hot Gas Path Casing <<< every 100000 hr.

* Power Turbine Blades <<< every 100000 hr

Notes

* Factors Affect On Turbine Life
(Maintenance Factors)

1 — Type Of Fuel.
2 — Starting Frequency.( Number Of Starts)
3 — Environment.

4 — Maintenance Practices.

(GE10)

Replacement of Hot

Parts

*

Combustion chamber liners <--

<—om-

Disks - <--

<Uaadla
A il pae B S5 AN Jalgal) aaf
(Bshesi) -
(Jiddl) g4y & pa 220 ) - Y
(Bl ) ) gl i) -
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* The Following Table For GE 10 Turbine Only :

Code Number

Mechanical Inspection

Control\ Instrument

Replacement

1 — compressor blades through air inlet.
2 — bearings without disassemble the
upper half.

3 — comb. Chambers, burners& fire

1 — fire fighting system,

and control system.

2 —re calibration

1 —in the turbine
which work
with liquid fuel.

2 — replacement

B Inspection | piping instrument devices. atomizer
4 — hot gas casing.
5 — turbine blades ( borescobe )
6 — gear box. 7 - filters
1 — compressor and turbine blades. The same. The same.
C Minor over 2 - Shaft Bearings 3 — gears.
haul 4 — Couplings 5- Alignment
6 — Accessories 7 — shaft alignment.
C+ Minor The same in ( ¢). The same. 1 — fire piping
over haul and 1 - burner
exchange of 1 — fuel nozzle
flame tube
1 — turbine
rotor blades
The same in ( ¢ ). The same. 2 _ stator

D Major over

haul

turbine nozzles
3 —fire piping

4 — fuel nozzles
5 — bearings of

accessories

S0 el s g e
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GE 10

Code Number Mechanical Inspection Control\ Instrument Replacement
= - super vision
=)
©
) _
Q — —
<P
== _
7
=
e Borescobe -
m -
_ -
=
g Shaft Bearing -
3 Gears -
>
< .
. Couplings -
=)
.; Alignment -
Accessories s -
@) _
C + Minor C -
over haul and
exchange of
flame tube -
C -
D Major
over haul -

HaSU Gajall ue 0 e
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Combustion Inspection

Disassembly:

1 — Disassemble Turbine Compartment.
2 — Disassemble Roof Attachment.
3 — Go Down Combustion Chamber Roofs.

4 — Disassemble Fuel Gas Lines.

5 — Disassemble Flame Detector And Spark Plug.

6 - Disassemble Fuel Nozzles.

7 - Disassemble Combustion Casing Covers.

8 - Disassemble Cross Fire Tube.

9 — Disassemble External Combustion Casings.
10 — Disassemble Combustion Elbows.

11 — Disassemble Combustion Wrapper.

12 — Disassemble Transition Pieces.

Inspection

1 — Check Fuel Nozzles.

2 — Check Combustion Liners.

3 — Check Cross Fire Tube & Retainers.

4 — Check Transition Pieces.

5 — Check Combustion[ Casings, Elbows ].
6 - Check First Stage Nozzle.

7 — Check Spark Plugs.

& — Check Flame Detector.

Disassembly &)

el o A ) ala Sl gl iy o8
) mhand iy o8 2

Lyl Gl s el JI L a8 Y
BEIRTPRIPUENCIL TP

JdYl Claad s gl CallS olay 8 ¢

A Gl iy s

Gl G e Clyginadphel iy 8 Y

Gaoall 50 Sy 0l il S (5 pmbe ) Dyl iy 3/
L Jal Goall ssineddel dipad ¢
Gapall 3l iy 8 Y

Gl sl (5 slall (Cuaill ) ¢ jall iy 8 _Y

50l i o a iy o6 -

Inspection (<aail

358511 (3l ol pand Ty - )

LINER JI (and oy Y
CROSS FIRE TUBE d! pasé ayy -Y
TRANSITION PIECE J) s oy -
Gaall g1 815 Gaall GBle pand oy -0
SV Al (353 pand 2y -1

Jai) cilaad LT 5 and 2 -V

Cielll CaBIS Lal y and oy -A
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Assembly

1 — Assembly Transition Pieces.

2 — Assembly Combustion Wrapper.

3 — Assembly Compression Elbows.

4 — Assembly Outer Compressor Casing.

5 — Assembly Comp Liners, Cross Fire Tubes, Retainers.

6 — Assembly Flame Detector. , Spark Plugs.

7 - Assembly Compressor Casing Covers.

8 — Assembly Fuel Nozzle.

9 - Assembly Gas Manifold Gas Fuel Lines.

10 — Assembly Roof, Roof Attachment& Side Panels

Assemblyaaaill

transition pieces S iy o8 )
combustion wrapper @ slall ¢ all (S i 8 Y
comp. Elbows Gl Caje o) 5SEas ji 8 Y

outer comp. Casing Gaoall el @J&\ e 5adl s i e§-2

comp liners , cross fire tubes , retainers (= A S as-0

flame detector. , spark plugs JLiY) Caradi g cdll eils S i (*3-.'l

.comp. casing covers Gl adle dplaef s iy H8Y
fuel nozzle 358 51 (8l ol S iy A8-A

gas manifold gas fuel lines Jl*“ L}k;} )L’d\ lagaan ‘—‘:‘S)-‘-‘ y‘é' 4

roof , roof attachment , side panels u.\S)l\ (’5-\ '

-
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Combustion Inspection

Parts To Remove:-

1 — FUEL NOZZLE

2 — FLAME DETECTORS.

3 — SPARK PLUGS.

4 — COMBUSTION CASING COVER.
5 — COBMBUSTION LINERS.

6 - COMBUSTION CASING .

7— TRANSITION PIECES.

Fuel Nozzle

Inspect For:

1 —BURNS. 2-DENTS. 3-NICKS.
Check Holes For:

1 - WEAR. 2-CRACKS. 3 -PROPER SIZE

s g i A 61 3aY)
FRERFoR

Cielll Cadls _ ¥

Jlay) daas — ¥

Geoall Cdle elae — ¢

Gaoall ) ghaul — 0

Gaoalldd e e — 1

Aaalad) ¢l jdl Jalal) ¢ 3l — Y
298 910 4 g8

BTSNy G\a.}i&‘—* cdll

Eua QAQM"\‘M'@@
DhAllZY F Y el )
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Spark Plug
Check For:
1 — Wear.
2 — Cracks.

3 — Freedom Of Motion.
4 — Test The Electrode.

Remark:

* We Should Not Use Excessive Force In
Retracting And Releasing The Piston Of
Spark Plug.

