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3. TESTMEANS 

Multi-meter : 20.000 points 
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4.1. MECHANICAL CHECKING AFTER 

1 In accordance with IC74-4 1075 I 

No 54-651247 

Page : 6 

Indice : B 

E U R O P E A N  

G A S  

T U R B I N E S  

I 

4.2. MEASUREMENT OF MECHANICAL 
EARTHING CONTINUITY 

- 

LAVRION N TV 

EXCITATION REGULATION CUBICLE FACTORY 

TEST INSPECTION REPORT 

In accordance with IC74-4 1 1 16 

REMARKS 
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4.3. DJELECTRIQUE TESTS INSULATION RESISTANCE MEASUREMENT 

LAVRION IV W - 
L 

Following IEC 439-1. 
During this tests, electronic circuits are d i s c m i n d .  Other components are disconnected or 
shortcircuited. 

4.3.1. DIELECTRIC TESTS 

T U R B I N E S  

The dielectric test consists in applying an alternative voltage of 50 Hz betweeen terminals 
of one sub-assembly and all other earthed umnections of the circuit dunng one 
minute.Neither ed-lhvium nor flashover must appear. 
There are the following assemblies: 

Power circuit : test voltage 2000 Volts 
220 V - 50 Hz awtiliares supply : test voltage 2000 Volts 
125 Vdc supply : test voltage 2000 Volts 
Voltage and current measurement circuits : test voltage 2000 Volts 
Electronic power supply circuits : test voltage 500 Volts 
48V circuit : test voltage 500 Volts 
4-20mA circuit : test voltage 500 Volts 

The insulation resistance meanmment is realized by applying 500 V dc between 
terminals of o m  sub-assembly and all other earthed connections of the circuit. 
Dunng this test, the sub-assembly is disconnected from exkmal circuits and not supplied 
with power, except the circuit providing testing voltage. 
The insubion resktance is measured when the n o d  woriang is reached, and not less 
than 5 seconds after having applied a 500 V dc voltage. The value of this resistance must 
be betkr than 1000 S2W. 

TEST INSPECTION REPORT 

Thistestisrealizedon: 
The sub-assemblies with regard to earth 
The totality of the sub-assemblies wired together with regard to earth 

Indice : B I 

The value of the resistance must always be less than 0.1 R when the elements are 
supplied with a 2 Amperes current. 
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INSULATION MEASUREMENT AND DIELECTRIC TEST 
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EXCITATION REGULATION CUBICLE FACTORY 

TEST INSPECTION REPORT 



5. EXCITATION SYSTEM RESPONSE TIME 

Short-circuit of RS 1 card integrator. 

No 54651247 
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Indice : B 

E U R O P E A N  

G A S  

T U R B I N E S  - 

Set the output bridge voltage at the nominal excitation voltage Un = 58V. 
Simul a stator voltage drop. 

LAVRION IV TV 

EXCITATION REGULATION CUBICLE FACTORY 

TEST INSPECTION REPORT 

Measure of the time the exchation voltage reaches its c e h g  value Up = 200V. (see axmexe B) 
The time must be S 0.03s Erom 0 to 10% (Up-Un) and 

I 0.1s fram 0 to 95% (Up-Un) 
Simul a k t  rise stator voltage. 
Measure of the time the excitation voltage breakdown fiom its ce- value Up = 200V fiom its nominal Un = 
58V. (see armexe C) 
This time must be I 0.15s. 

L 

6. RISE TEMPERATURE TEST 

This test has to be done for only one equipment and at the end of the rents procedure. 
The temperature is measured at different points inside the cubicle and on the enclosure. 



L 

7. CONTROL / SETTING SPECIFICATION 

7.1. STANDARD TESTS 

No 54-651247 
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Indice : B 

E U R O P E A N  

G A S  

T U R B I N E S  

Venfy that the regulation cards used have been umtrolled : 
Insulation 
Dielectric 
Presetting 

LAVRION IV TV 

EXCITATION REGULATION CUBICLE FACTORY 

TEST INSPECTION REPORT 

7.2. CONTROL 1 SE'ITING 

See following board. 

See annexe A 



' 1 T U R B I N E S  I 

E U R O P E A N  

G A S  

TEST INSPECTION REPORT 

CONTROL SUPPLY 

LAVRION IV TV 

EXCITATION REGULATION CUBICLE FACTORY 

No 54-651247 
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Element tested 

Single pbarcd voltage 
tmmf~rmg -TI1 

Single phnsed voltage 
tmmf- -TI3 

ThrobphsPed v o w  
tnmshna -TO5 

I 
d 

Characteristics 

300V120.2OV 
70VA 
5OHz 

300V/20,20V 
70VA 
5OHz 

(100.1 lo)'& / 6x35V 
30VA 
50Hz 

110 ... loo/ 60V6 

1 OVA 

1 10 ... loo/ 60V6 

1 OVA 

Thresphrsed "0- 
t n d ~ m c ~  -TI4 

Measare Remarks 

Automatic channel supply 

tdamld ctraanel supply 

Automatic channel Ehtor 
voltage ~ C I E ~ I C G  

P h a P s r e f ~ w & c  
tladmmr formtomatic 

dlaaul 

Phascref-vob 
~~ formaaual 

ctwael 

L. 

Delta mas 

+/- 5% 
+I- 5% 

+/- 5% 
+/- 5% 

+/- 5% 

+/- 5% 

+/- 5% 

+/- 5OA 

+/- 5% 

+I- 5% 

* 5% 

* 5vo 

* 5?40 

f 5% 

* 5% 

? 5% 

Values 

Measure 
point 
1.1-1.2 
2.1-2.2 
3.1-3.2 
1.1-1.2 
2.1-2.2 
3.1-3.2 

A2-B2CZ 

a l a  

a 2 a  

b l a  

bZa 

c l a  

c 2 a  

A2-BZ 

B2CZ 

c2-A2 

a l a  

b l a  

c l a  

A2-B2 

B2C2 

C2-A2 

a l a  

bl-n 

cl-n 

ThreaphrPed 
t nmshna-T16  

controlled 

Theorical 
value 
300V 
20V 
ZOV 
300V 
2OV 
20V 

1 OOV 

35V 

35V 

35V 

35V 

35V 

35V 

lOOV 

lOOV 

1 oov 

35V 

35V 

35V 

lOOV 

lOOV 

lOOV 

35V 

35V 

35V 
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RELAYS SETTINGITRANSDUCER 

No 54651247 

Page : 12 

E U R O P E A N  

G A S  

LAVRION IV TV 

EXCITATION REGULATION CUBICLE FACTORY 

Remarks : ALI the a- contact microswitches (-Q 15) to (Q 18) must be in CA-CA position. 

Measnre 
Parameter 

OvaelGcitation relay 
-F3 1 

T h e  delayed relay 
- n o  

T i  delayed ntay 
-I32 

Excbtio11 volLge 
-u04 

. . 
ExcRaonammt 

a 0 5  

Timedelayedrchy 
-I35 
-KSO 

Time delayed relay 
-Kg4 

Tim dch* r ~ h y  
-Kg 1 

T i  dehyed mby 
-I33 

Timedelayedmlay 
-K96 

Rotorearthfault 
-K32 

L-J 

Remarks 

Currart fauh a 138A (12 Ih) 
Shmt = lSOAllOOmV 

un = 200mv 

2nd stage ovami tdon  f id t  

T h i s ~ o 1 1 ~ t h t  -*- 
talwnwlan 

for OV 

for 1 SOV 
for OV 

for 200mv 

Slnud 150A/100mv 

'ThiP tuqofidm indudes the -*- 
-OIL 

Rotor earth hdt 1 st rtage 

Rotor earth fhlt 2 d  stage 

Measure 
point 

Ad.b 

Type 

RMPU 1020 

CST-ET 

CST-MT 

ISTAT300 

ISTAT300 

SRL 

EUIC 

CST-rn 

CST-ET 

CST-ET 

CACTA-MI' 

TOGT+ 
Po2 

Test 
Tbeorical 

value to be 
obtained 

46% 
+/-5% 
12.1 

+/-5Yo 
2s 

+/- 2% 
5s 

+/- 2% 

4mA 

2OmA 
4mA 

2OmA 

Tl=lOs 
TZ-24H 

50V 

0.1s 
Is 

+I- 2% 
101 

+/- 2% 
5s 

+/- 2% 

0.23 
+I- 2% 
2KQ 

+/- 20°h 

lKZL 
+/- 20% 

sting components 

Value 
measured 

U 

T i  

Time 

T i  

Voltage 

Voltage 

Time 

U 

T i  
Time 

Time 

Time 

T i  

Resistor 

Setting 
range 
25%to 

100 % Un 

0,2 to 45s 

0.2 to 45s 

0.2 to 45s 

0 f to 45s 

0.2 to 45s 

0,2 to 3s 

l m t o  
5KR 



8. FUNCTIONAL TEST 

No 54-651247 

Page : 13 

E U R O P E A N  

G A S  

T U R B I N E S  

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

L A W N  W TV 

EXCITATION REGULATION CUBICLE FACTORY 

8.1. AUTOMATIC CHANNEL SELECTION 

TEST INSPECTION REPORT 

Select the channel : 

Indice : B 

Control of slphsatlon 
Control of acknoledge 
Control of inhibitions 

L 

Select tbe channel : 
Control of sigmhmon 
Control of acholledge 
Control of inhibitions 

8.3. ORDERS +Ex 

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

8.4. ORDERS -EX 
L 

Give orders so as to decrease the set point to the minimum step. 
Control the minimum step s@. 



