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Abstract

The machine train consists of a steam turbine of three casings (HP/IP, LP1 and LP2) coupled to a Generator with a base load
capacity of 660MW running at 3600RPM. Post a machine boiler event trip on October 22" 2018, step changes in vibration
were repeatedly observed, especially at LP2 and Generator bearings. The change in vibration level was mainly 1X and was
evident on both rotor and seismic vibration. A change in 1X synchronous response can result from a change in unbalance
force and/or a change in Dynamic Stiffness condition. In this case, unbalance was not the most suspected cause because of
the nonlinear response on each time the step changes happened. The transient data further strengthened this conclusion
because of the absence of expected rotor dynamic behavior. So, the most probable cause was concluded to be the change
in dynamic stiffness either due to change in coupling bolts tension/tightness or foundation bolts looseness. Another
interesting observation was that the step changes caused more reaction on the generator vibration and it was concluded
from the transient plots that the rotor is operating close to the second critical speed. The heavy forces created during each
machine trip worsened the bolt looseness and at one instant, the machine was not able to reach the full speed because of
very high vibration on the generator DE bearing. It was agreed to stop the unit and undergo maintenance activities because
the observed vibration was above acceptable levels for continuous operation of this unit.

Inspection of coupling bolts torque/tightness showed no change from the previous outage reading. However, inspection of
the foundation bolts on LP1 and LP2 revealed looseness on all the foundation bolts without tack welds. The bolts were
tightened and welded with 0.1 mm clearance as per design specification. After completion of this maintenance activity the
unit was restarted, and the observed vibration levels were well below acceptable levels
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Machine Details
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Machine Details — Cont’d

Machine train consists of four rotors, each rotor is supported between two plain
journal bearings. Also, a thrust bearing is installed with bearing #2.

Two orthogonal proximity probes are installed on each bearing of the machine train at

45L (Y probe) and 45R (X probe) angles in addition to three axial position transducers
installed at bearing #2.

A permanent Keyphasor is installed at bearing #1. In addition, one integrated velocity
seismic probe is vertically mounted on each bearing. There is no online diagnostics
system installed for this machine.

Rotor vibrations limits are 125 and 250 p pk-pk for alert and trip respectively, whereas
for seismic vibrations (integrated velocity), the alarm is set at 60 pu pk-pk.
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Problem Statement

Machine was commissioned in 2014 with no significant problems reported.

To reduce downtime during major overhauling, coupling bolts between all rotors were
replaced by a hydraulically-tightened type from conventional ones.

The unit was taken for outage in Feb 2018 and after the outage, the vibration levels
were within the limits with maximum of 76um PP at BRG 7 (Gen DE) Y probe.

Repeated vibration step changes were observed after a boiler trip event happened on
229 April 2018 especially at BRG 5,6 and 7.

A multichannel vibration analyzer was hooked to the online monitoring system to
capture the second significant step change occurred on 9t June 2018.




Problem Statement — Cont’d

Further significant vibration step changes were also captured on 10™ Oct 2018,
followed by a major change in vibration reaching close to the danger set point on the
Generator bearings after a process trip event.

Overall vibration levels at BRG#6, BRG#7 and BRG#8 increased and the generator
bearing overall vibration levels reached above alarm levels after the step changes
happened during Oct 2018.

Shaft vibration on bearing #7 Y reached 231 p pk-pk (Alarm 125 u pk-pk).

Casing vibration velocity were also collected by using portable instrument, which
showed high amplitude with maximum of 14.5 mm/sec rms at generator DE side.




Data Analysis

 The change in vibration level was mainly 1X and was evident on both rotor and seismic vibration. Below is the
comparison of shaft vibration levels at different occasions.