Jady) daady

: Cua G paadl)

Cazall — Y
C})ﬂ\—Y
AS all A pm T

25 I jlaal - g

s 4% gala
DRl g Ak die o 33 e B3 55 8 Jleatial pde

JlrdV) dradty Galall Guall

DNTd MAVdAS 6 DIA

=
LOCKING %‘—2
PLATE ! SPRING
LXTERI\AL/@
FLANGE
b
_ CYLINDER
TIEROD -_| J
e
FLECTRODE
PISTON STOP
® 7
L GASKET
g
COUPLING FLANGE
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Flame Detector

Check The Sensor

* Connect Two Wires Of The Sensor
With  Adevice Provided With A
Frequency Indicator, And Put A Light
Lamp Beside The Sensor:

1 — If The Pointer Moved And Read This
Means That The Sensor Is Good.

2 — If The Pointer Does Not Move Yet,
This Means That The Sensor Is Defect.

) adils

1 Y Galaald) ¢ 3l LA Al

231 ydisar 35 e Jlen pebuad) Dl Jra 5 oy *

ol Culisadl (o imy 1368 T 85 pigall @l e 13 —

pilis e Gl O imy 1368 pigall S jaty G113 Y

Flame Detector Sensor
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Combustion Cover

Check For:

1 - CRACKS.
2 - CORROSION.
3 — MISSING PIECES.

@Jﬂ\hﬁ glal
: ) LI ol

EsoAll
Jstal — v

At il ja — ¥

Liner

Factors Affected On Liner Life

1 -FUEL TYPE.
2 —-TURBINE TYPE AND ITS DESIGN.

3 —-LOAD TYPE AND NO. OF STARTS.

4 - FUEL NOZZLE SERVICE.

5 - COMBUSTION SYSTEM MAINTENANCE.

NOTE :

Sometimes We Can Maintenance The Liner , Then

Put It In Service Again , And Follow It Carefully.

(i pad) 43 gl

Liner J) s & JSig Al Jal g

PRESNON P P
Lyl meaigp s - ¥

NO. Of starts sl &) je23e 5 daallg 6 ¥

Fuel Nozzles ) maisaagdeds -
Gl alai Ala y aaiy lall -0

—cads gala

dis e 4l LINER I z3a) (Sey Ulal

Jaa dlalia cang Allad) 528 ‘;j 4l sale)
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Check Collar For
1 — Wear. 2 — Cracks.

CHECK CAP FOR :

1 — Cracks. 2 — Distortion. 3 — Discoloration

Check Liner Stop For :

1 — Cracks 2 —Wear. 3 — Distortion.

Check Slots And Louvers For :
1 — Cracks.

2 - Distortion.

Check Spring Seals For :

1 —Cracks. 2—Wear. 3 - Buckling.

:Cua Ga gkl LA Al
Esoal Y Camaall — )

:Cua (e pladd) LA A
Ol i — Y el Y F LAl
s G e Ad) gladd culial) ¢ jad) Lad)

Osll s Y Gl Y LAl

: o (o claill g 3 ) L)
a}ﬁﬂ\—\' tJJﬁJ\_

P Cua Ga Jolad) LA

gl ¥ el Y o0

Check Rivets For Wear.
cinal) dua ¢ ald gl JLER)
COLLAR
|

LINER STOP
SLOTS
AND
LOUVERS

CAP |

SPRING EEALS
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Transition Piece Checks

1 — Check Body For ( Corrosion — Deposits —
Cracks ).
2 — Check Forwarding Support Ring For ( Wear

—  Cracks).
3 — Check Floating Seals For (Wear — Cracks).

5l Jay) ¢ jadl &l jLda)

L) - L JSHE ) G (e aneall L) )
(&5

t;ﬂ\_dﬂ\)%wwhy\m‘)%‘—“
(

(& 58 — Camall) Cum o ) J 3l sl — ¥

FLOATING SEALS

S35l e e




et s, [TIVES v (2 vy
Js il gl iS5 saa)
Egyptian Maintenance Co.
Hot Gas Path Inspection oAl Jlad) s B s

Parts To Remove :

1 — All Parts On Combustion Inspection.

st
2 — Upper Half Of 1 Stage Nozzle.

3 — LP. Turbine Casing.

st
4 — Lower Half Of 1 Stage Nozzle.

5 — Second Stage Nozzle.

Check 1* & 2" Stage Nozzles For

1 — DENTS. 2 — CRACKS.
3 — EROSION. 4 — CORROSION.
* Cleaning Nozzles With Air, Then With

Cleaner (Penetration)

p lgsd by Al o) aY)

Geall G e b e Al S5 Bl o) 2 S -

st
1 Stage Nozzle. J slall caaill -¥

addiall axall iy Galdll Cadall Y

st
1 Stage Nozzle J il caaill -

2NP Stage Nozzle 4l dda ydl 350 -0

i (oo Al s 1) il pall (31 g i)

Epdll Y glasi¥l - )
GlaSl JSH - £ SplSaall JSH - Y
hamsSll Calially 5 o sglly 5 ) gl 5 *

T
::nlunxsuuu
SEREN ‘

EEEREEN
ml!“““n
'“uunn‘ LEw

1st STAGE NOZZLES

S el ae e




il g U IS 55 (s
Egyptian Maintenance Co.

Check radial pin for : 1S (e ol ogd) Joh JLAR) A
1 — CRACKS. Fooadl )
2 — CORROSION. Sl gl ¥
3 —IRROSION. ‘é:‘_‘w\ <l _y
4 — FOREIGN OBJECT DAMAGE. . s
A e e\.m;\ Q9 — ¢

2nd Stage Nozzle
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Major Inspection dlalsl) 3 sanl)
s LgSh gy Al 51 5aY)

ol 062 5 jee 31688 5 3 65l s - )
Ist Stage Nozzle. J sl caaill ¥
Uadaiall aaall Ay 5 adle — ¥

Ll Ala el 3g— £

gl sl JRhaa e — 0

5 — Air Inlet Casing. el e 1

Parts To Remove :-

1 — All Parts Of Combustion Inspection.
2 — Upper Half Of 1st Stage Nozzle.

3 — LP. Turbine Casing.

4 — Second Stage Nozzle.

6 — Compressor Casing. Ll 7 ia e

7 — Compressor Discharge Casing. ol S A
8 — Exhaust Frame.
Parts To Disassemble :- : g8 2l 5 A 513
Jrantll ol S dgkaef )
1 — Bearing Caps. o
. Jeanill ool S - ¥
2 — Bearings. <
) il s i 55— ¥
3 — H.P Rotor. o R D590
- L. ‘ .. ‘ Z\:IJJ .- - _ i
4 —L.P Rotor. et biall A 5 )58

1* Stage Nozzle. J dind) caaill — 0

5 — Lower Half Of 1* Stage Nozzle.
saddiall laraall Zay A4l J)all Gl - 1

6 — L.P Inner Casing.