8.5. EXCITATION CLOSING 

No 54-651247 

Page : 14 
E U R O P E A N  

G A S  
b 

On external order, if unit sped > 90% of the rated value, and there is not inverter forcing, then the 
excitation breaker -QO 1 closes 

-QOI actived 
In the same time, the field h h m g  contactor 403 closes, supply the exciter, and stop when the stator 
voltage reach 50% of nominal stator voltage. 

LAVRION IV TV 

EXCITATION REGULATION CUBICLE FACTORY 

8.6. EXCITATION TRIPPING 

I T U R B I N E S  

On external order (unit hult or tripping) or iutemal order (2nd step excitation W )  and when unit breaker 
is opened, 
-QO I opened 

8.7. FOLLOW-UP TEST BY SIMULATION 

TEST INSPECTION REPORT 

Set automatic mode 
Check the equahty of the stator voltage with auto r e h c e  
Check the eqmlity of the manual reference with excitation current image 
Check the equahy of the manual control voltage with autmaiic control voltage 

Indice : B 

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

u 
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 stamr voltage and stop 
when stator voltage increase over 80% of nominal stator voltage. 

Check the sequence 



9. PERFORMANCE ON FAULT 

No 54-651247 
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L 

E U R O P E A N  

G A S  
L 

The equipment runs on normal condihons 

LAVRION IV TV 

EXCITATION REGULATION CUBICLE FACTORY 

9.1. PERFORMANCE ON NORMAL RUN UNDER 1ST STAGE FAULT 

T U R B I N E S  

9.1.1. ROTOR EARTH FAULT 

-F32 relay detects the rotor earth hult. 
Control of sqmhation 
Control the t e r m i d  board contacts 

9.1.2. OVER EXCITATION FAULT 

TEST INSPECTION REPORT 

-F3 1 relay detects the over excitation. 
When the excitation current exceeds the -F3 1 setkd threshold, this validation involves a change over 
tiom the automatic channel to the manual chanuel. 

Cmtrol of signalisation 
Control the reguhan change in manual channel 
Cortbrol the terminal board contacts 

9.1.3. AUTO CHANNEL NORMAL POWER SUPPLY FAULT 

Indice : B 1 

When the auto channel power supply is hulty, this validation involves a change over fiom the 
automatic channel to the manual channel (fuses -F 1 1 or ALS 1 +A67 card in hult). 

Control of s i g d l m o n  
Control the terminal board contacts 

Cortbroltheregulationchangeinmanualchannel 

9.1.4. STAND-BY POWER SUPPLY FAULT 

When the staud-by power supply is faulty. 
Control of sqpaht ion 
Control the t e n d  board contacts 



LOPLAN I 

1 G A S  EXCITATION REGULATION CUBICLE FACTORY 
Page : 16 

I 

9.2. TRIPPING ON FAULT 

'v 

9.2.1 FIELD FLASHING FAULT 

Too long field flashmg. 
Control of slpnallsation 
Control of field breaker tripping 
Control the t e d  board contacts 

9.2.2. OVER EXCITATION FAULT 

T U R B I N E S  

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

If the fuses of the two bridges are fhulty. 
Control of signahation 
Control the terminal board contacts 
Control of field breaker tripping 

9.2.4. ROTATING DIODES FAULT 

TEST INSPECTION REPORT 

The relay -F30 detects a exciter diode fault : 
Colltrol of s m m  
Control the tenniaal board contacts 
Control of field breaker tripping * 

Indice : B 1 

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

9.2.6. MANUAL POWER SUPPLY FAULT 

When manual channel is ON and the manual channel power supply is fhulty. 
Control of signalisation 
Control the tenninal board contacts 
Control of field breaker tripping 
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Remarks 

For ttm raed r t i v e  m u  : 

Sn -240,OMVA 

R3 - 2 0 0 x 0 - l o o ( i n K l  

s igd  ddta P 

This document. exclusive property of EUROPEAN GAS 
TURBINES S.A.. is strictly confidentid . It must not be 
cornmumcatad, copled or reproduced wtthout our written 

Measure Parameter 

Active 

power 
calibration 

Derivation 
gain 

Stops 

calibration 

DAhlCI hll I R l l P E b  

Type 

Pot. 

P4,Pl 
RBsi. 

RBsi. 

Pot. 

P2 

Rlsi. 

Ad:usting components I Test 

Theorical 
value 

Measure 
point 

Red 
value 

Theorical 
vdue 
to be 

obtained 

5V 

+I- 2 %  

G = l  

+I- 2 %  

+ 2 5 0  mV 

-250 rnV 

+I-20 rnV 

R45 =3,32K 

R46 = 20K 

I 

R3 = 1 00K 

R15=2K 

M I  

M 2  
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Remarks 

Limittion to 1 1 0% of rand nnor  

c~vent 

R33 - 231 85.72U-11005.8 

143,208-234,867211 

(in Ohms) (0,48V<U<O.BlV) 

(in K) R37 22.1IUlirn tor ptn -0  -UIim 

for phi -0 ldW0 cd. 

~ o r r a m d n a o r a m m  

I-- ~ O B S S  A 

R39 - 582,~8~-2.74*~41 

(in K) 2.74 + R41 

Tin a 
- 

fU2 - 10000T-47RM 

(in KI 47 + 4,1~44 

T in a 

Measure 

L 

Parameter 

Limitation 

satpoint 

ldwo 
calibration 

Offset 
setting 

Stator current 

calibration 
Limitation time 

constant 

to be on 

Limitation time 

Measure 
point 

M2 

ml 

M3 

5s 

+I-  1s constant 
to be out 

Test 
Theorical 

value 
to be 

obtained 
5.5 V 

0,55V 
+I-  20mV 

-8V 
+I-  2% 

5 V 
+I-  2% 

1 00s 

+I -  10s 

R42 = 100K 

R44 = 1 00K 

Real 
value 

Type 

P 1 

RBsi. 

RBsi. 

P3 

RBsi. 

RBsi. 

PANEL NLlMRFR 

Adjusting components 

Theorical 
value 

R33 = 150U 

R37 = 100K 

R39 =82,5K 
R41=680K 
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Remarks Parameter 

External 

following 
Input 

polarisation 

lnternallExtma1 
control switch 

inhibition 

This do~u!'nent. excluave property of EUROPEAN GAS 
TURBINES S.A.. 1s nrlctlv confidenti.l . It must not be 
communicated, copled or reproduced wsthout our wrutten 
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PdNFl  NI IMRCR 

Type 

Strap 

Rlsi. 

Strap 

Adjusting components 

Theorical 
value 

A1 -A2 =O 

R68=22,1K 

R69=22,1K 

E1-E2=0 

Real 
value 

Measure 
point 

Test 

value 
to be 

obtained 

Measure 
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Remarks 

Ructivapowr.I.b.orbed 

d p h i  - soo. 

~uctivapowr.~tmid-md 

d p h i  - so0. 

%phi - oO. 

R87 - M if Xdiain%. 

~ l o ~ s m t i n g d 8 0 ~ .  

R2S - 23702 K1 

IK) 1000 - 525 K1 

Ructivapowr- 

d f i - s o 0 .  

Ructivapowr- 

d p h i  - 30°.  

R2- 

22. lx t l lO-  l ) i n K  

~diuadonias 

R39 - 1 0 0 0 0 0 x D r m p i n %  

(in Kl 100 -Droop in % 

R U  - 1000 x T 

2.2 - T 

T ina .R44 inK  

Measure Parameter 

Reactive 
current 

calibration 
Reactive 
current 

calibration 

Active 

current 

calibration 
Limitation line 

setting 
Idw = 

K l x ( l w (  - K2xU 
Limitation 

lme 

point 

Limitation 

line 
point 

Roportionnal 
gain satting 

Droop 

sign 

Droop 

value 

Time 

constant 

n m  aIP. ma. 

Measure 
point 

Point 

M l  

Point 

M 1 

Point 

M2 

Test 
Theorical 

value 
to be 

obtained 

-5V 
+I-O,IV 

+ 5V 

+I-O,lV 

+ 5V 

+I-O,lV 

K l  =0,180 
K2=0.41 

G=O,l 
+I- 10% 

4,596 

+I- 1% 

0,559 
+/- 10% 

Real 
value 

P = O  

MW 

Q =  -97,O 

MVAR 

P = 127.5 

MW 

Q = -74 

MVAR 

Type 

Pot. 

Pot. 

Pot. 

Rk i .  

- 

RBsi. 

Straps 

RBsi. 

RBsi. 

.-.--- 

Adjusting components 

Theorical 
value 

P2 

P2 

P 1 

R67 = 249K 
R25 =4,61 K 

R2 = OU 
R73 = 1 OK 
A - 8 = O  

8 - C  = O  

R39 =4,71 K 

R44 = 333,33K 
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Remarks 

Ceiling on dvldt 

wad 

C d i  r&- on r b . h d d  

urd 

C v n n t l m P v v a d  

Fald nmm l i r n k h  

d 

Wman LUF2 c r d  . 

m d a  

Comcc#n m d e  

RPS - RPBTI 

1K1 0.0047R06-11 

TI ins 

1- 1 2  

TI 

Re6 - 1000 

IKI e l  

R B ~  -47.50 

(KI 

~ 9 2  - 11.7 

IKI TJ - 0.469 

TJ in s 

~ 7 1  - 1000~4  

IKI 4.7 - T4 

T4 in s 

v 
G E C  A L S T H O M  

Measure 

This document. exclusive property of E U R O P W  GAS 
TURBINES S.A., is nrictlv confidential . It must not be 
cornrnunocatcd. coped or reproduced wttkout our wrltten 
consent. 