Mar-18 }d\} 23-Apr-18 10th June 2018 10th oct 2018 24th oct 2018

o Direct  [1X Phase Direct  |1X |Phase Direct  |1X |Phase Direct  1X Phase Direct  1X Phase
Brg 1 X 549 | 4193 100 664 517 97 702 | 589 99 ¢§04 556 108 56 48 106
Y 632 | 513 18 102 = 818 18 915 | 742 25 | 755 | 614 34 61 54 24
brg 2 X 736 = 4936 96 61 = 4283 123 611 3889 119 487 | 296 @ 102 58 43 101
Y 675 = 531 17 723 | 546 52 622 = 4485 44 508 | 3526 24 56 44 31
Brg 3 X 2072 1085 159 4679 = 3179 159 4369 | 281 167 394 | 252 @ 188 41 26 186
Y 3037 1056 51 61.2 54 33 561 | 4377 @ 45 52.3 36 73 58 43 68
Brea X 2080 1644 204 3478 | 2222 217 3431 | 1988 218 3163 | 17 222 30 14 227
Y 3831 | 2619 90 4707 | 4114 95 47.79 = 3781 99 43 32 117 43 26 122
Brgs X 31.88 7985 242 847 | 596 160 765 | 53.9 174 57 45 199 [N 9 189
Y 3636 1984 190 139 123 45 123 101 64 | E 112 | o1 99

X 2331 1561 226 3866 = 2643 21 2314 = 1254 99 BAD Signal BAD Signal
Bree T 2403 | 1505 128 71 583 247 3304 | 2208 275 556 | 46 62 51 91
X 4229 = 2788 230 4322 3006 223 504 | 3783 | 221 62.3 52 237 83 236
Bre7 Ty 761 | 643 121 859 | 769 @ 122 106 95 17 [l 5 220 114
Brg8 X 27.87 | 125 240 302 | 1615 244 3159 | 1558 247 33 18 257 24 257
Y 783 | 543 212 75.5 60 193 937 | 755 187 B o 183 145 165

_ th
Normal = After b 15t Step Change =» 2"d Step Change | 3" Step Change 4™ Step Change, .then
Outage stopped for Action.
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Data Analysis — Cont’d

W GDEBRG7x — /45" Right Direct 260CT2018 11:38:43.869 88.7 um pp 3602 rpm
s=Generiuor From 260CT2018 10:05:00 To 260CT2018 11:40:00
W GDEBRG7Y — J450 Left Direct 260CT2018 11:38:43 869 231 um pp 3602 rpm
s=(Generator From 260CT2018 10:05:00 To 260CT2018 11:40:00
» GNDE BRG 8x — /a5 Right Direct 260CT2018 11:38:43.869 36.84 um pp 3602 rpm
==Generator From 260CT2018 10:05:00 To 260CT2018 11:40:00
» GNDE BRG &Y f45°  Left Direct 260CT2018 11:38:43.869 159 um pp 3602 rpm
s=Generatar From 260CT2018 10:05:00 To 260CT2018 11:40:00
250 1 I 1 I 1 | 1 1 1 1 1 1 1
L -7
200 -
ws 150 14
()] r-3 o -
25 | !
&5 [ ]
Z2 100 —
50 | _
D - 1 1 I I 1 I 1 I 1 I I 1 I 1 1 |
4 10:00 10:20 10:40 11:00 11:20 ’
260CT2018 260CT2018 260CT2018 260CT2018 260CT2018
TIME : 5 Mins /div

Overall Vibration on Generator DE Bearing#7 reached close to the Danger set point of 231 um pk-pk




Data Analysis- Steady State Polar Plots — Cont’d

LPBRGEX [— | 1509 umpp  /226' 3588 rpm 1IMAR2018 21:29:49.997 W LP-BRGEY [— | 14.52umpp /131" 3589 rpm 11IMAR2018 21:30:19.995
5T2 From 11MAR2018 18:45:21 To 10JUN2018 11:09:14 ==5T2 From 11MARZ2018 18:45:21 To 10JUN2018 11:09:14
o um pp o um pp
TRANSDUCER DK LIMIT OVER fSGED DATA PLOTTED) E_{I USER INV & TED Dha Tk 1@
SAMPL TERRG - SAMPL TERMG ]
27’ . ' : o* e g* ]
June 2018 - before = 4
. A ]
March 2018 ... o Eo - ]
. . . . b
"0 S March 2018
Al .
June 2018 - after
. . June 2018 - before
180 90 -
S0 umpp FULL SCALE COWROTATION 100 umpp FULL SCALE CEW ROTATION
\ T 1X vibration/phase random step changes on BRG #6 (March, June)