Check Turbine Buckets For : Cua e AS adal) ) L)
1 — Cracks. 2 — Dents. gl - Y Faall )
3 — Corrosion. 4 — Loss Of Material. ) i
Odral) (g e) Jal ati— € J<u — v
Remarks: : Gldiadla
* We Should Ensure That There Is Not Cracks. Foosdd dga g aae (e S Cany ¥
* We Should Ensure That The Cooling 33 g2ue e 3 all ol g Ciladh o e 2SN iy
Holes Do Not Plug.
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Compressor Blade Repairs

Blade Condition Allowable Limits Corrective Action
Blades Bent Up to 10% of the airfoil height Cold straighten above pitch
from the tip and less than 25% | line and dye penetrant
of the chord length. inspect. Replace if bent below
pitch line
Hot straightening is NOT
allowed.
Tips Bent Up to 15% of the vane length | Cold straighten and dye
along tip and a maximum of penetrant inspect
60 degrees deflection.
Bent Airfoil Not acceptable Replace.

Inspect Babbitt Coating for:

* Cracks
* Missing material
» Excessive/abnormal wear

» Scoring and scratches

S el ae e
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Borescope Inspection

It Includes The Following Areas :-

1 - Compressor Blades
Dirts, Corrosion, Erosion, Foreign
Object Damage&Tip Clearance).

2 — Combustion System (liner& tr. piece)
(Carbon Build Up, Hot Spots, Cracks, Wear).
3 — Turbine Nozzles
(Cracks, Corrosion, Erosion, Burning

Foreign Object Damage).

4 — Turbine Buckets
(Cracks, Corrosion, Erosion, Tip
Clearance, Foreign Object Damage).

(il gaadl)
Ay ey £ gl 1A Jad
Jad Ll L_)j".-.U -

oastall - Leg e ali— bl Sailaaall JSEN — Sl sY)

sl Ay el

(B all JBLY ¢ jad) g 430 gyl ) (Bapad) daglaia _ ¥

(- od— galulii— g0 Sasmy)

A Al ALY (S N — Y

(Les 3 ili - 3y al) — LSSl y ilasl) JSEN £ 5,00

:@,\Jmk)ﬂd\g@j\_i

Ay paldl) a lall - Silaall 5 Slaasl JSUL 5 5 540

(Ln;‘}_;&_'eﬁ-&)l\

'fﬁf—ﬁlr— ,'_-:,:.,—1\.:\1

o _" b A-“‘"“j

el ®a
L —

Light Generator

Field of Vision

R _,J'! """

Borescope Inspection Equipment

A £S V- £ 5 —
Prism —/ \Obieclive

Rigid Borescope
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CHAPTER 10

Power Station Operation.
After Shutdown ................

Emergency Plan For

Belayim Power Station......

Standard Symbols And.
Numbers And Its Meaning....

Expressions (Mechanical,

Electrical& Instrument)........

Dictionary.....................

) Gl

JalS B g3 & gan amy ddasall Sl cifghd

s 98l ddasal g 5 gl ghall dad ¢

LY g Al a8 Y19 S5ad O

— A S — Aile) Ll g clalluas O
3381 5 jgal
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Operation After Complete Shut

Down

1 — Insure That The Main Reason Of Shut Down

Has Been Invalid.

2 — Insure That The Main Reason Is Feeder Or
Generator, And Don't Reset.

3 — Insure That All Switches Of All Generator
Units Are In ( Off) Position.

4 — Ensure That The Two Emergency Generators

Was Worked (Started Automatically).
5 — Reset For (Load Shedding).

6 — Reset For (Feeders And Generators), And
Recording All Then Reset The
Cause Of The Problem.

Alarms,

7 — Engagement The Bus Coupler Of (HV G S
) And ( Bus Tie ) Between Two Power

Stations.

8 — Reset For ( PCA ), And Engages All Circuit
Breakers Of aux. Loads Such As MCC,...

B gil) amy ddasal) (s &) glad
Jalsl)

) J Al el A v J e (e 2SI 1Y
.(SHUTDOWN

FEEDER OR ) s& Ja ASAal i (e astay -y
AEA i (reset ) dee o= 2o ( GENERATOR

Jl s Ao gl Clas 5 aes zilie of (e SW) Y
( OFF)

2 EMERGENCY )J ds&igeastll -t

. ( Generators

(LOAD SHEDDING) ' RESET Jee -©

FEEDERS & )J J<! RESET J—e -1
( ALARMS ) Jl JS Jinsi e ( GENERATORS
AlSad) e (RESET) e

HVGS ) J (BUS COUPLER) ) Gs-iix3 (e 2SI -
Gibadl  (BUSTIE ) Jl 5 (

(C.B’S) J1 S G2a3 5 (PCA ) I RESET e -A
(MCC’s ) J) dala sacludll JuaaYl dalal)
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9 — Disconnect All Loads Except For Petrico
Loads.

10 — Starting Any Turbine ( FR IIT ) With
Liquid Fuel With Help Of Mechanical And

Instrument Engineers

11 — After Starting The Turbine And
Loading It , We Should Insure That Petrico
Load Is Connected.

12 - Loading Marine Loads Through
Electrical Engineers With Sector Manager

And Fields Manager.....

13 — Insuring That Marine Loads Increased

To 10 Mw.

14 — Starting Gas Compressor Of Power

Station.
15 — Loading Land Loads.

16 — Starting Another Turbine With Liquid
Fuel, And Loaded It On The Grid, Then
Completing Marine Loads , Then Connecting
Land Loads With L.P.G. First , Then The
Other Loads.......

After That We Can Complete Operating

The Power Station.

MARIN OR ) <uilS ¢ s dandl) Jlaal gsen Jusi -9
(PETRICO ) J! Jeal lae ( LAND

FRAME 3 ) Jdl@laasgesl dadiiead o).
<y 5 (LIQUID ) 258 ( TURBINES

RS YEN IPR TN TV PIVE PN 1 P W

Sl iy 403 e L Jdadl 5 dag il Jdi die 2))
(PETRICO ) J Jleal Jsua 55 (1

el Sl eniga (aob (e sl Jleal Juesd dead) Y
sle el ae Gaaiily g ldadll a5l o g sall

(TOMW ) GV adl) Qleal Jsaas oo S a0 VY

( GAS COMPRESSOR ) Jl Jsii b endl -
Adaadlly palal)

( LAND ) J) Jual dsani o eadl V0

Lo dsaall sLad ((LIQUID) Al dny il dii )1

doest G eadl sl ad) Jlaal LSS 54802 e

Jeaa¥l Fl o ( LPG) J) e Al Al Jliaa)
Jsiall ple pae ad) ae Gl 4paaY) s

A (3 gt Lol Anaall i ALaSS o
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Emergency Plan For Power Station

Expectation Hazards :

1 — Gas Or Liquid Leakage.
2 — Firing.