Parameter 

Ceiling 

release 

on dvldt 

Ceiling 

rdease 

on threshold 

Current 

loop 

Fidd 

current 

limitation 

LUF2 

card 

using 

Connection 

between the 

Measure 
point 

Test 
Theorical 

value 
to be 

obtained 

T I  =40ms 

+/-lo% 

a -6.25 

T2 = 250 ms 

+ 1-1 0% 

G=10 

+ 1-2% 

T3= l s  

+/- I  0% 

T4= l s  

+/- I  0% 

Real 
value 

Type 

Strap 

Strap 

Strap 

Strap 

Strap 

I 

X17=1 

X18=1 

R95 = 
8,51 K 

R96 = 
190.48K 

R97 =475K 

R92 = 22,OK 

R71 =270,3K 

Adjusting components 

Theorical 
value 

X9=1 

X10=1 

X12=0 

X I  3 = 1 

X14-1 

adder and the 

PI limitation 

current loop 

Connection 

between voltage 

measurement 

and voltage 

regulation adder 

constant 

of phase 

hadimg 

fat= 

Time constant 

of phase 

leading 

filter 

(efficacity) 

Voltage 

loop : gain 

Voltage 

loop : 

constant 

Current 

loop time 

constant 

- -  - 

Strap 

Strap 

RCi. 

RCi. 

RCi. 

RBsi. 

Rlsi. 
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Measure Parameter 

Temperature 

calibration 

Rotor current 

correction 

Rotor current 

correction 

Gain lrotor 

correction 

Fidd current 

calibration 

Remarks 

For 4..20rnA iw ternparatwe 

4..20mA tor O..SO°C 

Oenorator cdd i r  

Measure 
point 

G8 

G24 

Type 

Wrapping 

to add 

Resi. 

Straps 

Resi. 

Resi. 

Resi. 

Test 
Theorical 

value 
to be 

obtained 

-1 V 

-5V 

+I-2% 

V 

+I-2% 

3,5V 

G-1 

+ 1-2 % 

Ad:usting components 

Theorical 
value 

E21 -E9 

E l  4-D22 

G14-Dl8 

H20623 

R24 =499U 

R25 =499U 

W61 =O 

W60 = 1 

R21= 

R22 = OU 

R26 =33,2K 

R33=68,1U 

1w 
R32 =475U 

R34 = 1 00K 

Real 
value 
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Remarks Measure Parameter 

Rectifier 

stop 

Inverter 

stop 

Pulse 

width 

n.L..r. ..I ..I 

Measure 
point 

X I  2 

X 2 2  

X 3 2  

X I  2 

X 2 2  

X 3 2  

X I  1 

X21 

X 3  1 

Test 
Theorical 

value 
to be 

obtained 

1 0° 
+ I -  2 O  

32O 
+I-  4 O  

5 O m  
+I-  6 m  

Real 
value 

Type 

R6si. 

RBsi. 

Rlsi. 

-PC. 

Adjusting components 

Theorical 
value 

R114=49,9K 

R 2 1 4 ~ 4 9 , S K  

R314=49,9K 

R102  = 20K 

R202  = 20K 

R302  = 20K 

R130=4,75K 

R230  =4,75K 

R330=4,75K 
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Parameter 

Output 
voltage 

Short-circuit 
current 

- m -a-. - a .  .----- 

- - 

~ ~ u m s n t ,  prnpMt6 excluave de EUROPW GAS 
TURBINES S A. eat stnctement conf~dernlel II ne peut Ctre 
CornrnunlquC. coplC, ou reprodult sans notre anorlsatlon 
Crmtc 

v 
G E C  A L S T H O M  

This documern. exclureve property of EUROPEAN GAS 
TURBINES S.A., is strlnlv confidentla . It must not be 
commmjcated. copled or reproduced without our wnnen 
conant. 

Type 

P. R22 
P. R11 

RBsi. 

Adjusting components 

Theorical 
value 

R5 =5,62K 

R16=5,62K 

Measure 
point 

X2 

X3 

Measure Real 
value 

Test 
Theorical 

value 
to be 

obtained 

+15V 

-15V 

+I- 0.3V 

1 2 4  A 
+ / -0 , l  A 

Remarks 
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PANEL NUMBER 
N O  

Parameter 

Voltage 

calibration 

Voltage 

threehold to 

k m g  the 

booster into 

service 

Voltage 
threshold to 

bring the 

booster out of 

service 

- - - - - - - - - - - - - 
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Type 

Pot. 

R5 

Pot. 

R6 

- - 

Adjusting components 

Theorical 
value 

Measure 
point 

X4 

X3  

X3  

Measure Real 
value 

Test 
Theorical 

value 
to be 

obtained 
5V 

+I- 0, lV  
3.5V 

+ I-0,l  v 

4V 
+I- 0 , lV  

Remarks 

Nomid stam volt* d ib rdon  

~ i m d w ~ d  mnma : 70% 

~ h r ~ d  rrciw : 80% 
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PANEL NUMBER 

Parameter 

Internal 

following 

Input 

polarisation 

Internallexternal 

control switch 

inhibition 

v 
G E C  A L S T H O M  
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Type 

Sbap 

RCi. 

Strap 

Adjusting components 

Theorical 
value 

A1-A2=1 

R68 -2.21K 
R69=2,21K 

El-E2=O 

Measure 
point 

Measure Red 
value 

Test 
Theo tical 

value 
to be 

obtained 

Remarks 

. 
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PANEL NUMBER 
N O  

Parameter 

Clock 

period 

Fidd 

current 

calibration 

Regulation 

loop 

gain 

Regulation 

loop 

time 

constant 

Follow up 

gain 

Follow up 

input 

level 

adaptation 

Integral term 

short-circuiting 

input lwd 

adaptation 

i - -  

cbument, propriCtC exclusive de EUROPEW GAS 
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Type 

P 1 

P2 

Rhi .  

Rbsi. 

Rk i .  

Strap 

RBsi. 

RCi. 

R6si. 

Adjusting components 

Theorical 
value 

R49 

=82,5K 

R52 

= 66U 

R10=100K 

R7 =45K 

A - B = O  

R24 = 1 OOK 

R39 =OU 

R53=332U 

Measure 
point 

Output 

21 2 

M 1 

Measure Real 
value 

Test 
Theorical 

value 
to be 

obtained 

1171~1s 

+I- 3 rns 

-3,5V 

+/- 0, l  V 

G = l  

+/- 2 % 

T=0.25s 

+ I -  10 % 

G I  = 1 

+ I -2  % 

Remarks 

Fnaasv 8.6 Hz 

For th r l a d  ti& cunnr 

I* - iocm 

RlO - 1 0 0 x 0 I i n K )  

~-(14e.g+(4ea01(~7+4,sal)).c 

T i n s  R7 inK  

c - 0,001 =A%-0 

C - 0.0067 .mcA-8-1 

R24 - 1OOxQ1 I i n K I  

I- led: 1 bV 

Input Iavd: 16V 
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Rec t i f i e r  

stop 

Inverter 

stop 

P u l s e  

width 
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Type 

RBsi. 

RBsi. 

RBsi. 

Adjusting components 

Theorical 
value 

R 1 1 4 = 4 9 , 9 K  

R 2 1 4 = 4 9 , 9 K  

R 3 1 4 = 4 9 , 9 K  

R 1 0 2 = 2 0 K  

R 2 0 2  = 2 0 K  
R 3 0 2  = 2 0 K  

R 1 3 0 = 4 , 7 5 K  

R 2 3 0 = 4 , 7 5 K  

R 3 3 0  = 4.75 K 

Measure 
point 

X I  2 

X 2 2  

X 3 2  

X I  2 

X 2 2  
X 3 2  

X I  1 

X 2 1  

X 3  1 

Measure Real 
value 

Test 
Theorical 

value 
to be 

obtained 

1 O0  

+I- 2 O  

3 2 O  

+I- 4 O  

5- 
+I- 6ps 

Remarks 
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Short-circuit 

current 
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voltage 
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Type 

R6si. 

---- 

Adjusting components 

Theorical 
value 

R10=475U 

Measure 
point 

B14-816 
66-B4 

Measure Real 
value 

Test 
Theorical 

value 
to be 

obtained 

< 3,ZA 

2 x 28V 
+ I-2V 

Remarks 

OM omput hon-~ircutad 

AI m bad 
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EUROPEAN OPERATION AND MAINTENANCE MANUAL DOC 964 
Section : 3 

GAS ROTOR EARTH FAULT PROTECTION RELAY Page : 111 
L TOGT M i o n  : 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- 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 am~lifier (no time lag). That amplifier 
controls an output relay and an indicator (LED). 
A second identical comarator controls a second omut  relav and a second indicator (LED). 

1 - Input quantities 
a) resistances 

values : 1 - 2 - 3 - 5 kR, (2 independent settings) 

2-Outputs 
For each output there are two normally open contacts and two changeover contacts. 

3- Indicators 
flashing LED with memory o&. 

