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Steam Turbine Development

Steam turbine Type and Classification
Steam Turbine HP,IP,LP

Steam Turbine Component

= Turbine Oil System

=  Turbine Bearing

= Gland Seal system
=  Turbine Governing System

Turbine supervisory Instrument
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Steam Turbine Development (sia)
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Steam Turbine Development (sa)
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Applicable output range (MW)
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Steam turbine Type and Classification
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Impulse - Reaction Turbine
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Extraction-condensing Turbines
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Extraction-condensing Turbines Extraction Back-pressure Turbines (@l
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Type Extraction-condensing turbine Type Extraction back-pressure turbine
No. of casings Single casing No. of casing Single casing
Output Up to 150 MW Output Up to 80 MW

Main steam conditions Up to 13.7 MPa / Up to 566°C
Revolutions per minute 3,000 min-1 (50 Hz) / 3,600 min-1 (60 Hz)

Main steam conditions Up to 13.7 MPa / Up to 566°C
Revolutions per minute 3,000 min-1 (50 Hz) / 3,600 min-1 (60 Hz)
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Mixed-pressure Turbines
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Type Mixed-pressure turbine
No. of casing Single casing

Output Up to 200 MW

Main steam conditions Up to 12.5 MPa / Up to 566°C

Revolutions per minute 3,000 min-1 (50 Hz) / 3,600 min-1 (60 Hz)

Geared Turbines (@l
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Type Geared turbines
No. of casings Single casing

Output Up to 40 MW

Main steam conditions Up to 12.5 MPa / Up to 541°C
Revolutions per minute Turbine: approximately 6,000min-1

Generator: 1,500 (50 Hz)/1,800 (60 Hz) min-1
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Steam Turbine Component

1 - steam pipeline

2 = Intel control valve
3 - nozzle chamber
4 - nozzle-box

5 - outlet

6 -stator

7 - blade carrier
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8 - rotor disk 21 - bearing pedestal
10 = rotor 22 - safety govemor . : .
11 - journal bearing 23 - main oil pump SO e e o LY e
13 - thrust bearing 24 - centrifugal governor e 1st stage nozzle
14 - generator rotor 25 - turning gear 4TI R I 1 Diffudion Tieatmast
15 - coupling 20 - control stage impulse blading 3-Sleeve bearing
16 - labyrinth seal

18 - steam hleadinn (extraction’
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Turbine Oil System @
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Reheater

e e e e e = ]

—

Governor

Speed
sensor

Boiler q:{% T lXRSV
v

MSV—main emergency stop valve
GV—governor valve

RSV—reheat emergency stop valve
IV—intercept valve

—

Crossover

To generator

P — shaft

HP

w,

w(P)

Reference speed vs. power

Diagram Control Oil System
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2. Control oil system 3zvUvHazdluszuvuilmigudu dudnarealums
arunuau Iaeldlun15AIuAN Turbine load/ Speed control 1A8N15 on/off
, Modulating governor Valve TagazsuMa991n EHG 912 1iena1 Electro-
[ [ dao 1 1
Hydraulic Governor 1ag EHG 1251 dayanaan gUnsaliaaiee laun
Speed signal Load signal , Main steam pressure signal, Exhaust Temperature
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Wudu viimsdseuiunauazFeed back signal WOAMUANANUAUNUS
d 1 1]

U89 Steam load 118 AMMIY . ¥9luszUUT 983 Automatic Turbine Tester
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[} 9J
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Turbine Bearin g Journal bearing (Main bearing)

Jd ] . . - 4 3 o
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Trust bearing
Qil outlet Thrust bearing face
Il P)NJ s\*i e \ l

o A — -
|| Shaft seals Hen i !
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L I Tin S SST
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Journal bearing
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O,

Thrust bearing
(front side)

Thrust bearing
(back side)

I j

*— Qil inlets

Tilling Pad J—

Oil Feed
Entrance Loss

Figure 1. Parasitic Losses in a Pivoted-pad Thrust Bearing
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Gland Seal system

Gland Seal system Lﬂﬂi%ﬂﬂﬁﬂﬂﬁﬁﬂﬂﬁ ’%lj’lllﬂﬂ"ll’ﬂd steam 17]
AUANNAUGY (HP) Az MATeLA ISR veanaylorh
(LP) ﬁ%zi%%’msﬁﬁ Casing 714U Rotor shaft