3 — Flood (Torrential).

4 — Employment Problems.
5 — Distortion.

6 — War.

Simple Leakage :

* The Supervisor Is The Responsible To Insure
Leakage Zone. And The Maintenance Team
Perform The Requirements Under The Order Of
Safety Engineer

In Case Of Leakage In Gas

Supply Ducts

* Maintenance Engineer Orders To Perform Shut
Down.

* Shut Off The Main Gas Valve

gﬁ:\h&dg)\#\&i

Lo (e Al jlaliial) 283

Nsm sl Je i )

G~ =Y
Jepu -V

.E.\u.u_uj.ﬁ

ra T

Gty (i) dilaie (s e I dgay 50 L)

= liall ¥ Gatiga il ) it a 3 Jans o s Lilpall

<l il daal Jad 8 cupud A B

(Y Jar Bl puriges 58y )

Shut Down dJexy el s¥) jaa; =)

esendl Gl 5y 5k e Jall e sanll jaad) 3lay WY
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Gas Compressor Leakage:

1 — Stopped All Activities In This Zone Such A:
Welding, Maintenance,

2 — Perform Complete Or Partial Shut Down.

3 — Closed The Main Supply Valve.

4 — Calling The Extinguish Persons .

5 — Prevent All Cars And Machines In This Area.

6 — Evacuate This Zone From People.

7 — Following The Action And Using The Fire
Fighting Bottles....

8 — Calling The Radio Station In Details.

9 — Inform The Sector Manager.

In Case Of Firing :

1 — If The Turbine Temperature Rose, Then
The Turbine Will Trip.

2 — If The Turbine Didn't Trip Automatically,
We Must Emergency Stop The Turbine,
And Use The Fire Fighting System.

3 — Stopped All Activates.

4 — Readiness To Use The Ire Fighting
System.

5 — Calling The Radio Station And Inform

Them All Information.

-l ks pa B S Gy Gigaa A B

Llpa s alad (e dilaiall 23 (8 Alil] apen iy - )
AL

S o) S~ Shut Down Jee o3y - ¥
el eyl A Ble gy Y
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In Case Of Cables Or High
Voltage Firing:

1 —If There Is A Heard Alarm ( Fire Detector ) ,
This Means That It Is Forbidden For Any One
To Go To This Zone.

2 - If The Problem Is Very Big , We Must Shut
Down , And Disconnect All Cables Fro The

Power.

3 — The Maintenance Engineer Must Inform The
Fire Fighting Station.

4 — Used The Fire Fighting Bottles And Keep
Off All Persons.

5 — Maintenance Engineer Inform Sector
Manager And Radio Station.

In Case Of Firing On Gas
Compressor Station:
NOTE:

* This Plant Is Provided With Fire Detector
Which Out Put An Automatic Alarm And
Shut Down For This Pant.

1 - If There Is Acoustic Alarm, We Must Shut
Down The Plant Automatically.
2 — Informing Radio Station.

3 — Informing Sector
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In Case Of Flood (Torrential)

* Shift Engineer Perform The Following :

1 - Informing Radio Station .

2 - Informing Sector Manager.

Incase Of Problems Between Workers

* Shift Engineer Perform The Following :

1 — CALL RADIO STATION

2 — Inform Sector Manager

3 — Follow Up Manager Instructions

4 — Wait The Order From Field Manager
5 — Control And Quite All Workers

In Case Of Destruction

* The Responsible Perform The Following:
1 — Control The Zone Internally And Externally.

2 — Calling Radio Station And Informing Them
About All Information.

3 — Following All Procedures For Any Abnormal Change:

4 - Waiting The Order From Field Manager To Stog
The Work.

In Case Of Ware Or External Problems

* Following Instruction From Emergency Room.
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Numbers And Its Meaning_
NO Description
1 - MASTER CONTROL SWITCH (START-STOP)+SIGNAL
2 _ TIMER
3 - CHECK ( SIGNAL FIRE RELAY )
4 - MASTER [ CONTROL AND(OR) PROTECTION ] SIGNAL
S - TRIP SIGNAL [ PUSH BUTTON , DIESEL ENGINE ]
12 - OVER SPEED
14 - SPEED RELAY SIGNAL
20 - SOLENOID
23 - HEATER
25 - ATOMIZING AIR TEMP. SWITCH
26 - TEMPERATURE SWITCH
28 - FLAME DETECTOR
30 - ANNUNCIATOR ALARM
33 - LIMIT SWITCH
38 - LOAD GEAR DRAIN HIGH TEMP. ALARM
39

- VIBRATION SENSOR
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43 - SELECTOR SWITCH [ ANY SELECTOR SWITCH |
45 - FIRE FIGHTING

46 - NEGATIVE SEQUENCE RELAY

48 - INCOMPLETE SEQUENCE

49 - AUX. MOTOR OVERLOAD RELAY

52 - AUX. PUMP MOTOR CONTRACTOR

62 - COOL DOWN CONTROL SIGNAL AND RELAY
72 - RELAY [ START DIESEL STARTER MOTOR - FR1 EMERGENCY LUBE OIL CONTROL ]
77 - MAGNETIC PICK UP

83 - TRANSFER RELAY

34 - TRANSFER LIMIT SWITCH

36 - SHUT DOWN LOCK OUT SIGNAL

90 - S/R SERVO VALUE , AUX RELAY

94 - NORMAL SHUT DOWN RELAY

95 - SPARK PLUG + IGNITION TRANSFORMER

96 - LVDT
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Motors Symbols And Numbers

SPEED LIMITS R.P.M ELECTRIC MOTORS SYMBOL
7.5 kw, 1500 r.p.m AUX. HYD. MOTOR 88 HQ
380 v, 3 phase
3.7 kw, 2950 r.p.m AUX. LUBE OIL MOTOR 88 QA
380 v, 3 phase
7.5 kw, 1450 r.p.m EMERGENCY LUBE OIL PUMP 88 QE
110 Dc
160 kW,  50hz STARTING MOTOR 88 CR
380 v, 3 phase
3 kw, 380 v MAIN VENTLATION MOTOR 88 BA-I
3 phase, 50 hz
1 kw, 380 v LOAD GEAR BOX VENTLATION 88 BA-2
3 Phase, 50Hz MOTOR

(N.Ozsida) (N.C/ i) TEMPERATURE SWITCHS

FR GT FR II1

=(71) C°F° ) 2.8 (159.8+- | MAIN LUBE OIL HEADER HIGH 26 QA
TEMPERATURE ALARM

(176 +- 2.8) F° =80C MAIN LUBE OIL HEADER HIGH 26 QT
TEMPERATURE TRIP

(50 +- 2.8)C NORMAL LUBE OIL 26 QN
TEMPERATURE.

