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Generator main components drawings and respective parts lists
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01 01 GENERATOR
DESIGNATION PAGE
Sole plate arrangement 02
Generator positioning 03
Thermocouples in air circuit 04
Core and stator winding probes 05
Rotor grounding system 06
Bearing assembly (N.D.E.) 07
Bearing assembly (D.E.) 08
Bearing instrumentation 09-10-11
Clamping of rotor 12
Transport - Stator blocking system 13
Transport - Generator sealing system 14
Qil inlet and outlet assembly 15-16
Jacking oil piping assembly 17
Oil counter flanges for generator base 18
Cooler instrumentation 19
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01 01 SOLE PLATE ARRANGEMENT
39-603 182 (E)
ITEM DESIGNATION QTY
A Sole plate 1
Plate 1
C Sole plate 4
D Sole plate 1
E Screw HM 24 x 180 32
F Plate 32
G Pipe 13x48 L=3M 1
H Dowel 64
J Screw H M 8 x 25 64
K Plate 22
L Gudgeon 8
M Gudgeon 14
N Blocking wedge 4
P Nut H M 56 44
Q Nut H M 56 22
R Nut lock 22
S Square 22
T Stop 4
AA Foundation beam 2
AB Levalator specification 1
AC  [Nutlock 8
AD Screw H M 16 x 140 8
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01 CORE AND STATOR WINDING PROBES
39-103 300 (C)
ITEM DESIGNATION QTY
A 3-tube flange 36
B Screw H M6x10 72
C Flexible pipe 10x13 L=18m 1
D Brass end 72
E 2-tube flange 9
F Clip 200
P Araldite glue AV 138 M 250 g
Q Hardening compound HV 998 100 g
R Tape 0.22x20 L=30m 1
S Varnished, glass cloth sheath L =450m 1
T Thermocouple 18
U Thermocouple L=17m 18
AD | Araldite glue AY 103 200¢g
AE Hardening compound HY 991 100 g
AF Sleeve 35
AG Sheath L=2m 1
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ELECTROMECANIQUE DRAWINGS Revision
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01 01 ROTOR GROUNDING SYSTEM
39-203 768 (A)
ITEM DESIGNATION QTY
A Brush 1
B Brush-holder support 1
C Support 1
D Screw H M6x50 2
E Washer ZN8B M6 6
F Nut H M6 4
G Screw H M6x10 1
H Screw H M8x70 3
J Toothed washer DEC M6 5
K 1-hole clamp 6
L Screw H M5x10 6
M Toothed washer DEC M5 6
N Screw H M8x50 2
P Washer ZN8B M8 2
Q Toothed washer DEC M§ 5
R Nut H M8 2
S Connecting lug 1
T Brush-holder 1
U |Screw HM6x30 2
A" Green/yellow cable 1
w Tubular terminal 2
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01 01 BEARING ASSEMBLY (N.D.E.)
39-603 564 (A)
ITEM DESIGNATION QTY
A Bearing casing 1
B Journal bearing clamp screw 1
C Adjusting shim 2
E Screw H M42x260 4
F TREP Washer 4
G SILICOMET JS 544 blue Asreq.
H Screw H M16x120 12
J Washer ZN8B L16 12
K Pin for bearing cap 2
L Screw H M8x50 2
M Washer ZN8B L8 2
P Diaphragm on external side 1
Q Diaphragm on internal side 1
R Screw H M10x35 32
S TREP Washer 56
T Rubber section L=8m 1
U Screw H M10x40 24
v Outer cover 1
\'Y Inner cover 1
X Plug 3/4" gas thread 1
Y Plug 1" gas thread 1
V4 Plug 1/2" gas thread 2




Este documento, propriedad exclusiva de nuestra
Compaiiia, es estrictamente confidencial. No
puede ser comunicado, copiado o reproducido sin

su autorizacion escrita.

This document, sole property of our company,
communicated, copied or reproduced

is strictly confidential. It must not be

without our written consent.

(

fidentiel. 11

ne peut &tre communiqué, copié ou
reproduit sans son autorisation écrite.

Ce document, propriété exclusive de notre

Société, est strictement con

(

OPERATION AND MAINTENANCE MANUAL | Section 4
v 01.01
GEC ALSTHOM Page : 08
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Date
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01 01 BEARING ASSEMBLY (D.E.)
39-603 563 (A)

ITEM DESIGNATION QTY
A Bearing casing 1
B Journal bearing clamp screw 1
C Adjusting shim 2
E Screw H M42x260 4
F TREP Washer 4
G SILICOMET JS 544 blue Asreq.
H Screw H M16x120 12
J Washer ZN8B L16 12
K Pin for bearing cap 2
L Screw H M8x50 2
M Washer ZN8B L8 2
P Diaphragm on external side 1
Q Diaphragm on internal side 1
R Screw H M10x35 32
S TREP Washer 56
T Rubber section L=8m 1
U Screw H M10x40 24
v Outer cover 1
w Inner cover 1
X Plug 3/4" gas thread 1
Y Plug 1" gas thread 1
Z Plug 1/2" gas thread 2
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Date
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01 01 BEARING INSTRUMENTATION (CTN'D)
39-603 609 (A)
ITEM DESIGNATION QTY
A Vibration sensor 2
B Support 2
C Screw 8
D Thermocouple L = 195 2
E Thermocouple 4
F Reducer R 13/9M 8
G Judodix adapter 24
H Gland nut D9 M 12
J Oil pressure switch 2
K Immersion well 2
L Box 3
M Screw HM 6 x 10 12
N Starred washer 20
P Section G32 L =55 2
Q Section G32 L=155 2
R BAE stop 8
S Junction block M 4 /6.3 24
T Block M4/6.P 4
U Tag 8
v Sarel nut DINM 5 8
W Short length stuffing box 16 M 2
X Gland nutD 16 M 2
Y Perbunan joint 16 2
Z End flange 4
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ELECTROMECANIQUE DRAWINGS Revision
Date
Mod. |Chap. | Par.
01 01 BEARING INSTRUMENTATION (CTN'D)
ITEM DESIGNATION QTY
AA Support 2
AB Manometer 2
AC Screw H M 5x 20 12
AD Gate valve 2
AE Thermometer 2
AF Short length stuffing box 11 M 6
AG |NutH M5x20 12
AH Reducer 2 x 3/8 2
Al Cable L=50 M 1
AK |Cable 7x1,5mm2 L=12M 1
AL Plug 1/2”° 2
AM Screw C M5x 16 10
AN Starred washer M 5 10
AP End plate 2
AQ Cover 2
AR Screw H M4x 10 4
AS Nut H M4 4
AT Starred washer M 4 4
AU |Pipel/4” L=1M 1
AV Union 1/4°* 4
AW | Conduit 2
AX |Plug1” 2
AY Tube 30
AZ Support |
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ELECTROMECANIQUE DRAWINGS Revision
Date
Mod. |Chap. | Par.
01 01 BEARING INSTRUMENTATION (END)
ITEM DESIGNATION QTY
BA Screw C M6x16 4
BB Screw M 6 x 30 12
BC Cover 2
BD Clips H 50 8
BG Short length stuffing box 21 M 2
BH Gland nut D 21 M 2
BJ Perbunan joint 2
BM | Extension cable 1
BQ Nitrile rubber tube 1
BR Box 4
BS Extension cable 4
BT Proximitor 4
BU Box 2
BV Support extension 4
BW | Capriplast sheath 1
BX Judodix adapter 3/4” 4
BY Perbunan joint 4
CB Screw H M 6x 16 8
CDh Cable 1
CJ Thermometer specification 1
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ELECTROMECANIQUE DRAWINGS Revision
Date
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01 01 TRANSPORT - GENERATOR SEALING SYSTEM
39-103 339 (C)
ITEM DESIGNATION QTY
A Flange 05-A PN16 BF42 ND100 2
B Screw H M16x65 16
C Nut HM16 16
D Toothed washer DEC M16 16
E Flange joint PN16 4" 2
F Flange 05-A PN16 BF42 ND200 2
G Screw H M20x75 24
H Nut HM20 24
J Toothed washer DEC M20 24
K Flange joint PN16 8" 2
L Plug M36x2 4
M Plate 18
N Fastening lug 18
P Screw H M18x55 72
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01 01 OIL INLET AND OUTLET ASSEMBLY (CTN'D)
39-603 523 (B)
ITEM DESIGNATION QTY
A Oil outlet - N. D. E. 1
B Oil inlet-N.D. E. 1
C Oil outlet - D. E. 1
D Oil inlet - D. E. 1
G Diaphragm |
H Measuring diaphragm 2
J Stainless steel flange ND 150 2
K Stainless steel flange ND 50 2
L Stratified pipe 16.5x21.8 L=155 4
M Stratified pipe 20.5 x 26.8 L =63 8
N Stratified insulation 40 x 22 x 6.3 8
P Stratified insulation 40 x 27 x 6.3 16
Q Stratified insulation 114x23x 5 1
R Stratified insulation 212 x 168 x 5 1
S Flange joint 6’ 5
T Supranite gasket 212 x 168 x 2 2
U Flange joint 2°" 4 5
A% Flange joint 2”° 2
W Screw H M 16 x 50 8
X Screw H M 16 x 55 4
Y Screw H M 16 x 60 8
4 Screw H M 16 x 65 8
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01 01 OIL INLET AND OUTLET ASSEMBLY (END)
ITEM DESIGNATION QTY
AA Screw H M 16 x 80 4
AB Screw H M 20x 70 24
AC Screw H M 20 x 80 32
AD Screw H M 20x 100 8
AE Toothed washer DEC M 16 56
AF Toothed washer DEC M 20 128
AG |[Nut H M 16 24
AH [Nut H M20 64
Al Expansion joint ND 65 (std) 1
AK Expansion joint ND 65 (special) 1
AL Expansion joint ND 150 (special) 1
AM | Expansion joint ND 150 (std) 1
AN | Piping support (D.E.) 1
AQ Screw H M10x20 8
AR Stainless steel rectangular nut lock 10-75 8
AS Stainless steel clip 73.1+ nuts 2
AT Piping support (N.D.E.) 1
El Flowmeter (N.D.E.) 1
E2 Flowmeter (D.E.) 1
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OIL COUNTER FLANGES FOR GENERATOR BASE

39-408 123 (A)

ITEM DESIGNATION

QTY

A Stainless steel flange 11-B1PN20 ND200
Stainless steel flange 11-B1PN20 ND100
Stainless steel rectangular locking plate 20-80
Stainless steel rectangular locking plate 16-85
Flange joint PN20 8"

Flange joint PN20 4"

mom g 0w

24
16
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01 01 COOLER INSTRUMENTATION
39-603 565 (B)
ITEM DESIGNATION QTY
C Cooler connection 4
D Screw H M20x90 32
E Washer ZN8B M20 64
F Nut H M20 32
G Flange joint 8" 4
H Grommet 1
J Clip COLSON 9/92 10
K Conduit Type MSB7P REF 9 1
L Channel 30x42 L=10m 1
M Screw C M5x16 6
N Toothed washer DEC ZN8B M5 6
Q Single thermocouple L=195 4
R Extension cable L=80m 1
S Immersion probe 1/2" 3/4" 4
T Thermometer 4
U Immersion probe 1/2" 3/4" 4
\% Screw H M5x10 12
W Washer ZN8B M5 24
X Nut H M5 12
Y Judodix adapter 8
z Butt joint PERBUNAN 9 8
AA Flow indicator 2
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APPENDIX 111

OEM exciter regulation cubicle test report 54-651247 and TOGT
protection relay technical guide
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1. OBJECT

This document, completed by EGT PEES, becomes the LAVRION IV TV excitation regulation
cubicle factory test inspection report.

2. REFERENCE DOCUMENTS

Schematic diagram :54-101410
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3.

TEST MEANS

e Multi-meter : 20.000 points
e Oscilloscope

e Multi-meter : class 2

e Dicelectrometer

e Ammeter : class 2

e Functions generator

e Frequency analyser

Tests executed from
Test realized by :
Name :

Date :

Visa :
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4. PRELIMINARY TESTS

4.1, MEC%N_ICAL CHECKING AFTER
MANUFACTURE

In accordance with IC74-41075

N
4.2. MEASUREMENT OF MECHANICAL
EARTHING CONTINUITY
In ;ccordance with IC74-41116
N

REMARKS
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LAVRION IV TV N° 54-651247

Following IEC 439-1. '
During this tests, electronic circuits are disconmected. Other components are disconnected or

short-circuited.

43.1. DIELECTRIC TESTS

4.3.2

The dielectric test consists in applying an alternative voltage of 50 Hz betweeen terminals
of one sub-assembly and all other earthed connections of the circuit during one
minute.Neither effluvium nor flashover must appear.

There are the following assemblies:

e Power circuit : test voltage 2000 Volts

® 220 V - 50 Hz auxiliaries supply : test voltage 2000 Volts

® 125 Vdc supply : test voltage 2000 Volts

» Voltage and current measurement circuits : test voltage 2000 Volts

e Electronic power supply circuits : test voltage 500 Volts

e 48V circuit : test voltage 500 Volts

e 4-20mA circuit : test voltage 500 Volts

S TION RESISTANCE MEAS MENT

The insulation resistance measurement is realized by applying 500 V dc between
terminals of one sub-assembly and all other earthed connections of the circuit.

During this test, the sub-assembly is disconnected from external circuits and not supplied
with power, except the circuit providing testing voltage.

The insulation resistance is measured when the normal working is reached, and not less
than 5 seconds after having applied a 500 V dc voltage. The value of this resistance must
be better than 1000 V.,

Thas test is realized on :
e The sub-assemblies with regard to earth
o The totality of the sub-assemblies wired together with regard to earth

4.3.3. MECHANICAL FARTHING CONTINUITY MEASUREMENT

The value of the resistance must always be less than 0.1 Q when the elements are
supplied with a 2 Amperes current.
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INSULATION MEASUREMENT AND DIELECTRIC TEST
Adjusting components Test
Circuits Theorical
tested Type Theorical Real | Measure | value to be | Measure Remarks
value value point obtained
Power circuit 2000Vac
>2MQ
220Vac- 50 Hz 2000Vac
supply >2MQ
125 Vde 2000Vac
conitrol supply >2MQ
Voltage and current 2000Vac
mu_mrqmed: >2MQ
creuits
Electronique power 500Vac
supply circuits >0.5MQ
Giobal insulation > 0.5MR
resistance
48V circuit 500Vac
>0.5MQ
4-20mA circuit 500Vac
> 0.5MQ
PANEL NUMBER CARD NUMBER

NO

NO
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3.  EXCITATION SYSTEM RESPONSE TIME

e Short-circuit of RS1 card integrator.
e Set the output bridge voltage at the nominal excitation voltage Un = 58V,
e Simul a stator voltage drop.
* Measure of the time the excitation voltage reaches its ceiling value Up = 200V. (see annexe B)
The time must be <0.03s from 0 to 10% (Up-Un) and
<0.1s from 0 to 95% (Up-Un)
e Simul a fast rise stator voltage.

Measure of the time the excitation voltage breakdown from its ceiling value Up = 200V from its nominal Un =
58V. (see amnexe C)

This time must be < 0.15s.

6. RISE TEMPERATURE TEST

This test has to be done for only one equipment and at the end of the tests procedure.
The temperature is measured at different points inside the cubicle and on the enclosure.
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7.  CONTROL /SETTING SPECIFICATION

7.1. _STANDARD TESTS

Verify that the regulation cards used have been controlled :

s Insulation
e Dielectric
» Presetting

7.2. CONTROL /SETTING

See following board.

See annexe A
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CONTROL SUPPLY
Values controlled
Element tested
Characteristics | Measure | Theorical Delta max Measuare Remarks
point value
Single phased voltage 300V/20,20V 1.1-1.2 300V Automatic channel supply
transformer -T11 70VA 2122 20V +- 5%
SOHz 3.1-3.2 20V +- 5%
Single phased voltage 300V/20,20V 1.1-1.2 300V Manual channel supply
transformer -T13 70VA 2.122 20V +-5%
50Hz 3.1-3.2 20V +- 5%
Three-phased voltage | (100,110¥+3 /6x35V Autornatic channel stator
transformer -T05 30VAa A2-B2-C2 100V voltage reference
S0Hz
almn 35V +/- 5%
a2n 35V +-5%
bl-n 35V +-5%
b2 35V +/- 5%
cln 3sv +-5%
c2-n 3sv +- 5%
Three-phased V;llt:se 110....100/ 60V6 Phase refem;oe voltage
transformer - transformer for automatic
10Va A2-B2 100V channel
B2-C2 100V
C2-A2 100V
+ 5%
al-n 3sv
+ 5%
bl 35V
+5%
clan 35V
Thf”?*md";l;zse 110 ...100/ 60V6 Phase reference voltage
transformer - transformer for manual
10VA A2-B2 100V channel
B2C2 100V
C2-A2 100V
al-n 35V +5%
blan 3sv + 5%
cl-n 3sv +5%
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RELAYS SETTING/TRANSDUCER
Adjusting components Test
Parameter Theorical
Type Value Setting | Measure | value to be | Measure Remarks
measured range point obtained
Overexcitation relay | RMPU 1020 ] 25%to 46% Current fault = 138A (1,3 Ifn)
F31 100 % Un +-5% Shunt = 150A/100mV
Time 12s Un =200mV
+/-5%
Time delayed relay CST-ET Time 0,2to 45s 2s 2nd stage overexcitation fault
~-K90 +/- 2%
Time delayed refay | CST-MT Time 0,210 45s 5s This temporisation includes the
K92 +-2% TOG 2nd stage
ofn.
Excitation voltage | ISTAT300 Voltage mA for OV ‘
Uo4
20mA for 150V
- Excitation current | ISTAT300 Voltage 4mA for OV
Uos
20mA for 200mV
Shunt 1504/100mV
Time delayed relay SRL Time T1=10s
K95 T2=24H
K20 EUIC U 50V
- _Time 0.1s
Time delayed relay | CST-MT Time 0,210 45s 1s
K94 +-2%
Time delayedrelay | CST-ET Time 0,2 o 45s 10s
K91 +-2%
Time delayedrelay | CST-ET Time 0,210 45s Ss ‘This temporisation includes the
K93 +-2% TOG 2nd stage
temporisation
Time delayed relay | CACTA-MT Time 0.2 1035 0.2s o
K96 +-2%
Rotor earth fauit TOGT + Resistor 1KQ to 2KQ Rotor carth fault 15t stage
K32 PG2 sKQ +-20%
1KQ Rotor earth fault 20d stage
+-20%
N

Remarks : All the auxilairy contact microswitches (-Q15) to (-Q18) must be in CA-CA position.
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8. FUNCTIONAL TEST

e The preliminary tests are made (see chapter 4)
e The standard tests are made (see chapter 5)

8.1.  AUTOMATIC CHANNEL SELECTION

Select the channel :

e Control of signalisation
e Control of acknoledge

e Control of inhibitions

8.2. MANUAL CHANNEL SELECTION

Select the channel :

e Control of signalisation
e Control of acknoledge
e Control of inhibitions

8.3._ ORDERS +Ex

Give orders so as to increase the set point to the maximum step.
e Control the maximum step signal.

8.4. ORDERS -Ex

Give orders so as to decrease the set point to the minimum step.
¢ Control the minimum step signal.
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8.5. EXCITATION CLOSING

On external order, if unit speed > 90% of the rated value, and there is not inverter forcing, then the
excitation breaker -Q01 closes

-QO01 actived
In the same time, the field flashing contactor -Q03 closes, supply the exciter, and stop when the stator
voltage reach 50% of nominal stator voltage.

8.6. EXCITATION TRIPPING

On external order (unit fault or tripping) or intermal order (2nd step excitation fault) and when unit breaker
is opened,
-QO01 opened

8.7. FOLLOW-UP TEST BY SIMULATION

Set automatic mode
Check the equality of the stator voltage with auto reference
Check the equality of the manual reference with excitation current image
Check the equality of the manual control voltage with automatic control voltage

Set manual mode

Check the equality of the excitation current image with manual reference
Check the equality of the auto reference with stator voltage
Check the equality of the automatic control voltage with manual control voltage

8.8. EXCITATION BOOSTER

The excitation booster is prepared to start when the regulation is in automatic mode and when the unit
breaker is closed.

The excitation booster operates when stator voltage decrease under 70% of nominal stator voltage and stop
when stator voltage increase over 80% of nominal stator voltage.

Check the sequence
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9. PERFORMANCE ON FAULT

The equipment runs on normal conditions

9.1. PERFORMANCE ON NORMAL RUN UNDER 1ST STAGE FAULT

9.1.1. ROTOR FEARTH FAULT

e -F32 relay detects the rotor earth fault.
e Control of signalisation
e Control the terminal board contacts

~ 9.1.2. OVER EXCITATION FAULT

e -F31] relay detects the over excitation.

When the excitation current exceeds the -F31 setted threshold, this validation involves a change over
from the automatic channel to the manual channel.

e Control of signalisation
e Control the regulation change in manual channel
» Control the terminal board contacts

9.1.3. AUTO CHANNEL NORMAL POWER SUPPLY FAULT

When the auto channel power supply is faulty, this validation involves a change over from the
automatic channel to the manual channel (fuses -F11 or ALS1 +A67 card in fauit).

e Control of signalisation
e Control the terminal board contacts
e Control the regulation change in manual channel

9.1.4. STAND-BY POWER SUPPLY FAULT

When the stand-by power supply is faulty.
e Control of signalisation
e Control the terminal board contacts
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9.2. TRIPPING ON FAULT

9.2.1. FIELD FLASHING FAULT

Too long field flashing.
o Control of signalisation
e Control of field breaker tripping
e Control the terminal board contacts

9.2.2. OVER EXCITATION FAULT

The 2nd stage beeing present (2s after the 1st stage)..
e Control the terminal board contacts
e Control of field breaker tripping

9.2.3. THYRISTOR FUSES FUSION

If the fuses of the two bridges are faulty.
e Control of signalisation
o Control the terminal board contacts
o Control of field breaker tripping

9.2.4. ROTATING DIODES FAULT

The relay -F30 detects a exciter diode fault :
o Control of signalisation
e Control the terminal board contacts
e Control of field breaker tripping

9.2.5. 2ND STAGE EXCITATION TRANSFORMER OVERHEATING

If the second stage excitation transformer overheating is detects.
e Control of field breaker tripping

9.2.6. MANUAL POWER SUPPLY FAULT

‘When manual channel is ON and the manual channel power supply is faulty.

¢ Control of signalisation
e Control the terminal board contacts
e Control of field breaker tripping
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PANEL:
Mark Material Serial number Description Code
+AO1 SP1 Power stabilizer L54E1411AYO00
+A08 LCS1 Current limitation card L54E1 4§§AGOO
+A15 CMS1 Automatical set point L54E1425AY00
+A25 LSES Under-excitation limitation L54E1407AY00
+A32 RS1 Regulator L564E1420AY00
+A39  |ADA1 Temperature adaptation L54E8000DK00
+A46 GITS Three-phased pulses generator L54E1416AYO00
+A53  |FITS1 Filtered phase references L54E1423AY00
| +AB8 ACS3 Standby power supply 125 VDC |L54E1414AY00
+A67 ALS2 +/- 15 VDC - 1A supply L54E1421AY00
+A76 CMG4 Measurement circuit L54E2900JJG4
— + 808 ASEX1 Booster L54E1417AY00
+815 CMS1 Manual set point L54E1425AY00
|+B32 RIEX Current loop L564E1409AYO00
| +B46 GITS Three-phased pulses generator  [L54E1416AY00
[ +B53 FITS1 Filtered phase references L54E1423AY00
+B858 ACS3 Standby power supply 125 VDC |L54E1414AY00
+Bb/  [ALSZ +/- 15 VDC - 1A supply [54ET3ZTAY00
N—
—
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" SP1 CARD
+A01 Mark
—‘F - nE—
Adjusting components Test
Theorical
Parameter | Type Theorical Real Measure value Measure Remarks
value value point to be
obtained
Active Pot. R45=3,32K M1 5V For the rated active power :
power P4,P1 R46 =20K +/-2% Sn =240,0MVA
calibration Rési.
Derivation Rési. R3=100K G=1 |IR3 = 200 xG- 100 {inK)
gain +/-2%
~ Stops Pot. R15=2K M2 +250 mV Signal deita P
calibration P2 -250 mV
Rési. +/-20 mV
N
I —
PANEL NUMBER
N©
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~— LCS1 CARD NOT USED
+A08 Mark
Adjusting components Test
Theorical
Parameter | Type Theorical Real Measure value Measure Remarks
value value point to be
obtained
Limitation P1 M2 55V Limitation to 110% of rated stator
set-point jeurrent
Idwo Rési. R33=150U 0,55V R33=  23165,72U-11005,8
calibration +/- 20mV 143,208-234,8672V
Jin obmsl {0.48V<U<0,61V)
Offset Rési. R37=100K PT1 -8V fin K} R37  22,1(Ukim for phi =0 -Ulim
setting +/-2% for phi =0 Idwo cal.
Stator current P3 M3 sV For rated stator current
calibration +/- 2% Isth= 10659 A
Limitation time Rési. R39=82,5K 100s R39= §82,987-2,74 *R41
— constant R41 =680K +/- 10s lin K) 2,74 +R41
to be on Tins
Limitation time Rési. R42 =100K Ss R42= 10000T-47R44
constant R44 =100K +/-1s lin K) 47 +4,7TR4s
to be out Tins
N—
PANEL NUMBER
N [+]
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TURBINES A
CMS1 CARD (automatic channel)
~ +A15 Mark
Adiusﬁng:omponents Test :
Theorical
Parameter | Type Theorical Real Measure value Measure Remarks
value value point to be
obtained
Cut-off
frequency of Rési. R21=4,75K Fec=490Hz R21= _ 11&0:0;1.1
the stabilizer +/-10% ) pi*Fe0.,
filter :
Minimum Pot. P1 R7 +R8 Umin Minimum setting of 30% for Un.
automatic Rési. =24,83K 4,5V R7+R8= 100R9'Um.in .
set-point Rési. R9 M1 +/-0,02V K 500-(100 + R8I *Umin
=2,21K
Maximum Pot. P2 R39+R40 Umax Maximum setting of 110% for Un.
automatic Rési. =1,39K 5,5V R39 +R40 = 1236{Umax-Umin}
. set-point M1 +/-0,02V K 1000-112,38(Umax-Umin)
~ Minimum Straps V-W=1
set-point X-W=0 Minimum set-point positve
sign
Input Straps A-B=1
set-up B-C=0 [With reversing
direction
Output Straps E-F=0
set-up F-G=1 WNo‘advo signal in Z8
direction
Auto-manu Straps RS=1
selection T-U=1 Auto-manu selection used
validation
Preset
input Strap P-Q=1 Preset input used
validation
Use of an Straps L-K=1
external M-N=1 JExtemal supply used
supply
N— Preset
mode Strap I-d=0 Preset not used
before J-2=0
starting
2*7=1
2°6=0
Nominal 2*5=0 +m-w to this value at the end
stator Straps 2°4=0 5,0V of the flashing
voltage 2°3=0
2*2=0
2*1=0
2*0=0
Straps B1-B2=0
Selection B2-B3=1
of following F1-F2=0
F2-F3=1
PANEL NUMBER
N°
e
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~— CMS1 CARD {(Automatic channel)
+A15 Mark
Aijﬁtin%o mponents Test
Thearical
Parameter | Type Theorical Real Measure value Measure Remarks
value value point to be
obtained
External Strap A1-A2=0
following
Input Rési. R68 =22,1K
polarisation R69=22,1K
Internal/External
control switch Strap E1-E2=0
inhibition