4 - Times 
responsetime: <Is 
resettime: <& 
no time of non-operatioq no time lagging 

5- Supply 
dc: 4 8 V - 6 0 V -  11OVor 1 2 5 V ( v )  
ac : 220 V (auxiliary wwer su~blv) 
consumption 
220 V ac SUM,& : under quiescent condition : 

per energzed relay : 2 VA Der setting 
48 Vdc -1v : 

<< OFF )) position : 0 W 
L 

6 - Withstand values 
temperature: 
in : 
in store : - 25OC (in) to + 55OC (in accordance with IEC 
standard 68-2-2 test Bb) 
& 

HF interference : 500 V - 100 kHz - 1 Mhz - inaccordance with CTS 83.C.010.02 
vibration : 
severitv: lOHzt057Hz-O.l5mmr>eaktopeak 
vibration acceleration : 1 g between 57 Hz and 2000 Hz 

Ce dccument proprie* exclusive de EUROPEAN 
L v This dccument sole proparty ot EUROPEAN GAS 

GAS TURBINES SA, est sbictement contidentiel. TURBINES SA, is sbictly confidential. tl must not 
II ne peut ib'e communique, copie ou reproduit GEC ALS'THOM be communicated, copied or reproduced without 
sans son autorisation ectite. our written consent 
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Rotor earth fault protection 
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operation-commissioning instructions 
Trouble -shooting 
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07.86 



C O N T E N T S  

I - F U N C T I O N  - A P P L I C A T I O N  

I 1  - D E S C R I P T I O N  - SPACE REQUIREMENTS 

I 11  - P R I N C I P L E  

I V  - C H A R A C T E R I S T I C S  

V  - R E C E P T I O N  T E S T S  

V I  - C O M M I S S I O N I N G  T E S T S  

V I I  - R E P A I R S  
b 



I - FUNCTION - APPLICATION 

A l te rna to rs  and, mor e general ly ,  synchronous machines, have a f i e l d  system supp l ied  u i t h  d i r e c t  

cu r ren t  and i n s u l a t e d  from the machine frame. 

A s i n g l e  i n s u l a t i o n  f a u l t  betueen the  f i e l d  system and the frame i s  no t  dangerous for the machine 
bu t  i t  must be detected and e l im inated before a second f a u l t  can appear uhich second f a u l t  uould 
have ca tas t roph ic  r e s u l t s  f o r  the machine. 

The TOG re lay .  i n  assoc ia t i on  u i t h  an equipment support p l a t e ,  ensures the superv is ion  o f  the  
i n s u l a t i o n  betueen the  f i e l d  u ind ing o f  a synchronous machine and the  frame. 

I t  operates by the i n j e c t i o n  o f  a l o u  frequency vo l tage uhich makes the  measurement independent o f  
t h e  p o s i t i o n  o f  t he  f a u l t  on the  uinding. Moreover, the use o f  l o u  frequency avoids any need f o r  
compensating adjustment o f  t h e  capacitance betuten the f i e l d  u ind ing  and earth. 

The TOG re lay  contact  a l l o u s  o f  : 

- e i t h e r  the de-energizing o f  t he  machine, 

- o r  the s t a r t i n g  o f  an alarm. 

I 1  - DESCRIPTION - SPACE REQUIREMENTS 

The p lug - i n  TOG r e l a y  i s  housed i n  a TROPIC case fou r  modules uide. 

The connections are  made by means o f  6.3511 c l i p s  and screu terminals.  



SPACE R E O U I R E N E N T S  FOR THE TOG R E L A Y  

minimum dimension for 
installing an eventual next 
case 

Flush mounting 

I 121 11 71 

1-A 
Pmjodng mounting wi?h tear connections 

L 2 1 2  _1 
Projecting mounting with front connections 

drilling digrsm front view W view mar view 



SPACE REOUIREMEUTS FOR SUPPORT P L A T E S  PG2 AND PG5 

plate P62 

plate P65 

-7k. . . *.- 

- A!. T' :! 
- - 

. I 



111 - PRINCIPLE 

1 - The TO6 r e l a y  

The TOG r e l a y  a p p l i e s  a  low frequency v o l t a g e  t o  t h e  f i e l d  w i n d i n g  of t h e  machine under 
s u p e r v i s i o n  th rough  t h e  i n t e r m e d i a r y  o f  a  PG suppor t  p l a t e .  

The measurement of t h e  i n s u l a t i o n  r e s i s t a n c e  i s  achieved by measurement of t h e  c u r r e n t  f l o w i n g  
i n  t h e  TOG r e l a y .  

The TOG r e l a y  i n c l u d e s  a  low f requency v o l t a g e  genera to r  (4.75Hz - 24V peak t o  peak), and a  
s h r n t  used f o r  measuring t h e  c u r r e n t .  

The v o l t a g e  appear ing a t  t h e  t e r m i n a l s  o f  t h e  shunt  i s  f i l t e r e d  by a  low-pass f i l t e r .  r e c t i f i e d .  
f i l t e r e d  and compared w i t h  a  f i x e d  comparator s e t t i n g  which a c t i v a t e s  a  t i m e  l a g  ( o p t i o n a l l y  5s. 
10s. 20s o r  40s). On e x p i r y  o f  t h e  t ime delay,  an a m p l i f i e r  c o n t r o l s  t h e  o u t p u t  r e l a y  and t h e  
i n d i c a t o r  (LED). 

There i s  a  push b u t t o n  f o r  r e s e t t i n g  t o  zero t h e  memory assoc ia ted  u i t h  t h e  i n d i c a t o r  (LED) uhen 
t h e  f a u l t  has been c leared .  

The r e s i s t a n c e  s e t t i n g  can be se lec ted  f rom t h e  va lues  l k n ,  2k-n . 3 k n  o r  5 k h  by means of 
a  f l y i n g  l e a d  access ib le  on t h e  f r o n t  face  (adjustment  by shunt).  

A t e s t  push b u t t o n  ( o p t i o n a l )  s imu la tes  a  f a u l t .  D u r i n g  t h e  t e s t  t h e  ou tpu t  r e l a y  i s  locked out.  

2  - The suppor t  p l a t e  

The suppor t  p l a t e  PG c a r r i e s  a  r e a c t o r  and a  capaci  t o r .  

The purpose o f  t h e  c a p a c i t o r  i s  t o  b l o c k  t h e  d i r e c t  v o l t a g e  from t h e  f i e l d  winding. The r e a c t o r  
and t h e  c a p a c i t o r  fo rm a  s e r i e s  o s c i l l a t i n g  c i r c u i t  p r e s e n t i n g  a  minimum impedance a t  4.75Hz (an 
a d j u s t a b l e  s e r i e s  r e s i s t o r  enables t h a t  va lue of impedance t o  be a d j u s t e d  t o  1.5k A). 

Th is  c i r c u i t  a l l o u s  t h e  passage o f  4.75Hz and b l o c k s  o t h e r  f requenc ies .  

There a r e  two vers ions  o f  t h e  suppor t  p l a t e  : 

- t h e  PG2 p l a t e  f o r  cases where t h e  f i e l d  w ind ing  i s  s u p p l i e d  a t  d i r e c t  v o l t a g e s  up t o  20W. 

- t h e  PG5 p l a t e  f o r  cases where t h e  f i e l d  w ind ing  i s  s u p p l i e d  a t  d i r e c t  v o l t a g e s  up t o  600V. 

NOTES 

- e i t h e r  p l a t e  can be used w i t h  any TOG r e l a y ,  t h e  equipments a r e  n o t  matched. 

- t h e  c a p a c i t o r  may r e t a i n  a  charge. I t  i s  adv ised t h a t .  b e f o r e  any f u r t h e r  a c t i o n  a f t e r  hav ing  
de-energ ized  t h e  f i e l d  c i r c u i t ,  t h e  p l a t e  assembly be s h o r t  c i r c u i t e d .  
However t h a t  assembly i s  equipped u i t h  a  d ischarge  c i r c u i t  ( t i m e  c o n s t a n t  about 7111). 

S ince t h e  measuring c i r c u i t s  a r e  i n  d i r e c t  connec t ion  (dc v o l t a g e )  u i t h  t h e  f i e l d  c i r c u i t s .  t h e  
TOG supp ly  c i r c u i t  must i n c l u d e  e l e c t r i c a l  i s o l a t i o n  f rom t h e  supp ly  b a t t e r y .  That i s o l a t i o n  i s  
p r o v i d e d  by a  conver te r .  
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S I M P L I E F I E D  DIAGRAM SHOWING THE P R I N C I P L E  AND EXAMPLE OF CONNECTIONS 

relay TO6 and plate P6. 



I V  - C H A R A C T E R I S T I C S  

1 - I n p u t  q u a n t i t i e s  

a) r e s i s t a n c e s  

. va lues  : 1 - 2 - 3 - 5k n, 

. accuracy : + 20% - 
b )  r e s e t  percentage 

113% of o p e r a t i n g  s e t t i n g  2 10% absolu 

2 - Outputs  

By e n e r g i z a t  i o n  o f  r e l a y .  

f o r  each o u t p u t  t h e r e  i s  one norma l l y  open c o n t a c t  and one changeover c o n t a c t .  

f l a s h i n g  LED u i t h  memory o r  LED w i t h  permanent memory even on l o s s  o f  supply. 