F = 13 C°+-2.8) (554 LOW LUBE OIL TEMPERATURE 26 QL

(134.6 +- 2.8)F = 56¢° MODERATE LUBE OIL 26 QM
TEMPERATURE

50F =10C° HIGH TEMP. ALARM TURBINE 26 BA
COMPARTMENT
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DEENER | ENERGIS
GISED | ED SOLENOID DEVICE SYMBOL
AtoT PtoA STARTING CLUCH SOLENOID VALVE 20 CS
HYDRAULIC DUMP SOLENOID VALVE 20 HD
open close
LIQUID FUEL CLUCH SOLENOID VALVE 20 CF
FUEL GAS SOLENOID VALVE 20 FG
LIQUID FUEL SOLENOID VALVE 20 FL
200 VG
open close GAS VENT SOLENOID VALVE
OPEN | CLOSE SYMBOL PREESUR
SWITCHS
NORMAL LUBE OIL PRESSURE TO 63 QN
18 +-1 D STOP EMERGENCY PUMP.
LOW LUBE OIL PRESSURE 63 QL
D 6+- 1 EMERGNCY PUMP START
LOW LUBE OIL PRESSURE AUX. 63 | QA-1
108+-5 100+-5 PUMP START
12405 LOW LUBE OIL PRESSURE AUX. 63 | QA-2
) PUMP START
LOW LUBE OIL PRESSURE TRIP.( 63| QT-2
+-0. +- 1.
8+-03 1015 | AT COUPLING )
LOW LUBE OIL PRESSURE TRIP ( 63 QT-1
8+-0.3 10-+1.5 AT BEARING).
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LOW HYD. SUPPLY PRESSURE 63 HQ-1
1150+-30 | 1050+-20 AUX. HYD. PUMP START
LOW HYD. SUPPLY PRESSURE 63 | HQ-2
840+-20 | 945+-30 TRIP.
16+-1 21+-2 LIQUID FUEL PRESSURE 63 | FL-2
UPSTREAM OF STOP VALVE
20+-0.5 25+-4 HYD. TRIP PRESSURE FOR LIQUID 63 HL
FUEL STOP VALVE.
20+-0.5 25+-4 HYD. TRIP PRESSURE FOR GAS 63 HG
FUEL STOP VALVE.
Miscellaneous Devices
SYMBOL MISCELLANEOUS DEVICES
HP TURBINE over speed Alarm Nc
12 HA
LP TURBINE OVER SPEED Nc
12 LA ALARM
LIQUID FUEL STOP VALVE LIMIT
33 FLI- SWITCH.
33 HR HYD RATCHET LIMIT SWITCH
33 CS STARTING CLUCH LIMIT SWITCH
HAZARDOUS ATMOSPHERE
45 HA DETECTION
45 CP FIRE PROTECTION CO2 Close 5 kg/cm’
PRESSURE SWITCH.
45 CR-22 FIRE PROTECTION CO2 RELEASE
SOLENOID VALVE.
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45

FA-1

FIRE DETECTOR ACCESSORY
COMPARTMENT.

Nc close 225F°

45

FA-2

FIRE DETECTOR ACCESSORY
COMPARTMENT.

Inc close 325F°

45

FT 1-2

FIRE DETECTOR TURBINE
COMPARTMENT.

Inc close 450F°

45

FT 3-4-5

FIRE DETECTOR TURBINE
COMPARTMENT.

Inc close 600F°

77

HC 1-2

HIGH PRESSURE SET MAGNTIC
PICKUP ( SPEED CONTROL)

77

HT 1-4

HIGH PRESSURE SET MAGNTIC
PICKUP ( OVER SPEED)

77

LC 1-2

LOW PRESSURE SET MAGNTIC
PICKUP ( SPEED CONTROL)

77

LT 14

LOW PRESSURE SET MAGNTIC
PICKUP ( OVER SPEED )

77

FD 1-2

FLOW DIVIDER MAGNETIC
PICKUP - SPEED

SYMBOL

NAME

HA

23

HT

23

QT-1 23

SPACE HEATER-ACCESSORY
COMPARTMENT

SPACE HEATER-TURBINE
COMPARTMENT

EMMERSION HEATER - LUBE OIL TANK.

28

FD2345

FLAME DETECTORS FOR C.C.2,3,4,5

1=No flam.0=
flame

CP-1 33

CS

33

FL1

33

HR

33

CO’ OPERATED BLOCK VALVE
LIMIT SWITCH

Normal= NO
Normal =

STARTING CLUTCH LIMIT SWITCH. | sWitch

LIQUID FUEL STOP VALVE LIMIT

SWITCH.

actuated

HYD. RATCHET LIMIT
SWITCH
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QA-1 38 | LUBE SYSTEM TEMP. TURB.
.BEARING 1 DRAIN ALARM
QA2.34 38 LUBE SYSTEM TEMP. TURB.
BEAR2.3.4 DRAIN ALARM
QA-T 38 | LUBE SYSTEM TEMP. TURB. BEAR.
THRUST BEAR DRAIN ALARM
Vi1 39 Vibration sensor Outpu temp
<500 temp =0
to 400 f out
V2 39 Vibration sensor put voltage
atl inch/s =
200mv
HA 49 OVER LOAD SPACE HEATER (23HA)
HT 49 OVER LOAD SPACE HEATER (23HT)
LIQUID FUEL PUMP SERVO VALVE | Hyd.supplyoil
kP 65 at 1200Psi
GAS CONTROL VALVE SERVO Rated
GC 65 | VALVE flow=1g/ m
at1000psi ated
65 | NOZZLE CONTROL SERVO VALVE flow=1g
NV .
mat1000psi
QH 71 | HIGH LUBE OIL LEVEL
QL 71 | LOW LUBE OIL LEVEL
SPEED RATIO/ STOP RATIO VALVE
SR 90 SERVO VALVE.
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SPARK PLUG COMBUSTION
SP-1A.1B | 95 CHAMBER NO. 1

SPARK PLUG COMBUSTION
SP-6A,6B |95 CHAMBER NO. 6

IGNATION TRANSFORMER FOR
TR.1A,1B | 95 95SP-1A.1B

IGNATION TRANSFORMER FOR

95SP-6A.6B
TR.6A,6B | 95

COMPRESSOR DICHARGE

PRESSURE TRANSMETTER( 0-110 psi
CD 96

range)

FUEL GAS PRESSURE TRANSMETER
FG 96

LVDT GAS CONTROL LVDT
GC1.2 96

LVDT NOZZLE CONTROL LVDT
NC 96

LVDT STOP/ SPEED(PRESSURE)
SR 926 RATIO LVDT
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GLOSSARY

BEARING FEED HEADER

* It Is That Part Of The Lube Oil Piping After The
Oil Filters Which Carries Lubrication To The

Individual Turbine Bearings.