PANEL NUMBER

NO
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—_ LSES CARD
+A25 Mark
ﬂ'(ustingiomponems Test
Theorical
Parameter | Type Theorical Real Measure value Measure Remarks
value value point to be
obtained
Reactive
current Pot. P2 Point 5V Reactive power absorbed
calibration M1 +/-0,1V and phi = 80°.
Reactive L
current Pot. P2 Point +5V Reactive power furnished
calibration M1 +/-0,1V and phi = 80°.
Active
current Pot. P1 Point +5V For phi = 0°.
calibration M2 +/-0,1V I
Limitation line —lnw = Xd it Xdisin %.
— setting Rési. R67 =249K K1=0,180 Siope satting at 80°.
ldw = R25=4,61K K2=0.41 R26 = 23702 K1
Kix|iw]| - K2xU % 1000 - 525 K1
Limitation P=0 Reactive power absorbed
line - MwW
point Q= -97,0 and phi = 90° .
MVAR
Limitation P =1275 JReactive power absorbed
line MW
point Q=-74 and phi = 30° .
MVAR
Proportionnal Rési. R2 = 0U G=0,1 R2 =
gain setting R73=10K +/-10% 22,1%111G - 1) in K
Droop Straps A-B=0 Adjusted on wite
sign B-C=0
Droop
value Rési. R39=4,71K 4,5% [r3s - 100 000 x Droop in %
+/-1% tinK) 100 - Droop in %
Time RA4 = 1000 x T
N constant Rési. R44 =333,33K 0,55s 22-7
+/- 10% Tins, R44 in K
PANEL NUMBER
N° N©
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Adjusting components Test
Theorical
Parameter | Type Theorical Real Measure value Measure Remarks
value value point to be
obtained
Ceilin g Ceiling relsase on dv/dt
release | Strap X9=1 used
on dv/dt
Ceiling Ceiling release on threshold
release Strap X10=1 used
on threshoid
Current
loop Strap X12=0 Current loop unused
Field Field current limitation
current Strap X13=1 used
\-/ . . .
limitation
LUF2
card Strap X14=1 [Without LUF2 card .
using
Connection
between the
adder and the Strap X17=1 Jcm made
Pl limitation
current loop
Connection
Jbetween voitage
measurement Strap X18=1 Connection made
and voitage
regulation adder
Time constant RS =
of phase Rési. 8,51K T1=40ms ASS = R96ET1
leading +/-10% ® 0.0047R9€-T1
N— filter Tiins
Time constant
of phase R96 = a =6.25 2= T2
leading Rési. 190,48K T2=250ms L
filter +/-10% R9E = 1000
(efficacity) " PY]
Voltage Rési. R97=475K G=10 Iro7-47,50
loop : gain +/-2% x
Voltage R92 - 1,7
loop : Rési. R92=22,0K T3=1s {K) T3-0,469
constant +/-10% T3ins
Current R71= 1000T4
loop time Rési. R71=270,3K T4=1s X 4,7-T4
constant +/-10% Tains
PANEL NUMBER
N°
T
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_ RS1 CARD
+A32 Mark
Adjusting components Test
Theorical
Parameter | Type Theorical Real Measure value Measure Remarks
value value point to be
obtained
Stator
voltage P.R60 R62 = 12.1K vT 5,0v For U rated stator voitage
calibration +/-2% USN = = 13KV +{80IC
Field R68 =0U
current Rési. R69=0U IF 3,5V For rated lex
calibration R65 =infinite +/-2% lexn= 106 A.
R66 =infinite
Current R53 =
limitation Rési. 199,60K G=4 RS3 = 48,9G
loop gain +/-2% (3]
Current
limitation Rési, R45=22,0K T5=1s R46 = 11,7
loop time +/-10% X T6-0.468
constant TSins
Permanent R18//R19
field current Rési. 5,78K X15 -3.85V Juimitation to 1,1 times the
limitation +/-2% rated current
Ceiling
field current Rési. R52//R122= 4,55V Fumltnon t© 2,4 times the
limitation 11,20K +/-5% ’:m current
Ceiling R17=
release Rési. =825U 25,0V/s IVoltage variation of 500 %
on dv/dt +/-10% in 1 sesconde
Ceiling R7=
release Rési. 15,00K X8 4,15V Ceiling release at 83%
on threshold +/-6% rated U
Ceiling time a5 = T-0.58
~ setting Rési. R5=162,4K T=10s 9] 0,088
+/-0,3s Tins
PANEL NUMBER
N [+
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— ADA1 CARD
+A39 Mark
Adjusting components Test
Theorical
Parameter | Type Theorical Real Measure value Measure Remarks
value value point to be
obtained
Wrapping E21-ES
to add E14-D22
G14-D18
H20-G23
Temperature Resi. R24 =493V G8 -1v For 4..20mA input temperaturo
calibration R25=49SU -5v 4..20mA for 0..50°C
+/-2% Generator cold air
Rotor current Straps W61=0
correction W60 =1
Rotor current Resi. R21= G24 \'
- correction R22=0U +/-2%
Gain Irotor Resi. R26=33,2K
correction
Field current Resi. R33=68,1U 3,5V
calibration 1w
R32=475U G=1
R34 = 100K +/-2%
N
PANEL NUMBER
N©°
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GITS CARD
+A46 Mark
Adjusting components Test
Theorical
Parameter | Type Theorical Real Measure value Measure Remarks
value value point to be
obtained
Rectifier Rési. R114=49,9K X12 10°
stop R214=49,9K Xx22 +/-2°
R314=49,9K X32
Inverter Rési. R102=20K X12 320
stop R202 = 20K x22 +/- 4°
R302 = 20K X32
Pulse Rési. R130=4.75K X11 S50us
width R230=4,75K X21 +/-6 s
R330=4,75K X31
PANEL NUMBER
N o
N o
}ﬂ&umen ropriété exclusive de
; TIPS el de EUROPEAN GAS v This document, exclusive property of EUROPEAN GAS
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+A53 Mark
Adjusting components Test
Theorical
Parameter | Type Theorical Real Measure value Measure Remarks
value value point to he
obtained
R24 = R25 =
Input Rési. RS1 = R52 = 0°
filter R76 = R77 = +/-2°
setting 681U
Straps X10=1
X11=1
X12=1
N
R21 = R48 =
Input Rési. R73 = QU G=1
filter R22 = R49 = +/- 2%
gain R74 = infinite
Adder Rési. R12=100K G=1 R12 = 100x Q(inK)
gain +/- 2%
inverter Rési. R62=100K G=1 1R62 =100xQ{ink)
gain +/- 2%
Close Rési. R63=39,2K X8 40us R63 = T (inK)
N’ puises +/- Sps Tinus
width
Close Rési. R32=249K X8 630Hz R32= 1
pulses +/- 80Hz 6.3.10axp-6*Fn
frequency IR in Kohms
Pulses release Rési. R84 =infinie X7 G =236 Threshold & 7.5%
gain R67 =274K
Close
pulses Strap X8=0 Closa puises unused
presence
*
PANEL NUMBER
N©
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N— ACS3 CARD
+AbB8 Mark
Adjusting components Test
Theorical
Parameter | Type Theorical Real Measure value Measure Remarks
value value point to be
obtained
Short-circuit Rési. R10=475U < 3,2A One output short-circuited
current
Qutput B14-B16 2 x 28V At ro foad
voltage B6-B4 +/-2v
N—
N’
PANEL NUMBER
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N ALS2 CARD
+ A67 Mark
Adjusting components Tes_t_
Theorical
Parameter | Type Theorical Real Measure value Measure Remarks
value value point to be
obtained
Output P. R22 X2 +15V
voitage P. R11 X3 -15v
+/- 0,3V
Short-circuit Rési. R5=5,62K 1,24 A
current R16=5,62K +/-0,1A

e —————
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— CM(G4) CARD
+A76 Mark
Musﬁnlcormmnents Test
Theorical
Parameter | Type Theorical Real Measure value Measure Remarks
value value point to be
obtained

Stator current Rési. R7//R11 = 830 5V

586 U 230 +/-5% For ISTN = 10 659 A
R4 //R8 = 218 5V

586 U B18 +/-5%

Stator voitage | Straps A-B=0 Not used

adaptation C-D=0
E-F=0
G-H=0
lJ=0
K-L=0
~—
| —

PANEL NUMBER
NO

v This document, exciusive property of EVROPEAN GAS
TURBINES S.A., is strictly confidential . It must not be
communicated, copied ar reproduced without our written
consent.

) — . .
Ce document, propriété excilusive de EUROPEAN QAS
TUR SA i [ .

U BlNE; A eft nnctemem‘conhdenuel i ne peut étre GEC ALSTHO M
ommuniqué, copié, ou reproduit sans notre adtorisation

tcrite.



EUROPEAN LAVRION TV N° 54-651247

GAS : Indice : B
TURBINES ANNEXE A Page : 31
N ASEX1 CARD
+B08 Mark
Ad'jLusuMco mponents 7est
Theorical
Parameter | Type Theorical Real Measure value Measure Remarks
value value point to be
obtained
Voltage X4 5v [Nominai stator voltage calibration
calibration +/- 0,1V
Voltage Pot. X3 3.5V [Threshold setting : 70%
threshold to RS +/-0,1V
bring the
booster into
service
Voltage Pot. X3 4V Threshold setting : 80%
threshold to R6 +{- 0,1V
bring the
) booster out of
~ service
N
I
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N— CMS1 CARD (Manual channel)
+B15 Mark
Atjjusﬁng_cormonenm ~ Test
-1
Theorical
Parameter | Type Theorical Real Measure value Measure Remarks
value value point to be
obtained
Cut-off
frequency of Rési. R21=4,75K Fc =490Hz R21= 10 000
the stabilizer +/-10Hz w 2pi*Fc0,001-1
filter
Minimum Pot. P1 R7+R8 Minimum setting 20%ifn
manuel Rési. =3,73K 0,70V R7+R8= 10089 *Umin
set-point Rési. RS M1 +/-0,02V x 500-{100 + R3) *Umin
=22,10K
Maximum Pot. P2 R38+R40 Maimum setting 110% for ifn.
manuel Rési. =6,021K 3,85V 39 + R40 = 1235(Umax-Urnin)
~ set-point M1 +/-0,02V K 1000-112,35(Umax-Umin)
Minimum Straps V-W=1
set-point W-X=0 Minimum set-point positive
sign
Input Straps A-B=1
set-up B-C=0 With reversing
direction
Output Straps E-F=0
set-point F-G=1 Negative signal in 28
direction
Auto-manu Straps R-S=1
selection TU=1 Auta-manu salection used
validation
Preset
input Strap P-Q=1 JPreset input used
validation
Use of an Straps L-K=1
external M-N=1 +&umd supply used
supply
N— Preset
mode Strap I-J=0 Preset used
before J-2=0
starting
2°7=0
2°6=0
Field current 2°5=0 Preset to this value on unit
atno Straps 2%4=1 0,98V Ibroakw opening.
load 2*3=1 +/{-0,08V 10 =30 A
2°2=0
2*1=0
2*0=0
Straps B1-B2=1
Selection B2-B3=0
of following F1-F2=0
F2-F3=1
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~— CMS1 CARD (manual channel)
+B15 Mark
Adjusting components Test
Theorical
Parameter | Type Theorical Real Measure value Measure Remarks
value value point to be
obtained
Internal Strap At-A2=1
following
input Rési. R68 =2,21K
polarisation R69=2,21K
Internal/external
control switch Strap E1-E2=0
inhibition
N
N—r
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— RIEX CARD
+B32 Mark
— —
Adjusﬂ:i components Test
Theorical
Parameter | Type Theorical Real Measure value Measure Remarks
value value point to be
obtained
Clock Output
period P1 212 117 ms gﬁﬂ\mv 8,6 Hz
+/-3ms
R49
Field P2 =82,5K M1 -3,5V HFor the rated field current
current Rési, R52 +/-01V Ifn = 108A
calibration =66U
Regulation
loop Rési. R10=100K G=1 wa-‘IOOxG(inKl
gain +/-2%
Regulation T=(149,9 + (4990/(R7 + 4,99))°C
N— loop Rési. R7 =45K T=0.25s Tins A7 in K
time Strap A-B=0 +/-10 % C = 0,001 avec A-B=0
constant C = 0.0067 avec A-B=1
Follow up Rési. R24 = 100K Gl =1 Ir24 = 100 x @1 (inK)
gain +/-2%
Follow up
input Rési. R39=0U ’lnom fevel: 15V
lovel
adaptation
Integral term
short-circuiting
input level Rési. R53=332U H'w level: 16V
adaptation
N’
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GITS CARD
+846 Mark
Adjusting components Test
Theorical
Parameter | Type Theorical Real Measure value Measure Remarks
value value point to be
obtained
Rectifier Rési. R114=49,9K X12 10°
stop R214=49,9K X22 +/-2°
R314=49,9K X32
Inverter Rési. R102=20K X12 32°
stop R202=20K X22 +/-4°
R302 =20K X32
Pulse Rési. R130=4,75K X11 50us
width R230=4,75K X21 +/-6us
R330=4,75K X31
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~— FITS1 CARD
+B53 Mark
Adjusting T
justing components Test .
Theorical
Parameter | Type Theorical Real Measure value Measure Remarks
value value point to be
obtained
R24 = R25 =
Input Rési. R51 = RB2 = 0°
filter R76 = R77 = +/-2°
setting €81U
Straps X10=1
X11=1
X12=1
R21 = R48 =
Input Rési. R73 = OU G=1
filter R22 = R49 = +/-2%
gain R74 = infinite
Adder Rési. R12=100K G =1 12 = 100xB{ink)
gain +/-2%
Inverter Rési. R62=100K G=1 RE2 = 100 x GlinK}
gain +/-2%
Close Rési. R63 =39,2K X8 40us R63 = T[inK}
N— pulses +/-Sus Tinps
width
Close Rési. R32=249K X8 630Hz R32=- 1
pulses +/- 80Hz 8,3.10exp-6 *Fn
frequency +‘4 in Kohms
Pulses release Rési. R84 =infinie X7 G = 3,6 Threshold at 7.5%
gain R67 =274K
Close
pulses Strap X8=0 Close pulses unused
presence
Iee—————————
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N ACS3 CARD
+B58 Mark
Adjustmg components Test .
Theorical
Parameter | Type Theorical Real Measure value Measure Remarks
value value point to be
obtained
Short-circuit Rési. R10=475V < 3,2A One output short-circuited
current
Output B14-B16 2x 28V At no load
voltage B6-B4 +/-2V
N—
j —
%—“
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. ALS2 CARD
+B67 Mark
Ajustiﬂcomonents ’TEs_t_
Theorical
Parameter | Type Theorical Real Measure value Measure Remarks
value value point to be
obtained
Output P. R22 X2 +15V
voltage P. R11 X3 -15v
+/- 0,3V
Short-circuit Rési. RS =5,62K 1,24 A
current R16=5,62K +/~-0,1A
N—
N—
%;
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EUROPEAN OPERATION AND MAINTENANCE MANUAL DOC 964

Section : 3
GAS ROTOR EARTH FAULT PROTECTION RELAY Page - 11
TOGT Revision : A
TURBINES Date - 01.97

TOGT is the same relay as TOG (DOC 390) except for the following points :

I1 - DESCRIPTION - SPACE REQUIREMENTS : TOGT relay is housed in a TROPIC case five modules wide.

1 - The TOGT relay is used with a PG5 support plate.
The voltage appearing at the terminals of the shunt is filtered by a low-pass filter, rectified, filtered and
compared with a fixed comparator setting which activates an amplifier (no time lag). That amplifier
controls an output relay and an indicator (LED).

A second identical comparator controls a second output relay and a second indicator (LED).

1 - Input quantities

a) resistances
e values:1-2-3-5kQ, (2 independent settings)
2 - Outputs
For each output there are two normally open contacts and two changeover contacts.
3- Indicators
flashing LED with memory only.
4 - Times

response time : < 1s
reset time : <l1s
no time of non-operation, no time lagging

5- Supply
¢ dc:48V-60V-110 Vor 125 V (remote control voltage)
e ac:220 V (auxiliary power supply)
e consumption
220 V ac supply : under quiescent condition : 8§ VA
per energized relay : 2 VA per setting
48 Vdcsupply: « ON » position : 1.5 W
« OFF » position : 0 W

6 - Withstand values

¢ temperature :
in service : + 10°C to + 30°C
in store : - 25°C (in accordance with IEC standard 68-2-1 test Ab) to + 55°C (in accordance with IEC
standard 68-2-2 test Bb)
high temperature tion + 40°C : in accordance with IEC standard 68-2-2 test Bd

o damped oscillation : in accordance with CTS 83.C.010.02

¢ HF interference : 500 V - 100 kHz - 1 Mhz - in accordance with CTS 83.C.010.02
vibration : in accordance with IEC standard 68-2-6

severity : 10 Hz to 57 Hz - 0.15 mm peak to peak
vibration acceleration : 1g between 57 Hz and 2000 Hz

Ce document, propriété exclusive de EUROPEAN v This document, sole property of EUROPEAN GAS
GAS TURBINES SA, est strictement confidentiel. TURBINES SA, is strictly confidential. It must not

i ne peut étre communiqué, copié ou reproduit I be communicated, copied or reproduced without
sans son autorisation écrite. G E C A L S r H O M our written consent.
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I - FUNCTION - APPLICATION

Alternators and, more generally, synchronous machines, have a field system supplied with direct
current and insul ated from the machine frase.

A single insulation fault between the field systes and the frame is not dangerous for the machine
but it must be detected and eliminated before a second fault can appear which second fault would
have catastrophic results for the machine.

The TOG relay, in association with an equipment support plate, ensures the supervision of the
insulation between the field winding of a synchronous machine and the frame.

It operates by the injection of a low frequency voltage which makes the measurement independent of
the position of the fault on the winding. Moreover, the use of low frequency avoids any need for
coapens ating adjustment of the capacitance between the field winding and earth.

The TOG relay contact allows of :
- either the de-energizing of the machine,

- or the starting of an alara.

II - DESCRIPTION - SPACE REQUIREMENTS

The plug-in T0G relay is housed in a TROPIC case four modules wide.

The connections are made by means of 6.35ma clips and screw teraminals.

Doc 3303



SPACE REQUIREMENTS FOR THE TOG RELAY

minimum dimension for
installing an eventual next

case

P —

157.6

167,

Seee -

D971 - &

Flush mounting

I 20 17
t
B [<] [<)
. =
o
=
x} ~ —E-'
Ll ~ -:“
B
e N - [+] [)

Projecting mounting with rear connections

221 7
= q‘=

153
182

Projecting mounting with front connections

= L
RN 261 _|

drilling diagram front view side view rear view
CASE (NUMBER OF MODULES)
2 3 4 5 6 7 8
w 40.4 60.7 81 101.1 121.4 141.7 162
7] Flush and projecting
2 mountng with rear | X 41 61 81.5 101.5 122 142 162.5
o_ connections
2E Y 0 20.5 a1 61 81 102 122
-
S | Projectiag mounting E 77.5 98.5 118.5 138.5 159.5 179.5
(=] with fromt
connactions L 94 115 135 155 176 196
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SPACE REQUIREMENTS FOR SUPPORT PLATES PG2 AND PG5

plate PG2
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- _. 220 _
e
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[
Ca.l :
K ,t
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F' P ,_.El_il".n 35
plate PGS

n

o _am

poc 330)5

D971 - 5



0971 - 6

IIT - PRINCIPLE

1 ~ The T06 relay

The TOG relay applies a low frequency voltage to the field winding of the machine under
supervision through the intermediary of a PG support plate.

The measurement of the insulation resistance is achieved by measurement of the current flowing
in the TOG relay.

The TOG relay includes a low frequency voltage generator (4.75Hz - 24V peak to peak), and a
shunt used for measuring the current.

The voltage appearing at the terminals of the shunt is filtered by a low-pass filter, rectified,
filtered and compared with a fixed comparator setting which activates a time lag (optionally Ss,
10s, 20s or 40s). On expiry of the time delay, an amplifier controls the output relay and the
indicator (LED).

There is a push button for resetting to zero the memory associated with the indicator (LED) when
the fault has been cleared.

The resistance setting can be selected from the values lk.x, 2k.2, 3k . or Sk by means of
a flying lead accessible on the front face {adjustment by shunt).

A test push button (optional) simulates a fault. During the test the output relay is locked out.

The support plate
The support plate PG carries a reactor and a capacitor.

The purpose of the capacitor is to block the direct voltage from the field winding. The reactor
and the capacitor form a series oscillating circuit presenting a minimum impedance at &.75Hz (an
adjustable series resistor enables that value of impedance to be adjusted to 1.5k n).

This circuit allows the passage of 4.75Hz and blocks other frequencies,

There are two versions of the support plate :

- the PG2 plate for cases where the field winding is supplied at direct voltages up to 200V,
- the PGS plate for cases where the field winding is supplied at direct voltages up to 600V.
NOTES

- either plate can be used with any TOG relay, the equipments are not matched,

- the capacitor may retain a charge. It is advised that, before any further action after having
de-energized the field circuit, the plate asseably be short circuited.
However that assembly is equipped with a discharge circuit (time constant about 7an).

Since the measuring circuits are in direct connection (dc voltage) with the field circuits, the
T06 supply circuit must include electrical isolation from the supply battery. That isolation is
provided by a converter.
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SIMPLIEFIED OIAGRAM SHOWING THE PRINCIPLE AND EXAMPLE OF CONNECTIONS

plate P6.

relay T06 and plate PG.

o
:L

N 810

i

.
L‘L—43 q \ A
| | 2 l
l E—\A‘Tcsl A}T :§T

)
1
t
|
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IV - CHARACTERISTICS

1 - Input quantities

a) resistances
. values : I -2 -3 -5,
. accuracy : + 20%

b) reset percentage

113% of operating setting + 10% absolu
Outputs

By energization of relay.

For each output there is one normally open contact and one changesver contact.

Suitching capacity for | break | make

I I
| 10 operations | | |
| 220v - 50/60Hz - cos Y= 0.6 5A | 54 |
| 135Vdc - L/R = 30ms | 0.32 | 5A |

Indicaters
flashing LED with memory or LED with permanent memory even on loss of supply.
Times
. response time : €25 + T (7 = set time delay)
. reset time : £ 25
. time of non-operation : T - 2s
. time lagging
5~ 10 -~ 20 - 40s
accuracy : + 5%
Supply
. dc : 48V - GOV -~ 110V - 125V - 220V ~ 250V
. range of variation : 0.8 to 1.1 Un

. consumption

: DC SuPPLY o 48Y - 60V I 110V ] 125V l 220V l 250V }
| under quiescent condition| 3.5Ww | 3.5 | 3.5w [ 3.5 | 6.5 | 6.50 |
| per energized relay 2M 24 20 24 3 |

Withstand values

. temperature :
in service : - 10°C, + 55°C
in store : ~ 259C to + 70°C

. dielectric : 2000V -~ SOHz - lman in accordance with IEC standard 255-5
. impulse : 5000v - 1.2/50 ps in accordance with IEC standard 255-4 class 3

. HF interference : 2500V - 1MHz in accordance with 1EC standard 2554 class 3

. vibration : in accordance with standard NF C20-616 severity 2000/10

or with IEC standard 68-2-6 : 10 at 2000Hz - 1.5am peak to peak - 10g.

poc 390/8
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V - RECEPTION TESTS

This specification applies to T0G relay + PG support plate for checking the insulation level between
rotor and frame.

As soon as the relay are received on site and before they are put to work, it is advised that the
following checks described herafter be performed. If a relay proves defective, it is recommended
that the ALSTHOM Mesure et relay, After Sales Service be approached.

1 - Test arrangesent

a) diagraa

S s
‘L’ chronoscope,
i [ A
' aox.
~ supply —I I -
6=—=7 1810
‘ - = O
“ l ’ E
st
[3
l PGS R o c|—foepbe
 Commmmerd 3 ’ 1 : A
\! AW I ¥)
Ew Tgst
- )
t
t
1
12 98

b) equipment required for the tests

- de auxiliary supply

decade resistance box,

ohmmeter,
-- chronesceope,

switch I with two synchronized contacts.
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c) description of the indicator plate

O
TOG ©
indicating LED———-——‘@
r?sistance settmg/L_ﬂ R
aisplay wn
reset to zero ] v
push button indication 0 va s
T :e—2 tine delay value

TEST TROPIC DMR

TEST

o O

2 - General test ceaditions
The relay is supplied at the rated auxiliary voltage corresponding to the option chosen.

The flying lead for setting the resistance range is positioned on the point corresponding to the
desired utilization.

3 - Checking the settimg R 2> and the operation of the time lagged output relay

without any resistance on the measuring input, by means of the chmmeter, check the continuity
of the time lagged output relay contacts (contact 8-3 closed, contacts 11-12 and 9-10 open),

- close the switch I,

- connect to terminals 2 and & of plate PG. a resistance of greater ohmic value than the value
set on the relay,

- gradually reduce the value of the resistance until the output relay contacts operate,

- check the operation of the contacts for a value of resistance corresponding to the set
value R ,

- on passing the setting, check the continuity of contacts 9-10, 11-12 and the discontinuity of
contact 8-9,

NOTE
the contact operate on expiry of the time shown on the information plate of the relay tested.

poc 330/10
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Checking the tiwing
- pre-adjust the value of the resistance to zero,

~ open switch I and then reset the chronoscope to zero,

close switch I,

1

check that the time shown by the chronescope agrees with that set on the relay,

Checking the imdication and the reset to zero

- gradually reduce the resistance connected to the measuring input until the output relay
contacts operate,

- check the time lagged indicator : it lights (permanent memory) or flashes (plain memory) on
expiry of the set time delay,

- increase the value of the resistance to a value exceeding that set on the relay, the indica-
tion is memorized and the indicator resains lit (permanent memory) or continues to flash
{plain aemory),

- press the reset to zero button on the front face of the relay and observe that the indication
ceases.

Checking the TEST function

When the TEST push button is pressed :

- on expiry of the set time, the indicator of the time lagged output lights (permanent meaory)
or flashes (plain memory) and the output contacts do not operate.

VI — COMMISSIONING TESTS

The RECEPTION TESTS covered by sectiom V will have shoun that the protection functions properly

Hith the protective equipsent unplugged
- check the value and polarity of the voltage of the auxiliary supply to the switchboard,
- check the interconnection between plate PG and the TOG relay,

— set the selected values of resistance and time on the front face.
Plug im the protective equipsent om the switchboard, it is now ready for service.

Testing the protection

The tests described im section V are again performed but with the resistance connected between
one pole in the field cubicle or of the rotor of the machine and earth,

Doc 3%0 | M
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VII - REPAIRS

In case of doubt as to proper functioning of the protective equipment, undertake the following
tests :
1 - auxiliary supply voltage

- check the value of the supply voltage at the TOG relays terminals, it must be between 0.8 and
1.1 Un ;

- in the case of a dc supply, check the polarity (the TOG relay is protected against reversal of
the polarity) ;

- make the necessary corrections.

2 - cemmections
- check the agreement of the connections with the connection diagrams ;

- make the necessary corrections.

3 - circuit ceatinuity
- check the continuity, up to the relay terminals, of the logic information arriving at or
leaving the contacts.
Watch for badly crimped lugs or screws not properly tightened ;
- make the necessary corrections.
4 - test
~ press the TEST push button, if the relay includes this feature, with the protective equipment
still plugged in and in the absence of a fault on the protected systea ;
- check that the indicators (LED) light on expiry of the protection timing.
5 - reseting the indicaters
- check that the push button RAZ extinguishes the indicators when the protective relay is not
seeing a fault on the protected systes.
6 - reception tests - test before settimg to work

- unplug the working part,
- undertake the tests set out in the sections RECEPTION TESTS and TESTS BEFORE SETTING TQ WORK.

In the event that the results of the checks under paragraphs 1, 2 and 3 are satisfactory but one of
the points mentioned in paragraphs &4, 5 or 6 is not correct, contact the ALSTHOM Nesure et relais,
After Sales Service at Villeurbanne with a view to return if necessary of the defective protection

sodule.
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GENERAL

As a general rule, a part must not be disassembled without having first marked it. As
well, make sure that the part is not linked to neighbouring parts by any screws or
bolts, and that it does not drag along with it any cable or conductor that has not

been freed.