4 - Times 

1 Sui tch 'ng c a p a c i t y  f o r  

I t 
10 ope r a t  i ons  

122OV - 5016OHz - c o s  Y =  0.6 
I 135Vdc - L/R = 3 h s  

. response t ime : < 2 s  + T (T = s e t  t ime  d e l a y )  

. r e s e t  t ime  : 4 2 s  

3 - I n d i c a t w s  

break 

5A 
0.3A 

. t ime of  non-operat ion : T - 2s 

make I I 

5A 1 
s* I 

. t i m e  l a g g i n g  

5 - 10 - 20 - 40s 

accuracy : 2 5% 

5 - supp ly  

. dc : 48V - 60V - l l O V  - 125V - 220V - 25W 

. range o f  v a r i a t i o n  : 0.8 t o  1.1 Un 

. consumption 

I 
I DC SUPPLY I 48V ( 60V ( l l W  ( 125V ( 220V ( 250V I 

( under qu iescent  c o n d i t i o n  ( 3.5Y 1 3.5Y I 3.5W 1 3.5W 1 6.5W ( 6.5Y ( 
1 oer  enera ized  r e l a v  1 2Y 1 2Y 1 2Y 1 2Y I 3Y I 3Y 1 

6 - Y i t h s t d  va lues  

. tempera tu re  : 
i n  s e r v i c e  : - 10°C, + 55OC 
i n  s t o r e  : - 250C t o  + 700C 

. d i e l e c t r i c  : 200W - 5OHz - lmn i n  accordance u i t h  IEC standard 255-5 

. i m p u l s e  : 5OOOV - 1.2/50 ps i n  accordance u i t h  IEC s tandard  255-4 c l a s s  3 

. Hf i n t e r f e r e n c e  : 2500V - lWHz i n  accordance u i t h  IEC standard 255-4 c l a s s  3 

. v i b r a t i o n  : i n  accordance u i t h  s tandard NF C2O-616 s e v e r i t y  2000f10 
o r  u i t h  IEC standard 68-2-6 : 10 a t  2000Hz - 1 . k ~  peak t o  peak - 109. 



V - RECEPTION TESTS 

This s p e c i f i c a t i o n  app l i es  t o  TOG r e l a y  + PG suppor t  p l a t e  f o r  check ing  t h e  i n s u l a t i o n  l e v e l  betueen 
r o t o r  and frame. 

As soon as  t he  r e l a y  a r e  rece ived  on  s i t e  and be fo re  they a r e  p u t  t o  uork, i t  i s  advised t h a t  t h e  
f o l l o u i n g  checks descr ibed he ra f t e r  be performed. I f  a  r e l a y  proves defect ive,  i t  i s  recommended 
t h a t  the ALSTHDH Hesure e t  re lay ,  A f t e r  Sales Serv ice  be approached. 

1 - Test  u r a n g t ~ e n t  

a) diagram 

b )  equipment r e q u i r e d  f o r  t he  t e s t s  

- dc a u x i l i a r y  supply 

- decade res i s t ance  box, 

- ohmmeterl 

-- c t i ro  nmt ope, 

- s u i t c h  I u i t h  t u o  synchronized contacts. 
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c )  descr ip t ion  of the i nd i ca to r  p l a t e  

I O TOG 
i n d i c a t i n g  LED 

resistance s e t t i n  R 
a isp lay  UI 

r e s i t  t o  zero - 
push but ton  i n d i c a t i o n  0 

- t ime delay value 

2  - 6enera l  t e s t  c r d i t i o s s  

The r e l a y  i s  suppl ied a t  the ra ted  a u x i l i a r y  vol tage corresponding t o  the op t i on  chosen. 

The f l y i n g  lead for  s e t t i n g  the resistance range i s  pos i t ioned on the  p o i n t  corresponding t o  the 
desired u t i l i z a t i o n .  

3 - Checkimg t h e  se t t img  R 7 m d  t h e  opera t ios  o f  t h e  t ime lagged ou tpu t  r e l a y  
L 

- wi thout  any res is tance on the measuring input ,  by means o f  the  ohmmeter, check the  c o n t i n u i t y  
o f  the t ime lagged output r e l a y  contacts (contac t  8-9 closed, contacts 11-12 and 9-10 open), 

- c lose the swi tch  I, 

- connect t o  te rmina ls  2  and 4 o f  p l a t e  PG. a  resistance o f  g rea te r  ohmic value than the value 
set  on the re lay ,  

- gradua l ly  reduce the value o f  t he  resistance u n t i l  the  output  r e l a y  contacts operate, 

- check the opera t ion  of t he  contacts f o r  a  value o f  res is tance corresponding t o  t he  s e t  
value R , 

- on  passing the  se t t ing ,  check the c o n t i n u i t y  of contacts 9-10, 11-12 and the  d i s c o n t i n u i t y  o f  
con t a c t  8-9, 

NOTE 
the contact  operate on exp i ry  o f  t he  time shown on the  in format ion  p l a t e  o f  the  r e l a y  tested. 



4 - Checkimg t h e  t i m i n g  

- p r e a d j u s t  the value of the res is tance t o  zero. 

- open swi tch  I and then r e s e t  the chronoscope t o  zero. 

- c lose swi tch  I. 

- check t h a t  the  time shown by the chronoscope agrees w i t h  t h a t  s e t  on the  re lay .  

5 - Checkimg the  i d i c a t i o m  m d  t h e  r e s e t  t o  zero 

- gradua l ly  reduce t h e  res is tance connected t o  the measuring i n p u t  u n t i l  the  output  r e l a y  
contac ts  operate, 

- check the  t ime lagged i n d i c a t o r  : i t  l i g h t s  (permanent memory) o r  f lashes ( p l a i n  memory) on 
exp i r y  o f  the  set t ime  delay, 

- increase the  value o f  t he  res is tance t o  a  value exceeding t h a t  s e t  on the  re lay ,  t he  ind ica-  
t i o n  i s  memorized and the  i n d i c a t o r  remains l i t  (permanent memory) or  cont inues t o  f l a s h  
( p l a i n  memory). 

- p ress  the  r e s e t  t o  zero b u t t o n  on the f r o n t  face o f  the  r e l a y  and observe t h a t  the i n d i c a t i o n  
ceases. 

6 - C h u k i r g  t h e  TEST f u n c t i o n  

When the TEST push b u t t o n  i s  pressed : 

- o n  exp i ry  o f  the  s e t  time, the  i n d i c a t o r  o f  the t ime lagged output  l i g h t s  (permanent memory) 
o r  f lashes ( p l a i n  memory) and the  output contac ts  do n o t  operate. 

V I  - COMMISSIONING TESTS 

1 - The RECEPTION TESTS c o v e r d  by s e c t i o r  V u i l l  have shoun t h a t  t h e  p r o k c t i o m  func t ions  p rope r l y  

2 - M i t h  t h e  p r o t e c t i v e  eqaipment unplugged 

- check the value and p o l a r i t y  o f  t he  vo l tage o f  t h e  a u x i l i a r y  supply t o  the switchboard, 

- check the in terconnect ion  between p l a t e  PG and the  TOG re lay ,  

- s e t  the selected values of res is tance and t ime on the  f r o n t  face. 

3 - P l u g  im t h e  p r o k c t i r e  equipment om t h e  su i t chboud ,  i t  i s  now ready f o r  service. 

4 - Test* t h e  p r o k c t i o m  

The tes t s  descr ibed i n  s e c t i o n  V a r e  again performed bu t  u i t h  t he  res is tance connected b t t u e t n  
one po le  i n  t h e  f i e l d  cub ic le  o r  o f  the r o t o r  o f  t he  machine and earth. 



V I I  - R E P A I R S  

I n  case of doubt as t o  p roper  f u n c t i o n i n g  o f  t h e  p r o t e c t i v e  equipment, under take the  f o l l o w i n g  
t e s t s  : 

1 - a u x i l i a r y  s u p p l y  v o l t a g e  

- check t h e  va lue  o f  t h e  supply  v o l t a g e  a t  t h e  TOG r e l a y s  te rm ina ls ,  i t  must be betueen 0.8 and 
1.1 Un ; 

- i n  t h e  case of a  dc supply ,  check t h e  p o l a r i t y  ( t h e  TOG r e l a y  i s  p r o t e c t e d  a g a i n s t  r e v e r s a l  o f  
t h e  p o l a r i t y )  ; 

- make t h e  necessary c o r r e c t i o n s .  

- check t h e  agreement of t h e  connect ions u i t h  t h e  c o n n e c t i o n  diagram ; 

- make the  necessary c o r r e c t i o n s .  
b 

3 - c i r c u i t  c o m t i a u i t y  

- check t h e  c o n t i n u i t y ,  up' t o  t h e  r e l a y  t e r m i n a l s ,  of t h e  l o g i c  i n f o r m a t i o n  a r r i v i n g  a t  o r  
l e a v i n g  t h e  c o n t a c t s .  
~ a t c . h  f o r  b a d l y  cr imped l u g s  o r  screus n o t  p r o p e r l y  t i g h t e n e d  ; 

- make th; necessary c o r r e c t i o n s .  

- p r e s s  t h e  TEST push b u t t o n ,  i f  t h e  r e l a y  i n c l u d e s  t h i s  f e a t u r e ,  w i t h  t h e  p r o t e c t i v e  equipment 
s t i l l  p lugged i n  and i n  t h e  absence o f  a  f a u l t  on t h e  p r o t e c t e d  system ; 

- check t h a t  t h e  i n d i c a t o r s  (LED) l i g h t  on e x p i r y  o f  t h e  p r o t e c t i o n  t iming.  

5 - r m e t i m g  t h e .  i o d i c a t w s  

- check t h a t  t h e  push b u t t o n  RAZ ex t ingu ishes  t h e  i n d i c a t o r s  uhen t h e  p r o t e c t i v e  r e l a y  i s  n o t  
see ing  a  f a u l t  on t h e  p r o t e c t e d  system. 

k 6 - r a e p t i o m  t o s t s  - tmt b e f o r e  s e t t i m g  t o  work 

- unp lug  t h e  work ing  p a r t ,  

- under take t h e  t e s t s  s e t  ou t  i n  t h e  s e c t i o n s  RECEPTION TESTS and TESTS BEFORE SETTING TO WORK. 