BELL MOUTH
* It Is A Bell Shaped Cast Inlet Which Provides An

Even Airflow Distribution To The Compressor

Through The Inlet Guide Vane.

BLACK START
* Starting Operate The Power Station Without Ac

Power.

BRITTLE
* A Loss In The Resiliency Of A Parent Metal,
Usually Due To Aging, Extreme Cold, Chemical
Action Or Cold Working.

BUCKETS — BLADES
* It Curved Vane Elements Mounted On A Rotating

Wheel And Proportioned To Transfer Energy From
The Working Medium To The Turbine Rotor.

BURNISHING
* Smoothing Of The Metal Surface By Mechanical
Action But Without A Loss Of Material, Generally

Found On Plain Bearing Surfaces
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CENTRIFUGAL SEPARATOR
A Device Used To Remove Dust From The Gas

Turbine Cooling And Sealing Air System ,
Separation Is Achieved By A Centrifuging Action.

COMBUSTOR [ C.C ]
t Is That Mechanical Component Of The Combustion

System In Which Fuel Is Burned To Increase The
Temperature Of The Working Medium.

COMPRESSOR
t Is The Mechanical Component In Which The

Pressure Of The Working Medium Is Increased.

CO2
Carbon Dioxide Which Is Used As A Fire
Extinguishing Medium In Gas Turbine Application.

CROSS FIRE TUBES

Piping Between Combustor , Through Which Flame
Is Propagated From The Two Ignited Combustors

To The Remaining Combustors.

CRANKING OF TURBINE

* Term Used To Describe The Slow Turning Of The
Turbine Rotor At Start Up Or During The Cool

Down Period.

DIAPHRAGM

* It is a barrel — like structure between the turbine
wheels which prevents leakage of the working
medium from around the second stage turbine

nozzle.
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DIFFUSER

* A Section Designed To Increase The Area Of The Flow
Path To Convert The Flow Velocity To Static Fluid

Pressure.

DISTANCE PIECE
* A Hollow, Cylindrical Shaft Used To Couple The Axial

Flow Compressor To The First Stage Turbine Wheel, It
Is Supported By The Bearing No. 2.

EXHAUST PORTS

* Machined Bosses On The Compressor Casing From

Which Air Is Extracted For Cooling And Sealing.

EROSION

* The Gradual Wearing Away Of Material Caused By
The Hot Flow Of Gases , Or Foreign Particles , And An
Eroded Surface May Appear Similar To A Corroded

Surface.

FALSE START
* Failure Of Turbine To Fire After Fuel Has Been

Introduced To The System.

FATIGUE

* The Progressive Weakening Of A Material Under
Repeated Cycles Of Stress.

FLAME DETECTOR

* A Device Which Senses Presence Of Flame During Start

Up By Using Ultra-Violet Rays Generated By The Flame.

4 DIFFUSER
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FRETTING

* Wearing Away Of Metal By Rubbing Against
Another Metal.

GALLING

* A Defect Caused By The Movement Of Two
Surfaces In Contact With Each Other.

HEAT EXCHANGER / COOLER

* Heat Transfer Equipment Used To Extract

Excessive Heat From One Working Fluid And
Transmits It To Another Non-Working Fluid For

Eventual Dissipation To Atmosphere.

HOT GAS PATH
* Flow Path Through The Combustion Chambers ,

Transition Pieces, Turbine Nozzles And Buckets To

The Exhaust Section.

LVDT

* Abbreviation For Linear Variable Differential

Transformer.

LABYRINTH PACKING

* This Seal Is Designed With Multiple Rows Of
Aluminum Alloy Teeth And Is Located At The

Extremities Of The Bearing Assembles , Sealing Air
Is Circulated Between The Shaft And The Seal To
Prevent Oil From Passing The Seal And Spreading
Along The Shaft.

(SSW) s FRETTING
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LUBE OIL HEADER
Is The Main Lube Oil Feed Piping From The
Filters, Piping Which Is Taken Off From This

Line Feeds To The Turbine Bearings, Gears, and

Couplings......

MAGNETIC PICK UP

* Produces Out Put Signals Which Are
Converted To D.C Voltages

Signals, These
Signals Are Converted For Speed Control Or
Tripping The Turbine.

(MCC ) Motor Control Center
* It Is A Panel Containing Start Up, Relays, And

All Electrical Devices Necessary For The
Control Of Motors And Heaters Used On The
Turbine Unit.

OVER SPEED BLOT

* It Strikes The Trigger Of The Over Speed Trip
Mechanism ( When The Turbine Shaft Speed
Exceeds Trip Setting ) , This Initiates Shut
Down Of The Turbine.

PLENUM., INLET OR EXHAUST

* It Is An Enclosure In Which Volume Of
Contained Air ( Inlet) Or Exhaust Gas Is Routed
To Or From The Turbine During Operation.

RTD

*  Abbreviation For (Resistance Temperature

Detector

i ) G Bl 38 ) sba Lube Oil Header
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SIMPLE CYCLE
* Is A Cycle In Which The Working Medium

Passes Through The Compressor, Combustor

And Turbine?

SPARK PLUG
* It Is A Retractable Igniter Which Kept

Projected Into The Combustion Chamber By
Spring Pressure After Ignition Occurs; It Is
Retracted Back Into Its Housing By Combustion

Gas Forces.

THERMO COUPLE
* It Is A Pair Of Dissimilar Conductors With A
Terminating End Of Each Conductor Coupled

Together, Thermoelectric Current Flows When
The Connection Point Is Heated And The
Opposite Conductor Ends Are Connected To A
Closed Circuit.

TRANSITION PIECE

* It Is A Thin Walled Duct Which Is Used To
Conduct The Combustion Gases From The

Circular Combustion Chamber To The Annular

Turbine Nozzle Passage.

PRESSURE REGULATING VALVE

* It Is A Valve Designed For Continuous

Automatic Control Of Pressure
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VALVE RELIEF

* It Is A Valve That Automatically Maintains A
Predetermined Pressure By Discharging Or By

Passing The Fluid In A System

SERVO VALVE

* It An Electro Hydraulic Valve Which Convert

The Electrical Signal To Hydraulic Movement.