* specific handling toolings and equipment (referenced on phase drawings) are
supplied by GEC ALSTHOM with the machine.

* the torques given are applicable after having lubricated the threads and bearing
faces of the screws and nuts.
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ROTOR DISASSEMBLY

PRELIMINARY

To disassemble the rotor (3A), the following parts are removed:

» the generator closing plates and enclosure.

¢ the removable cross arms of the door.

¢ the exciter cover and stator.

» the removable partitions between bearings and cover.

¢ the oil pipings supplying the bearings.

o the baffles and air nozzles on exciter side and coupling side.

¢ the fan blades.

¢ the air guides also on each side.

e the end-winding covers on each side.

e the bearing caps and collars.

e the two complete bearings (instrumentation, raising blocks, lower and higher half
bearing journals).

¢ the rotor earthing system on coupling side.

 the rotor short-circuit RTD (accessed by a removable hatch in the cover).

The rotor (3A), with the exciter bell housing (3C), is supported in the stator (3B) by

the two shimmings used for removing the bearings.

The rotor axis (3V) is located at a certain distance (3AA) above the stator axis (3U).

The rotor vertical axis (3Y) is at a distance of (3AB) from the magnetic axis (3X) (or

stator axis).

T
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Tfhe two shimmings, or raising devices, rest on the pedestal (3D) and are made up
of:

TURBINE SIDE (3E)

The wooden wedge (300) on which rests the shaft (3A).
The | profile (301) supporting the wedge.

Four threaded rods (304) that maintain, using the nuts (305) and washers (306),
the clamp (302) on the wooden wedge.

In order to protect the rotor, a cardboard plate (303) is inserted between the rotor
shaft and the clamp (302).

The height of the rotor, on coupling side, is a function of the height of adjustment

plates (314), (315) and (316) arranged between the profile (301) and the wooden
wedges (313).

SIDE OPPOSITE FROM THE TURBINE (3F)

The wooden wedge (307) on which rests the shaft (3A).
The | profile (301) supporting the wedge.

Two threaded rods (310) that maintain, using the nuts (311) and washers (312),
the clamp (308) on the wooden wedge.

In order to protect the rotor, a cardboard plate (309) is inserted between the rotor
shaft and the clamp (308).

As for the other raising device, the height of the rotor, on exciter side, is a function
of the height of adjustment plates (314), (315) and (316) arranged on the wooden
wedges (313).

To carry out the raising operations of the rotor in the bore, a system (317) made up
of two jacks and of a manual pump is used.

The jacks (317) are placed on a stack of adjustment plates (318), (319) and (320)
under the support of one of the raising devices and enable the height of the wedges
(314), (315) and (316) to be modified.
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PHASE 1:

CENTRE OF THE ROTOR

. Po_sition the two articulated pads (321) while securing them by two lengths of
string (322) as indicated on the drawing.

* Arrange in the stator, under the two pads, the wedging plates (323).
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PHASE 2:

* Lower the rotor in the bore, the articulated pads (321) resting on the wedging
plates (323). To do this, the following operations will have to be carried out on

coupling side and then on exciter side:
1. Position the two jacks (317), symetrically, under the raising device.

2. Wedge them using the adjustment plates (318), (319) and (320) in order to
obtain a jack-l profile clearance of about 13 mm.

3. Activate the manual pump until the jacks come to a stop and raise the rotor.

4. At this time remove some of the plates (314), (315) and (316) located on the

wooden wedges (313) in order to reduce the shimming by approximately 13
mm.

5. Lower the jacks completely.
6. Start from step 2 again until the pads rest on the wedging plates (namely five

iterations).

ATTENTION: The shimming heights under the two jacks
must be identical. The same applies to the two
shimmings located under one of the raising
devices.

CENTRE OF THE ROTOR

e Check the contacts between pads and plates.

SIDE OPPOSITE FROM THE TURBINE
+ Disassemble and remove the raising device with its wedges.

¢ Fit the materials handling car to the rotor (3A). To do this:
1. Fit the lower materials handling car (331) to the bearing pedestal (3G).
2. Fit the six threaded rods (332) to the lower materials handling car.

3. Raise the assembly until it comes in contact with the bottom part of the rotor.
4. Fit the clamp (333) to the rotor shaft.

5. Fit the washers (329) and tighten the nuts (330) to the torque of 303 Nm.

NOTE: Handle the lower materials handling car (331) using
two steel bars inserted through holes (3J).
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PHASE 3:

SIDE OPPOSITE FROM THE TURBINE

o Position the two wedges (334) on the pedestal (3G) while observing the
positioning dimensions (3AC) and (3AD) in relation to the bearing axis (3W).

FIRST DISASSEMBLY

o Set the self-drilling dowels (335) into the floor (3K) while observing the positioning

dimensions (3AC), (3AF), (3AG).

e Place, on the front of the pedestal (3H) and on the floor (3K), the stacks of
adjustment plates (336), (337), (338) and (382), by means of which the levelling
of the rail systems fitted in PHASE 4 can be carried out.

o Observe the radial positioning dimension (3AH) of the wedges in relation to the
rotor axis as well as dimensions (3AF) and (3AG).

FOLLOWING DISASSEMBLIES

¢ Loosen the plug screws (33) that prevent the dowels (335) located in the concrete

floor (3K) from being obstructed.
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PHASE 4:

SIDE OPPPOSITE FROM THE TURBINE

» Bring and position the inner rail system (340) on the pedestal (3D) so as to centre
it in relation to the rotor axis.

« Fit the outer rail system (241) to the end of the pedestal (3H) and to the floor (3K).
Check its positioning so as to equally centre it in relation to the rotor axis and to
align it with the inner rail system (340).

FIRST DISASSEMBLY

e Check the alignment of the rail systems and level the rail system (341). If
necessary, adjust using the adjustment plates (336), (337), (338) and (382).

e Join the two rail systems using the fish plates (342) and screws and boits (343),
(344) and (345). Tighten to the torque of 155 Nm.

e Secure the inner rail system (340) to the pedestal (3D) using screws and bolts
(346)+(376) and at the wedges (334) with (347)+(376). Tighten to the torque of 62
Nm.

¢ Screw, to the torque of 62 Nm, the outer rail system (341) to the pedestal profile
(3H) using screws and bolts (347)+(376).

e Secure the rail system (341) to the fioor (3K) using clamps (348) and screws and
bolts (349)+(306) tightened in the dowels (335) to the torque of 62 Nm.

o Position the 2 levalators (383) under the pedestal using the 2 wedges (384).
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PHASE 5:

» Clean the sliding plate (350) and coat the internal surface slightly with paraffin
(351).

SIDE OPPOSITE FROM THE TURBINE

e Position the raising jacks (317) and the wooden blocks (313) on the rail system

(340), under the materials handling car (331). Make sure that the spacing
dimension (3AJ) is observed.

» Raise the rotor in such a way as to position the rotor axis (3V) to a certain
distance (3AK) above the stator axis (3U). To do this, carry out the following
operations twice:

1. Insert a set of wedges (318), (319) and (320) under the jacks (317) to minimize
the clearance between the jack and the materials handling car.
2. Activate the manual pump until the jacks come to a stop.

3. Add plates (314), (315) and (316) on the wooden wedges (313) to increase the
shimming under the rotor.

4. Lower the jacks again.
TURBINE SIDE

o Place the two jacks (317) with their wedges under the raising device on coupling
side.

e Then raise the rotor in the same way and to the same height as on the exciter
side.

CENTRE OF THE ROTOR
e Remove the wedging plates (323).

e Position the cardboard plate (352) inside the stator being careful to centre it in
relation to the stator.

SIDE OPPOSITE FROM THE TURBINE

e Fit the sliding plate (350) to the rail system (340) and make it slide in the direction
of the stator while making it go under the materials handling car.

o Raise the plate slightly before inserting it into the bore and position it on the
glazed cardboard while centring it in relation to the stator.

o Lash down the sliding plate using cables (353) and cable clamps (354) to avoid
dragging it along when moving the rotor.
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PHASE 6:

TURBINE SIDE

 Lay back down the rotor so that the articulated pad (321), on coupling side, can

rest on the sliding plate (350). Perform the raising operations described in PHASE
5 in reverse sequence.

* Disassemble the raising device made up of the parts (300) to (306) and withdraw
the shimming (313) to (316).

SIDE OPPOSITE FROM THE TURBINE

¢ Place the wooden wedge (355) on the bearing pedestal (3G), under the lower
materials handling car (331). Respect the positioning dimension (3AL).

¢ On the wedge, place a stack of adjustment plates (314), (315) and (316) with a
height of (3AM).

o Position the raising jacks (317) with their adjustment plates under the materials
handling car, then slightly raise the rotor.

* Remove the stack of plates located on the rail system.

o Lower the jacks again, the materials handling car resting on the shimming made
up by the wooden wedge (355) and the stack of adjustment plates.
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PHASE 7:

SIDE OPPOSITE FROM THE TURBINE

* On the materials handling car (331), fit the four guides (356), the washers (357)
then tighten the nuts (358).

 Place the handling lug (359) on the materials handling car, fit the washers (329)
and tighten the screws (360).

e Fit onto the materials handling car as well the two trolley jacks (361), the washers
(3857) and the tightened screws (362).

CENTRE OF THE ROTOR

¢ Pivot the articulated pad (321), exciter side, using the binding strings (322) and
bring it above the shaft (3A).

SIDE OPPOSITE FROM THE TURBINE

¢ Raise the rotor, exciter side, using the jacks (317) that are still in position, until the
shimming, made up of the adjustment plates and of the wooden wedge (355), can
be taken off.

e Lower the jacks again. The troliey jacks then rest on the rail system (340) and
support the rotor.

o Take off the two jacks (317) and all the wedges found on the rail system (340).
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PHASE 8:

SIDE OPPOSITE FROM THE TURBINE

» Position the cable (363), the turnbuckle (364) and the pulley (365). Connect them
to the spreader beam (366) using shackles (367). Then, secure the spreader
beam to the anchoring point (3L).

o Fit an end of the disassembly sling (368) to the lug (359) of the materials handling
car by means of the axle (369) going through the tube (370) and maintained by
the pin (371).

o Link the other end of the sling (368) to the pulley (365).

e Activate the turnbuckle until a stroke of 100 mm has been acheived.

TURBINE SIDE
Position the tooling shaft (326):

e Secure it to the rotor coupling using the screws (328), washers (379) (380) and
nuts (381).

o Fit the plywood pad (327) and the 2 plates (325) to the shaft. Secure the
assembly with the screws (324), washers (329) and nuts (330). Tighten to the
torque of 300 Nm.

e Activate the turnbuckle again to start taking out the rotor.
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PHASE 9:

During this phase, consisting of pulling out the rotor using the turnbuckle, the
following operations will have to be carried out successively:

SIDE OPPOSITE FROM THE TURBINE

e Remove the articulated pad (321), exciter side, when it has been pulled all the

way out of the bore.

TURBINE SIDE

o Check that the coupling pad (327) goes above the sliding plate (350).

SIDE OPPOSITE FROM THE TURBINE

e Stop the operation of the turnbuckle (364) when the total stroke of the rotor

reaches (3AN), ie, before the articulated pad (321) remaining comes into contact
with the parts of the stator plate that are damaged.

Place the two jacks (317) with their wedges (318), (319) and (320) under the
materials handling car (331) and raise the shaft until the articulated pad can be
moved. The coupling pad (327) then rests on the sliding plate and supports the
rotor shaft.

Pivot the released pad (321) around the rotor (3A) in order to bring it above the
shaft.

Put back down the rotor and take off the jacks with their wedges.

Activate the turnbuckle (364) again and take off the articulated pad located on the
shaft when this one is completely free.

ATTENTION: The coupling pad and the articulated pads
must never support any load above the
damaged plates.

Pull the rotor until its total stroke is (3AP).
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PHASE 10:

CENTRE OF THE ROTOR

¢ Fit the two slings (373) while effecting a round turn.

Protect the shaft with both parties of the two glazed cardboard (372).

¢ The dimension (3AQ) indicates the axial position of the assembly centre of gravity
(8M). Respect the spacing dimension (3AR) of the slings.

¢ Raise the rotor slightly using the crane so as to check its horizontality. Put back
down the shaft and adjust the positioning of the sling consequently.

* Remove the rotor (3A) while being careful not to hit any of the stator (3B) parts.

PHASE 11:

o Put back down the rotor on its shimmings (375) while observing the dimensions

(3N).

o Take off the sliding plate (350), the glazed cardboard (352), the cables (353).

¢ Disassemble the lower materials handling car (331) and the upper one (333), side
opposite from the turbine.

¢ Disassemble the tooling shaft (326).
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ROTOR ASSEMBLY
PRELIMINARY
CENTRE OF THE ROTOR

Clean the sliding plate (350) and coat the internal surface slightly with paraffin
(351).

Install the cardboard plate (352) inside the stator, being careful to centre the
cardboard plate in relation to the stator.

Install the sliding plate (350) on the cardboard plate (352) and position it by
centring in relation to the stator.

Lash down the sliding plate using cables (353) and cable clamps (354) so that it
is not dragged along when the rotor is inserted (3A).

SIDE OPPOSITE FROM THE TURBINE

Fit the inner (340) and outer rail systems (341) (See phase 3 and 4):

Position the two wedges (334) on the channel (3G).

Bring the inner rail system (340) and position it on the pedestal (3D) in such a
way as to centre it in relation with the rotor axis.

Lay the outer rail system (341) on the end of the pedestal (3H) and on the floor
(3K). Check that it is positioned in such a way as to centre it equally in relation to
the rotor axis and align it with the inner rail system (340).

Check the level of the rail systems (340) (341).

Join the two rail systems with fish plates (342) and screws and bolts (343), (344)
and (345). Tighten to a torque of 155 Nm.

Hold the inner rail system (340) on the pedestal (3D) using the screws and bolts
(346) (376) at the wedges (334) with (347) (376), torque to 62 Nm.

Using screws and bolts (347) (376), tighten the outer rail system (341) onto the
pedestal profile (3H) to a torque of 62 Nm.

Hold the rail system (341) on the floor (3K) using clamps (348) and screws and
bolts (349) (385) tightened in the dowels (335) to a torque of 62 Nm.
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PHASE 11:

Remove the rotor near the generator.

e Remove the rotor (3A), observing the dimension (3N) and by positioning the rotor
at an angle on the coupling positioned.

CENTRE OF THE ROTOR

e Protect the shaft with both parties of the glazed cardboard (372).

o Fit the two slings (373) by effecting a round turn.

¢ The dimension (3AQ) indicates the axial position of the centre of gravity (3M) of
the assembly. Observe the dimension (3AR) of the sling spacing.

¢ Raise the rotor slightly with the crane, in such a way that it remains horizontal.

Lay the shaft back down and adjust the positioning of the sling accordingly.

TURBINE SIDE

Position the tooling shaft (326) (see phase 8) :

2%
152
E2o
goe
33¢
5=3s
g E a e Secure it onto the rotor coupling using screws (328), washers (379) (380) and
=4 o
25892 nuts (381).
8s o2
;o 2C . .
fé 53 ¢ Fit the plywood pad (327) and the 2 plates (325) onto the shaft. Secure the entire
D » .
33 53 assembly with screws (324), washers (329) and nuts (330). Tighten to a torque of
—E3
S3E2 300 Nm.
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SIDE OPPOSITE FROM THE TURBINE

Position the lower materials handling car (331) (see phase 2).

Fit the six threaded rods (332) onto the lower materials handling car (331).
Lift the assembly to bring it into contact with the rotor.

Position the clamp (333) onto the rotor (3A):

Fit the washers (329) and the nuts (330) without tightening them.

NOTE: Handle the lower materials handling car (331) using
two steel bars inserted through holes (3J).

Fit the four guides (356) and the washers (357) on the materials handling car
(331), then tighten the nuts (358) (see phase 7).

Fit the handling lug (359) and the washers (329) onto the lower materials
handling car (331), and tighten the screws (360).

Fit the two trolley jacks (361), washers (357) and the tightened screws (362) also
onto the materials handling car.
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PHASE 10:

Fit the rotor (3A) onto the rail system (341) and the plate (350).

» Start engaging the rotor (3A) into the stator (3B), being careful not to strike the
various components with the coupling plate or the pad (327).

TURBINE SIDE

o Fit the coupling pad onto the sliding plate (350)

SIDE OPPOSITE FROM THE TURBINE

o Fit the trolley jacks (361) of the lower materials handling car (331) onto the outer
rail system (341).

e Tighten the nuts (330) of the materials handling car (331) (333) to a torque of 300

Nm.

¢ Take off the slinging (373) and the glazed cardboard (372).

Fit the handling cable

o Position the cable (363), the turbuckle (364) and the pulley (365). Attach the
assembly to the spreader beam (366) using the shackles (367). Then, secure the

spreader beam to the anchoring point (3L) (see reassembly phase).

e Secure one end of the reassembly sling (374) to the lug (359) of the materials
handiing car by threading an axle (369) through a tube (370) and holding it into

place with a pin (371).

e Connect the other end of the sling (374) to the pulley (365).
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PHASE 9

TURBINE SIDE

* Position the articulated pad (321) by holding it into place with the string (322), as
indicated on the drawing.

SIDE OPPOSITE FROM THE TURBINE

e Using the turnbuckle (364), insert the rotor (3A) into the stator until it is in the
position indicated on the drawing.

» When inserting the rotor, make sure that the .coupling pad (327) and the trolley
jacks of the lower materials handling car (331) are pulled along correctly and that
the sliding plate (350) remains in place.

* Place the two jacks (317) with the wedges (318), (319) and (320) under the
materials handling car (331) and raise the shaft slightly. The coupling pad (327)
shall then lie on the sliding plate.

TURBINE SIDE

* Pivot the pad that has been freed (321) around the rotor (31) in order to bring it to
the lower end of the shaft.

SIDE OPPOSITE FROM THE TURBINE

¢ Lay the rotor back down and remove the jacks (317) with the wedges (318), (319)
and (320).

Société, est strictament confidentiel. il
ne peut 8tre communiqué, copié ou
reproduit sans son autorisation écrite.

Ce document, propriété exclusive de notre

A - | Firstissue 25.03.97 BOUDEVIN MOUNIER
Indice Nature/N° Avis modif. Dates Noms Visas Noms Visas Noms Visas
MODIFICATIONS MODIFIE VERIFIE APPROUVE
APPROUVE TITRE
VERIFIE | 25.03.97 MOUNIER 4 ROTOR OPERATION MANUAL
DES./RED. | 25.03.97 BOUDEVIN 4 JA. LAVRION TV
QA: 2 Dates Noms Visas
< GIDOC | BD.GRA LANGUE ECHELLE |BELFORT N v
% 19/32 [ ] Q E / LE BOURGET Q GEC ALSTHOM
w —_
Z_ DOC. ORIGINE | DIFFU. | NATURE | EMETTEUR X\ | FORMAT | soroee |7
g 2 s 39 G A4 39701738 . A




39701738

(

property of our company,

confidential. It must not be
ted, copied or reproduced|

without our written consent.

This document, sole

is strictly
communica

(

PHASE 8:

SIDE OPPOSITE FROM THE TURBINE

* Position the articulated pad (321) above the rotor (3A) as shown on the drawing.

* Activate the turnbuckle again (364) until the interlocking of the coupling plate is at
a distance of approximately 100 mm from the turbine plate.

TURBINE SIDE
» Lay down the tooling shaft (326).

SIDE OPPOSITE FROM THE TURBINE

* Activate the turnbuckie (364) until the coupling plate interlocking is 5 to 10 mm
from the turbine plate.

» When inserting the rotor, make sure that the articulated pad (327) and the trolley
jacks of the lower materials handling car (331) are pulled along correctly and that
the sliding plate (350) remains in place.
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PHASE 7 and 6:
SIDE OPPOSITE FROM THE TURBINE

o Take away the pin (371) and remove the axle (369), tube (370), sling (374), pulley
(365) and the turnbuckle (364).

» Place the wooden wedge (355) on the pedestal bearing (3G), under the lower
materials handling car (331). Observe the dimension of the positioning (3AL).

e Place the raising jacks (317) with the adjustment plates under the materials
handling car, then raise the rotor slightly.

e Stack adjustment plates (314), (315) and (316) with a height of (3AM) on top of
the wedge. ‘

* Lower the jacks back down. The materials handling car will have to rest on the

shimming made up of the wooden wedge (355) and the stack of adjustment
plates.

e Remove the nuts (358), the washers (357) from the materials handling car (331)
and take off the four guides (356).

o Remove the screws (360), the washers (329) and take off the handling lug (359).
¢ Remove the screws (362), the washers (357) and take off the trolley jacks (361).

CENTRE OF THE ROTOR

¢ Pivot the articulated pad (321), exciter side, using the binding strings (322) and
bring it to the lower end of the shaft (3A).
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PHASE 5:

TURBINE SIDE

* The wooden wedge (300) on which lies the shaft (3A).
* The | profile (301) supporting the wedge.

* Four threaded rods (304) holding the clamp (302) onto the wooden wedge, with
the help of nuts (305) and washers (306).

« In order to protect the rotor, a cardboard plate (303) is inserted between the shaft
and the clamp (302).

e The height of the rotor, coupling side, is a function of the height of the adjustment
plates (314), (315) and (316) stacked between the profile (301) and the wooden
wedges (313).

SIDE OPPOSITE FROM THE TURBINE

¢ Place the raising jacks (317) as well as the wooden wedges (313) on the rail
system (340) under the materials handling car (331),. Be careful that the spacing
dimension (3AJ) is respected.

e Raise the rotor until the rotor axis (3V) is at a certain distance (3AK) above the
stator axis (3U). To do this, perform the following operations twice:

1. Insert a set of wedges (318), (319) and (320) under the jacks (317) so as to
reduce the play between the jack and the materials handling car.

2. Raise the rotor until the jacks come to a ste~

3. Add the plates (314), (315) and (316) on wooden wedges (313) in order to
increase the shimming under the rotor.

4. Lower the jacks back down (317).

TURBINE SIDE

e Remove the two jacks (317) with the wedges under the raising device on the
coupling side.

» Raise the rotor in the same way and to the same height as on the exciter side.
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CENTRE OF THE ROTOR

* Take off the cables (353), the cable clamps (354), the sliding plate (350) and the
glazed cardboard (352).

* Position the wedging plates (323) inside the stator as shown on the drawing in

phase 2.

* Lower the rotor into the bore; the articulated pads (321) will lie on the wedging
plates (323).
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PHASE 4 AND 3:

SIDE OPPOSITE FROM THE TURBINE

* Take off the screws (349), the washers (385) and remove the clamps (348).

* Take off the screws (343), the washers (344), the nuts (345) and remove the fish
plates (342), the outer rail system (341), and the adjusting wedges (336) (337)
(338) and (382).

» Take off the screws (346), the washers (376) and remove the inner rail system
(340).

 Take off the screws (347), the washers (376) and remove the wedges (334).

o Position the plug screws (339) that prevent the dowels from being obstructed
(335).

PHASE 2:

SIDE OPPOSITE FROM THE TURBINE

o Take off the nuts (330) and the washers (329) and clear away the materials
handling cars (331) (333) and the rods (332).

NOTE: Handle the materials handling car (331) using two
steel bars inserted through holes (3J).

CENTRE OF THE ROTOR
e Check the pad (331) - Plates (323) contacts
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PHASE 1:
SIDE OPPOSITE FROM THE TURBINE

» The wooden wedge (307) on which lies the shaft (3A).
* The | profile (301) supporting the wedge.

* Two threaded rods (310) holding the clamp (308) on the wooden wedge, using
the nuts (311) and washers (312).

« Two threaded rods (304) stabilizing the wooden wedge (307) on the support
(301), using the nuts (305) and the washers (306).

e In order to protect the rotor, a cardboard plate (309) is inserted between the rotor
shaft and the clamp (308).

* In the same way as for the other raising device, the height of the rotor, exciter
side, is a function of the height of the adjustment plates (314), (315) and (316)
stacked under the wooden wedges (313).

In order to perform the raising operations of the rotor in the bore, a system made up
of two jacks and a manual pump is used. Placed on top of a stack of adjustment
plates (318), (319) and (320) under the support of one of the raising devices, the
jacks (317) enable the height of the wedges (314), (315) and (316) to be modified.

» Using jacks, raise the rotor all the way, being careful that the binding band does
not come into contact with the magnetic circuit or the winding.

* Remove the pads (321) and the wedging plates (323).
e The rotor (3A) is thus in preliminary phases.

e The two complete bearings (instrumentation, raising blocks, lower and upper half
bearing journal.)

CENTRE OF THE ROTOR

e Lower the jacks back down and lay the rotor (3A) onto the bearing brasses.
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TURBINE SIDE

Remove the jacks (317), and the adjustment plates (31 8) (319) and (320).
Remove the nuts (305) and take out the clamp (302) and the cardboard (303).

* Take off the wooden wedges (300), (313) and the support (301).

SIDE OPPOSITE FROM THE TURBINE

Remove the jacks (317), and the adjustment plates (318) (319) and (320).

Remove the nuts (311) (305) and take off the clamp (308) and the cardboard
(309).

Take off the wooden wedges (307), (313) and the support (301).
The end-winding covers on each side.

The air guides on each side.

The blades of the fans.

The baffles and air nozzles on the exciter side and the coupling side.
The oil pipings supplying the bearings.

The removable partitions between the bearings and the cover.
The rotor short-circuit RTD.

The rotor earthing system on the coupling side.

The cover and the stator of the exciter.

The removable cross arm of the doors.