I n  t h e  even t  t h a t  t h e  r e s u l t s  o f  t h e  checks under papagraphs 1, 2 and 3 a r e  s a t i s f a c t o r y  b u t  one o f  
t h e  p o i n t s  ment ioned i n  paragraphs 4, 5 o r  6 i s  n o t  c o r r e c t ,  c o n t a c t  t h e  ALSTHOW Wesure e t  r e l a i s ,  
A f t e r  Sales S e r v i c e  a t  V i l l e u r b a n n e  u i t h  a  v i m  t o  r e t u r n  i f  necessary o f  t h e  d e f e c t i v e  p r o t e c t i o n  
module. 
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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

PART LIST A
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Item n° Part Description Part Number Qty

PART LIST A

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 Ø 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 Ø 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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Item n° Part Description Part Number Qty

PART LIST A

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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Item n° Part Description Part Number Qty

PART LIST A

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

Page 4 of 4



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. 
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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: 

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. 

these laminations are glued together in their packets 

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. 















































































APPENDIX VI 
 

OEM technical report off-line end winding bump test presentation 
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By M. CLAUDE

 IE0-001902

NATURAL FREQUENCIES MEASUREMENT

STATOR
Answer required :

 

On 01/06/2015 01/06/2015

Visa

PV

GT 4-2

ABCD

Natural frequencies measurement on endwindings, has been performed after rotor removal.

1. Conditions :

- Test Date: 27/05/2015
- Localisation: LAVRION
- Machine state : After rotor removal

- Ambient conditions : Temperature = 21°C
- 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.

3. Results :

3.1. Local measurements
The local natural frequencies on caps have several response levels above the criteria.
The local natural frequencies on leads have low response levels within the criteria.
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3.2. Global Measurements
The first 4 nodes mode is at 45.3 Hz on the turbine side.
The first 4 nodes mode is at 42.5 Hz on the opposite turbine side.

4. Local measurements :

4.1. Caps
Measurements on 12 caps in tangential direction, on [0 - 200 Hz].
Some levels are not in criteria : several peaks are superior to 5µm in the frequency band [95 – 115 Hz], mainly 
opposite turbine side. 

On turbine side, the peaks are located under 95Hz. A refurbishment is not necessary on this outage (no signs 
detected during visual inspection).

Turbine side :
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CK01.csv

CK07.csv

CK13.csv

CK19.csv

CK25.csv

CK31.csv

CK37.csv

CK43.csv

CK49.csv

CK55.csv

CK61.csv

CK67.csv
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Cap of 

 top bar Files f0 (Hz)

µc/Nc

(f0)

Phi

(f0) 

en °

fmax1 

between 

95-115 

(Hz)

µc/Nc 

(fmax1)

Phi

(fmax1) 

en °

fmax2 

between 0-

200 (Hz)

µc/Nc 

(fmax2)

Phi

(fmax2) 

en °

1 CK01.csv 100 1.56 -171.8 95.25 2.75 -174.8 87.25 10.03 -78.2

7 CK07.csv 100 2.73 16.6 95.50 6.77 16.4 94.25 16.11 48.3

13 CK13.csv 100 2.80 9.2 95.25 5.77 13.4 91.25 17.39 71.2

19 CK19.csv 100 2.73 14.0 95.25 6.87 6.4 91.50 20.08 73.0

25 CK25.csv 100 0.88 173.4 95.25 1.48 -177.8 91.50 3.46 -118.0

31 CK31.csv 100 0.64 153.8 112.75 0.72 166.2 145.75 3.70 64.7

37 CK37.csv 100 1.19 11.4 95.25 1.73 4.8 85.25 12.04 78.7

43 CK43.csv 100 1.09 19.1 98.50 1.37 26.4 86.25 12.49 66.2

49 CK49.csv 100 0.88 20.5 98.50 1.07 30.3 85.75 8.44 78.0

55 CK55.csv 100 2.19 7.7 95.25 4.15 11.1 92.75 21.18 42.9

61 CK61.csv 100 1.32 -172.2 95.25 2.13 -174.5 88.25 16.91 -124.7

67 CK67.csv 100 1.59 -171.8 95.25 2.55 -174.0 88.25 17.89 -112.1
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                             ALSTOM ENERGY TGP/IFT (Ver 1.0)                                       

                              Valeurs mesurées                              Valeurs calculées      

    #      F(Hz)           µc/Nc            Phi(°)          Fp(Hz)       a(%)      µc/Nc      M(kg)

    1       91.5          13.177           104.1            92.0     1.7687     12.134       6.97  

    2       94.3          16.112            48.3            93.6     0.6213     17.988       12.9  
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Capots\CK19.csv
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                             ALSTOM ENERGY TGP/IFT (Ver 1.0)                                       

                              Valeurs mesurées                              Valeurs calculées      

    #      F(Hz)           µc/Nc            Phi(°)          Fp(Hz)       a(%)      µc/Nc      M(kg)

    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. 
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Capots\CK13.csv
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                             ALSTOM ENERGY TGP/IFT (Ver 1.0)                                       

                              Valeurs mesurées                              Valeurs calculées      

    #      F(Hz)           µc/Nc            Phi(°)          Fp(Hz)       a(%)      µc/Nc      M(kg)

    1       91.3          17.392            71.2            90.7     1.7194     15.434        5.8  
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Capots\CK55.csv
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                             ALSTOM ENERGY TGP/IFT (Ver 1.0)                                       

                              Valeurs mesurées                              Valeurs calculées      

    #      F(Hz)           µc/Nc            Phi(°)          Fp(Hz)       a(%)      µc/Nc      M(kg)

    1       92.8          21.184            42.9            92.0     0.6682     22.481       9.97  

Cap of 

 top bar Files f0 (Hz)

µc/Nc

(f0)

Phi

(f0) 

en °

fmax1 

between 

95-115 

(Hz)

µc/Nc 

(fmax1)

Phi

(fmax1) 

en °

fmax2 

between 0-

200 (Hz)

µc/Nc 

(fmax2)

Phi

(fmax2) 

en °

1 OK01.csv 100 13.75 69.9 100.00 13.75 69.9 100.00 13.75 69.9

7 OK07.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 OK67.csv 100 1.60 9.8 95.25 2.85 9.7 90.50 9.87 61.9
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                             ALSTOM ENERGY TGP/IFT (Ver 1.0)                                       

                              Valeurs mesurées                              Valeurs calculées      

    #      F(Hz)           µc/Nc            Phi(°)          Fp(Hz)       a(%)      µc/Nc      M(kg)

    1      100.0          13.747            69.9            99.5     1.2514     12.236       8.36  

    2      102.8          9.4994            33.0           101.7     0.5909      13.77         15  

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

0
200

20 40 60 80 100 120 140 160 180 200
0

2

4

6

8
Capots\1OK07.csv

µ
c
/N

c

1

                             ALSTOM ENERGY TGP/IFT (Ver 1.0)                                       

                              Valeurs mesurées                              Valeurs calculées      

    #      F(Hz)           µc/Nc            Phi(°)          Fp(Hz)       a(%)      µc/Nc      M(kg)

    1      101.5          5.7956            47.2           100.9     0.5352     7.1974       32.3  
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                             ALSTOM ENERGY TGP/IFT (Ver 1.0)                                       

                              Valeurs mesurées                              Valeurs calculées      

    #      F(Hz)           µc/Nc            Phi(°)          Fp(Hz)       a(%)      µc/Nc      M(kg)

    1       98.0          9.7742            59.4            97.4     0.7544     10.117       17.5  
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                             ALSTOM ENERGY TGP/IFT (Ver 1.0)                                       

                              Valeurs mesurées                              Valeurs calculées      

    #      F(Hz)           µc/Nc            Phi(°)          Fp(Hz)       a(%)      µc/Nc      M(kg)

    1       93.8          6.7624            96.5            94.4     2.5837     6.4544       8.53  

    2       96.3          9.4318            51.2            95.6     0.7794      9.477       18.8  
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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 Hz].

All the levels are in criteria : no peak superior to 5µm in the frequency band [95 – 115 Hz]. A refurbishment is not 
necessary (no signs detected during visual inspection). 

TB : top bar                        BB : bottom bar            R : radial direction               T : tangential direction

Leads Files f0 (Hz)

µc/Nc

(f0)

Phi

(f0) 

en °

fmax1 

between 

95-115 

(Hz)

µc/Nc 

(fmax1)

Phi

(fmax1) 

en °

fmax2 

between 0-

200 (Hz)

µc/Nc 

(fmax2)