VALVE RELIEF

L sial i) (yiiall Jaaall Jainy alaca 58 %
) 250 axall sale ) 3y yha (e dducaall

daadl Jaae ) sl o) 3l

(LJ))sal) alaall ) Servo Valve

oS 5 LY Jisads o gy plaa s
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GCPP

GCPP

(Generator Protection Control Panel )

* It Protects The Generator, And It Contains 11 Relays.

EXCITATION CONTROL PANEL

* It Is The Panel Which Excites The Generator i.e.
Connect (Engagement) The Exciter, And It Contain
Automatic Voltage Regulator Module

S CADA

* It Is Abbreviation For (Supervisory And Control
System Data Acquisition)

* It Monitors All The Data Of The Network, Event
Recorder Of All Data And Lad Shedding.

LOAD SHARING

* It Is A Program Contains Input Signals Such As (
MW | M Var , Voltage , Frequency, Ambient
Temperature ) , Then It Distributes Loads By The

Same Percentage For Each Turbine.

INVERTER

* It Converts Dc ( Volt And Current ) To AC In Order
To Use It In Turbine Control Systems.

BN )Y 2 e i sSa oy Al s Lyl

EXCITATION CONTROL PANEL

Lﬁi J)Aﬂ Excitation = daless daldll KA}M\ D
phie 5090 L aa s Excitationd) glide (3adiad
PPN

SCADA

(Supervisory And Control )Jd Jbaidl &
System Data Acquisition

LOAD SHARING

signals (e 3_)le <A ogldac) oy ali o e 3k 2
- ow

[ volt , current , speed , ambient temp , load ,
power factor |

Load  dus (e i il Alls iyl glhae) oy *

(= sie iy JleaY) w5 w88 curve |, speed curve

il e

INVERTER

b pid AC S DC 2ea 5l b Jasad padiny
4 4 Control i s

220 AC ) 110 DC desads o5 a3l

s Black Shut Down &isas Alls 4l (a2
220V 110 v DC disad iy (grauhall i &
}M\E‘)@;\MJ\N\ u\.AaA]éﬂJJAC
e U0 dalal

[ GCP + UCP + Super visor SYSTEM ]
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BATTERY CHARGER

* It Converts Ac Volt To DC Volt And It Takes
Its Feed From Aux. Bus Coupler. , And Its Out
Put Feeds (Batteries, DC Loads...).

PLC

* It Is Abbreviation For Power Line Carrier, It
Performs A Filter For High
Which Comes From Hvgsl, Then The Wave
Go To CPU , Then Go To Host A , Then The
Out Put Signal Is Analog Or (On - Of) .

Frequency

HVGS

* It Is Abbreviation For (High Voltage
Generation Switch), Its Input Are The Out Put
Voltages Of All Generators = 10.5 kv. , and
Also There Are The Primary Of Transformers
On This Bus Bar, And The Lower Part Of This
Bar Is Named (High Tension Panel ) , And The
Upper Part Is Named (Low Tension Panel ).

PCA

* It Is Abbreviation For ( Power Center Aux. ),
And It Is A Bus Bar Which  Feed All Aux.
Loads Such As ( Sierra Panel + Borri Panel +
Air-Condition + MCC +  MCC Of Gas
Compressor....) , And In This Bus Bar The
Voltage Is Converted From 10.5 KV. To 380
Volts Through Aux. Transformersl,2,3.

BATTARY CHARGER
Oe 40333 330 Cua DC ) AC 0 2l dysatl aodigy
4 AN {Aux. bus cublar} J
1 g Ada g AL ardiuy *

by lad) (gt 435 - (V)

=l Control J) die DC ) Jlead 43323 - (Y)
i il o3gd ()l shall el il g SIS i il

PLC

4l 43k o5 Power Line Carrier4 Jlaidl s *

HVS 1 edsy) Sl 2o il iy las ol o 8 Jany
D & AV 235l jars 50 HZ 22l addion Cum

s as 2 Hosta & CPU  gladdl e cils gl
Analog sl (on/off) 3L z a3 a3 5 el

aucH voLTace switcH Gear)  HV GS

Ve,0 = ada s lalsall zojaadde Jay *
o sl ) Cilal) Adle 3a 5y SIS 5 851

[ High Tension Panel | (oo 4 Aiudl ¢ 3all %
[ Low Tension Panel | oo 430 sslall e jally  *
ol Alely ) de gane e 3oke Jaudl e ) o
ol e + relays ground ) (s Asleall

POWER CENTER AUX. PCA
s Baclisall Jlaa¥) aras 050 o 58y Cancad s
- Ui dasdll

Sierra panel + Borri Panel + Air-

condition + MCC + MCC G Com.

oe 380 v A 10.5 KV disad oy s ¥
[AUX TR 1,2,3] &b
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SERIA PANEL

* Its Out Put Are DC Volts To Feed The
Following Loads :

1-  Emergency Lube Oil

2- Generator Control Panel

3- Turbine Control Panel

4- Fire Fighting System

5- Excitation Control Panel......

And It Consists Of Two Sections ( Load Section

, Battery Section ).

BORRI PANEL

* It Converts 380 AC Volts (Which Comes
From PCA ) TO 110 DC Volts, Which Go To
Dc Loads Such As ( Synoptic, HVGS ) .

BATTERY CHARGER 1.2.3

* It Is Used To Convert Ac Volts To Dc Volts
Which Take Its Inputs From Auxiliary Bus Bar ,
And Its Out Put Is Used To Feed Battery
Charger And Feed Dc¢ Loads Such As The
Control System Of Turbines.

SERIA PANEL

- Jie A il 4] 23 DO Jas (gl 42y o 58
1- Emergency lube oil
2-  Generator control panel
3- Turbine control panel
4-  Fire fighting system
5- Excitation control panel.....
el ¥ L Sierra J) e a5 o
Jaxsil 110DC A 4dsméd 380 v 4l Jay Load Section -
sierra pane
el
o~31 110 VDC ) 4~ 380 v 4l Jax  Battery Section -v
Load -J' Jl= Back up (h) ) 4dl ) ddayl <y jad)
D] O A 813 5 alae a4 L8 Gas 1Y Gy Section
Jasddsadiall Gl jUad) i [ Battery + Load

BORRI PANEL

110 v Dc ) PCA o= &Y AC 380 Volt Jasais o
+ Synoptic ) ] -: Jie DC ) zlisg Jea g1 ) ol
[ HVGS & 835a sall il )

BATTERY CHARGER 1,2.3
4 Geaidai 3L EaDC ) AC G 2l dysail aaiiny
AN [ Aux.Bus bar ]