The closing plates of the generator enclosure.
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PRELIMINARY - PHASES 1 TO 11 - REASSEMBLY
Refer to drawings 39-305 208 from 1/13 to 13/13.
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NOMENCLATURE OF THE DRAWINGS 39-305 208

QTY
REF DESCRIPTION PER OBSERVATION
ASS'Y
© 3A | Rotor 1 m =45 910 kg
": 3B [ Stator 1
R 3C |Exciter bell housing 1 m =1 260 kg
3 3D |Pedestal 1
3E | Turbine side (coupling)
3F |Side opposite from the turbine (exciter)
3G [Bearing pedestal COT
3H | IPE of the pedestal COT
3J |Handling hole of the lower materials 2
handling car
—= 3K |Floor COT
g'g';:’ 3L [Anchoring point
éé? 3M | Centre of gravity of the assembly
E:; : 3U |Stator axis
£gss 3V | Rotor axis
%E%? 3W | Bearing axis COT
§§§.§ 3X | Stator magnetic axis
238s 3Y | Rotor vertical axis
3AA | Raising dimension of the rotor / stator 3AA =50
3AB | Axial dimension of the rotor / stator see drawing 39-103926
3AC [ Radial dimension of the wedges (335) 3AC =340
3AD | Axial dimension of the wedges (332) / 3AD =35
bearing axis COT
p=3s . . .
‘é;g'ﬂ'g 3AE | Radial dimension of the dowels (335) 3AE =400
2285 3AF |Positioning dimension of the dowels (335) 3AF = 2765
§§,§'§ 3AG | Spacing of the dowels (335) 3AG =680
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REF DESCRIPTION PER OBSERVATION
ASS'Y
3AH |Radial dimensions of the wedges (336),
(837) and (338)
E 3AdJ | Spacing of jacks (317) 3AJ =520
5 3AK | Dimension of raising of the rotor / stator 3AK =10
; 3AL | Positioning of the wedge (355) under the 3AL = 155
™ materials handling car
3AM | Height of the adjustment plate on the 3AM =29
wooden wedge
3AN | Rotor stroke for disassembling articulated 3AN = 3300
pad CT
3AP | Total stroke of the rotor to the stop 3AP = 6973
3AQ | Position of the centre of gravity (3M) of 3AQ = 1685
the assembly
gé’g 3AR | Dimension of the sling positioning 3AR =700
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NOMENCLATURE OF THE DRAWINGS 39-305 208

QrTy |
REF DESCRIPTION PER OBSERVATION
ASS'Y
@ 300 |Wooden wedge for raising CT 1 m = 30 kg
: 301 |Raising support (IPE 270) 2 m = 40 kg
R 302 |Clamp CT 1 m =7 kg
(023
Nt 303 |Cardboard plate CT thickness 2 1
304 (M12 Threaded rod; L =510 6
305 |H M12 Nut 12
306 [M12 Washer 16
307 | Wooden wedge for COT raising 1 m = 31 kg
308 |Clamp COT 1 m = 4.5 kg
309 |Cardboard plate COT thickness 2 1
229 310 |M16 Threaded rod; L = 500 2
£23 311 |H M 16 Nut 4
gEt 312 |M16 Washer 4
§azs 313 | Wooden wedge 280 x 140 x 80 4
2g8e 314 | Adjustment plate 280 x 140 Thickn. 10 24
R 315 | Adjustment plate 280 x 140 Thickness 3 | 12
g5 316 | Adjustment plate 280 x 140 Thickness 1 20
E23% 317 | Raising system: 2 jacks + manual pump 1
318 | Adjustment plate 100 x 100 Thickn. 10 10
319 |Adjustment plate 100 x 100 Thickness 3 6
320 |Adjustment plate 100 x 100 Thickness 1 10
T
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NOMENCLATURE OF THE DRAWINGS 39-305 208

— QTY
REF DESCRIPTION PER OBSERVATION
ASS'Y
© 321 | Assembled articulated pad 2 m = 10 kg
0 322 |String of ECRhempB4:L=15m 3
S 323 |Wedging plate 2
> 324 |Threaded rod M20 with flat surfaces; L = 4
™ 200
325 |Tapped plate 1 m =23
326 |Seal 2
327 | Coupling pad 1 m = 12 kg
328 | Clamping plate 1 m = 23 kg
329 | M20 Washer 10
330 | M20 Nut 10
331 |Upper materials handling car 1 m = 156 kg
N~ 332 |M20 threaded rod ; L = 945 6 |m=14kg
28 333 | Upper materials handling car 1 |m=76kg
£e3 334 | Drilled wedge 170 x 100 x 35 2
3ze 335 |M12 Self-drilling dowel 20 |m=4.5kg
z=82 336 | Adjustment plate 170 x 100 Thickness 3 40
55as 337 | Adjustment plate 170 x 100 Thickness 2 40
§.¥§:,§ 338 | Adjustment plate 170 x 100 Thickness 1 40
‘gﬁg 339 [M12 - 40 Hc Screw 12
83 é-; 340 |Inner rail system 1 m = 307 kg
go8s 341 |Outer rail system 1 m = 950 kg
342 |Fish plate 4 m = 4.5 kg
343 |H M16 - 55 screw 8
344 (M16 washer 8
345 |M16 nut 8
N 346 |H M12 - 40 Screw 8
347 |HM12 - 60 Screw 4
£=3s 348 |Clamp 20
5223 349 |H M12 - 100 Screw 20
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S
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NOMENCLATURE OF THE DRAWINGS 39-305 208

| QTY
REF DESCRIPTION PER OBSERVATION
ASS'Y
|| [ L
N~ 2 kg
5 352 |Glazed cardboard 1
; 353 |CableDn4.5;L=1.7m 4
™ 354 |Cable clamp 8
355 |Wooden wedge 400 x 400 x 280 1 m = 36 kg
356 |Materials handling car guide 4
357 |M10 Washer 12
358 |H M10 Nut 8
359 |Handling lug 1 m =12 kg
360 |H M20 - 40 screw 4
361 | Trolley jack 2 m = 9.8 kg
362 |H M10 - 35 screw 4
=53 363 |Cable DN 16.5;L=15m 1 m = 21 kg
£33 364 |Turnbuckle T532 1 m = 24 kg
S38 365 |Pulley 1 |m=14kg
3E. 366 |Spreader beam 1 |m=24kg
a3 367 |Harp shackle 2 |m=36kg
§E§§ 368 | Sling for disassembly Dn 20; L - 2.5 m 1
833S 369 |Handling lug axle 1 |m=1kg
5832 370 |Tube 1 |m=16kg
EER 371 |Pin 6.3 - 63 1
2255 372 | Glazed cardboard 2 x 1500 x 3800 2 |m=20kg
373 |SlingDn 60; L=14m 2
374 |Sling for reassembly Dn20; L =7.5m 1
375 | Wooden wedge 2 m = 139 kg
376 |M12 Washer 12
379 |Washer 6 m = 2.2 kg
380 | M36 Washer 6
B=3g 381 |H M36 Nut 6
2225 382 |Wedge 20 |m=4.8kg
Bk 383 | Levalator 2 |m=50kg
38352 384 | Adjustment plate 360 x 275 Thickn. 45 2 |m35kg
5353 385 | DEC M12 Washer 20
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PART LIST A

Item n°® Part Description Part Number Qty
S.T GENERATOR SPARE PARTS
HOT WEDGING 740
1 WINDING SEMI CONDUCTIVE PAINT 18512050 10
2 SLOT WEDGING INSTALLATION GLUE 18564342 10
3 SLOT WEDGING INSTALLATION GLUE 18564343 10
4 ENDWINDING COATING RESIN 18564001 2
5 ENDWINDING COATING RESIN 18564866 0,5
6 GLUE 18181132 2
ASSEMBLY OF HOUSING 1013
7 SCREW 21437337 4
8 WASHER 21255718 4
SHAFT HEARTING DEVICE 2013
9 CARBON BRUSH 26273116 2
10 BRUSH HOLDER INSTALLATION SCREW 21437200 4
11 BRUSH HOLDER INSTALLATION WASHER 22112650 4
12 BRUSH HOLDER INSTALLATION NUT 21321016 4
13 BRUSH HOLDER INSTALLATION WASHER 21255712 4
14 BRUSH HOLDER INSTALLATION SCREW 21437260 6
15 BRUSH HOLDER INSTALLATION WASHER 21255714 6
16 BRUSH HOLDER INSTALLATION WASHER 21255710 12
17 BRUSH HOLDER INSTALLATION SCREW 21437132 12
END BELLS ASSEMBLY 2110
18 GASKET D39408141000 16
19 END BELL INSTALLATION WASHER 21253118 136
20 END BELL INSTALLATION NUT 21371411 68
21 END BELL ASSEMBLY SCEW 21440357 32
22 END BELL ASSEMBLY NUT 21327515 32
23 END BELL ASSEMBLY LOCKING 21275532 64
AIR GUIDE ASSEMBLY 2112
24 SCREW D39406929P10 12
25 LOCK 21275532 40
26 NUT 21373409 20
27 WASHER 22113102 40
28 SCREW D39406929P10 12
29 LOCK 21275532 40
30 NUT 21373409 20
31 WASHER 22113102 40
BAFFLE ASSEMBLY 2112
32 GASKET D39408092000 8
33 GASKET D39408093000 8
34 GASKET D39408094000 8
35 GASKET D39408095000 8
36 NUT 21371411 28
37 WASHER 21253118 120
38 SCREW 21440353 100
39 LOCK 21275532 116
40 SCREW 21440340 16
41 NUT 21327515 30
42 LOCK 21275532 60
43 SCREW 21440357 30
44 SCREW 21440353 72
45 WASHER 22113102 72
46 LOCK 21275532 72
47 NUT 21327515 20
TURBINE END BEARING 2410
48 WASHER 21253342 4
49 WASHER 22112698 12
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PART LIST A

Item n°® Part Description Part Number Qty
50 SCREW 21437475 12
51 SCREW 21437252 2
52 WASHER 22112666 2
53 WASHER 21253316 2
54 NUT 21321019 2
55 SCREW 21437300 2
56 WASHER 21253316 4
57 NUT 21321019 4
58 SCREW 21437300 4
59 SCREW 21432285 32
60 WASHER 21253316 56
61 GASKET @ 7 17111360 1
62 SCREW 21432288 24
63 BAFFLE D39407464000 3
64 SCREW 21432288 12
65 NUT 21321001 12
66 WASHER 21253316 12
67 BAFFLE D39407463000 3
68 SCREW 21432288 4
69 NUT 21321001 4
70 WASHER 21253316 4

OPPOSITE TURBINE END BEARING 2415
71 WASHER 21253342 4
72 WASHER 22112698 12
73 SCREW 21437475 12
74 SCREW 21437252 2
75 WASHER 22112666 2
76 WASHER 21253316 2
77 NUT 21321019 2
78 SCREW 21437300 2
79 WASHER 21253316 4
80 NUT 21321019 4
81 SCREW 21437300 4
82 SCREW 21432285 32
83 WASHER 21253316 56
84 GASKET @ 7 17111360 1
85 SCREW 21432288 24
86 BAFFLE D39407464000 3
87 SCREW 21432288 12
88 NUT 21321001 12
89 WASHER 21253316 12
90 BAFFLE D39407463000 3
91 SCREW 21432288 4
92 NUT 21321001 4
93 WASHER 21253316 4
SUPPORT PILLAR 2510
94 INSULATING WASHER RDL.EPGM203#040 3
95 VINYL CAP 24412150 2
96 WASHER 21253334 2
97 INSULATING WASHER D39407330000 2
98 DAMPER 23613000 2
99 INSULATING WASHER D39407350000 1
100 INSULATING WASHER RDL.EPGM203#041 3
101 INSULATING PIPE TB.EPGC22#090 2
102 INSULATING PIPE TB.EPGC22#091 1
103 VINYL CAP 24412150 2
104 WASHER 21253334 2
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PART LIST A

Item n°® Part Description Part Number Qty
105 SCREW 21532860 2
106 INSULATING WASHER D39407330000 2
107 SKF NUT D39305039000 4
108 DAMPER 23613000 2
109 INSULATING WASHER D39407350000 1
110 INSULATING PIPE TB.EPGC22#093 2
111 SKF NUT LOCKING D39407651000 8
112 WASHER 21253110 4
113 SCREW 21411255 4

JOURNAL BEARING 2610
114 BAFFLE D3940691900A 4
115 SCREW 21437236 28
116 CENTERING BUSH D38155460P30 2
117 WASHER 21256114 28
GENERAL OIL PIPING 3010
118 FLANGE INSTALLATION WASHER 21255722 56
119 FLANGE INSTALLATION WASHER 21255730 128
120 FLANGE INSULATING PIPE TB.EPGC22/126 4
121 FLANGE INSULATING PIPE TB.EPGC22/127 8
122 FLANGE INSULATING WASHER RDL.EPGM203/004 8
123 FLANGE INSULATING WASHER RDL.EPGM203/053 16
124 FLANGE INSULATING WASHER RDL.EPGM203/054 1
125 FLANGE INSULATING WASHER RDL.EPGM203/055 1
126 FLANGE SEAL 16856812 5
127 FLANGE INSULATING WASHER JT.PGAC#038 2
128 FLANGE SEAL 168568AH 5
129 FLANGE SEAL 168568AG 2
CAPOTAGE FOURNISSEUR EUROSILENCE 3120
130 SEALING D38R46571P10 1
131 SCREW INSTALLATION COOLER 21437284 386
132 WASHER INSTALLATION COOLER 22112672 316
133 SEALING D38R46571P20 1
134 SEALING D38R46571P30 1
135 SEALING D38R46571P40 1
136 PRE-FILTER D38R46571P60 1
137 FILTER D38R46571P70 1
138 BONDING JUMPER D39406521P20 1
139 BONDING JUMPER D39406521P30 1
MONTAGE CLOISON CAPOT-PALIER 3135
140 BEARING CLOSING ASSEMBLY SCREW 21432290 112
141 BEARING CLOSING ASSEMBLY NUT 21321001 68
142 BEARING CLOSING ASSEMBLY WASHER 21253316 104
143 SEALING JT.CTCHNIT1F#014 1
144 SEALING JT.CTCHNCN50#002 1
145 SEALING 18183310 8
146 SQUARE LOCK 21275307 56
147 SEALING JT.CTCHNIT1F#015 1
148 BEARING CLOSING ASSEMBLY SCREW 21432284 48
149 BEARING CLOSING ASSEMBLY WASHER 22112672 68
150 BONDING JUMPER D39407482000 3
151 BONDING JUMPER INSTALLATION SCREW 21432278 32
152 BONDING JUMPER INSTALLATION WASHER 22112672 32
COOLERS 3721
153 SEAL WATER BOX FRONT D38R46556P20 2
154 SEAL WATER BOX REAR D38R46556P30 2
155 NUTS AND BOLTS KIT D38R46556P40 1
COOLERS INSTRUMENTATION 3740
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PART LIST A

Item n°® Part Description Part Number Qty
156 EQUIPMENT INSTALLATION WASHER 22112709 64
157 FLANGE SEAL D39405365R40 4
158 EQUIPMENT INSTALLATION COLLAR 25274174 10

CONSOMMABLES 9240
159 GLUE 18564375 1
160 SEALING PATE 18463206 2
161 INSULATING VARNISH 18545100 1
162 GLUE 18181131 2
163 SOLVENT 18243376 1
164 SOLVENT 17714113 10
165 ANTI FLASH VARNISH 18547405 2
166 CONDUCTIVE PAINT 18512049 3
167 SOLVENT 18581415 3
168 FINISHING VARNISH 18512070 3
169 CLEANING SOLVENT 18581629 20
170 SERALING AGENT D38R44962000 2
171 SEALING PLATE JT.PGX30/140 1
172 SEALING PLATE JT.PGX30/141 2
173 PRIMER PAINT 18654025 1
174 FINISHING PAINT 18639311 1
175 SEALING 18183310 50
176 BAR OVERHANG WEDGING FELT 16342635 50
177 TERGAL TAPE 16544A04 100
178 FINISHING PAINT 18639071 2
179 PRIMER PAINT 18654025 2
180 SOLVENT 18243376 1
181 FINISHING PAINT 18683001 2
182 PRIMER PAINT 18650202 2
183 SOLVENT 18243376 1
184 TEFLON TAPE 18464003 2
TKJ 86-19
ACCESSORIES FRAME 110
185 STARRED WASHER 21255122 11
COUPLING 1120
186 COUPLING LOOCK D36401250000 6
ACCESORIES AND DIODES 1810
187 SCREW 21437337 14
188 SQUARE LOOCK 21275308 14
CONNEXION ASSEMBLY 1910
189 SCREW 21437286 4
190 WASHER 21255828 4
COVER N°1 2510
191 GASKET D36402905000 1
192 GASKET JT.CTCHNEPEN#032 2
193 GASKET JT.CTCHNEPEN/035 1
194 COVER INSTALLATION,SCREW 21437278 30
195 COVER INSTALLATION,WASHER 21255116 30
196 COLLAR 22248160 2
197 ELECTRICAL VARNISH 18547405 1
198 GLUE 18181132 1
ASSEMBLY DMR 4010
199 WASHER 22112666 4
200 NUT 21371408 4
201 BRUSH D38145378000 1
202 SCREW 21437240 4
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APPENDIX V

Generator (Stator and Rotor) OEM descriptive drawings and main
design features description
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In the area of the core teeth, and within the yoke itself for the first packets, the spacer
ribs on the vent ducts are non-magnetic.

In addition to the radial field flux, the core ends are also subject to a front fringing flux,
whose axial component increases with a low excitation current, particularly when
operating with reactive load absorption.

The additional losses caused by this fringing flux have necessitated specific design
features at the core ends in order to prevent unacceptable temperature rises:

e the outermost laminations (3) are stepped (i.e. with progressive reduction in radial
core height) in order to provide a better trap for the fringing flux, and to facilitate
entry of air into the air gap.

e these laminations are glued together in their packets
o the teeth of the end laminations are slit down to the level of the bottom of the slot in

order to minimise circulating currents in the teeth.

The outer edge of each lamination is provided with rectangular slots which serve to
fasten the core to the core-bars (4), evenly spaced around the outer core diameter.
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Standard lamination packets
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2. Vent ducts

3. Stepped lamination packets

4. Core bars

5. Clamping plate locking nuts

6. Clamping plates

7. Clamping fingers
8. End flux screen
9. Slot-bottom bar
10. Air gap bar

11. Cold air intake
12. Warm air outlet
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03 03 FLEXIBLE SUPPORT SYSTEM

See drawing GBT-W 3350

In operation, the magnetic core of a two-pole generator is subjected to an elliptical
deformation which rotates at the same speed as the rotor and produces a 4-node

vibrational mode.

In order to minimise the transmission of radial vibrations to the frame components and
foundations, the magnetic core (4) is connected to the base (1) by means of vertical (2)

springs. This system is called « flexible support system ».

The vertical springs (2) are welded to intermediate support pieces (6) welded to the key
bars (7). The springs are also fixed to the base (1), thereby ensuring direct transmission

of forces to the foundations.

They are steel strips dimensioned so as to withstand the forces without damage in

normal and abnormal operation.
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2. Vertical springs

3. Not applicable

4. Magnetic core

5. Not applicable

6. Vertical spring support piece

7. Key bars
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03 04

CORE CLAMPING PLATES - FLUX SHIELDS

See drawing GBT-W 2586
1. Core Clamping Plates

Two single-piece plates (6), one at each end of the stator, provide firm axial
clamping of the magnetic core assembly.

The clamping force exerted by these plates is transmitted to the core via clamping
fingers (7), welded onto the end laminations opposite each tooth; this arrangement
ensures adequate distribution of pressure from the plate of the core. This clamping
force corresponds to an elastic deformation of the two clamping plates, which is
maintained by welding to them the ends of the bars (4) which tie the two plates
together.

2. Flux shields

In view of the considerable alternating magnetic fields in the immediate vicinity of
the clamping plates, special precautions are taken to minimise stray load loss in
these areas.

Both ends of the core are protected by an annular copper damper screen, or flux
shield (8), which is shaped to fit the core clamping plate.

These damper screens shield the core assemblies from the front leakage flux flowing
between rotor and stator.
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03 05

COOLING OF MAGNETIC CORE AND CORE END STRUCTURES

1. Magnetic core

Heat generated in the magnetic core (1) is removed by cold air flowing through the
radial vent ducts (2) under the action of the fans. These vent ducts are formed by
splitting up the core, along its whole length, into packets separated from each other
by radial spacer ribs. Core cooling is thus of the "radial" type.

2. Core end structures

Cold air flowing between the clamping fingers (7), and in the space between the flux
screen (8) and the clamping plate (6), removes the heat lost in these end structures.
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03 06 STATOR WINDING

See drawing GBT-W 2039 and GBT-W 1637.

The stator winding is the noble part of the generator. It is composed of conductors
wedged into the magnetic core. It is in the winding that the electrical energy is
generated, and it is from the winding that this energy must be channelled outside.

There are two distinct parts of the winding:
e The straight part which is within the magnetic core,

e The end windings which are outside the core and which serve to connect bars of
different slots together, thereby completing the winding.

Straight part:

Drawing GBT-W 2039 represents the cross section of a stator slot containing the slot
bottom bar (1) and air gap bar (2), separated by an insulating inter-bar spacer (8).
These are held in place by the slot closing wedge (9).

End windings:

Drawing GBT-W 1637 shows the support system (6) of bars (1) and (2), and their
bracing components (8), (9) and (10).

The description of the stator winding deals with the following points:

e Design of conductor bars

e Radial wedging of bars in the core

¢ End winding bracing system

e Circular phase connections

¢ Connections between winding and terminals

e Cooling of the stator winding

o Identification of phases
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03 06

KEY TO DRAWING GBT-W 1637

1.

2
3
4
5
6.
7
8
9
1

Slot bottom bar

Alr gap bar

Insulating hood

Connection between bars

Insulating support brackets

Outer support ring

Spacer between involutes

Packing between slot bottom bars and outer support rings
Outer support ring

6. Clamping plate




v

GEC ALSTHOM
N——————
ELECTROMECANIQUE

AL Section 01
OPERATION AND MAINTENANCE MANU 030601
Page : 01
DESCRIPTIVE MANUAL Revision
Date

fidencial. Nol

do, copiado o repreducido sin

estrictamente con

paiiia, es

Mod. | Chap.| Par.

Este documento, propriedad exclusiva de nuestra

puede ser comunica
su autorizacion escrita.

Com

This document, sole property of our company,

is strictly confidential. It must not be
communicated, copied or reproduced

without our written consent.

(

ropriété exclusive de notre

p
Société, est strictement confidentiel. I1

ne peut étre communiqué, copié ou
reproduit sans son autorisation écrite.

Ce document,

(

03 06 01

Conductor design

See drawing GBT-W 2039
The stator conductor bars are made up of a bundle of elementary copper strands (4).

These insulated strands are transposed according to the Roebel method along the
entire length of the magnetic core. In this way the additional loss caused by transverse
leakage flux is minimised.

The electrical conductor is a composite assembly of elementary copper strands. It is
insulated form the core (3) by an insulating wrapping (6).

This insulation is obtained by wrapping the bar with an ISOTENAX tape, made up of
glass cloth and mica paper impregnated with an epoxy bonding resin, which is then
hot polymerised.

To avoid the formation of corona or sparkings, the slot portion of the bars is covered
with a conductive paint, and the end windings are coated with resistive paint.

At the end of bar (see drawing GBT-W 1637) all the strands are electrically connected
by means of copper plates (4), which provide the electrical connection between the
two bars (1) and (2). This connection is made after the bars are wedged in their slots.
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03 06 02  Radial wedging in the core

The high current levels in the conductors requires wedging which is particularly
resistant to mechanical forces and vibrations. Bars are therefore equipped with radial
and tangential wedging in the stator slots.

1. Radial wedging

See drawing GBT-W 2039

The slot bottom bar (1) pushes radially against the core (3) via the slot bottom
pad (7). This pad is made of thermo-setting resin which molds the shape of the bar
so as to ensure uniform contact pressure between the bar and the core. The slot
bottom bars (1) and air gap bars (2) are separated by an insulating wedge (8) and
levelling strips (10).

The bars are held radially by the combined effort exerted by wedge (9) and ripple
spring (12) pushing against air gap bar (2) via slide shims (11).
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03 06 03 End winding bracing

See drawing GBT-W 1637.

The end windings of the stator bars must be anchored by means of a special support
system built on to the active part of the machine.

Insulating support brackets (6) are attached to the magnetic core clamping plate (16).
On these brackets are mounted support rings (7) and (10), against which rest the slot
bottom bars (1), via intermediate hot-polymerised packing blocks (9).

The bracing between the air gap bars (2) and the slot bottom bars (1) is obtained by
inserting hot-polymerised spacing blocks (8). Radial clamping is achieved by the
winding head tie -rods in the brackets (6).

The tangential wedging of the slot bottom bars (1) and air gap bars (2) is obtained by
means of tapered wedges, the whole being held by strapping which is hot-
polymerised.

The wedge/stator bar assembly thus forms a rigid cone capable of withstanding normal
and accidental electromagnetic forces.
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Cooling of stator winding

The current flowing through the stator bars creates heat losses which are evacuated by:

» the magnetic core for the straight portion of bars: due to the close contact between
winding and core, the heat generated in each bar may escape towards the core,
which is itself cooled by air flowing through the radial vent ducts

e cold air circulation in the end-winding area.

This cooling system is called "indirect cooling".
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04 01 ROTOR

See drawing GBT-W 03335

The two-pole rotor, driven directly by the turbine, is designed to run with the minimum
of vibration at all speeds, with any critical speeds occurring well away from the running
speed. It operates with winding mean and hot spot temperatures well within the
capabilities of the insulation. The rotor is well balanced using the most modern
techniques and is tested at 20% above normal running speed.

At the turbine end, the rotor is directly flange coupled (5) to the turbine end coupling.
At the opposite turbine end, the rotating exciter unit is both mechanically and
electrically directly coupled to the generator rotor.

The field winding is installed in longitudinal slots milled into the shaft body (1). The
field end windings, which extend beyond the body, are held against centrifugal force by
the retaining rings (2). Axial flow fans (3) mounted on the retaining ring endcovers
circulate the air which is used to cool the rotor windings. The rotor turns on two
journals (4).
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2. Rotor winding retaining rings

3. Axial fans
4, Journals

5. Coupling - turbine end

6. Coupling - non turbine end

7. Exciter unit electrical connection
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Slot portion of the winding

See drawing GBT-W 2962

The rotor winding consists of a number of formed turns (3) stacked inside the rotor
slots, and which when joined together at the ends form the field coils which make up
the poles of the rotor.

Each turn (3) is made up of two straps of drawn copper strip both of which have
longitudinal grooves in their mating faces. Joined together, these grooves form two
ventilation channels (8) longitudinally down each turn.

With interturn insulation strips (4) laid between the turns, the coils are assembled into
two separate, club footed, moulded slot cells (5) which fit closely into the shaft body
slots. Along the length of the body, these copper turns are provided with radial
slots (7), so arranged to provide inlet and outlet radial ducts through the finished coil
stack.

The top of each slot is packed with insulation packing strips (2) between the field
winding and the aluminium slot wedges (1).

A damper winding is made by the full length aluminium wedges which enclose the
winding slots and which are in intimate contact with the endwinding retaining rings.

A separate damper winding is also provided in the pole body and comprises two full
length copper straps in each of the six longitudinal shallow pole slots. The damper
windings are retained in position by means of short aluminium wedges, of the same
cross section as the main slot wedges, suitably packed in position by means of
insulation packers fitted under the copper.

An axial channel, or subslot (6) is machined along the whole length of the shaft body
under the field winding slots. This hollow subslot is used to duct air for cooling the
rotor winding.
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2. Top insulation packing strips

3. Double strap copper coil turn

4. Interturn insulation strips

5. Slotcell

6. Subslot cooling channel

7. Radial ventilation duct
8. Axial ventilation duct
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04 05 02  Wedging of the slot portion of the winding

See drawing GBT-W 2962

The rotor winding coils are held tangentially in the shaft body by the rotor teeth.

The two separate, club footed, moulded slot cells (5) which fit closely into the shaft
body slots are bonded to the winding in such a way as to allow the air to flow into the

radial inlet air ducts from the subsiot channel (6).

The entire slot assembly is held against centrifugal force by the aluminium dovetailed
slot wedge (1). In the wedge are holes which enable the air to discharge from the outlet

This document, sole property of our company,

is strictly confidential. It must not be
communicated, copied or reproduced

without our written consent.

(

ne peut étre communiqué, copié oul

Ce document, propriété exclusive de notre
Société, est strictement confidentiel. I}
reproduit sans son autorisation écrite.

(

radial ducts into the air gap.
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See drawing GBT-W 03336

The winding is cooled by circulating air. A system of axial-radial passages circulates
the air through the rotor and windings in two identical circuits, each cooling half of the
rotor length.

The two axial flow fans circulate the air within the generator. Part of the air supply (1)
flows between the shaft (2) and the endwinding (3). It then flows axially in the sub
slots (4) underneath the wound slots (5) before entering the winding through radial inlet
ducts at intervals along the half length of the rotor.

From the radial ducts (6) in the coils, inside the hollow conductors (7), the air is forced
to flow axially in the ducts in order to reach the next radial outlet duct before escaping
into the airgap (8) through drilled holes in the slot wedges.

The air flowing through the hollow conductors (7) is heated by contact with the copper.
After leaving the rotor, the heated air in the air gap is mixed with cool air entering the
air gap from the end and passes through the stator core ducts. The air is then directed
towards the generator coolers where the heat is transferred to the coolant passing
through the coolers before being recirculated around the machine.
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04 05 04

Endwinding

See drawings GBT-W 03337

The endwindings (2) are those parts of the rotor winding which extend beyond the shaft
body (1). The endwindings at each end of the rotor body are concentric with the shaft
ends, but an annulus for the passage of cooling air under the endwindings remains.

During winding each single turn of the coils formed from two half coils have the half
turns joined at the turbine end by straight jointing. This ensures the continuity of the
turns. At the non turbine end the turns are progressively connected using step-up joint
blocks. Crossover inter coil connections are used on top and bottom turns as required
to connect adjacent coils. The electrical connection between the two poles is made by a
circumferential copper strap which is brazed to the bottom turn of the outermost coil of
each pole in the non turbine end winding. This creates a continuous winding in series
around the two poles.