Phi

(fmax2) 

en °

TB08R TB08R.csv 100 0.15 -125.6 104.25 0.18 -130.0 33.75 0.69 -43.8

TB08T TB08T.csv 100 0.02 -97.9 112.25 0.05 -42.7 36.25 0.64 -81.2

BB52R BB52R.csv 100 0.09 -68.8 114.75 0.24 -46.3 45.00 2.85 -86.4

BB52T BB52T.csv 100 0.18 -158.6 95.50 0.24 -162.8 45.25 4.29 -101.7

TB20R TB20R.csv 100 0.06 -155.6 115.00 0.12 -26.4 38.50 17.19 -125.6

TB20T TB20T.csv 100 0.06 -27.3 115.00 0.56 -37.7 44.25 15.35 -115.2

BB64R BB64R.csv 100 0.38 -50.9 109.00 0.88 -103.1 52.75 2.36 -62.8

BB64T BB64T.csv 100 0.64 119.5 109.00 1.34 69.5 52.75 1.35 107.4

TB32R TB32R.csv 100 2.35 -80.8 100.25 2.38 -86.5 100.25 2.38 -86.5

TB32T TB32T.csv 100 0.35 149 102.50 0.39 133.2 51.00 2.00 91.2

BB04R BB04R.csv 100 0.62 -101.8 100.50 0.65 -114.0 100.50 0.65 -114.0

BB04T BB04T.csv 100 0.07 -39 104.75 0.08 -71.4 24.50 0.44 -58.4

TB44R TB44R.csv 100 0.12 -19.9 115.00 0.27 -21.2 68.75 1.59 -95.7

TB44T TB44T.csv 100 0.14 162.9 115.00 0.19 168.3 68.75 0.84 80.6

BB16R BB16R.csv 100 0.37 -148.7 95.25 0.41 -152.4 43.75 9.16 -138.2

BB16T BB16T.csv 100 0.11 -176.2 95.25 0.23 -175.1 44.50 7.69 -132.1

TB56R TB56R.csv 100 0.37 -177.2 95.25 0.47 -176.4 45.25 11.47 -124.1

TB56T TB56T.csv 100 0.41 -17.1 111.25 1.15 -61.9 45.25 7.18 -126.8

BB28R BB28R.csv 100 0.15 -21.9 115.00 0.48 -37.3 59.75 3.07 -90.9

BB28T BB28T.csv 100 0.23 -22.9 115.00 0.41 -35.8 123.50 1.17 -103.9

TB68R TB68R.csv 100 0.47 -9.7 113.50 1.67 -72.0 116.50 1.80 -105.2

TB68T TB68T.csv 100 0.33 -16.1 112.50 0.63 -40.6 57.25 2.32 -76.1

BB40R BB40R.csv 100 0.15 -162.9 95.25 0.27 -170.0 74.75 2.22 -74.1

BB40T BB40T.csv 100 0.20 150.7 102.25 0.22 138.9 34.75 0.65 77.1
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4 nodes 6 nodes

Ring Mode

8 nodes
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4 nodes

Middle Ampl µc/Nc An. BR 0.012 0.009

0.004

Outer Ampl µc/Nc An. CR 0.019 -

Frequency (Hz)

0.006 0.010

Middle

4 nodes

Inner Ampl µc/Nc An. AR - 0.002

42.5 74.3

Outer Ampl µc/Nc An. CR 0.264 0.011 0.049 0.009

Ampl µc/Nc An. BR 0.122 0.016 0.015 0.009 0.011

Inner Ampl µc/Nc An. AR 0.023 0.006

Ring Mode 4 nodes

Frequency (Hz) 45.3 171.8 114.5

6 nodes6 nodes

0.008
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0.009
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NATURAL FREQUENCIES MEASUREMENT

6 nodes 8 nodes6 nodes

149

8 nodes

7/26

-

0.005

5.1. Summary of the global natural frequencies :

Impact

5. Global measurements :

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

Outer ring

Middle ring

Inner ring

Measurement

Turbine side :

Opposite turbine side :
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4.2. Modal analysis measurements :

4.2.1. Turbine side :

Inner ring :

4 nodes :
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D:\Data\FP LAVRION GT42\CT\ points 1CA01.csv -> 1CA12.csv
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D:\Data\FP LAVRION GT42\CT\ points 1CA01.csv -> 1CA12.csv Courbe 4 noeud(s)
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2

                             ALSTOM ENERGY TGP/IFT (Ver 1.0)                                       

                              Valeurs mesurées                              Valeurs calculées      

    #      F(Hz)           µc/Nc            Phi(°)          Fp(Hz)       a(%)      µc/Nc      M(kg)

    1       45.3        0.023014          -110.4            45.0     0.9674   0.024315  2.66e+004  

    2       97.5       0.0057827          -104.9            97.0     2.0900  0.0056886  1.13e+004  
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6 nodes :
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                             ALSTOM ENERGY TGP/IFT (Ver 1.0)                                       

                              Valeurs mesurées                              Valeurs calculées      

    #      F(Hz)           µc/Nc            Phi(°)          Fp(Hz)       a(%)      µc/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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                             ALSTOM ENERGY TGP/IFT (Ver 1.0)                                       

                              Valeurs mesurées                              Valeurs calculées      

    #      F(Hz)           µc/Nc            Phi(°)          Fp(Hz)       a(%)      µc/Nc      M(kg)

    1       45.3         0.12158          -107.7            45.0     1.0224    0.12343  4.96e+003  

    2       97.3        0.015714           -79.6            97.6     2.1273   0.015034  4.16e+003  



PROCES VERBAL / FICHE DE COMMUNICATION PV

CUSTOMER PLANT UNIT

CUSTOMER CONTRACT or ORDER Nb SAP PROJECT Nb

INTERVENTION DESIGNATION :  

GENERATOR DIAGNOSTIC DURING MAJOR OVERHAUL

LAVRIONPPC

 IE0-001902

GT 4-2

Subject (only one) - Title :

Page Page

A /

File

NATURAL FREQUENCIES MEASUREMENT

PV LVR BX15 1902 004 12/26

6 nodes :

  0.2

  0.4

  0.6

  0.8

  1

30

210

60

240

90

270

120

300

150

330

180 0

D:\Data\FP LAVRION GT42\CT\ points 1CB01.csv -> 1CB12.csv

Fréquence:  45.3 Hz

 

 

 ̂:1er point

Acos(phi-phi0)

Asin(phi-phi0)

TF spatiale

nondéformée

  0.05

  0.1

  0.15

30

210

60

240

90

270

120

300

150

330

180 0

D:\Data\FP LAVRION GT42\CT\ points 1CB01.csv -> 1CB12.csv

Fréquence:  97.3 Hz

 

 

 ̂:1er point

Acos(phi-phi0)

Asin(phi-phi0)

TF spatiale

nondéformée

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

0
200

20 40 60 80 100 120 140 160 180 200
0

0.005

0.01

0.015

0.02
D:\Data\FP LAVRION GT42\CT\ points 1CB01.csv -> 1CB12.csv Courbe 6 noeud(s)

µ
c
/N

c

1

2

3

                             ALSTOM ENERGY TGP/IFT (Ver 1.0)                                       

                              Valeurs mesurées                              Valeurs calculées      

    #      F(Hz)           µc/Nc            Phi(°)          Fp(Hz)       a(%)      µc/Nc      M(kg)

    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  
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                             ALSTOM ENERGY TGP/IFT (Ver 1.0)                                       

                              Valeurs mesurées                              Valeurs calculées      

    #      F(Hz)           µc/Nc            Phi(°)          Fp(Hz)       a(%)      µc/Nc      M(kg)

    1       45.3         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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                             ALSTOM ENERGY TGP/IFT (Ver 1.0)                                       

                              Valeurs mesurées                              Valeurs calculées      

    #      F(Hz)           µc/Nc            Phi(°)          Fp(Hz)       a(%)      µc/Nc      M(kg)

    1       65.0        0.048831          -130.0            64.2     1.2000   0.052768  4.85e+003  

    2      122.5       0.0088289           -83.3           122.7     1.4439  0.0090775  6.42e+003  

    3      171.5       0.0057813          -126.9           169.9     1.2344  0.0072398  4.91e+003  
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                             ALSTOM ENERGY TGP/IFT (Ver 1.0)                                       

                              Valeurs mesurées                              Valeurs calculées      

    #      F(Hz)           µc/Nc            Phi(°)          Fp(Hz)       a(%)      µc/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  
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                             ALSTOM ENERGY TGP/IFT (Ver 1.0)                                       

                              Valeurs mesurées                              Valeurs calculées      

    #      F(Hz)           µc/Nc            Phi(°)          Fp(Hz)       a(%)      µc/Nc      M(kg)

    1       74.3       0.0020384           -48.4            75.2     1.6846  0.0030996  4.29e+004  
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                             ALSTOM ENERGY TGP/IFT (Ver 1.0)                                       

                              Valeurs mesurées                              Valeurs calculées      

    #      F(Hz)           µc/Nc            Phi(°)          Fp(Hz)       a(%)      µc/Nc      M(kg)

    1      158.0       0.0016024            45.2           154.8     2.1582  0.0021151  1.16e+004  
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                             ALSTOM ENERGY TGP/IFT (Ver 1.0)                                       

                              Valeurs mesurées                              Valeurs calculées      

    #      F(Hz)           µc/Nc            Phi(°)          Fp(Hz)       a(%)      µc/Nc      M(kg)

    1       42.5        0.011856           -51.3            44.0     5.3593   0.012269  9.95e+003  

    2       74.3       0.0085533           -51.5            77.0     4.5793   0.010167  4.59e+003  

    3      102.5        0.008412           -71.7           103.2     2.2902  0.0078097  6.65e+003  
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                             ALSTOM ENERGY TGP/IFT (Ver 1.0)                                       

                              Valeurs mesurées                              Valeurs calculées      

    #      F(Hz)           µc/Nc            Phi(°)          Fp(Hz)       a(%)      µc/Nc      M(kg)

    1       61.8       0.0065186           -26.3            62.0     0.2403   0.013524  1.01e+005  

    2      117.5       0.0079032           -48.5           120.5     2.8901   0.010097  2.99e+003  

    3      157.8       0.0089086           -37.2           161.0     1.5390   0.014277  2.22e+003  
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                             ALSTOM ENERGY TGP/IFT (Ver 1.0)                                       

                              Valeurs mesurées                              Valeurs calculées      

    #      F(Hz)           µc/Nc            Phi(°)          Fp(Hz)       a(%)      µc/Nc      M(kg)

    1       44.5        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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                             ALSTOM ENERGY TGP/IFT (Ver 1.0)                                       
                              Valeurs mesurées                              Valeurs calculées      

    #      F(Hz)           µc/Nc            Phi(°)          Fp(Hz)       a(%)      µc/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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Fréquence:  65.0 Hz
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                             ALSTOM ENERGY TGP/IFT (Ver 1.0)                                       

                              Valeurs mesurées                              Valeurs calculées      

    #      F(Hz)           µc/Nc            Phi(°)          Fp(Hz)       a(%)      µc/Nc      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  
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Fréquence:  75.5 Hz

 

 

 ̂:1er point

Acos(phi-phi0)

Asin(phi-phi0)

TF spatiale

nondéformée

  0.02

  0.04

  0.06

  0.08

30

210

60

240

90

270

120

300

150

330

180 0

D:\Data\FP LAVRION GT42\COT\ points 1OC01.csv -> 1OC12.csv

Fréquence: 107.3 Hz
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Photos of the winding OTE, after the reinforcement between supports and the internal ring, and lacing between caps :

The lacing between caps OTE

Reinforcement between supports and the internal ring OTE
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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 5µm in the frequency band [95 – 115 Hz]. 