Gland Seal system Uszneuaie labyrinth packing “?;Qﬁﬁﬂﬂmz
flunuilszaeusuuazlsenuiy Casingzﬂu%uqafjmeflu
labyrinth packing dnsuau High temperature A8 Cr-Mo
Steel @IUATULow temperature WA28 Nickle silver #30
Phosphor bronze stock ”lm?ﬁ%"aa@ﬂﬁ'm HP%%QﬂdQM1ﬁHLLB§ﬁ
$28M4 LP 1A Steam leak 182 Air Leak 929naa 11§41 Grand
Steam Condenser &1%$Qﬂ drain 1189 Condenser hot well a3
Air Leak 929ne4 1163 Gland Exhaust Fan 1dosoong us50104

GlandSeals Gland Seals

High Press. LO\; Press.
one
Zone
| | B m
Ll 3 n - A
Steam Will Try to come

out of Turbine AirWill Try to get
inside Turbine

Gland Sealing
Steam

TO Suction

Fan Condesnor

TURSINE GLAND (Typ)
(LABYRINTH PACKING)

LP TURBINE

_______

ELECTRO HYDRAULIC
ACTUATOR (Typ)

st |

SEAL STEAM HEADER
PRESSURE CONTROL \

SUPPLY STEAM|

|

SEE FIG. .50 REF FIG. .12

SUP. STM. CONT VLV
= FOR SEAL STM HDR

E (REF FIG. 9.12)

NOTES:

(o) PRESSURE / TEMPERATURE CONTROL MEASUREMENT & CONTROL DETAILED ONLY IN FIG.3.50

(b) IN SOME CASES, TO AVOID TEMPERATURE MISMATCH, ATTEMPERATIONS ARE USED FOR THE STEAM TO SEAL LPT SIDE GLANDS.
[} IN SOME DESIGN. LEAK OFF FROM HPT IS DRAINED TO COMDENSER.& IPT LEAK OFF STEAM 1S USED FOR LPT SEALING.

LEAK OFF. STM. CONT wLv
FROM _SEAL S5TM HOR
(REF FIG.5.13)

e
|[-CSC E£T¢CTOP-} L
W

CONDENSER
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Gland seal system & Labyrinth packing

MAIN SYSTEM FLOW DIAGRAM IS IN FIG. 3.49
SUPPLY STEAM HERE INSTRUMENTATION HAS BEEN DETAILED QUT
SEE FIG- 3.50

1

SEAL STM SUPP,
HOR PR CONT,

SEAL 5TM SUPF
HOR TEMP COMT,

(A) (R I PROS FOR ALK STEAM SUPLY TO SEAL STEAM HEADER

HIGH
LEAK

| PRESSURE
CFF STEAM

LOW PRESSURE

LEAK DFF STEAM

HF GLAND SEALING PRINCIFLES

STEAM & WR LEAK OFF
LAST STAGE (To GSC)

LEAKAGE

LABTRNTH SEAL (VERNIER STYLE}

(B)

(D)

SEALING STEAM

STEAM & AR
T GEC

W

!

<.._

[

LP GLAMD SEALIMG PRINCIPLES
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Turbine Governing System
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® Mechanical Governors:

® Hydraulic Governors:

® Electronic Governors:
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Turbine supervisory Instrument
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3. Phase or Key phaser or phase angle

Proximity @ =80°
Probe Refarance Signal \\‘ ‘_"___.-"-"lbmﬂ-:ll'- Slgnal

.. Prodmity
v Probe
Tachometer

| E
Keyway Slot -

N 44 v ooy 2 '
Ao iduduwesyianianlgluniu'low ol

o 1

9 a ~ 1 ) Y 9 3 J
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e

maniyu Adnlisesvzaraiadnnaseiimarinussosmue
Teusatannudiseuuaslaldedrauiud Taslnd vzt
Foyanilafidosdineiswiuvoya Vibration 1oz

9afl Tusanszih Wie MM Critical speed dMSUMITUVDS
et veanaru Taondes I Sasuiauding Critical speed
msAnTEmsduaziion diamn wdudyanavenlii

Shaft Crack , shaft misalignment , rotor damage / mass loss

4. Measurement of Expansion

4.1 Differential Expansion

Thrust Bearing

Rotor goes short Rotor goes long

X — —
Y /) A\

Fixed
Base

Sliding Carriage

mshavestaiulundaziiazliannziuana ety Start
up , Running , Tripping tia¢ Shutdown condition G?;’Qll,ﬁlag
ATZUIUMS LABYENIY IMANIZTIMIDara AuAnAIaRY Fam3
79 Expansion e UMIMINT I TUARUTIINZ T g
m3 l8eams $mua limit 1azn5a9 Shut down
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4.2 Shell or case Expansion