The turns are insulated from each other in a similar manner to that used in the slot
portion.

Each of the conductor straps has two longitudinal grooves machined in their mating
faces. In addition the lower strap has a series of transverse grooves in its surface
linking with the longitudinal grooves to form air inlet ducts. When these conductors
are superimposed to form the endwinding coils, each turn thus has longitudinal cooling
ducts.

A cylindrical insulation liner, made up from two half cylinders and fitted around the
winding overhang inside the retaining ring, prevents grounding to bare metal.

Where the straight part of the coil emerges from the rotor body, the slot cells insulating
the coil from the body are supported by a series of shaped finger blocks, each
individually secured to the end face of the rotor body.
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3. Axial portion of endwinding

4. Circumferential portion of endwinding

5. Axial packers

6. Axial packers

7. Circumferential packers
8. Transverse or lateral ducts
9. Axial/circumferential packers
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Endwinding packing

See drawing GBT-W 03337

The endwindings (2) are mutually located and supported axially and circumferentially
by insulation packers (6), (7) and (9) arranged between the axial and circumferential
parts (3) and (4) of the coils.

Together the coils and packers form a continuous structure.
The endwindings are located and supported axially by insulation packers (5) between
the coil circumferential portions. There are also insulation packers between the

endwinding and the shaft body side and the retaining ring endcovers.

The endwindings and packers are held radially against the effects of centrifugal force
by the rotor endwinding retaining rings.

The overall packing system allows the winding to expand axially and thereby
eliminates distortion in the endwindings.
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See drawing GBT-W 03339

The endwinding portion (3) of the winding is cooled by circulating air. An axial-radial
system of passages allows the air to circulate through the rotor and windings. The
endwinding cooling circuit is independent of the slot portion cooling circuit.

Part of the cold air supply (1) passing underneath the endwindings (3) flows through
the space between the coil stacks (4). It enters the longitudinal ducts in each conductor
(8) via lateral openings (10) and flows around the circumferential and axial parts of the
endwinding. The air flowing through the hollow conductors (8) is heated by contact
with the copper before finally flowing through radial ducts (7) into the airgap (9).

The pressure required for the air circulation is self-generated by the fan action of the
winding assisted by the axial flow fans mounted on the shaft.

Endwinding cooling is thus assured by cold gas flowing through multiple parallel
circuits.
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3. Endwinding

4. Endwinding coil stack

5. Subslot

6. Wound slot

7. Radial ventilation duct
8. Hollow conductor
10. Lateral ventilation opening

9. Airgap
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The endwindings (7), which extend beyond the shaft body, are held against centrifugal
force by the rotor winding retaining rings (2) and retaining ring endcover (3) assembly

ROTOR WINDING RETAINING RINGS AND ENDCOVERS
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Shaft body
2. Retaining ring

GBT-W 03340 ROTOR WINDING RETAINING RINGS AND ENDCOVERS
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3. Endcover

4. Spring ring

5.

Insulation liner

6. Stop pin

7. Endwinding assembly

8. Spring packer
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04 06 01 Retaining rings

See drawing GBT-W 03340

The endwinding retaining rings (2) which are machined from forgings of non-magnetic
alloy steel, support the coil endwindings against the effect of centrifugal force. The
characteristics of the steel are tested using specimen pieces taken from the forging
during manufacture.

Each retaining ring is shrunk on to a stepped seating at the end of the shaft body and
locked against axial movement by a spring ring (4) which is assembled into a groove
machined radially in the shaft body and the retaining ring.

The retaining ring is locked circumferentially by a stop pin (6) screwed into the shaft
body and whose head is partially recessed into the inboard edge of the ring.

The retaining rings are supported only at their inboard ends and have no contact with
the shaft at their outboard ends, thereby avoiding any transmission of shaft deflection to
the rings.

Each retaining ring is insulated from the endwinding by a lining (5) of resin glass
laminate. The lining (split into two halves) is faced on its inner diameter with a layer
of epoxy polyester glass laminate and a coating of P.T.F.E. compound.
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See drawing GBT-W 03340

The outboard end of the retaining ring (2) is fitted with an annular endcover (3) on to
which the retaining ring is shrunk. The endcover minimizes the deformation that the
retaining ring would undergo if it was mounted only on the shaft body. The shrink fit is
sufficient to maintain contact against the effects of centrifugal forces. The endcover
also acts as an axial restraint on the endwinding and endwinding packers.

Axial movement of the endcover is prevented by a ridge machined in its periphery
which engages with a shoulder machined in the retaining ring bore. The endcover has a
dovetail groove machined in its outer face for the attachment of balance weights and a
machined bevel on its inner diameter which facilitates the flow of cooling air under the
end windings.

The outboard face of the endcover is also machined and drilled to accept the axial flow
fans.
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CK31.csv
9 CK37.csv ||
g CK43.csv
CK49.csv ||
CKb55.csv
CK61.csv ||
CK67.csv
e
180 200
o T T T T T T T
2 [ :
£ 1]
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PROCES VERBAL / FICHE DE COMMUNICATION

PV

CUSTOMER PPC

CUSTOMER CONTRACT or ORDER Nb

PLANT

LAVRION

SAP PROJECT Nb IE0-0019

UNIT
02

GT 4-2

INTERVENTION DESIGNATION :

GENERATOR DIAGNOSTIC DURING MAJOR OVERHAUL

Subject (only one) - Title :

Capots\CKO07.csv

20
15
2
S 10
3
5
0
20
200 T T \ I I \ \ \
o R R R e s e e
20 40 60 80 100 120 140 160 180
ALSTOM ENERGY TGP/IFT (Ver 1.0)
Valeurs mesurées Valeurs calculées
# F(Hz) uc/Ne Phi(°) Fp(Hz)  a(%) uc/Nc  M(kg)
91.5 13.177 104.1 920 1.7687 12.134 6.97
2 94.3 16.112 48.3 93.6 0.6213 17.988 12.9
Capots\CK19.csv
25 T T T T T
| | | | |
R T N I

uc/Ne

NATURAL FREQUENCIES MEASUREMENT

Capots\CK13.csv

uc/Nc

ALSTOM ENERGY TGP/IFT (Ver 1.0)
Valeurs mesurées
Hc/Ne

Phi(°) Fp(Hz)

17.392 712

Capots\CK55.csv

90.7 1.7194 15434

Valeurs calculées
a(%)

58

uc/Ne  M(kg)

Hpc/Ne

40 60 80 100 120 140 160 180 200
ALSTOM ENERGY TGP/IFT (Ver 1.0)
ALSTOMENERGY TGRIIFT (Ver 1.0) Valeurs mesurées Valeurs calculées
Valeurs mesurées Valeurs calculées ¢ Fw oG i) Foltr)  a(%) woiNe  Mkg)
# Hig) He/Ne Phi() Febz)  a(%)  peiNe  Mikg) 1 928 21.184 429 920 0.6682 22481 997
1 91.5 20.075 73.0 91.2 0.9423 18.4 8.79
Opposite turbine side :
On opposite turbine side, several peaks are located around 100Hz with high level. A strengthening of caps is
necessary.
fmax1
Phi between Phi fmax2 Phi
Cap of pc/Nc (f0) 95-115 pc/Nc | (fmax1) |between 0-] pc/Nc | (fmax2)
top bar{ Files |f0 (Hz) (f0) en°”® (Hz) (fmax1) en°’ 200 (Hz) | (fmax2) en”’
1 OKO1.csv 100 13.75 69.9 100.00 13.75 69.9 100.00 13.75 69.9
7 OKO07.csv 100 3.79 111.4 101.50 5.80 47.2 101.50 5.80 47.2
13 |[OK13.csv 100 0.27 13.0 95.25 2.59 49.6 94.00 3.24 89.0
19 |[OK19.csv 100 2.64 11.2 96.50 7.01 85.0 96.50 7.01 85.0
25 |OK25.csv 100 0.52 161.1 115.00 0.71 149.1 140.75 1.25 76.6
31 OK31.csv 100 2.48 19.3 98.00 9.77 59.4 98.00 9.77 59.4
37 |OK37.csv 100 0.68 166.4 115.00 1.16| 164.5 128.75 3.27 97.5
43 |OK43.csv 100 0.44 28.3 95.75 3.81 66.8 95.75 3.81 66.8
49 OK49.csv 100 0.26 63.3 111.50 0.49] 125.3 82.00 5.00 97.1
55 |OK55.csv 100 0.72 36.7 95.25 2.03 28.3 94.00 4.79 63.3
61 OK61.csv 100 2.37 10.9 96.25 9.43 51.2 96.25 9.43 51.2
67 |OKG67.csv 100 1.60 9.8 95.25 2.85 9.7 90.50 9.87 61.9
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PROCES VERBAL / FICHE DE COMMUNICATION

PV

CUSTOMER PPC

CUSTOMER CONTRACT or ORDER Nb

PLANT LAVRION

SAP PROJ

UNIT  GT 4-2

ECT Nb IE0-001902

INTERVENTION DESIGNATION :

GENERATOR DIAGNOSTIC DURING MAJOR OVERHAUL

Subject (only one) - Title :

NATURAL FREQUENCIES MEASUREMENT

10KO01.csv ==> 10K67.csv

— 10KO01.csv
— 10KO07.csv

pc/Nc

—  10K13.csv
— 10K19.csv
— 10K25.csv
10K31.csv
— 10K37.csv
— 10K43.csv
— 10K49.csv
— 10Kb5.csv
— 10K®61.csv
— 10K67.csv

180 200

5
(0] i “W"w’ [
£ o il
-5

|

pc/Ne

ALSTOM ENERGY TGP/IFT (Ver 1.0)

Valeurs mesurées

Valeurs calculées

# F(Hz) Hc/Ne Phi(°) Fp(Hz) a(%)  Wc/Nc M(kg)
1 100.0 13.747 69.9 99.5 1.2514 12.236 8.36 #  F(Hz)
2 1028 9.4994 33.0 101.7 05909 13.77 15

1 101.5

Capots\10K31.csv

120

ALSTOM ENERGY TGP/IFT (Ver 1.0)

Valeurs mesurées Valeurs calculées

pc/Ne Phi(°) Fp(Hz)  a(%) pe/Nc  M(kg)

5.7956 47.2 100.9 0.5352 7.1974 32.3

Capots\10K61.csv

Mc/Nc

pc/Ne

200
e L
20 40 60 80 100 120 140 160 180 200
ALSTOM ENERGY TGP/IFT (Ver 1.0) ALSTOM ENERGY TGP/IFT (Ver 1.0)
. . Valeurs mesurées Valeurs calculées
Valeurs mesurées Valeurs calculées
#  F(Hz) uc/Ne Phi(°) Fp(Hz)  a(%) pc/Nc  M(kg)
# Rl He/Ne PRC) - Fe(Hz) - aC%)  peMe Mikg) 1 938 67624 %.5 944 25837 64544 853
1 98.0 9.7742 59.4 97.4 0.7544 10.117 17.5 2 96.3 9.4318 51.2 956 0.7794 9477 18.8
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PROCES VERBAL / FICHE DE COMMUNICATION

PV

CUSTOMER PPC PLANT LAVRION

CUSTOMER CONTRACT or ORDER Nb SAP PROJECT Nb 1E0-001902

UNIT

GT 4-2

INTERVENTION DESIGNATION :
GENERATOR DIAGNOSTIC DURING MAJOR OVERHAUL

Subiect (only one) - Title : NATURAL FREQUENCIES MEASUREMENT

Comments :

On opposite turbine side, a lacing (or additionnal wedging) between caps has to be installed in order to

reduce the levels and to modify the local natural frequencies.

4.2. Leads

Measurements on the leads between bars and circular phase connections in radial and tangential directions,

on [0 - 200 HZz].

All the levels are in criteria : no peak superior to 5um in the frequency band [95 — 115 Hz]. A refurbishment is not

necessary (no signs detected during visual inspection).

fmax1
Phi between Phi fmax2 Phi
pc/Nc (f0) 95-115 pc/Nc (fmax1) |between 0-] pc/Nc (fmax2)
Leads Files |f0 (Hz) (f0) en° (Hz) (fmax1) en ° 200 (Hz) | (fmax2) en°
TBO8R |TBO8R.cs 100 0.15| -125.6 104.25 0.18 -130.0 33.75 0.69 -43.8
TBO8T |TBO8T.cs 100 0.02 -97.9 112.25 0.05 -42.7 36.25 0.64 -81.2
BB52R |BB52R.cs 100 0.09 -68.8 114.75 0.24 -46.3 45.00 2.85 -86.4
BB52T |BB52T.cs 100 0.18| -158.6 95.50 0.24 -162.8 45.25 4.29 -101.7
TB20R |TB20R.cs 100 0.06| -155.6 115.00 0.12 -26.4 38.50 17.19 -125.6
TB20T |TB20T.cs\ 100 0.06 -27.3 115.00 0.56 -37.7 44.25 15.35 -115.2
BB64R |BB64R.cs 100 0.38 -50.9 109.00 0.88 -103.1 52.75 2.36 -62.8
BB64T |BB64T.cs 100 0.64 119.5 109.00 1.34 69.5 52.75 1.35 107.4
TB32R |TB32R.cs 100 2.35 -80.8 100.25 2.38 -86.5 100.25 2.38 -86.5
TB32T |TB32T.cs 100 0.35 149 102.50 0.39 133.2 51.00 2.00 91.2
BB04R |BB04R.cs 100 0.62| -101.8 100.50 0.65 -114.0 100.50 0.65 -114.0
BB04T |BB04T.cs 100 0.07 -39 104.75 0.08 -71.4 24.50 0.44 -58.4
TB44R |TB44R.cs 100 0.12 -19.9 115.00 0.27 -21.2 68.75 1.59 -95.7
TB44T |TB44T.cs\ 100 0.14 162.9 115.00 0.19 168.3 68.75 0.84 80.6
BB16R |BB16R.cs 100 0.37| -148.7 95.25 0.41 -152.4 43.75 9.16 -138.2
BB16T |BB16T.cs 100 0.11] -176.2 95.25 0.23 -175.1 44.50 7.69 -132.1
TB56R |TB56R.cs 100 0.37| -177.2 95.25 0.47 -176.4 45.25 11.47 -124 .1
TB56T |TB56T.cs 100 0.41 -17.1 111.25 1.15 -61.9 45.25 7.18 -126.8
BB28R |BB28R.cs 100 0.15 -21.9 115.00 0.48 -37.3 59.75 3.07 -90.9
BB28T |BB28T.cs 100 0.23 -22.9 115.00 0.41 -35.8 123.50 1.17 -103.9
TB68R |TB68R.cs 100 0.47 9.7 113.50 1.67 -72.0 116.50 1.80 -105.2
TB68T |TB68T.cs 100 0.33 -16.1 112.50 0.63 -40.6 57.25 2.32 -76.1
BB40R |BB40R.cs 100 0.15| -162.9 95.25 0.27 -170.0 74.75 2.22 -74.1
BB40T |BB40T.cs 100 0.20 150.7 102.25 0.22 138.9 34.75 0.65 77.1
TB : top bar BB : bottom bar R : radial direction T : tangential direction
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PROCES VERBAL / FICHE DE COMMUNICATION | |

PV

CUSTOMER PPC PLANT LAVRION UNIT
CUSTOMER CONTRACT or ORDER Nb SAP PROJECT Nb 1E0-001902

GT 4-2

INTERVENTION DESIGNATION :
GENERATOR DIAGNOSTIC DURING MAJOR OVERHAUL

Subiect (only one) - Title : NATURAL FREQUENCIES MEASUREMENT

Leads of bottom bars :

BB04R.csv ==> BB64T.csv BBO4R.csv

10 ‘ : L
BB04T.csv

BB16R.csv
”””” BB16T.csv
BB28R.csv
7777777 BB28T.csv
BB40R.csv
BB40T.csv ||
BB62R.csv
BB62T.csv
”””” BB64R.csv ||
: BB64T.csv

pc/Nc

Phase

TBO8R.csv
TBO8T.csv
‘ TB20R.csv
15—l TB20T.csv
i TB32R.csv

TN TB32T.csv
0 |- TB44R.csv
Vol TB44T.csv
TB56R.csv
TB56T.csv
TB68R.csv
TB68T.csv

20

pc/Ne

Phase

60 180 200

Page | Page
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PROCES VERBAL / FICHE DE COMMUNICATION | |

PV

CUSTOMER PPC PLANT LAVRION

CUSTOMER CONTRACT or ORDER Nb SAP PROJECT Nb 1E0-001902

UNIT

GT 4-2

INTERVENTION DESIGNATION :
GENERATOR DIAGNOSTIC DURING MAJOR OVERHAUL

Subiect (only one) - Title : NATURAL FREQUENCIES MEASUREMENT

5. Global measurements :

Measurements : 3 rings (inner, middle and outer) of 12 points in radial direction.
Impact : on middle ring, at 6h00.

5.1. Summary of the global natural frequencies :

Turbine side :

Frequency (Hz) 45.3 97.5 65 1218 | 1718 | 1145 149

Ring Mode 4 nodes | 4 nodes | 6 nodes | 6 nodes | 6 nodes | 8 nodes | 8 nodes

Inner Ampl pc/Nc An. AR | 0.023 0.006 0.004 0.006 0.003 - -

Middle | Ampl pc/Nc An. BR 0.122 0.016 0.015 0.009 0.011 - -

Outer | Ampl uc/Nc An. CR | 0.264 0.011 0.049 0.009 0.006 0.010 0.006

Opposite turbine side :

‘ Impact

@) Measurement

Frequency (Hz) 425 74.3 102.5 61.8 117.5 158 75.5 107.3
Ring Mode 4 nodes | 4 nodes | 4 nodes | 6 nodes | 6 nodes | 6 nodes | 8 nodes | 8 nodes
Inner Ampl pc/Nc An. AR - 0.002 - - - 0.002 - -
Middle | Ampl pc/Nc An. BR | 0.012 0.009 0.008 0.007 0.008 0.009 - -
Outer | Ampl uc/Nc An. CR ] 0.019 - 0.007 0.010 - 0.005 0.009 0.005
Page | Page
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PROCES VERBAL / FICHE DE COMMUNICATION | | PV
CUSTOMER PPC PLANT LAVRION UNIT GT 4-2
CUSTOMER CONTRACT or ORDER Nb SAP PROJECT Nb 1IE0-001902
INTERVENTION DESIGNATION :
GENERATOR DIAGNOSTIC DURING MAJOR OVERHAUL
Subject (only one) - Title : NATURAL FREQUENCIES MEASUREMENT
4.2. Modal analysis measurements :
4.2.1. Turbine side :
Inner ring : D:\Data\FP LAVRION GT42\CT\ points 1CA01.csv-> 1CA12.csv
- [ - R jpis—ri
St R
| M
| | |
P, L ‘ - 10
| | |
| | |
| |
; C ] AN
| | \\ | \”"Mw
h 3 i i 6
Y
A Mﬂ/ Www//\ww\\, 4
i | | |
| | |
| | |
4- | A VoY
ISP, SR Wﬁ\‘w ‘ 2
2 | | N
! | | ( Wl
0 50 100 150 200
4 nodes :
D:\Data\FP LAVRION GT42\CT\ points 1CA01.csv-> 1CA12.csv Courbe 4 noeud(s)
0.025
0.02
o 0.015
<
S 0.01
0.005
20
200
9]
-200 :
20 40 60 80 100 120 140 160 180 200
ALSTOM ENERGY TGP/IFT (Ver 1.0)
Valeurs mesurées Valeurs calculées
#  F(Hz) uc/Nc Phi(°) Fp(Hz)  a(%) uc/Nc  M(kg)
1 45.3 0.023014 -110.4 45.0 0.9674 0.024315 2.66e+004
2 975  0.0057827 -104.9 97.0 2.0900 0.0056886 1.13e+004
Page | Page
PV LVR BX15 1902 004 Al 826 /
File




PROCES VERBAL / FICHE DE COMMUNICATION | | PV

CUSTOMER PPC PLANT LAVRION UNIT GT 4-2
CUSTOMER CONTRACT or ORDER Nb SAP PROJECT Nb IE0-001902
INTERVENTION DESIGNATION :
GENERATOR DIAGNOSTIC DURING MAJOR OVERHAUL
Subject (only one) - Title : NATURAL FREQUENCIES MEASUREMENT
):\Data\FP LAVRION GT42\CT\ points 1CAO1.csv-> 1CA12.csv ):\Data\FP LAVRION GT42\CT\ points 1CAO1.csv-> 1CA12.csv
Fréquence: 45.3 Hz Fréquence: 97.5 Hz
0 02 —— Acos(phi-phi0) 0 o4 ——  Acos(phi-phi0)
Asin(phi-phi0) Asin(phi-phi0)
— — — — TF spatiale - — — — TF spatiale
nondéformée nondéformée
270 270
A :1er point A :1er point
6 nodes :
D:\Dataf™P LAVRION GT42\CT\ points 1CAO1.csv -> 1CA12.csv Courbe 6 noeud(s)
8 T T T T T T
|
|
|
(6]
p4
°
3
200
9]
-200
20 40 60 80 120 140 160 180 200
ALSTOM ENERGY TGP/IFT (Ver 1.0)
Valeurs mesurées Valeurs calculées
# F(Hz) uc/Nc Phi(°) Fp(Hz) a(%) pc/Nc  M(kg)
1 65.0 0.0035257 -132.1 64.2 1.1049 0.003668 7.58e+004
2 121.8 0.0059255 -94.6 121.4 1.6032 0.0059774 8.96e+003
3 171.8 0.0026351 -70.4 173.0 2.1964 0.0026746 7.2e+003
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PROCES VERBAL / FICHE DE COMMUNICATION | | PV
CUSTOMER PPC PLANT LAVRION UNIT GT 4-2
CUSTOMER CONTRACT or ORDER Nb SAP PROJECT Nb IE0-001902
INTERVENTION DESIGNATION :
GENERATOR DIAGNOSTIC DURING MAJOR OVERHAUL
Subject (only one) - Title : NATURAL FREQUENCIES MEASUREMENT
\Data\FP LAVRION GT42\CT\ points 1CA01.csv-> 1CA12.csv \Data\FP LAVRION GT42\CT\ points 1CA01.csv -> 1CA12.csv
Fréquence: 65.0 Hz Fréquence: 121.8 Hz
90 (.03 ———  Acos(phi-phi0) 9  0.03 ———  Acos(phi-phi0)
Asin(phi-phi0) Asin(phi-phi0)
- — - — TF spatiale - — - — TF spatiale
nondéformée nondéformée
270
A :1er point A :1er point
\Data\FP LAVRION GT42\CT\ points 1CAO1.csv-> 1CA12.csv
Fréquence: 171.8 Hz
90 002 ———  Acos(phi-phi0)
Asin(phi-phi0)
- - - — TF spatiale
nondéformée
270
A :1er point
Page | Page
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PROCES VERBAL / FICHE DE COMMUNICATION | | PV
CUSTOMER PPC PLANT LAVRION UNIT GT 4-2
CUSTOMER CONTRACT or ORDER Nb SAP PROJECT Nb IE0-001902
INTERVENTION DESIGNATION :
GENERATOR DIAGNOSTIC DURING MAJOR OVERHAUL
Subiject (only one) - Title : NATURAL FREQUENCIES MEASUREMENT
Middle ring : D:\Data\FP LAVRION GT42\CT\ points 1CBO1.csv-> 1CB12.csv
] T | ] |
e e
| | |
‘ M
/ 10
| | |
| | |
SR PR ]
: | | 8
| | |
U N N
N
6
| | |
| 1 1
NP BN MJ\J__\/ 4
| | |
l l l
e A ! j 2
1 1 /\ﬂ
| | |
0 ;M;““ e ; \ 0
0 50 100 150 200
4 nodes :
D:\Data\FP LAVRION GT42\CT\ points 1CB01.csv -> 1CB12.csv Courbe 4 noeud(s)
0.2 | | | | | | | |
| | | | | | | |
015 1 B EEETE EE R e
9 l l l l l l
4 | [ R R [ R [
) | i | I |
3 | | | | |
| | | | |
,,,,,,,,, [ A SR
l l l l
A
120 140 160 180 200
200
0 ,,,,,,
-200 I ! !
20 40 60 80 100 120 140 160 180 200
ALSTOM ENERGY TGP/IFT (Ver 1.0)
Valeurs mesurées Valeurs calculées
# F(Hz) pc/Nc Phi(°) Fp(Hz) a(%) pc/Nc  M(kg)
1 453 0.12158 -107.7 450 1.0224 0.12343 4.96e+003
2 97.3 0.015714 -79.6 97.6 2.1273 0.015034 4.16e+003
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PROCES VERBAL / FICHE DE COMMUNICATION

PV

CUSTOMER PPC PLANT

CUSTOMER CONTRACT or ORDER Nb

LAVRION

UNIT

SAP PROJECT Nb IE0-001902

GT 4-2

INTERVENTION DESIGNATION :

GENERATOR DIAGNOSTIC DURING MAJOR OVERHAUL

Subject (only one) - Title :

\Data\FP LAVRION GT42\CT\ points 1CB0O1.csv-> 1CB12.csv
Fréquence: 45.3 Hz

NATURAL FREQUENCIES MEASUREMENT

\Data\FP LAVRION GT42\CT\ points 1CB01.csv-> 1CB12.csv
Fréquence: 97.3 Hz

——— Acos(phi-phi0) %0 o015 ——  Acos(phi-phi0)
Asin(phi-phi0) Asin(phi-phi0)
- — - — TF spatiale - — - — TF spatiale
nondéformée nondéformée
270 270
A :1er point A :1er point
6 nodes :
D:\Data\FP LAVRION GT42\CT\ points 1CB01.csv-> 1CB12.csv Courbe 6 noeud(s)
0.02
0.015
2
S 0.01
3
0.005
0
20
200
Q
-200 ! !
20 40 60 80 100 120 140 160 180 200
ALSTOM ENERGY TGP/IFT (Ver 1.0)
Valeurs mesurées Valeurs calculées
#  F(Hz) pc/Ne Phi(°) Fp(Hz) a(%) pc/Nc  Mkg)
1 64.0 0.014512 -72.7 64.1 1.5838 0.015848 1.23e+004
2 121.3 0.0092991 -90.2 121.1 1.7260 0.0095827 5.23e+003
3 171.3 0.011468 -79.7 171.8 1.9349 0.011514 1.93e+003
Page | Page
PV LVR BX15 1902 004 Al 12/26 /
File




PROCES VERBAL / FICHE DE COMMUNICATION | | PV
CUSTOMER PPC PLANT LAVRION UNIT GT 4-2
CUSTOMER CONTRACT or ORDER Nb SAP PROJECT Nb 1IE0-001902
INTERVENTION DESIGNATION :
GENERATOR DIAGNOSTIC DURING MAJOR OVERHAUL
Subiject (only one) - Title : NATURAL FREQUENCIES MEASUREMENT
\Data\FP LAVRION GT42\CT\ points 1CB01.csv-> 1CB12.csv \Data\FP LAVRION GT42\CT\ points 1CB01.csv-> 1CB12.csv
Fréquence: 64.0 Hz Fréquence: 121.3 Hz
N 915 —  Acos(phi-phi0) 90 g4 ———  Acos(phi-phi0)
Asin(phi-phi0) Asin(phi-phi0)
- — — — TF spatiale - — - — TF spatiale
nondéformée nondéformée
270 270
A 1er point A 1er point
\Data\FP LAVRION GT42\CT\ points 1CB01.csv-> 1CB12.csv
Fréquence: 171.3 Hz
0 g1 ———  Acos(phi-phi0)
Asin(phi-phi0)
- — — — TF spatiale
nondéformée
270
A :1er point
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PROCES VERBAL / FICHE DE COMMUNICATION | | PV
CUSTOMER PPC PLANT LAVRION UNIT GT 4-2
CUSTOMER CONTRACT or ORDER Nb SAP PROJECT Nb IE0-001902
INTERVENTION DESIGNATION :