~ish padiuy Ale ¢ A

U_\L:I‘)LL.\M ((p.u"):\.g.\’ﬁ =)

i il paladl control I Jie de J) Jleal 33 - Y
il yil) 03] cd‘)\}ﬂ\ Glaalla B YRR
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Dictionary
tender daas 42 Revise ol - il
bid 3 e gl glas penalty dal & - lie
requisition i) b ple Xi) clause S le - 5ala - 588 aly
currency ddes payment o sl
bond Cpalli- L - agas graduation Tl adE5 - A o
requested alls alail) crystal sosh
approve s @ila - 38 wireless Sy
bidder &) e - Gall) e parity dlalea - 31 glasa
response Gl oy mate G,
envelope @S - plad Bit 3 ghd
Available gl 252 sa Fob Akl 568 Al
committee oalaa dan ddal free on board
shackle Jsd 2 air fright R o
sl Jani Ada g
robus + LAk - gl - g o8 swivel O g g ufial)
hassh O - Bale carne Ui
il - Jal - Bla
term b origin e
hang o 3l goods dadui - dsliay
master oy supplier 3,94l
subject g 9294 Quotation Sl -
-Adui) pa — ABjUas
correspondence déve Null Ada - Jhlb
— i - M
submit —alu void Y-
SR Y e
competitive dudlial) Alternative (2 - g L)
- Al - Jlaltia)
reception Jsd basis 3acld _ jasa - Gubud
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commercial g valid aa
reply ey place of O Y
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lable Olsis Nominated Crall
preliminary gt - (A telemetry i e
deposit G - Aaga g - (el confidential Gom - pad

budget Alas - A e
parameter Jalza traction force 4880 o 3 48
armature LY guae transverse ua s
concentric Jalaia capacitor it
inductive
diamond el reactance 4 dailaa
overhang as) A eddy current glas) LS
hysteretic 02 923 L8lia
chording ki losses (ruhalizal)
slip rings @Y il flux e
micro
synchronous motor el A 5 sa processor (83 llaa
squirrel cage induction @l & shaded pole Jha ket
insulation class Joadl da diode (2354) (AU lan
induction motor S & Inverter e
reactance dzilaa converter (2254) Jsae
bridge rectifier A 98 5 kil feed back RS &
torque
harmonic A2 transducer poadl bt
current
contactor ke transducer I Jsaa
hard braking Bala dla 8 transient (AR
soft braking deslidlah steady state B iieual) Adal)
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ﬂ o |2 e

permanent il ualiaa
commentator A gil) guas magnet
compensated ua e damping Slaed)
windings cilile ripples il
chopper b skewing Ja
pulsating
wound rotor i gila 3 il filed Ghtia Jlaa
speed
End ring 4h b dals reference Ll de
Amplitude
shunt motor g5 error gl 8 Uad
counter current @Ss resistive load ¢l Jaa
attraction s slots G
A actuator adla
super
conductors A8 <Mua ga
steady flow Ak gl turbo comp. Saaliia e la
region dihia fluid motive adla aila
boundaries 294 piston s
prefect gas (pY) Al & ring (Ala) i
outer dead
continuous agitation adld Ol point Lile dipe ddals
container G5 isothermal Bl da 1 gl
clearance
steady state Alsal) ) volume wasiddl s
fan damper el tightness plsal
juke hammer AR LY admitted [yE o
indicator
presses lSa diagram e (Aada
Roto
dynamic
wrench by comp. el bé ) g
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release cihiy shock waves Asada cila 54
turbo

perform work Jid 14 machines 5198 cilissla

discharge G - aalads power driven ABUally 3 )
direct

standard conditions Ll gl connected 8 e 300

effective Jlad prime mover o) e

main rotor ) Q9 jacket b

gears Cliia construction e
differential

casing e pistons 4l ciluls
crank case

develop Al g open . $ika 3130 3 gae
opposed

principle 4 ki compressors Balaia k& gua

trapping BIE forked as g
connecting

SCrew compressor Pl béla rod Juall 3 gae
return

sliding vane 481 jia Ay passage & e

inlet port Jdda Ayl g overload Al Jpaad

closure &) universal ale

clearance pocket wasd s axa characteristic g1l

surging S chocking G
stall 193 Jualil

wooden form ddd 3ad block >

hardener ahaaa stuff S
feather

fluidity A4S 524 values Ly clalaa

dense s wiper Clalua

homogenous ouiladia grooved face Jaa gl dag

driver d inter cooler Ay i e
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fly-wheel FEIREN After cooler AaY @l e
deflections ) ) baffles Al
dial scale Tt ouliia rivet aldi
pointer 8. inflammable Juaiddd Ju
machined asl toxic dalu
flange dlajy foundation o) g
alignment procedure <l ghdd) Jual grouting O
first crank A A pockets by s>
radial alignment s ok by skid Jala
misalignment s ok Ll ad) auxiliaries Clala
traps s anchor bolt il jlasa
pair of screw
vent Gl threads L M8 ¢yt
throttling value 4545 plaa bond bl
check value T9A px alaa oil proof <l o glia
dagll Juda
crosshead A unshrinking s JiE
guides N vent Syl 4 55
coupling Juai) a B chase iy
lubricator 4 bolt grouting Seansal) Joa Ciay
mesh strainer HEI shim ad
crank case EHS{JEWEN ovalization (Urtien g€ )5 gy
crosshead guides Al ) Aoy SN linger mediate press (o bk
concrote
oil sump Y reintorced dalise Al A
lubritant header o3l s 8 ) gula off center Suall oo Tamy
oil forced g 98 ) splashing =5
relif value Cudi Caly swinging el
crank case shield il <l e sl shoe wearing Jsts At
wire net cartridges Sl o 4 gha A sight glass Wbl e dala )
paper cartridge Bug Mgk A gland dla
_pourpoint | Aapddidsn symptoms (2 £

30 Sl ae g e




Uil g S ) (sa)

Egyptian Maintenance Co.

flash point S XAEESY stethoscope A Lo
impurities el 9 pyrometer 81l cila 3 (ulia
vent Gyl 4 545 locking nuts GiJ dmalga
drain (At seal housing ) &) e le
plant dasa - Baa g seats (ol S

piston locking nuts b (35 U galia cross head pins Shsiob s>
light film A48 ) di

scored da piSa probing clearance o sl (uld
liner AUy

pin oA undersized B8 (ulia g3
counter weights Ol Qs
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Spark PLug Details

Piston Stroke

Piston Stop

Spring
Coupling Flange =————pf 1|

Piston Assembly

Check Spark Plugs For:

-
A

i | =i

* Wear

» Cracks
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Flame Detector
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