Measurement before the lacing between caps on OTE :

Cap of 

 top bar Files f0 (Hz)

µc/Nc

(f0)

Phi

(f0) 

en °

fmax1 

between 

95-115 

(Hz)

µc/Nc 

(fmax1)

Phi

(fmax1) 

en °

fmax2 

between 0-

200 (Hz)

µc/Nc 

(fmax2)

Phi

(fmax2) 

en °

1 OK01.csv 100 13.75 69.9 100.00 13.75 69.9 100.00 13.75 69.9

7 OK07.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 OK67.csv 100 1.60 9.8 95.25 2.85 9.7 90.50 9.87 61.9
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Measurement after the lacing between caps on OTE :

Cap of 

 top bar Files f0 (Hz)

µc/Nc

(f0)

Phi

(f0) 

en °

fmax1 

between 

95-115 

µc/Nc 

(fmax1)

Phi

(fmax1) 

en °

fmax2 

between 0-

200 (Hz)

µc/Nc 

(fmax2)

Phi

(fmax2) 

en °

1 OK01.csv 100 0.89 163.7 115.00 1.06 171.6 168.25 6.94 46.5

7 OK07.csv 100 0.57 176.5 115.00 0.74 171.9 161.50 4.02 59.2

13 OK13.csv 100 0.44 179.0 115.00 0.65 170.4 159.75 3.18 57.4

19 OK19.csv 100 0.50 173.6 115.00 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 0.68 175.1 113.75 0.93 173.6 159.00 7.80 72.1

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 0.70 171.1 115.00 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 0.77 175.4 112.75 1.28 164.4 147.75 6.07 87.4
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Comments :

On opposite turbine side, with the additionnal lacing between caps, all the levels are in criteria.
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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 :

Opposite turbine side :
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5.2. Modal analysis measurements :

5.2.1. Turbine side :

Inner ring :

4 nodes :
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                             ALSTOM ENERGY TGP/IFT (Ver 1.0)                                       

                              Valeurs mesurées                              Valeurs calculées      

    #      F(Hz)           µc/Nc            Phi(°)          Fp(Hz)       a(%)      µc/Nc      M(kg)

    1       48.0        0.025829           -99.3            47.9     1.0049   0.025766  2.14e+004  

    2       92.0       0.0028375           -69.4            92.9     2.5230  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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Fréquence:  48.0 Hz
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                             ALSTOM ENERGY TGP/IFT (Ver 1.0)                                       

                              Valeurs mesurées                              Valeurs calculées      

    #      F(Hz)           µc/Nc            Phi(°)          Fp(Hz)       a(%)      µc/Nc      M(kg)

    1       67.0       0.0065504          -100.6            66.8     0.6049   0.006836  6.87e+004  

    2      137.0       0.0040392          -105.5           136.3     1.9358  0.0041378   8.5e+003  

    3      181.5       0.0033666          -131.0           180.1     0.8991   0.004194  1.04e+004  
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                             ALSTOM ENERGY TGP/IFT (Ver 1.0)                                       

                              Valeurs mesurées                              Valeurs calculées      

    #      F(Hz)           µc/Nc            Phi(°)          Fp(Hz)       a(%)      µc/Nc      M(kg)

    1       48.0         0.10919           -99.6            47.9     0.9820    0.11512  4.89e+003  

    2      104.3        0.010701           -89.5           104.3     2.8688   0.010415   3.9e+003  
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                             ALSTOM ENERGY TGP/IFT (Ver 1.0)                                       

                              Valeurs mesurées                              Valeurs calculées      

    #      F(Hz)           µc/Nc            Phi(°)          Fp(Hz)       a(%)      µc/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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                             ALSTOM ENERGY TGP/IFT (Ver 1.0)                                       

                              Valeurs mesurées                              Valeurs calculées      

    #      F(Hz)           µc/Nc            Phi(°)          Fp(Hz)       a(%)      µc/Nc      M(kg)

    1       48.0         0.24278          -107.8            47.8     0.9354    0.26005  2.28e+003  

    2       93.3        0.011158           -90.3            93.3     0.9406   0.011176  1.38e+004  
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                             ALSTOM ENERGY TGP/IFT (Ver 1.0)                                       

                              Valeurs mesurées                              Valeurs calculées      

    #      F(Hz)           µc/Nc            Phi(°)          Fp(Hz)       a(%)      µc/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  
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                             ALSTOM ENERGY TGP/IFT (Ver 1.0)                                       

                              Valeurs mesurées                              Valeurs calculées      

    #      F(Hz)           µc/Nc            Phi(°)          Fp(Hz)       a(%)      µc/Nc      M(kg)

    1       77.3        0.019651           -99.9            77.1     0.6305   0.020097  1.68e+004  

    2      120.5        0.010166          -105.5           120.0     0.8526   0.010287     1e+004  
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                             ALSTOM ENERGY TGP/IFT (Ver 1.0)                                       

                              Valeurs mesurées                              Valeurs calculées      

    #      F(Hz)           µc/Nc            Phi(°)          Fp(Hz)       a(%)      µc/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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                             ALSTOM ENERGY TGP/IFT (Ver 1.0)                                       

                              Valeurs mesurées                              Valeurs calculées      

    #      F(Hz)           µc/Nc            Phi(°)          Fp(Hz)       a(%)      µc/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  
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                             ALSTOM ENERGY TGP/IFT (Ver 1.0)                                       

                              Valeurs mesurées                              Valeurs calculées      

    #      F(Hz)           µc/Nc            Phi(°)          Fp(Hz)       a(%)      µc/Nc      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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                             ALSTOM ENERGY TGP/IFT (Ver 1.0)                                       

                              Valeurs mesurées                              Valeurs calculées      

    #      F(Hz)           µc/Nc            Phi(°)          Fp(Hz)       a(%)      µc/Nc      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  
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                             ALSTOM ENERGY TGP/IFT (Ver 1.0)                                       

                              Valeurs mesurées                              Valeurs calculées      

    #      F(Hz)           µc/Nc            Phi(°)          Fp(Hz)       a(%)      µc/Nc      M(kg)

    1       38.3        0.070761          -117.5            37.9     0.9043   0.067997  1.44e+004  

    2      123.8       0.0056952           -90.1           123.8     1.2728  0.0054849  1.18e+004  
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                             ALSTOM ENERGY TGP/IFT (Ver 1.0)                                       

                              Valeurs mesurées                              Valeurs calculées      

    #      F(Hz)           µc/Nc            Phi(°)          Fp(Hz)       a(%)      µc/Nc      M(kg)

    1       74.0        0.012211          -106.0            73.6     1.8403   0.011192  1.14e+004  

    2      150.3       0.0037217          -114.1           149.3     1.0548  0.0039336  1.37e+004  
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                             ALSTOM ENERGY TGP/IFT (Ver 1.0)                                       

                              Valeurs mesurées                              Valeurs calculées      

    #      F(Hz)           µc/Nc            Phi(°)          Fp(Hz)       a(%)      µc/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            37.6           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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KEY TO DRAWING GBP-W-3-AE-01 

1 .  Armature support 

2. Magnetic core - Armature winding 

3.  Rectifier bridge 

4. Collector rings 
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I 06 04 02 Armature support I 
I (Refer to drawing GBP-W-3-AE-02) I 
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Par. Mod. 

The armature support is fabricated from a single alloy steel forging with high 
mechanical properties. 
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I The ingot is elaborated in an electric furnace and cast under vacuum. I 
The steel characteristics are checked on test samples taken fiom 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. 

I The armature support is composed of two main parts: I 
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. 

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. 

I 

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

1 The external face is provided with a trapezoidal groove (8) for the fitting of the 1 
balancing weights. 
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KEY TO DRAWING GBP-W-3-AE-02 

1. Retaining ring 

2. Plate 

3. Bore for magnetic core 

4. Groove at the end of the retaining ring 

5. Mating recess 

6. Central hole 

7. Machining for collector rings 

8. Groove on external face of plate 
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Magnetic punchings of the armature 

(Refer to drawing GBP-W-3-AE-03) 
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The magnetic core is composed of one-piece stacked laminations (1). These laminations 
are punched out from thin, non-oriented grain, magnetic sheets. 
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The cold-rolled laminations are characterized by low losses and high permeability. 
They are subjected to a surface treatment and enamelled on both sides. 

Par. 

I 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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KEY TO DRAWING GBP-W-3-AE-03 

1. Armature lamination 

2. Slots 
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Clamping plates - end-plates 

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

The whole magnetic core includes: 

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. 

Chap. Par. 
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