GENERATOR DIAGNOSTIC DURING MAJOR OVERHAUL
Subiject (only one) - Title : NATURAL FREQUENCIES MEASUREMENT
Outer ring . D:\Data\FP LAVRION GT42\CT\ points 1CC01.csv-> 1CC12.csv
3 : | | |
| | | |
l l l l
| | | |
N L 10
| | |
| | |
l l :
e L N N
l : : 8
| | |
| | |
| | |
N A
| | | 6
” | | |
fl ! | |
| | |
102 F ‘ : 4
l l l
4 — | | |
! ! oA 2
2+ l l l
| | |
0 50 100 150 200
4 nodes :
D:\Data\FP LAVRION GT42\CT\ points 1CC01.csv -> 1CC12.csv Courbe 4 noeud(s)
| | | | | | | |
| | | | | | | |
| | | | | | | |
| | | | | | | |
0.2F----+ = e e e Fo---- --—=-- +----- ---=-- B
(6] | | |
Z | |
) | |
a3 | |
0.1F----- I~ I
l l
|
|
0
20
200
0 —~
-200 !
20 40 60 80 100 120 140 160 180 200
ALSTOM ENERGY TGF/IFT (Ver 1.0)
Valeurs mesurées Valeurs calculées
# F(Hz) Hc/Ne Phi(°) Fp(Hz) a(%) pc/Nc  M(kg)
1 453 0.26433 -102.5 45.0 1.0045 0.27517 2.26e+003
2 97.5 0.011196 -34.4 98.6 0.7437 0.018404 9.51e+003
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PROCES VERBAL / FICHE DE COMMUNICATION | | PV

CUSTOMER PPC PLANT LAVRION UNIT GT 4-2
CUSTOMER CONTRACT or ORDER Nb SAP PROJECT Nb 1E0-001902

INTERVENTION DESIGNATION :
GENERATOR DIAGNOSTIC DURING MAJOR OVERHAUL

Subiject (only one) - Title : NATURAL FREQUENCIES MEASUREMENT
\Data\FP LAVRION GT42\CT\ points 1CC01.csv-> 1CC12.csv \Data\FP LAVRION GT42\CT\ points 1CC01.csv-> 1CC12.csv
Fréquence: 45.3 Hz Fréquence: 97.5 Hz
———  Acos(phi-phi0) 9  0.06 ———  Acos(phi-phi0)
Asin(phi-phi0) Asin(phi-phi0)
- — - — TF spatiale - — - — TF spatiale
nondéformée nondéformée
270 270
A :1er point A :1er point
6 nodes :
D:\Data\FP LAVRION GT42\CT\ points 1CC01.csv -> 1CC12.csv Courbe 6 noeud(s)
0.06
0.04
Q
P4
)
3
0.02
0
20
200
Q
-200
20
ALSTOM ENERGY TGP/IFT (Ver 1.0)
Valeurs mesurées Valeurs calculées
# F(Hz) pc/Nc Phi(°) Fp(Hz) a(%) pc/Nc  M(kg)
1 65.0 0.048831 -130.0 64.2 1.2000 0.052768 4.85e+003
2 1225 0.0088289 -83.3 122.7 1.4439 0.0090775 6.42e+003
3 1715 0.0057813 -126.9 169.9 1.2344 0.0072398 4.91e+003
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PROCES VERBAL / FICHE DE COMMUNICATION | | PV
CUSTOMER  PPC PLANT  LAVRION UNIT  GT 4-2
CUSTOMER CONTRACT or ORDER Nb SAP PROJECT Nb IE0-001902

INTERVENTION DESIGNATION :
GENERATOR DIAGNOSTIC DURING MAJOR OVERHAUL

Subiject (only one) - Title : NATURAL FREQUENCIES MEASUREMENT
\Data\FP LAVRION GT42\CT\ points 1CCO01.csv-> 1CC12.csv \Data\FP LAVRION GT42\CT\ points 1CC01.csv-> 1CC12.csv
Fréquence: 65.0 Hz Fréquence: 122.5 Hz

90 g4 ———  Acos(phi-phi0) —  Acos(phi-phi0)

Asin(phi-phi0) Asin(phi-phi0)
- — - — TF spatiale - — - — TF spatiale

nondéformée nondéformée

270 270

A :1er point A :1er point
\Data\FP LAVRION GT42\CT\ points 1CC01.csv-> 1CC12.csv
Fréquence: 171.5 Hz

90 905 ———  Acos(phi-phi0)

Asin(phi-phi0)
- — — — TF spatiale
nondéformée
270
A 1er point
Page | Page
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PROCES VERBAL / FICHE DE COMMUNICATION | |

PV

PLANT LAVRION

CUSTOMER PPC
CUSTOMER CONTRACT or ORDER Nb

SAP PROJECT Nb

UNI
IE0-001902

T GT4-2

INTERVENTION DESIGNATION :

GENERATOR DIAGNOSTIC DURING MAJOR OVERHAUL

Subiect (only one) - Title : NATURAL FREQUENCIES MEASUREMENT

8 nodes :

D:\Data\FP LAVRION GT42\CT\ points 1CC01.csv -> 1CC12.csv Courbe 8 noeud(s)

0.015

0.01

uc/Nc

0.005

0
20

200 Py T e e T

Q
-200 :
20 40 60 80 100 120

ALSTOM ENERGY TGF/IFT (Ver 1.0)

Valeurs mesurées

160 180 200

Valeurs calculées

# F(Hz) pc/Nc Phi(°) Fp(Hz) a(%) pc/Nc  M(kg)
1 114.5 0.01023 -122.0 113.8 0.7921 0.011617 1.06e+004
2 149.0 0.0058445 -27.4 149.9 0.2992 0.011905 1.58e+004
\Data\FP LAVRION GT42\CT\ points 1CCO1.csv-> 1CC12.csv \Data\FP LAVRION GT42\CT\ points 1CC01.csv-> 1CC12.csv
Fréquence: 114.5 Hz Fréquence: 149.0 Hz
0 o1 ——  Acos(phi-phi0) %0 (08 — Acos(phi-phi0)
Asin(phi-phi0) Asin(phi-phiO)
- — — — TF spatiale - — - — TF spatiale
nondéformée nondéformée
270 270
A :1er point A :1er point
Page | Page
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PROCES VERBAL / FICHE DE COMMUNICATION | | PV
CUSTOMER PPC PLANT LAVRION UNIT GT 4-2
CUSTOMER CONTRACT or ORDER Nb SAP PROJECT Nb 1IE0-001902
INTERVENTION DESIGNATION :
GENERATOR DIAGNOSTIC DURING MAJOR OVERHAUL
Subiject (only one) - Title : NATURAL FREQUENCIES MEASUREMENT
5.2.2. Opposite turbine side :
Inner ring :
D:\Data\FP LAVRION GT42\COT\ points 0OAO01.csv -> 00A12.csv
] | | ] ?
| | | |
| | :/w/f
| |
i, ! st e
| | | ! 10
. . T o 8
| | |
l l l
| |
. PR AT 6
| | |
| | |
| | |
amcd : MW%WM ,
i | | |
4 — | | |
\rim. ..JJW‘MAA ! WM%W 2
2 ! ! o rwmfﬂ T
| | | W
0 \M%W“MWWMNWNV‘;ANVWWMWW\;/WVM ‘ 0
0 50 100 150 200
4 nodes :
D:\Data\FP LAVRION GT42\COT\ points 00A01.csv -> 00A12.csv Courbe 4 noeud(s)
0.01 ‘ ‘
| |
0 e A R S
| |
Q 0.008f f---d--sokoooo A oo e
) | |
3 0004 - e e e i oo i
0.002 ' W h - - Mo A R % 77777 i 777777
0 | | | ;
20 40 60 80 100 120 140 160 180 200
200
0
-200
2
ALSTOM ENERGY TGP/IFT (Ver 1.0)
Valeurs mesurées Valeurs calculées
# F(Hz) uc/Ne Phi(°) Fp(Hz)  a(%) pc/Ne  Mkg)
1 74.3 0.0020384 -48.4 75.2 1.6846 0.0030996 4.29e+004
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PROCES VERBAL / FICHE DE COMMUNICATION | | PV

CUSTOMER PPC PLANT LAVRION UNIT GT 4-2
CUSTOMER CONTRACT or ORDER Nb SAP PROJECT Nb 1E0-001902

INTERVENTION DESIGNATION :
GENERATOR DIAGNOSTIC DURING MAJOR OVERHAUL

Subiect (only one) - Title : NATURAL FREQUENCIES MEASUREMENT

Jata\FP LAVRION GT42\COT\ points 0OAO1.csv-> 00A12.csv
Fréquence: 74.3 Hz

9 .03 ———  Acos(phi-phi0)
Asin(phi-phi0)
- — — — TF spatiale
nondéformée

270

A 1er point

6 nodes :

D:\Daga}pP LAVRION GT42\COT\ points 00A01.csv -> 00A12.csv Courbe 6 noeud(s)
5

Data\FP LAVRION GT42\COT\ points 00OA01.csv-> 00A12.csv
Fréquence: 158.0 Hz
[$)
P4
)
3
200
0 ,,,,,,,,,,,,
_200 1 | 1 1
20 40 60 80 100 120 140 160 180 200
ALSTOM ENERGY TGP/IFT (Ver 1.0)
Valeurs mesurées Valeurs calculées
) 270
# F(Hz) pc/Ne Phi(°) Fp(Hz) a(%) pc/Ne M(kg) A 1er point
1 158.0 0.0016024 45.2 154.8 2.1582 0.0021151 1.16e+004
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PROCES VERBAL / FICHE DE COMMUNICATION | | PV

CUSTOMER PPC PLANT LAVRION UNIT GT 4-2

CUSTOMER CONTRACT or ORDER Nb SAP PROJECT Nb 1E0-001902
INTERVENTION DESIGNATION :

GENERATOR DIAGNOSTIC DURING MAJOR OVERHAUL

Subiect (only one) - Title : NATURAL FREQUENCIES MEASUREMENT

Middle ring : D:\Data\FP LAVRION GT42\COT\ points 00B01.csv -> 00B12.csv

. IgN

10

4 nodes :

D:\Data\FP LAVRION GT42\COT\ points 00OB01.csv-> 00B12.csv Courbe 4 noeud(s)

0.015
Data\FP LAVRION GT42\COT\ points 00OB01.csv -> 00B12.cs
0.01 Fréquence: 42.5 Hz
Q
Z
)
3
0.005
0
20

1
20 40 60 80 100 120 140 160 180

ALSTOM ENERGY TGP/IFT (Ver 1.0)

Valeurs mesurées Valeurs calculées
# F(Hz) uc/Ne Phi(°) Fp(Hz) a(%) pc/Ne  M(kg)
1 42.5 0.011856 -51.3 440 5.3593 0.012269 9.95e+003
2 74.3 0.0085533 -51.5 77.0 45793 0.010167 4.59e+003 270
3 1025 0.008412 -71.7 103.2 2.2902 0.0078097 6.65e+003 A :1er point
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PROCES VERBAL / FICHE DE

PV

COMMUNICATION

PPC PLANT

CUSTOMER CONTRACT or ORDER Nb

CUSTOMER

LAVRION UNIT

SAP PROJECT Nb IE0-001902

GT 4-2

INTERVENTION DESIGNATION :

GENERATOR DIAGNOSTIC DURING MAJOR OVERHAUL

Subject (only one) - Title :

Data\FP LAVRION GT42\COT\ points 00B01.csv-> 00B12.csv
Fréquence: 74.3 Hz

NATURAL FREQUENCIES MEASUREMENT

Data\FP LAVRION GT42\COT\ points 00B01.csv-> 00B12.csv
Fréquence: 102.5 Hz

90

0.1 —— Acos(phi-phi0) ———  Acos(phi-phi0)
Asin(phi-phi0) Asin(phi-phi0)
- — — - TF spatiale - — - — TF spatiale
nondéformée nondéformée
270 270
A 1er point A :1er point
6 nodes :
D:\Data\FP LAVRION GT42\COT\ points 00B01.csv -> 00B12.csv Courbe 6 noeud(s)
0.015
0.01
Q
4
°
3
0.005
0
20
200
0 -
-200 ! ! !
20 40 60 80 100 120 140 160 180 200
ALSTOM ENERGY TGF/IFT (Ver 1.0)
Valeurs mesurées Valeurs calculées
# F(Hz) pc/Nc Phi(°) Fp(Hz) a(%) pc/Ne  M(kg)
1 61.8 0.0065186 -26.3 62.0 0.2403 0.013524 1.01e+005
2 1175 0.0079032 -48.5 120.5 2.8901 0.010097 2.99e+003
3 1578 0.0089086 -37.2 161.0 1.5390 0.014277 2.22e+003
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PROCES VERBAL / FICHE DE COMMUNICATION

PV

CUSTOMER PPC

CUSTOMER CONTRACT or ORDER Nb

PLANT LAVRION

SAP PROJECT Nb

UNIT

IE0-001902

GT 4-2

INTERVENTION DESIGNATION :
GENERATOR DIAGNOSTIC DURING MAJOR OVERHAUL

NATURAL FREQUENCIES MEASUREMENT

Subject (only one) - Title :

Data\FP LAVRION GT42\COT\ points 00B01.csv-> 00B12.csv
Fréquence: 61.8 Hz

90

Fréquence: 117.5 Hz

Data\FP LAVRION GT42\COT\ points 00B01.csv -> 00B12.csv

0.1 —— Acos(phi-phi0) —— Acos(phi-phi0)
Asin(phi-phi0) Asin(phi-phi0)
- — — - TF spatiale - — - — TF spatiale
nondéformée nondéformée
270 270
A 1er point A :1er point
Data\FP LAVRION GT42\COT\ points 00B01.csv-> 00B12.csv
Fréquence: 157.8 Hz
—— Acos(phi-phi0)
Asin(phi-phi0)
- — — — TF spatiale
nondéformée
270
A :1er point
Page | Page
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PROCES VERBAL / FICHE DE COMMUNICATION

PV

CUSTOMER PPC PLANT LAVRION UNIT  GT 4-2
CUSTOMER CONTRACT or ORDER Nb SAP PROJECT Nb IE0-001902
INTERVENTION DESIGNATION :
GENERATOR DIAGNOSTIC DURING MAJOR OVERHAUL
Subiject (only one) - Title : NATURAL FREQUENCIES MEASUREMENT
Outer ring . D:\Data\FP LAVRION GT42\COT\ points 10C01.csv-> 10C12.csv
( ”””” . o o k _D g/N
| | | |
| | | | |
: W
| |
\l | | 10
| | |
" ol
| | | 8
| | |
| | |
i TN
M\\ﬂ-«f 6
| | |
| | |
| | |
b 4n3 WW‘W\MW 4
l l l
| | |
1 ! [ Mm
0.5 1 1 1
| | |
! NWW
0 |t r"'ﬂfi"‘“‘“« Mf\ i ‘ 0
0 50 100 150 200
4 nodes :
D:\Data\FP LAVRION GT42\COT\ points 10C01.csv -> 10C12.csv Courbe 4 noeud(s)
0.025
0.02
9 0.015
S o0.01
0.005
0
20
200
Q
-200
20
ALSTOM ENERGY TGP/IFT (Ver 1.0)
Valeurs mesurées Valeurs calculées
# F(Hz) uc/Nec Phi(°) Fp(Hz)  a(%) pc/Nc  M(kg)
1 445 0.019006 -116.6 43.7 2.2244 0.018568 1.61e+004
2 103.3 0.0071428 -44.9 104.4 1.0422 0.008829 1.26e+004
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PROCES VERBAL / FICHE DE COMMUNICATION PV

CUSTOMER PPC PLANT LAVRION UNIT GT 4-2

CUSTOMER CONTRACT or ORDER Nb SAP PROJECT Nb 1E0-001902
INTERVENTION DESIGNATION :

GENERATOR DIAGNOSTIC DURING MAJOR OVERHAUL

Subject (only one) - Title : NATURAL FREQUENCIES MEASUREMENT
Data\FP LAVRION GT42\COT\ points 10C01.csv-> 10C12.csv Jata\FP LAVRION GT42\COT\ points 10C01.csv -> 10C12.csv
Fréquence: 44.5 Hz Fréquence: 103.3 Hz
N g3 ———  Acos(phi-phi0) 90 g5 ———  Acos(phi-phi0)
Asin(phi-phi0) Asin(phi-phi0)
- — — - TF spatiale - — - — TF spatiale
nondéformée nondéformée
270 270
A 1er point A :1er point
6 nodes :
D:\Data\FP LAVRION GT42\COT\ points 10C01.csv-> 10C12.csv Courbe 6 noeud(s)
0.015
0.01
Q
Z
)
a3
0.005
0
20
200
0
-200 ! !
20 40 60 80 100 120 140 160 180 200
ALSTOM ENERGY TGPF/IFT (Ver 1.0)
Valeurs mesurées Valeurs calculées
# F(Hz) pc/Nc Phi(°) Fp(Hz) a(%) Hc/Nc  M(kg)
1 61.8 0.0095023 -46.2 63.0 2.5758 0.010918 1.13e+004
2 65.0 0.008756 -74.1 66.0 4.4185 0.0080589 8.16e+003
3 92.3 0.0065129 -159.1 92.3 0.0441 0.024739 1.36e+005
4 96.0 0.0064697 74.9 95.7 0.6241 0.0069803 3.18e+004
5 158.5 0.0048395 -65.3 159.8 1.6736 0.0050726 5.84e+003
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PROCES VERBAL / FICHE DE COMMUNICATION

PV

CUSTOMER PPC PLANT LAVRION UNIT
CUSTOMER CONTRACT or ORDER Nb SAP PROJECT Nb IE0-001902

GT 4-2

INTERVENTION DESIGNATION :
GENERATOR DIAGNOSTIC DURING MAJOR OVERHAUL

Subject (only one) - Title : NATURAL FREQUENCIES MEASUREMENT
Data\FP LAVRION GT42\COT\ points 10C01.csv-> 10C12.csv Data\FP LAVRION GT42\COT\ points 10C01.csv-> 10C12.csv
Fréquence: 61.8 Hz Fréquence: 65.0 Hz
0  g.08 ———  Acos(phi-phi0) 90 005 Acos(phi-phi0)
Asin(phi-phi0) Asin(phi-phi0)
- — — - TF spatiale - — - — TF spatiale
nondéformée nondéformée
270 270
A 1er point A :1er point
Jata\FP LAVRION GT42\COT\ points 10C01.csv-> 10C12.csv Data\FP LAVRION GT42\COT\ points 10C01.csv-> 10C12.csv
Fréquence: 92.3 Hz Fréquence: 96.0 Hz
90  0.06 ———  Acos(phi-phi0) 9  0.15 Acos (phi-phi0)
Asin(phi-phi0) Asin(phi-phi0)
- — - — TF spatiale - — — — TF spatiale
nondéformée nondéformée
180 0
210
270 270
A 1er point
Jata\FP LAVRION GT42\COT\ points 10C01.csv-> 10C12.csv
Fréquence: 158.5 Hz
9  0.03 ———  Acos(phi-phi0)
Asin(phi-phi0)
- — — — TF spatiale
nondéformée
270
A :1er point
Page | Page
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PROCES VERBAL / FICHE DE COMMUNICATION | | PV

CUSTOMER

CUSTOMER CONTRACT or ORDER Nb SAP PROJECT Nb 1E0-001902

PPC PLANT LAVRION UNIT  GT 4-2

INTERVENTION DESIGNATION :

GENERATOR DIAGNOSTIC DURING MAJOR OVERHAUL

Subiect (only one) - Title : NATURAL FREQUENCIES MEASUREMENT

D:\Data\FP LAVRION GT42\COT\ points 10C01.csv -> 10C12.csv Courbe 8 noeud(s)

8 nodes :
200
0 ,,,,,
-200 ! !
20 40 60 80 100 120 140 160 180 200
ALSTOM ENERGY TGP/IFT (Ver 1.0)
Valeurs mesurées Valeurs calculées
# F(Hz) uc/Ne Phi(°) Fp(Hz) a(%) uc/Ne M(kg)
1 75.5 0.0091189 -127.5 74.9 0.9571 0.013563 1.74e+004
2 107.3 0.005486 -29.8 108.3 0.5958 0.010236 1.77e+004
3 140.0 0.0048261 5.3 139.9 0.0117 0.050852 1.09e+005
Data\FP LAVRION GT42\COT\ points 10C01.csv-> 10C12.csv Data\FP LAVRION GT42\COT\ points 10C01.csv-> 10C12.csv
Fréquence: 75.5 Hz Fréquence: 107.3 Hz
90 g8 ———  Acos(phi-phi0) ———  Acos(phi-phi0)
Asin(phi-phi0) Asin(phi-phi0)
- — — — TF spatiale - — — — TF spatiale
nondéformée nondéformée
270 270
Jata\FP LAVRION GT42\COT\ points 10C01.csv-> 10C12.csv A :1er point
Fréquence: 140.0 Hz
—— Acos(phi-phi0)
Asin(phi-phi0)
- - — — TF spatiale
nondéformée
270
A 1er point
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PROCES VERBAL / FICHE DE COMMUNICATION | [ v ]

CUSTOMER PPC PLANT LAVRION UNIT TG4-2

CUSTOMER CONTRACT or ORDER Nb SAP PROJECT Nb IE0-001902
INTERVENTION DESIGNATION :

STATOR WINDING REINFORCEMENT

Distribbuted to :
Operational manager Contract : EINew Moim‘enunce DGucronTee (Tick the appropriate boxes)
On: 28/06/2015

Name B. LEFEVRE Material / Activities : Genera’ror I:ITurbine DCommissioning |:|Auxiliories I:Ither

Fax : + 33 3 84551938

A od - NO Concerned item : STATOR
nswer required : Identification / Marking |T|2|4|0|/|3|7|0| N° 5|0|0|0|3|7| I I I
Subject (only one) - Title : NATURAL FREQUENCIES MEASUREMENT

Natural frequencies measurement on endwindings, performed after reinforcement (see report PV LVR BX15 1902 003
and PV LVR BX15 1902 004).
Stator winding reinforcement :

- Reinforcement between supports and the internal ring on the both sides (TE and OTE)

- Lacing between caps on OTE

1. Conditions :
- Test Date : 28/06/2015
- Localisation : LAVRION
- Machine state : After rotor removal and after reinforcement between supports and the internal ring on TE and OTE,
and add a lacing between caps on OTE.
- Test Procedure : DP38R0001B

2. Measurement equipment :
- Acquisition : Microlog SKF n° 22115
- Process : for global measurement : Matlab STMCSV
for local measurement : Matlab PLFTCSV
- Measurement in the range 0 - 200 Hz with accuracy 0.25Hz.

Responsible name : J-Y. GABLE Tel : Fax : E-mail :
In accordance I:INo’r in accordance |:|To be determined DSINb: P38R55681
with specification Nb : DP38R0001B
LignNb: 80
Customer :

Statement agreement  Name : A. Martinis Date : 290«6 5"

By M. CLAUDE J-Y. GABLE

On 28/06/2015 28/06/2015

I Power Service

S RO
viea // i) )
- — enes Page | Page

Issued Verified PV LVR B15 058 001 Al 1/23
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PROCES VERBAL / FICHE DE COMMUNICATION | | PV

CUSTOMER PPC PLANT LAVRION UNIT TG4-2

CUSTOMER CONTRACT or ORDER Nb SAP PROJECT Nb 1E0-001902

INTERVENTION DESIGNATION :
STATOR WINDING REINFORCEMENT

Subiject (only one) - Title : NATURAL FREQUENCIES MEASUREMENT

Photos of the winding OTE, after the reinforcement between supports and the internal ring, and lacing between caps :

The lacing between caps OTE

Page
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Page

File




PROCES VERBAL / FICHE DE COMMUNICATION | | PV
CUSTOMER PPC PLANT LAVRION UNIT TG4-2
CUSTOMER CONTRACT or ORDER Nb SAP PROJECT Nb IE0-001902
INTERVENTION DESIGNATION :
STATOR WINDING REINFORCEMENT
Subject (only one) - Title : NATURAL FREQUENCIES MEASUREMENT
3. Results :
3.1. Local measurements
The local natural frequencies on OTE caps have low response levels within the criteria.
3.2. Global Measurements
The first 4 nodes mode is at 48 Hz on the turbine side.
The first 4 nodes mode is at 38.3 Hz on the opposite turbine side.
4. Local measurements :
4.1. Caps OTE
Measurements on 12 caps in tangential direction, on [0 - 200 HZ].
All levels are in criteria : no peaks are superior to 5um in the frequency band [95 — 115 Hz].
Measurement before the lacing between caps on OTE :
fmax1
Phi between Phi fmax2 Phi
Cap of pc/Nc (f0) 95-115 pc/Nc | (fmax1) |between 0-] pc/Nc | (fmax2)
top bar; Files |f0 (Hz) (f0) en°”® (Hz) (fmax1) en°’ 200 (Hz) | (fmax2) en”’
1 OKO01.csv 100 13.75 69.9 100.00 13.75 69.9 100.00 13.75 69.9
7 OKO07.csv 100 3.79] 1114 101.50 5.80 47.2 101.50 5.80 47.2
13 OK13.csv 100 0.27 13.0 95.25 2.59 49.6 94.00 3.24 89.0
19 OK19.csv 100 2.64 1.2 96.50 7.01 85.0 96.50 7.01 85.0
25 |OK25.csv 100 0.52| 161.1 115.00 0.71 149.1 140.75 1.25 76.6
31 OK31.csv 100 2.48 19.3 98.00 9.77 59.4 98.00 9.77 59.4
37 |OK37.csv 100 0.68| 166.4 115.00 1.16| 164.5 128.75 3.27 97.5
43 |OK43.csv 100 0.44 28.3 95.75 3.81 66.8 95.75 3.81 66.8
49 OK49.csv 100 0.26 63.3 111.50 0.49 125.3 82.00 5.00 97.1
55 |OK55.csv 100 0.72 36.7 95.25 2.03 28.3 94.00 4.79 63.3
61 OK®61.csv 100 2.37 10.9 96.25 9.43 51.2 96.25 9.43 51.2
67 |OK67.csv 100 1.60 9.8 95.25 2.85 9.7 90.50 9.87 61.9
10KO01.csv ==> 10K67.csv 10KOT.csv
10KO07.csv
10K13.csv
10K19.csv
10K25.csv
10K31.csv
S 10K37.csv
g 10K43.csv
10K49.csv
10K55.csv
10K61.csv
10K67.csv
180 200
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PROCES VERBAL / FICHE DE COMMUNICATION | | PV
CUSTOMER PPC PLANT LAVRION UNIT TG4-2
CUSTOMER CONTRACT or ORDER Nb SAP PROJECT Nb 1IE0-001902
INTERVENTION DESIGNATION :
STATOR WINDING REINFORCEMENT
Subject (only one) - Title : NATURAL FREQUENCIES MEASUREMENT
Measurement after the lacing between caps on OTE :
Phi fmax1 Phi fmax2 Phi
Cap of pc/Nc (f0) between pc/Nc | (fmax1) |between 0-| pc/Nc | (fmax2)
top bar] Files |f0 (Hz) (f0) en”® 95-115 (fmax1) en”’ 200 (Hz) | (fmax2) en”’
1 OKO1.csv 100 0.89|] 163.7 115.00 1.06] 171.6 168.25 6.94 46.5
7 OKO07.csv 100 0.57| 176.5 115.00 0.74f 171.9 161.50 4.02 59.2
13 |OK13.csv 100 0.44f 179.0 115.00 0.65 170.4 159.75 3.18 57.4
19 |OK19.csv 100 0.50f 173.6 115.00 0.62 172.7 171.25 4.98 60.6
25 |OK25.csv 100 0.76] 168.6 115.00 1.04| 166.1 152.00 3.58 72.8
31 |OK31.csv 100 0.68f 175.1 113.75 0.93] 173.6 159.00 7.80 721
37 |OK37.csv 100 0.65| 168.3 115.00 1.06] 162.3 148.00 4.79 82.0
43 |OK43.csv 100 0.72| 172.0 115.00 1.08] 168.3 159.00 4.26 58.2
49 |OK49.csv 100 0.70f 171.1 115.00 1.05] 158.0 155.75 5.47 73.9
55 |OK55.csv 100 0.63| 175.3 115.00 0.98 164.7 155.50 7.23 83.8
61 |OK61.csv 100 0.49] 169.1 115.00 0.71 161.5 159.75 4.12 71.1
67 |OK67.csv 100 0.77f 175.4 112.75 1.28] 164.4 147.75 6.07 87.4
OKO1.csv==> OKB7.csv
8 1 OKO1.csv
! OKO07.csv
| OK13.csv
6 OK19.csv
! OK25.csv
Q | OK31.csv
S 4 OK37.csv
] |
- | OK43.csv
1 OK49.csv
| OK55.csv
OK®61.csv
OKB7.csv e =