ALSO REFER FIG NO: V/2.0.6-5

SECONDARY COIL

AN ~. o
AN TN\
d 6
SRS R
—
= &

AIG NO: ¥/2.2.5-10
CASING EXPANSION LVDT PROBE INSTALLATION FIG NO: V/2.25-1b

LVDT WORKING PRINCIPLE

S 4 o a &
Humsastvdgeumsinaoua lagAaad DC LVDT
1 . o 9 4 { a
sensor 3¢HIN Casing TGERGERN Lﬁﬂﬂuidﬁlﬂﬂmﬁ

YEYAI91N Thermal Force §30¢ 114 Limit

5. Measuring Speed
I % < v o ¥
Lﬂl&ﬂ'l’i’)ﬂﬂ’ﬂﬂli’)ﬂﬁﬂiguell@\i ﬂ\iﬂullf]u'liﬂt’l
a Jd a
%S@]ﬂqﬂﬂ’i il prove magnetic pickup UTLIN
Shaft 1o IauazAIUAN AaAIUTI IR VgANS
W

6.Measurement of Vibration

©

y v A A A
M3IAMIaU 1WuUMIMTANMSIAAUNVDY Rotor Shaft lagnaNesnuIvg

V0N 1¥MI 1D misalignment ,crack shaft oil whirl , li@uga tagduaiina

10 AUHANN Dynamic il 5.1Relative of Vibration of shaft 118&5.2

t d < g H
Absoluter Vibration FUUNT TIUIANNTUALNOUNIHUAN Shaft

FINIUNET Casing

—

EXCITATION
Shaft CATEGORY EXAMPLES TYPE VIBRATION TYPE
absolute FORCED VIBRATIONS UNBALANCE CONSTANT LATERAL
vibration MISALIGNMENT CONSTANT | LATERAL AND AXIAL
E PULSATION PERIODIC TORSIONAL
e 2
— a
—— 5
Casing
absolute : TRANSIENT VIBRATIONS | SYNCHRONOUS RANDOM TORSIONAL
vibration MOTOR START-UP
w
— IMPULSE (SHOCK
FORCE) RANDOM TORSIONAL, AXIAL,
RADIAL
Shaft
relative N R SELF EXCITED INTERNAL RUB RANDOM LATERAL
vibration = NS S OIL WHIRL CONSTANT LATERAL
GAS WHIRL CONSTANT LATERAL

3 7

Figure 1. Figure 2.

housing: Significant. housing: Little or none.

Little or none. Significant,

Figure 3.

W Shaft vibration relative to bearing M Shaft vibration relative to bearing W Shaft vibration relative to bearing

housing: Significant,

Significant.

probe. transducer (velocity or acceleration).

M Bearing housing absolute vibration: W Bearing housing absolute vibration: B Bearing housing absolute vibration:

M Required measurement: Proximity B Measurement required: Seismic M Required measurement: Dual probe.
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7. Turbine-Governing Valve position

ﬂ”li’ijﬂmimﬁ'u‘ﬁm@QGoverning Valve @38 DC LVDT
o193 1Governing Valve ¥iamuilndns o'y
8. Temperature

o l¥asrvaenaninima liilnd wieluy aaeaou
Uszansam vesgilnisionaie

SPEED PICK UP
e ey

TURBINE FRONT VIB ‘

PROBE .

— e
AXIAL SHIFT
PROBE

THRUST BRG RTD PASSIVE

I—

| THRUST BRG RTD (ACTIVE)

FRONT JOURNAL BRG ATD

L —

©

Basic turbine Monitoring Parameters

Speed (RPM) and load (kW/MW, or shaft horsepower (SHP))
Steam turbine inlet pressure and temperature

Steam turbine 1st stage pressure and temperature (these are the conditions downstream
of the first/large impulse stage before remaining HP section blading, as applicable)

HP turbine outlet (or cold reheat), IP turbine inlet (or hot reheat), and IP turbine outlet/LP
turbine inlet (or crossover) pressures and temperatures for reheat/multiple shell turbines
only

Steam turbine rotor/shell differential expansions (as applicable for large turbines)

Steam turbine shell and steam chest temperatures/differentials (lower and upper half
thermocouples installed in HP and IP turbine sections for large turbines)

Admission and extraction pressures and temperatures (as applicable)

Extraction line thermocouples to detect water induction (as applicable)

Water and steam purity at the main steam inlet and condensate pump discharge
Sealing steam and exhauster pressures (as applicable)

Steam turbine exhaust pressure and temperature

Lube oil and hydraulic fluid supply pressures and temperatures

Cooling water supply pressures and temperatures for the lube oil and hydraulic fluid
systems

Journal bearing and thrust bearing metal temperatures (or drain temperatures, if
applicable) for the turbine and gearbox (as applicable)

Bearing vibration — seismic, shaft rider, or shaft x-and-y proximity probes measurements
for all turbine and aearbox (pinion) bearina locations (as apblicable) .
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