60

\
2 “[BM%JTM {,,‘;,,,UN, ,,,,,, RS ae . -
3 W womr T | | | ;
60 80 100 120 140 160 80 200
Comments :
On opposite turbine side, with the additionnal lacing between caps, all the levels are in criteria.
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PROCES VERBAL / FICHE DE COMMUNICATION | | PV
CUSTOMER PPC PLANT LAVRION UNIT TG4-2
CUSTOMER CONTRACT or ORDER Nb SAP PROJECT Nb IE0-001902
INTERVENTION DESIGNATION :
STATOR WINDING REINFORCEMENT
Subject (only one) - Title : NATURAL FREQUENCIES MEASUREMENT
5. Global measurements :
Measurements : 3 rings (inner, middle and outer) of 12 points in radial direction.
Impact : on middle ring, at 6h00.
Inner ring
l Impact
Middle ring
TS e k0 WY 1) O Measurement
Outer ring
5.1. Summary of the global natural frequencies :
Turbine side :
Frequency (Hz) 48 92 104.3 67 106.5 137 181.5 77.3 120.5
Ring Mode 4 nodes | 4 nodes | 4 nodes | 6 nodes | 6 nodes | 6 nodes | 6 nodes | 8 nodes | 8 nodes
Inner | Ampl pc/Nc An.AR| 0.026 0.003 0.006 0.007 - 0.004 0.003 - -
Middle | Ampl pc/Nc An.BR| 0.109 - 0.011 0.025 0.010 0.005 0.012 - -
Outer | Ampl pc/Nc An.CR| 0.243 - - 0.086 0.018 0.005 0.006 0.020 0.010
Opposite turbine side :
Frequency (Hz) | 38.3 86.3 117.3 123.3 74 146 161.8
Ring Mode 4 nodes | 4 nodes | 4 nodes | 4 nodes | 6 nodes | 6 nodes | 6 nodes
Inner | Ampl uc/Nc An.AR| 0.008 0.004 0.003 0.004 - 0.003 0.002
Middle | Ampl pc/Nc An.BR| 0.033 0.006 0.008 0.009 - 0.006 -
Outer | Ampl uc/Nc An.CR| 0.071 - - 0.006 0.012 - -
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PROCES VERBAL / FICHE DE COMMUNICATION | | PV
CUSTOMER PLANT LAVRION UNIT TG4-2
CUSTOMER CONTRACT or ORDER Nb SAP PROJECT Nb 1IE0-001902
INTERVENTION DESIGNATION :
STATOR WINDING REINFORCEMENT
Subiject (only one) - Title : NATURAL FREQUENCIES MEASUREMENT
5.2. Modal analysis measurements :
5.2.1. Turbine side :
Inner ring : D:\Data\FP2 LAVRION GT42\CT\ points CAO1.csv-> CA12.csv
o S - - L o]
l l l l l
| | | | |
| | | |
| | | |
- ; R L
| | |
l l l
| | |
JiD m‘ =y J«#\Mmqu%ﬁw\‘ W.(‘VWW'“ s
| | \
| | A
LA Wi
. ot ‘ ‘ b ‘ 6
| | |
| 7 fa®
\ . "
et o™ g o P 4
l l l
5 l l l
Nestternasmseee VAl MUVWMHMMMMH al 2
| | |
| | |
| | 1 P’
0 Prgna, A i wterd? ‘JM\“«%&M ppeem 77 “;\A\M AN 0
0 50 100 150 200
4 nodes : D:\Data\FP2 LAVRION GT42\CT\ points CA01.csv-> CA12.csv Courbe 4 noeud(s)
0.03
0.02
%)
4
o
a3
0.01
0
20
200
0
-200
20
ALSTOM ENERGY TGF/IFT (Ver 1.0)
Valeurs mesurées Valeurs calculées
#  F(Hz) uc/Ne Phi(°) Fp(Hz)  a(%) pc/Ne  M(kg)
1 48.0 0.025829 -99.3 479 1.0049 0.025766 2.14e+004
2 920  0.0028375 -69.4 92.9 25230 0.0027058 2.15e+004
3  104.3  0.0062557 -97.1 103.9 2.2570 0.0062627 8.29e+003
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PROCES VERBAL / FICHE DE

COMMUNICATION

PV

CUSTOMER PPC

CUSTOMER CONTRACT or ORDER Nb

PLANT

LAVRION
SAP PROJECT Nb

UNIT
IE0-001902

TG4-2

INTERVENTION DESIGNATION :

STATOR WINDING REINFORCEMENT

Subject (only one) - Title :

D:\Data\FP2 LAVRION GT42\CT\ points CAO1.csv-> CA12.csv
Fréquence: 48.0 Hz

NATURAL FREQUENCIES MEASUREMENT

D:\Data\FP2 LAVRION GT42\CT\ points CAO1.csv -> CA12.csv
Fréquence: 92.0 Hz

0 o2 ———  Acos(phi-phil 90  0.03 ——  Acos(phi-phi0)
Asin(phi-phi0 Asin(phi-phi0)
- - — — TF spatiale - — - — TF spatiale
nondéformée nondéformée
270 270
A :1er point A 1er point
D:\Data\FP2 LAVRION GT42\CT\ points CAO1.csv-> CA12.csv
Fréquence: 104.3 Hz
—— Acos(phi-phi0)
Asin(phi-phi0)
- - — — TF spatiale
nondéformée
270
A :1er point
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PROCES VERBAL / FICHE DE COMMUNICATION PV

CUSTOMER PPC

CUSTOMER CONTRACT or ORDER Nb

PLANT LAVRION

SAP PROJECT Nb

UNIT  TG4-2

IE0-001902

INTERVENTION DESIGNATION :
STATOR WINDING REINFORCEMENT

Subiect (only one) - Title : NATURAL FREQUENCIES MEASUREMENT

2 LAVRION GT42\CT\ points CAO1.csv-> CA12.csv Courbe 6 noeud(s)

D:\RatgfFP
8

6 nodes :

puc/Ne

200
Q
-200
20 40 60 80 100 120 140 160 180 200
ALSTOM ENERGY TGP/IFT (Ver 1.0)
Valeurs mesurées Valeurs calculées
# F(Hz) pc/Nc Phi(°) Fp(Hz) a(%) pc/Nc  M(kg)
1 67.0 0.0065504 -100.6 66.8 0.6049 0.006836 6.87e+004
2 1370 0.0040392 -105.5 136.3 1.9358 0.0041378 8.5e+003
3 1815 0.0033666 -131.0 180.1  0.8991 0.004194 1.04e+004

D:\Data\FP2 LAVRION GT42\CT\ points CAO1.csv-> CA12.csv
Fréquence: 67.0 Hz

90

D:\Data\FP2 LAVRION GT42\CT\ points CA01.csv-> CA12.csv
Fréquence: 137.0 Hz

0.05 ———  Acos(phi-phi0 90 .04 ———  Acos(phi-phi0)
Asin(phi-phi0) Asin(phi-phi0)
- - — — TF spatiale - - — - TF spatiale
nondéformée nondéformée
270
D:\Data\FP2 LAVRION GT42\CT\ points CAO1.csv-> CA12.csv A :1er point
Fréquence: 181.5 Hz
—— Acos(phi-phi0)
Asin(phi-phi0)
- - — — TF spatiale
nondéformée
180
210
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PROCES VERBAL / FICHE DE COMMUNICATION | | PV

CUSTOMER PPC PLANT LAVRION UNIT TG4-2
CUSTOMER CONTRACT or ORDER Nb SAP PROJECT Nb 1E0-001902

INTERVENTION DESIGNATION :
STATOR WINDING REINFORCEMENT

Subiect (only one) - Title : NATURAL FREQUENCIES MEASUREMENT

Middle ring : D:\Data\FP2 LAVRION GT42\CT\ points CBO1.csv-> CB12.csv

o N o T
|

Ty

2 1
IS T ey N e I
1 | | |
| | |
| | M
| | |
0 [N N‘W\ Jwr : 0
0 50 100 150 200
4 nodes : D:\Data\FP2 LAVRION GT42\CT\ points CBO1.csv-> CB12.csv Courbe 4 noeud(s)
0.2 | | | |
| | | |
015L b I T S .
| | | |
9 | | | |
S 0N c T o T R
= ‘ | | | |
| | | |
0.05F-----F-fA--f - T T T T
| | | |
| | | |
0 I — T [
20 120 140 160 180 200
200Q
0 ,,,,,,,,,,,,,,,,,,,,,
-200

1 1 1
20 40 60 80 100 120 140 160 180 200

ALSTOM ENERGY TGF/IFT (Ver 1.0)

Valeurs mesurées Valeurs calculées
# F(Hz) pc/Nc Phi(°) Fp(Hz) a(%) pc/Nc  M(kg)
1 48.0 0.10919 -99.6 47.9 0.9820 0.11512 4.89e+003
2 1043 0.010701 -89.5 104.3 2.8688 0.010415 3.9e+003
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PROCES VERBAL / FICHE DE COMMUNICATION

PV

CUSTOMER PPC

CUSTOMER CONTRACT or ORDER Nb

PLANT LAVRION

SAP PROJECT Nb

UNIT
IE0-001902

TG4-2

INTERVENTION DESIGNATION :
STATOR WINDING REINFORCEMENT

Subiect (only one) - Title : NATURAL FREQUENCIES MEASUREMENT

D:\Data\FP2 LAVRION GT42\CT\ points CBO1.csv-> CB12.csv
Fréquence: 48.0 Hz

D:\Data\FP2 LAVRION GT42\CT\ points CBO1.csv-> CB12.csv

Fréquence: 104.3 Hz

0 g8 ———  Acos(phi-pt ———  Acos(phi-phi0)
| Asin(phi-phi Asin(phi-phi0)
— - - — TF spatiale -~ — — TF spatiale
nondéformé nondéformée
270
A :1er point A :1er point
6 nodes : D:\Data\FP2 LAVRION GT42\CT\ points CB01.csv -> CB12.csv Courbe 6 noeud(s)
0.03 T T T T T T T T
| | | | | | | |
A
| | | | | | | |
0.02f -~ i e e e S
(Z') | | | | |
< | | | | |
(] | | | | |
= | | | | |
001 ”””””” [ I 1= I | e I
| | | | | | |
| | | | | | |
| | | | | |
| | | |
0 | | | L L L L L
20 40 60 80 100 120 140 160 180 200
200
O Bypalporbyumammes 1 Ly e
_200 L L L
20 40 60 80 100 120 140 160 180 200
ALSTOM ENERGY TGF/IFT (Ver 1.0)
Valeurs mesurées Valeurs calculées
# F(Hz) pc/Ne Phi(°) Fp(Hz) a(%) pc/Nc M(kg)
1 67.0 0.024954 -98.7 66.8 0.6361 0.027044 1.65e+004
2 106.5 0.01027 -73.4 106.5 0.6016 0.011522 1.61e+004
3 136.8 0.0053507 -67.0 137.7 1.6119 0.0056574 7.32e+003
4 181.3 0.011982 -94.6 181.0 1.3366 0.011814 2.45e+003
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PROCES VERBAL / FICHE DE COMMUNICATION | | PV

CUSTOMER PPC PLANT LAVRION UNIT TG4-2
CUSTOMER CONTRACT or ORDER Nb SAP PROJECT Nb 1E0-001902

INTERVENTION DESIGNATION :
STATOR WINDING REINFORCEMENT

Subiject (only one) - Title : NATURAL FREQUENCIES MEASUREMENT
D:\Data\FP2 LAVRION GT42\CT\ points CBO1.csv-> CB12.csv D:\Data\FP2 LAVRION GT42\CT\ points CBO1.csv-> CB12.csv

Fréquence: 67.0 Hz Fréquence: 106.5 Hz

Acos(phi-pt —— Acos(phi-phi0)

Asin(phi-phi Asin(phi-phi0)

-~ - — TF spatiale -~ - — TF spatiale
nondéformé nondéformée
270
A :1er point A :1er point
D:\Data\FP2 LAVRION GT42\CT\ points CBO1.csv-> CB12.csv D:\Data\FP2 LAVRION GT42\CT\ points CB0O1.csv-> CB12.csv

Fréquence: 136.8 Hz Fréquence: 181.3 Hz

90 o8 Acos(phi-ph 90 g4 ———  Acos(phi-phi0)

Asin(phi-phi Asin(phi-phi0)

— - - — TF spatiale — - - — TF spatiale
nondéformé: nondéformée
270 270
A :1er point A 1er point
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PROCES VERBAL / FICHE DE COMMUNICATION | |

PV

CUSTOMER PPC PLANT LAVRION UNIT TG4-2
CUSTOMER CONTRACT or ORDER Nb SAP PROJECT Nb 1IE0-001902
INTERVENTION DESIGNATION :
STATOR WINDING REINFORCEMENT
Subject (only one) - Title : NATURAL FREQUENCIES MEASUREMENT
Outer ring : D:\Data\FP2 LAVRION GT42\CT\ points CC01.csv-> CC12.csv
. - - - L TN
| | | | |
I | |
| | |
| | |
| | |
1 i
| |
| |
| |
| |
|
4 nodes : D:\Data\FP2 LAVRION GT42\CT\ points CCO1.csv-> CC12.csv Courbe 4 noeud(s)
0.4
0.3
2
S 0.2
3
0.1
0]
20
200
0
-200
2
ALSTOM ENERGY TGP/IFT (Ver 1.0)
Valeurs mesurées Valeurs calculées
# F(Hz) uc/Ne Phi(°) Fo(Hz)  a(%) uc/Nc  M(kg)
1 480 0.24278 -107.8 47.8 09354 0.26005 2.28e+003
2 933  0.011158 -90.3 93.3 0.9406 0.011176 1.38e+004
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PROCES VERBAL / FICHE DE COMMUNICATION |

| PV

CUSTOMER PPC

CUSTOMER CONTRACT or ORDER Nb

PLANT LAVRION

SAP PROJECT Nb IE0-001902

UNIT

TG4-2

INTERVENTION DESIGNATION :
STATOR WINDING REINFORCEMENT

NATURAL FREQUENCIES MEASUREMENT

D:\Data\FP2 LAVRION GT42\CT\ points CCO1.csv-> CC12.csv D:\Data\FP2 LAVRION GT42\CT\ points CC01.csv-> CC12.csv
Fréquence: 48.0 Hz Fréquence: 93.3 Hz

Subject (only one) - Title :

0 15 Acos (phi-pt 90 905 ———  Acos(phi-phi0)
Asin(phi-ph Asin(phi-phi0)
-~~~ TF spatiale -~~~ TF spatiale
nondéformé nondéformée
270
D:\Data\FP2 LAVRION GT42\CT\ points CC0O1.csv-> CC12.csv Courbe 6 noeud(s)
0.1
6 nodes : 0.08
o 0.06
pd
B
3 0.04
0.02
0
20
200
0 Nl s M e
-200 :
20 40 60 80 100 120 140 160 180 200
ALSTOM ENERGY TGPF/IFT (Ver 1.0)
Valeurs mesurées Valeurs calculées
# F(Hz) uc/Nc Phi(°) Fp(Hz) a(%) uc/Nc  M(kg)
1 67.0 0.085879 -113.1 66.7 0.6078 0.094772 4.94e+003
2 106.5 0.018057 -101.4 106.3 0.6852 0.019346 8.46e+003
3 136.5 0.0048898 -149.4 135.9 0.2970 0.0094223 2.45e+004
4 181.5 0.0055018 -84.8 181.6 1.1499 0.0054789 6.09e+003
D:\Data\FP2 LAVRION GT42\CT\ points CC01.csv-> CC12.csv D:\Data\FP2 LAVRION GT42\CT\ points CCO1.csv-> CC12.csv
Fréquence: 67.0 Hz Fréquence: 106.5 Hz
———  Acos(phi-phi0) 9 0.15 ———  Acos(phi-phi0)
Asin(phi-phi0) Asin(phi-phi0)
- - — — TF spatiale - — — — TF spatiale
nondéformée nondéformée
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PROCES VERBAL / FICHE DE COMMUNICATION | | PV

CUSTOMER PPC PLANT LAVRION UNIT TG4-2
CUSTOMER CONTRACT or ORDER Nb SAP PROJECT Nb 1E0-001902

INTERVENTION DESIGNATION :
STATOR WINDING REINFORCEMENT

Subject (only one) - Title : NATURAL FREQUENCIES MEASUREMENT
D:\Data\FP2 LAVRION GT42\CT\ points CC01.csv-> CC12.csv D:\Data\FP2 LAVRION GT42\CT\ points CCO1.csv-> CC12.csv
Fréquence: 136.5 Hz Fréquence: 181.5 Hz
90 905 Acos(phi-pr Acos(phi-phi0)
Asin(phi-phi Asin(phi-phi0)
-~~~ TF spatiale - — - — TF spatiale
nondéformé nondéformée
270
8 nodes :
0.02
0.015
&)
< 0,01
3
0.005
0
20
200
0 NS S S 1 SO
-200 :
20 40 60 80 100 120 140 160 180 200
ALSTOM ENERGY TGF/IFT (Ver 1.0)
Valeurs mesurées Valeurs calculées
# F(Hz) uc/Ne Phi(°) Fp(Hz) a(%) pc/Nc  Mkg)
1 77.3 0.019651 -99.9 77.1 0.6305 0.020097 1.68e+004
2 1205 0.010166 -105.5 120.0 0.8526 0.010287 1e+004
D:\Data\FP2 LAVRION GT42\CT\ points CCO1.csv-> CC12.csv D:\Data\FP2 LAVRION GT42\CT\ points CC01.csv -> CC12.csv
Fréquence: 77.3 Hz Fréquence: 120.5 Hz
0 o1 ——  Acos(phi-phi0) 0 g4 ———  Acos(phi-phi0)
Asin(phi-phi0) Asin(phi-phi0)
- - - - TF spatiale — — — ~ TF spatiale
nondéformée nondéformée
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PROCES VERBAL / FICHE DE COMMUNICATION | | PV

CUSTOMER PPC PLANT LAVRION UNIT TG4-2
CUSTOMER CONTRACT or ORDER Nb SAP PROJECT Nb 1E0-001902

INTERVENTION DESIGNATION :
STATOR WINDING REINFORCEMENT

Subiect (only one) - Title : NATURAL FREQUENCIES MEASUREMENT

5.2.2. Opposite turbine side :

Inner ring : D:\Data\FP2 LAVRION GT42\COT\ points OA01.csv-> OA12.csv

77777777777777777777777777777777777777777777 N

| | 6
| |
| |
| |
e 10'3 o MAAMWWMW 4
| |
1— | |
ke M
0.5 | | | ™
: : o
0 50 100 150 200
4 nodes : D:\Datgd*P2 LAVRION GT42\COT\ points OAO01.csv -> OA12.csv Courbe 4 noeud(s)
8

uc/Nc

ALSTOM ENERGY TGP/IFT (Ver 1.0)

Valeurs mesurées Valeurs calculées
# F(Hz) uc/Nc Phi(°) Fp(Hz) a(%) uc/Nc M(kg)
1 38.0 0.007745 -92.4 37.7 0.9683 0.0073561 1.25e+005
2 86.3 0.00361 -46.8 86.8 1.0928 0.004283 3.59e+004
3 117.3 0.0027508 -62.0 118.5 1.8695 0.0029599 1.63e+004
4 123.3 0.0035771 -107.3 122.5 1.4223 0.0035792 1.66e+004
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PROCES VERBAL / FICHE DE COMMUNICATION

PV

CUSTOMER PPC

CUSTOMER CONTRACT or ORDER Nb

PLANT

LAVRION
SAP PROJECT Nb

UNIT
IE0-001902

TG4-2

INTERVENTION DESIGNATION :

STATOR WINDING REINFORCEMENT

Subject (only one) - Title :

»:\Data\FP2 LAVRION GT42\COT\ points OAO01.csv -> OA12.csv
Fréquence: 38.0 Hz

NATURAL FREQUENCIES MEASUREMENT

»:\Data\FP2 LAVRION GT42\COT\ points OAO1.csv-> OA12.csv
Fréquence: 86.3 Hz

9  0.06 ———  Acos(phi-phiQ ———  Acos(phi-phi0)
Asin(phi-phi0; Asin(phi-phi0)
-~~~ TF spatiale ~~ ~~ TF spatiale
nondéformée nondéformée
270 270
A 1er point A 1er point
Fréquence: 117.3 Hz
———————\Data\FP2 LAVRION GT42\COT\ points OA01.csv-> OA12.csv
— Acos(phi-phil Fréquence: 123.3 Hz
Asin(phi-phiQ 920 T
- - — - TF spatiale 0.03 QC_OS((TI_TS;)
j . sin(phi-phi
nondéformée ~— —~ TF spatiale
nondéformée
270
A :1er point 270
A 1er point
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PROCES VERBAL / FICHE DE COMMUNICATION

PV

CUSTOMER

PPC

CUSTOMER CONTRACT or ORDER Nb

PLANT

LAVRION
SAP PROJECT Nb

UNIT
IE0-001902

TG4-2

INTERVENTION DESIGNATION :

STATOR WINDING REINFORCEMENT

Subject (only one) - Title :

6 nodes :

NATURAL FREQUENCIES MEASUREMENT

uc/Nc
v W

1 v‘ Hifitth bl
.

200

ALSTOM ENERGY TGF/IFT (Ver 1.0)

Valeurs mesurées

Valeurs calculées

# F(Hz) pc/Ne Phi(°) Fp(Hz) a(%) pc/Nc M(kg)
1 146.0 0.0027976 -42.9 147.8 1.1907 0.0038818 1.25e+004
2 161.8 0.001877 -97.4 161.5 1.6102 0.0017942 1.68e+004
3 191.0 0.0016917 -27.1 192.3 0.3616 0.0035929 2.64e+004
):\Data\FP2 LAVRION GT42\COT\ points OA01.csv-> OA12.csv ):\Data\FP2 LAVRION GT42\COT\ points OA01.csv-> OA12.csv
Fréquence: 146.0 Hz Fréquence: 161.8 Hz
90 5025 ——  Acos(phi-pt 90 g2 ———  Acos(phi-phi0)
Asin(phi-phi Asin(phi-phi0)
-~~~ TF spatiale -~~~ TF spatiale
nondéformé nondéformée
270
A :1er point A :1er point
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PROCES VERBAL / FICHE DE COMMUNICATION | | PV

CUSTOMER PPC PLANT LAVRION UNIT TG4-2

CUSTOMER CONTRACT or ORDER Nb SAP PROJECT Nb 1E0-001902

INTERVENTION DESIGNATION :
STATOR WINDING REINFORCEMENT

Subiect (only one) - Title : NATURAL FREQUENCIES MEASUREMENT

Middle ring : D:\Data\FP2 LAVRION GT42\COT\ points OB01.csv -> OB12.csv

A T - - i
|

4 nodes : D:\Data\FP2 LAVRION GT42\COT\ points OB01.csv-> OB12.csv Courbe 4 noeud(s)
0.04

0.03

0.02

pc/Nc

0.01

0
20

200
0

_200 1 1 1

20 40 60 80 100 120 140 160 180 200

ALSTOM ENERGY TGF/IFT (Ver 1.0)

Valeurs mesurées Valeurs calculées
# F(Hz) pc/Nc Phi(°) Fp(Hz) a(%) pc/Ne M(kg)
1 38.3 0.032519 -124.1 37.8 0.8523 0.03125 3.33e+004
2 86.3 0.006333 -49.0 87.0 1.3663 0.0073866 1.66e+004
3 117.3 0.0079142 -63.9 117.9 1.3504 0.0080784 8.35e+003
4 123.0 0.0088962 -98.8 122.6 1.3640 0.0092024 6.71e+003
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PROCES VERBAL / FICHE DE COMMUNICATION | | PV

CUSTOMER PPC PLANT LAVRION UNIT TG4-2
CUSTOMER CONTRACT or ORDER Nb SAP PROJECT Nb 1E0-001902

INTERVENTION DESIGNATION :
STATOR WINDING REINFORCEMENT

Subiject (only one) - Title : NATURAL FREQUENCIES MEASUREMENT
»:\Data\FP2 LAVRION GT42\COT\ points OB01.csv-> OB12.csv »:\Data\FP2 LAVRION GT42\COT\ points OB01.csv-> OB12.csv
Fréquence: 38.3 Hz Fréquence: 86.3 Hz
—— Acos(phi-pt Acos(phi-phi0)
Asin(phi-phi Asin(phi-phi0)
-~ - — TF spatiale — - - — TF spatiale
nondéformé nondéformée
270
A :1er point A :1er point
J:\Data\FP2 LAVRION GT42\COT\ points OB01.csv-> OB12.csv J:\Data\FP2 LAVRION GT42\COT\ points OB0O1.csv-> OB12.csv
Fréquence: 117.3 Hz Fréquence: 123.0 Hz
— Acos(phi-pl 90 0.08 Acos(phi-phi0)
Asin(phi-ph Asin(phi-phi0)
-~~~ TF spatiale -~~~ TF spatiale
nondéformé nondéformée
270
A 1er point A :1er point
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PROCES VERBAL / FICHE DE COMMUNICATION | | PV

CUSTOMER PPC
CUSTOMER CONTRACT or ORDER Nb

PLANT LAVRION UNIT

IE0-001902

TG4-2
SAP PROJECT Nb

INTERVENTION DESIGNATION :
STATOR WINDING REINFORCEMENT

Subiect (only one) - Title : NATURAL FREQUENCIES MEASUREMENT

6 nodes : Data\FP2 LAVRION GT42\COT\ points OB01.csv -> OB12.csv Courbe 6 noeud(s)

0.01

0.008

0.006

uc/Nc

0.004

0.002

0
20

200

0
-200 :

20 40 60 80 100

1 1
140 160 180 200

1
120

ALSTOM ENERGY TGF/IFT (Ver 1.0)

Valeurs mesurées Valeurs calculées

# F(Hz) uc/Nc Phi(°) Fp(Hz) a(%) pc/Ne M(kg)
1 146.0 0.0059677 -53.9 147.9 1.8860 0.0069805 4.4e+003
2 189.8 0.007192 -54.5 192.5 2.0613 0.0085812 1.93e+003

):\Data\FP2 LAVRION GT42\COT\ points OB01.csv-> OB12.csv
Fréquence: 146.0 Hz

):\Data\FP2 LAVRION GT42\COT\ points OB01.csv-> OB12.csv
Fréquence: 189.8 Hz

90 006 ——  Acos(phi-pt 90 gog ———  Acos(phi-phi0)
Asin(phi-phi Asin(phi-phi0)
— - -~ TF spatiale — - - — TF spatiale
nondéformé nondéformée
270
A :1er point A :1er point
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PROCES VERBAL / FICHE DE COMMUNICATION | | PV

CUSTOMER PPC PLANT LAVRION UNIT TG4-2
CUSTOMER CONTRACT or ORDER Nb SAP PROJECT Nb 1E0-001902

INTERVENTION DESIGNATION :
STATOR WINDING REINFORCEMENT

Subiject (only one) - Title : NATURAL FREQUENCIES MEASUREMENT
Outer ring : D:\Data\FP2 LAVRION GT42\COT\ points OC01.csv-> OC12.csv
o - o o TN
L. S oo e o mmm e T l
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ALSTOM ENERGY TGF/IFT (Ver 1.0)

Valeurs mesurées Valeurs calculées
# F(Hz) uc/Nc Phi(°) Fp(Hz) a(%) pc/Ne M(kg)
1 38.3 0.070761 -117.5 37.9 0.9043 0.067997 1.44e+004
2 1238 0.0056952 -90.1 123.8 1.2728 0.0054849 1.18e+004
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CUSTOMER PPC PLANT LAVRION UNIT TG4-2
CUSTOMER CONTRACT or ORDER Nb SAP PROJECT Nb 1IE0-001902
INTERVENTION DESIGNATION :
STATOR WINDING REINFORCEMENT
Subiject (only one) - Title : NATURAL FREQUENCIES MEASUREMENT
»:\Data\FP2 LAVRION GT42\COT\ points OCO01.csv-> OC12.csv \Data\FP2 LAVRION GT42\COT\ points OCO1.csv-> OC12.csv
Fréquence: 38.3 Hz Fréquence: 123.8 Hz
9 o6 ——  Acos(phi-pt ——  Acos(phi-phi0)
| Asin(phi-phi Asin(phi-phi0)
-~ - — TF spatiale - — - — TF spatiale
nondéformé nondéformée
180
210
A :1er point A :1er point
6 nodes : ) .
D:\Data\FP2 LAVRION GT42\COT\ points OC01.csv-> OC12.csv Courbe 6 noeud(s)
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ALSTOM ENERGY TGP/IFT (Ver 1.0)
Valeurs mesurées Valeurs calculées
# F(Hz) pc/Ne Phi(°) Fp(Hz) a(%) pc/Ne M(kg)
1 74.0 0.012211 -106.0 73.6 1.8403 0.011192 1.14e+004
2 150.3 0.0037217 -1141 149.3 1.0548 0.0039336 1.37e+004
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UNIT
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INTERVENTION DESIGNATION :

STATOR WINDING REINFORCEMENT

Subject (only one) -

J:\Data\FP2 LAVRION GT42\COT\ points OC01.csv-> OC12.csv

Title : NATURAL FREQUENCIES MEASUREMENT

Fréquence: 74.0 Hz Fréquence: 150.3 Hz

r:\Data\FP2 LAVRION GT42\COT\ points OCO1.csv-> OC12.csv
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- — - — TF spatiale — -~ — TF spatiale
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270
A :1er point A :1er point
8 nodes : . ;
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Valeurs mesurées Valeurs calculées
# F(Hz) pc/Nc Phi(°) Fp(Hz) a(%) pc/Nc M(kg)
1 93.0 0.006925 -133.0 92.2 1.1267 0.0079381 1.67e+004
2 97.3 0.0072677 146.6 98.0 0.5420 0.01213 2.01e+004
3 124.5 0.0038846 376 124.0 0.2752 0.0065193 4.59e+004
4 140.8 0.0021329 -53.4 140.8 0.1193 0.0037179 1.44e+005
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Exciter OEM descriptive drawings and main design features description



APPENDIX VIII

Generator terminals OEM descriptive drawings
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06 01 GENERAL

The exciter mainly consists of the following parts:

*

STATOR
Field support

Stator winding

ROTOR
Armature winding

Rectifier bridge

For each part mentioned above maintenance will essentially cover the following:

Tooling required for disassembly, reassembly or handling operations
Special precautions if necessary

Disassembly

Reassembly

Wear parts to be replaced if need be

Scheduled overhauling or emergency servicing

Storage or preservation where applicable
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Electrical operating principle

The excitation system and the voltage regulator generate current whose value is
determined by the operating conditions of the generator at a precise moment; the
current is supplied to the field circuit (stationary part) of the exciter.

The magnetic field produced by this stationary field provides the exciter rotating
winding with altemnating polyphase electromotive forces that induce alternating
polyphase currents under a 250 Hz frequency.

These currents pass through the rotating diodes bridge that changes all the alternating
polyphase currents into a direct current which is conducted via connections to the
generator rotor winding to fulfill the operating conditions set by the voltage regulator.
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Exciter description

The exciter consists of three main parts:

o The stationary part including the frame, the stator

e The rotating part comprising the armature winding, the diodes bridge and the

collector rings

e The safety instrumentation

The exciter description can be itemized as follows:
e general

e stationary part or stator

e rotating part or rotor

e Instrumentation - Protections

Drawing GBP-W-1-AE-01 shows the longitudinal view of the exciter

Drawing GBP-W-1-AE-02 is the electrical diagram of the rotor winding

Drawing GBP-W-1-AE-03 is the electrical diagram of the stator winding
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06 03

01

STATOR
General

(Refer to drawing GBP-W-2-AE-01)
The stator is the stationary part of the exciter.

It mainly consists of the two following parts:

e The frame (1) is the structure which houses and centres the field support (2) bearing
the active parts. It serves as an enclosure and guide for ventilation, supports the
wiring and provides attachment to the base (3).

e The field support (2) is a welded steel part which bears the active parts consisting
of: the laminated yoke (4), the stator winding made up of coils (5) and two power
terminals (6) for direct current supply.

The stator will be described in the following chapters:
e frame

e field support

¢ laminated yoke

e stator winding

e wiring

e fastening to base

e stator miscellaneous
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KEY TO DRAWING GBP-W-2-AE-01
Frame

2. Field support, mechanical part

1.
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3. Fastening to base

4. Laminated yoke

5. Stator winding

6. Power terminals

‘BJ{1953 UQIDEZIIOME NS
uts opranpoidar o operdos ‘opedtunwod 13s apand,
ON ']2I2UAPLU0D JUIUR)OLISH SA ‘ejyedwio))
eljsanu ap eaisnjoxa pepanidold ‘oyuawmodop 35y

"JUISUOD UD)ILIM INIO JHOYIM
pasnpoidais yo pardos ‘pajestunwwos
2q Jou Jsnw 3 “[elluaplyuod A{15123s sy

‘Auedwios mo jo Ktadoid a{os ‘uawnoop siyy

"3)J1199 uolesLI0)ne UGS sues jnpoidal
no 21dos ‘anbjunwwod ang nad su
11 "[2HUBPIJUOD JUBWDI)ILI)S )$2 ‘P)a1008
3110u 3p 9A1sn{IX3 gigadold yuawmoop 39

)




iva de nuestra

nte confidencial. No

v
GEC ALSTHOM

[ e ———————
ELECTROMECANIQUE

ti 11
OPERATION AND MAINTENANCE MANUAL ig‘ :)‘;“ 0
Page 01
DESCRIPTIVE MANUAL Revision
Date

Mod. |Chap.| Par.

puede ser comunicado, copiado o reproducido sin

Este documento, propriedad exclus
su autorizacibn escrita.

Compaiiia, es estrictame

This document, sole property of our company,

is strictly confidential. It must not be
communicated, copied or reproduced

without our written consent,

t sans son autorisation écrite.

dui

Ce document, propriété exclusive de notre
Société, est strictement confidentiel. 11
ne peut étre communiqué, copié oun

repro

(

06 03 02

Frame
(Refer to drawing GBP-W-2-AE-02)
The frame is made up of steel sheets electrically welded to each other.

Four lifting lugs welded to the frame are provided for fitting shackles used for handling
operations.

The frame consists of two heavy steel sheet flanges.

A circular opening (2) situated on the front part is used for assembling the stator inside
the frame. Appropriate machining provides for the centering and fastening of the stator.

On the frame circumference a series of tapped holes (3) are used for fixing the cover.

A two-part closing plate (9) is mounted on the opposite side as well as an insulated
aluminium diaphragm which prevents any passage of air onto the generator sleeve.

This design rigidly fixes the frame.

A flat base plate (4) which forms an integral part with the frame povides for attachment
to the generator base
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06 03 03  Field support

(Refer to drawing GBP-W-2-AE-03)

The field support consists of electrically welded heavy steel plates. It is composed of:

o A shell (1) whose thickness is calculated to withstand both electrical and mechanical
requirements.

The shell is welded onto the circular plate.

The outer diameter (2) is machined carefully to be fitted with the magnetic
punchings of the laminated yoke.

e A clamping plate (7) for the positioning of the magnetic punchings.

The shell (1) is firmly attached to the flange plate (3) by means of a truncated
cone (8).

e A circular plate (3) with a central opening enables the cooling air to pass through.
Around the plate (3) holes (4) are provided for fixing in the frame.

A machining on the circular plate provides for the positioning of the field assembly
on the frame.

Five openings are used for air gap adjustment.
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3. Flange plate

4. Fixing holes

5. Machining

6. Opening for air gap adjustment

7. Clamping plate
8. Truncated cone
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06 03 04

Laminated yoke
Magnetic punchings

The laminations are punched out from single, thin, non-oriented grain magnetic steel
sheets.

The magnetic lamination is provided with:

¢ acentral punched part and a key slot for the stacking on the field support shell.

¢ slots forming the poles, the pole shoes and the yoke for the fitting of the coils on the
outer diameter.

The lamination is enamelled on both sides.

These cold-rolled laminations are characterized by low losses and high permeability
and subjected to a surface treatment.
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Stacking of the yoke

(Refer to drawing GBP-W-2-AE-04)

The laminated yoke consists of a magnetic circuit, two clamping plates, a locking

system preventing any translation motion and coil supports.

e The core is made up of stacked magnetic punchings (1). At either end, the
laminations are stuck together with varnish over a thickness of 30 mm and then

strongly secured between two clamping plates with special tools.

e The two clamping plates (2) are not cut flush with the top of the poles but are
recessed. The contact surface is machined slightly sloping for efficient fastening of
the upper part of the poles. Tack welds (3) prevent any movement of the magnetic

punchings.

core provide for the fastening of the coils.

Supports (4) welded around the shell in front of every other pole on both sides of the
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06 03 0s

Stator winding

Field coils
Making

The stator winding is made up of field coils fitted on every other pole. Each coil
consists of three pan-cake coils connected together.

The pan-cake coils are composed of annealed rectangular copper conductors that are
rolled flatwise.

To each pan-cake coil corresponds a number of winding turns determined by the
electrical calculation and by the coil fitting on the pole.

Insulation

The insulating material between the winding turns of each coil is of the epoxy glass
fibre type.

The complete coil insulation is followed by polymerization by curing in a mould for six
hours at 160°C.

Finishing consists of a red varnish layer.
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Wedging
(Refer to drawing GBP-W-2-AE-05)

The stator winding wedging is provided for insulation:
— between the pan-cake coils (1) (2) (3)
— between the pan-cake coils (3) and the supports (4)

— between the wound poles

This insulation is made at both ends of each pole.

— of the bindings (5): located on either side of the pole axes, consisting of several
layers of a large polyester fibre tape and providing effective attachment of the pan-
cake coils.

All the wedges have a rectangular shape and are made of epoxy glass fibre laminate.
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3. Pan-cake coil n°3

4. Support
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6. Small bars

7. Flexible cable
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Connections between coils and pan-cake coils

(Refer to drawing GBP-W-2-AE-05)

Once the three pan-cake coils have been connected together by small bars (6), cables
(7) are brazed to terminals formed with the copper of the pan-cake coils to connect the

coils of one pole to those of another pole.

Input and output is made on two pan-cake coils, one upper pan-cake coil (1) and one
lower pan-cake coil (3), through a large section cable tin-brazed in a terminal formed

with the copper of the pan-cake coil.
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This box (1) is fastened to the exciter frame.

Drawing GBP-W-2-AE-6.
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06 03 06

Power terminals

(Refer to drawing GBP-W-2-AE-18, section 3)

The two large section cables, input E1 and output E2 of the stator winding, are
connected to two junction terminals fixed on an asymmetrical sectional iron.

This assembly is screwed to the frame under the field support and is protected by a thin

plate cover fastened to the frame.
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(Refer to drawing GBP-W-2-AE-07)

Cool air is drawn into the centre of the field and channelled to the inside of the rotating
armature through the intermediary or the rectifier blocks which are mounted radially

and which produce a ventilation effect for air circulation.

Then the air circulates through two main paraliel circuits:

~ the air gap, the magnetic core groove tooth dove tail and the interpolar areas of the

stator wound magnetic core.

~ between the rectifier blocks, in the grooves of the heat sinks and in the holes drilled

through the magnetic punchings.
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The exciter is fastened to the base by means of screws and washers.

(Refer to drawing GBP-W-2-AE-08)
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Positioning is achieved using two pins.

Adjusting screws and shims of various thicknesses are used for adjustment of the

exciter.
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Screw HM 16x80

KEY TO DRAWING GBP-W-2-AE-08
2. Washer M16
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Stator miscellaneous

Ventilation cover

The cover acts as a cooling duct for the distribution and circulation of air inside the

exciter.

It is made up of electrically welded steel sheets.

It is fixed to the front part of the frame and to the base by means of welded angle irons.

Seals fixed between the cover and the frame are used for air tightness.
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Handling tooling

This tooling is used for any handling, of the field support, assembly or disassembly.

The tooling consists of two rail systems secured to the base and used for the shifting
and guiding of the field handling trolley along the turbogenerator set centreline.

The trolley includes:

— A frame consisting of two beams attached together by two welded pins. A ball
bearing is mounted at the end of each pin at the four corners of the frame.

— Two supports enabling the fixation of the field assembly. They are fastened to the
frame by means of a joint. Each support is equipped with two bosses for adjusting
screws. The air gap value can be maintained throughout the operation by actuating
the adjusting screws.

— Two tie rod supports which connect the two supports to the frame. The tie rods are
jointed at their two fastening points. Two threaded rods allow the assembly to be
adjusted perpendicular to the rail system.

A two loop strap used as a sliding knot as well as a rope fasten the field assembly to its
tooling in a horizontal position.

This system enables the field support to be handled and hooked to the travelling crane.
Two fir wedges are used to support the field assembly.

Disassembly operations of the stator using this tooling are described in section 3.
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ROTOR
Exciter rotor - General

(Refer to drawing GBP-W-3-AE-01)
The rotor is the rotating part of the exciter.
It is mounted overhanging the shaft of the generator rotor.

The alternating voltage is induced and rectified through a rotating diodes bridge to
feed the generator rotor.

The rotor mainly consists of a forged steel support (1), of a magnetic core with the
armature winding (2), of a rectifier bridge with rotating diodes (3) and collector
rings (4).

The rotor or rotating armature description will be as follows:

e armature support

* magnetic core

¢ armature winding

» rectifier bridge

¢ collector rings

e coupling




va de nuestra

ctamente confidencial. No
do, copiado o reproducido sin

v
GEC ALSTHOM

S ——
ELECTROMECANIQUE

Section

OPERATION AND MAINTENANCE MANUAL 060401

Page
DESCRIPTIVE MANUAL Revision

Date

: 1

: 02

Mod. |Chap.| Par.

Este documento, propriedad exclusi
su autorizacion escrita.

Compaiiia, es estr
puede ser comunica

duced

confidential. 1t must not be

This document, sole property of our company,

communicated, copied or repro
without our written consent.

is strictly

(

Société, est strictement confidentiel. 11
ne peut étre communiqué, copié ou
reproduit sans son autorisation écrite.

Ce document, propriété exclusive de notre

(

06 04 01

DRAWING GBP-W-3-AE-01

7/////////////////—®

m—
2z H‘”

|
T
|

T //




1

Section

06.04.01

103

Page

Revision

Date

OPERATION AND MAINTENANCE MANUAL

DESCRIPTIVE MANUAL

KEY TO DRAWING GBP-W-3-AE-01
Armature support

2. Magnetic core - Armature winding

1.

=

ol2 5 S

=1 .

2 m D.._| -«

< m ..M —)

ollo O

w By T

o™ 3 ©°
= S

3. Rectifier bridge

4. Collector rings
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(Refer to drawing GBP-W-3-AE-02)

The armature support is fabricated from a single alloy steel forging with high

mechanical properties.

The ingot is elaborated in an electric furnace and cast under vacuum.

The steel characteristics are checked on test samples taken from the forging at the
coupling level and at the end of the retaining ring - moreover, ultrasonic examinations

are made to check the mass homogeneity and the absence of any inclusion.

The armature support is composed of two main parts:

e the retaining ring (1) whose thickness has been designed to hold the magnetic core
firmly fitted in the bore (3). At its end, two trapezoidal grooves (4) are provided for

the fitting of the balancing weights.

e the plate (2) is a solid disk whose external face is provided with a mating recess (5)
for centering with the generator shaft. A central hole (6) provides for the passage of

the excitation connectors.

The internal face of the plate has been machined (7) so as to be fitted with the

collector rings.

The external face is provided with a trapezoidal groove (8) for the fitting of the

balancing weights.
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5. Mating recess

6. Central hole

8. Groove on external face of plate

7. Machining for collector rings
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06 04 03

Magnmuetic core

Magnetic punchings of the armature

(Refer to drawing GBP-W-3-AE-03)

The magnetic core is composed of one-piece stacked laminations (1). These laminations

are punched out from thin, non-oriented grain, magnetic sheets.

The cold-rolled laminations are characterized by low losses and high permeability.
They are subjected to a surface treatment and enamelled on both sides.

The inside of the lamination is provided with slots (2) that will be fitted with the

armature winding.

At either end, the magnetic laminations are stuck together with varnish over a thickness

of 30 mm.
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Clamping plates - end-plates

(Refer to drawing GBP-W-3-AE-04)

The whole magnetic core includes:

e two clamping plates (1) and (2) made of forged steel.

The two clamping plates have together two main functions:

1. Holding the stacked magnetic laminations (3) strongly clamped.

2. Supporting the endwindings and the wedges of the armature winding.

end-plates (4) composed of packets of several staggered and cambered sheets are

placed at both ends of the stacked punchings to secure the teeth of the magnetic core.
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06 04 04 Armature winding

General
(Refer to drawings GBP-W-3-AE-03 and GBP-W-3-AE-04)

The winding of the rotating armature is the major part of the exciter. It is composed of
conductors set in the magnetic core.

The electrical diagram of the rotor winding is shown on drawing GBP-W-1-AE-2.

The rotor winding consists of two main parts:
e the straight part located in the magnetic core
e the endwindings outside the magnetic core enabling the bars of the different slots to

be connected together, thus forming the winding.

For the straight part, drawing GBP-W-3-AE-05 shows the sectional view of a rotor slot
fitted with the slot bottom bar (1) and the air gap bar (2) separated with a polyester
glass fibre spacer (3).

For the endwindings drawing GBP-W-3-AE-06 shows wedging (1) and (2) made up of
several insulating tapes stuck together.

The rotor winding description will concern the following:
e design of rotor bars
e wedging in the core

¢ wedging of endwindings
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Slot bottom bar

KEY TO DRAWING GBP-W-3-AE-05

2. Air gap bar
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3. Spacer between bars

4. Copper strand

5. Strand taping

6. Separator between copper strands
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Design of the rotor bars

(Refer to drawing GBP-W-3-AE-05)

The rotor bars are composed of annealed copper strands (4) of rectangular section
transposed according to the ROEBEL system over the whole length of the magnetic
core to limit the losses from the cross-slot field to a minimum.

The copper strands are insulated from one another by glass polyester glass taping (5).

A separator (6) made of epoxy preimpregnated mixed glass cloth is placed between the
copper strands, in the width of the bar.

A thermosetting compensating putty (7) fills up the gaps resulting from the ROEBEL
transposition.

All the copper strands form the electric conductor which is insulated from the magnetic
core by an insulating material (8) composed of:

e 6 continuous half-lapped coats of 0.025 mm thick Kapton tape on the straight part
and the endwindings,

¢ 1 half-lapped coat of 0.08 mm thick Nomex tape on the straight part,
¢ 1 half-lapped coat of 0.13 mm thick glass tape on the endwindings.
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Wedging
Wedging in the core
(Refer to drawing GBP-W-3-AE-05)

In each slot, the slot bottom bar (1) and air gap bar (2) are protected from the magnetic
core (11) and wedged tangentially with Nomex material (9).

Tapered wedges (10) made of epoxy glass laminate are placed into each slot at both
ends of the magnetic core. These wedges allow the correct positioning of the bars
during the winding varnishing that must fill up the side gap and fix the bars in the rotor
slots. After finishing, these wedges are removed.

Wedging beneath the clamping plate
(Refer to drawing GBP-W-3-AE-06)

This wedging consists of a strip (1) alternating several thin epoxy glass and Nomex
strands stuck on the inner diameter of each clamping plate and then stuck together. This
wedging is to fill up the space between the inner diameter of the plate and the various
insulation layers on the endwindings, on the slot bottom bars (3), on the tapes around
the connection sockets (5) and on the outlets (6).

Wedging of the endwindings
(Refer to drawing GBP-W-3-AE-06)

It consists of a strip (2) alternating several thin epoxy glass and Nomex strands stuck
together.

This wedging is to fill up the space between the endwindings of the slot bottom bars (3)
and of air gap bars (4).

All these wedges are designed and fitted carefully, for the rotor winding is highly
stressed by centrifugal force.
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Electrical connections

Outlets - Connection sockets
(Refer to drawing GBP-W-3-AE-06)

Connection of the slot bottom bars (3) to the air gap bars (4) is through welded copper
sockets (5).

An outlet (6) is welded onto each phase terminal (7). The copper outlets allow
connection to the rectifier blocks.

Insulation of all sockets on the diodes side and on the opposite side and of a part of the
outlets is composed of:

— two coats of a thermosetting polyester tape plus one coat of a glass tape.

Finally, the winding is varnished and subjected to an insulation test.
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06 04 05  Rectifier bridge

General
Basic diagram - Drawing GBP-W-3-AE-07

The rectifier bridge is used to transform the exciter alternating current into direct
current for supply to the generator shaft bore leads.

In the machine each phase terminal is connected to two diodes, one anode based
diode (+) and one cathode based diode (-).
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Anode based diode

Phase
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1
2.

03

04

-3
(]

Mod. | Chap.| Par.

3. Cathode based diode

4. To generator shaft bore leads
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Description of a complete rectifier bridge

(Refer to drawing GBP-W-3-AE-08)

A rectifier block is composed of three separate elements assembled at the bottom of the

armature support.

o The first element includes:

~ A machined heat sink (1) which provides electrical connection between the
diodes and evacuates the heat produced by their operation. This heat sink is made
out of aluminium. Grooves machined on the four lateral sides of the heat sink

ensure sufficient cooling.

¢ The second element includes:

— An anode based diode (2) fixed to one end of the heat sink by four screws.

— A laminated connection (5) made of tinned copper and fixed by a nut (7) on the
upper part of the diode is for connection to the collector ring of the same polarity.

o The third element fulfills the same functions as the second element. It includes:

— A heat sink
— A cathode based diode (3)

— A laminated tinned copper connection (6)
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Fitting of the rectifier blocks in the rotor

The rectifier blocks are fitted through the intermediary of their contact plate in each

countersinking of the connector already in place.

This assembly provides efficient mechanical behaviour and effective electrical contact
through centrifugal force action as well as quick and easy disassembly.

Each connector integral with each diode head is then connected to the collector ring of

the same polarity and fixed with a lockscrew.
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General

(Refer to drawing GBP-W-3-AE-09)

The collector rings form a monoblock part whose various components can be
dismantled.

This assembly receives on two copper rings insulated fom one another the rectified
diode current for supply to the generator shaft bore leads.

The collector ring assembly is composed as follows:

The ring (1) made of cupro-chromium is forged, treated and machined on all sides.
Studs (2) are machined in the outer diameter of the front face of the ring. Their
middle is tapped (3). They allow the diode connectors to be connected. A central
connector (4) is inserted and tin-welded in the ring.

The insulating disk (5) made of epoxy glass is punched out from a plate. It is fitted
between the two rings.

The ring (6) made of cupro-chromium is forged, treated and machined on all sides.
Studs (7) are machined in the outer diameter of the front face of the ring. Their
middle is tapped. They allow the diode connectors to be connected.

A central connector (9) diametrically opposite to that of ring (1) is inserted and tin-
welded in the ring.

An insulating retaining ring (10) receives the rings and the insulating plate (5).

The plate (11) made of low alloy forged steel, holds all the insulated rings and the
insulating retaining ring and ensures an efficient mechanical behaviour while the
unit is running. Smooth holes (12) are drilled through all the parts. They allow the
fixing of the collector rings in the plate by means of insulated screws.

The two diametrically opposite central connectors allow connection to the generator
connectors.
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KEY TO DRAWING GBP-W-3-AE-09

Lower ring

Studs

Tapped holes for fixation of diode connectors
Lower central connector

Insulating disk

Upper ring

Studs

Tapped holes for fixation of diode connectors

Y 2 =N kR W=

Upper central connector
10. Insulating retaining ring
11. Plate

12. Fixing system
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The collector ring assembly is fitted in the part machined for this purpose at the bottom
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Correct connection of the diode connectors is ensured by a positioning key.

Three screwed lugs prevent any translation movement.
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Contact is provided by a tinned surface at the end of the two connectors of the collector

The electrical connection is through the two opposite laminated connectors.
assembly.
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The laminated connectors are fixed to the end of the turbogenerator shaft bore leads.
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Coupling is made with screws, pins and fitting between the turbogenerator rotor and
The screws and pins are made out of low alloy steel with high mechanical properties.
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The tightening torque applied to the screws and the pin sections are calculated to

withstand short circuit torques.
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06 04 08 Rotor miscellaneous

Rotor tooling

The tooling required for rotor assembly and disassembly operations incudes:

— A two-part clamp to be mounted around the rotor centre of gravity. Two round bars
are welded to the upper half-clamp. They are fitted with lifting rings. Two lugs are
welded to the lower half-clamp. They provide for the attachment of the assembly to
a roller support.

— The support is made up of thick, electrically welded steel sheets. It includes four
rollers enabling the rotor to be shifted.

The assembly -clamp mounted on the rotor and then fastened to support- is handled by
means of the travelling crane.

The disassembly operations requiring this tooling are described in section 3-
Maintenance.
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03 06 05

Connection to HV terminals

See drawing GBT-W 3348

The ends of each phase are attached to the circular phase connections (1) which lead
from the winding ends to the top and bottom of the generator (4).

All copper connections, including the circular phase connections, are carefully
insulated along their entire length.

The conductor ends (1) are kept in position with respect to the generator (4) by means
of a clamping device (2) composed of insulating wedges (3) assembled by screws and
nuts.

An insulating plate (5) closes the generator, while allowing passage for bushing
leads (6).

Like the rest of the winding, these connections to the HV terminals are cooled by air
flow around the conductors.
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Insulating wedges

3.

4. Generator
5. Plate

6. Bushing leads
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Referencing of the terminals

See drawing GBT-W 3349

The above drawing sets out the location of the bushing leads and their references.

The generator (1), viewed from below, is shown on figure 1.
The generator (2), viewed from above, is shown on figure 2.

The identification of the following terminals is:
¢ Phase terminals: Ul (7), V1 (8) and W1 (9),
e Neutral terminals: W2 (4), V2 (5) and U2 (6).
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3. Row of phase terminals

4. Neutral terminal W2

5. Neutral terminal V2
6. Neutral terminal U2
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03 06 07  Circular phase connections

See drawing GBT-W 1674

The circular phase connections (1) are parts of the copper ring of ring-shaped section
made up of a ground insulation (2).

. According to the end-winding diagram, one or two of each of the circular phase

connection parts has a connection to the stator end-winding.

The circular phase connections (1) are held by the insulating supports (3) and radially
clamped by the clamping flanges (5) and the screws (6).

The screws (6) rest on the insulating supports by means of the nuts (7) and possess a
braking system (8).

The screws (6) are equipped with an insulating tube (9).
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Insulating support

4. Not applicable

5. Clamping flange

6. Screws
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