Data Analysis- Steady State Polar Plots — Cont’d

GDE-BRG 7-X E] 2858 um pp 229 3599 rpm TIMARZO18 18:49:20 681 o GLE-DRG 7Y E] 65 4 um pp 120° 3555 rpm TIMAR2018 18-49-20.681
E'.E From 11MAR2018 184521 To 10JUN2018 11:09:14 HE'.E From 11MARZ018 1845921 To 10JUN2018 11:05:14
o um pp o um pp

&0 200

March 2018 | 3 , © March2018 - June 2018 - after

T . 3 L P 3
1 June 2018 - before 0 . ’ 0

June 2018 - before
Jume 2018 - after ' '

S0 umpp FULL SCALE CCW ROTATION 200 umpp FULL SCALE CCW ROTATION

"/ 1X vibration/phase random step changes on BRG #7 (March, June)
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Data Analysis- Shut Down Bode Plots 26t Oct 2018

[FlPORGEX — /45 Righl Diredt 713 um pp NA 3602 rpm 260CT2018 115156815 FLPEBRGSY — /45 Lel Diredt 10697 umpp  /NA 3602 rpm 260CT2018 11.51.58.815
==LP Turbine From 260CT2018 11:52:00 To 260CT2018 12:52:00 ==LP Turbine From 260CT2018 11:52:00 To 260CT2018 12:52:00
LFLP-BRG5X [—] /45 Righi 1X 57.78 um pp /190° 3602  rpm 260CT2018 11:51-58 815 \FLP-BRG5Y [—] /45 Len 1x 89.99 um pp /99 3602 rpm 260CT2018 11-51-58 815
==LP Turbine From 260CT2018 11:52:00 To 260CT2018 12:52:00 ==LP Turbine From 260CT2018 11:52:00 To 260CT2018 12:52:00
= 500 1000 1500 2000 2500 3000 3500 - 500 1000 1500 2000 2500 3000 3500
o o o L P | | L L1 S R S H S S S Sl BT P R | L |
0 AMPLITUDE (FLAGGED DATAPLOTTED) — 240 BC L BELOW 1 HZ (FLAGGED DATA PLOTTED) =
5, 180 g g, s 3
§§° F ] §§‘ E E
22 as0f 4 |3 F E
L ] GO =
180 - E 3
120E ]
200F 4 200 4
wz 150 - Juz 150 -
] F 1 la= E 1
28 F 1 |22 E ]
|25 1 |25 100F -
ES E N ES E ]
N T g 0E E
- of I I ‘ T i T | T — — T — I -
0 500 1000 1500 2000 2500 3000 3500 0 500 1000 1500 2000 2500 3000 3500
SPEED. 100 pmidiv SPEED: 100 rpmvdiv
W LP-BRG 6X — /48 Right Direct 1.502 um pp £NA 3602 mpm 260CT2018 11-51: Left Direct 6000 um pp £NA 3602 pm 260CT2018 11:51:58 815
==LP Turhine Fram 260CT2018 11:52:00 To 260CT2018 12:52:00 0CT2018 11:52:00 To 260CT2018 12:52:00
\FLP-BRG6X [—] f45° Righl 1X 0.000 um pp /0° 3602  rpm 260CT2018 11:51- Left X 50.501umpp /9% 3602  rpm 260CT2018 11:51:58.815
==LP Turbine From 260CT2018 11:52:00 To 260CT2018 12:52:00 OCT2018 11:52:00 To 260CT2018 12:52:00
= 500 1000 15PU QUPU 25|UU 3U|UU 35|UU 5U|U ‘IU|UU 15FU QUPU 25PU 3UPU 35|UU
L L L - s - s L L L L - s L s
fRAMSOUCER OK LIMIT OVER (FLAGGED DATA PLOTTED) = a0 [EBLOW MIN AMPLITUDE (FLAGGED DATA PLOTTED) 3
. HE E LS E
33 o 3 |5z F 3
oy - = g = =
22 E 3 |7 E
Is . _ = E =
= 3 360 =
- 3 = 3
200 - 200 -
wz 150 - |uz 150 -
23 o 1 |2 F 7
EE 1 22 E E
=5 100 - |25 100k =
ES E 1 |&= E ]
50 — 50 —
- of T T — T — e — T 7 T — T - O — — T — — T — T
0 500 1000 1500 2000 2500 3000 3500 0 500 1000 1500 2000 2500 3000 3500
SPEED. 100 pmidiv SPEED: 100 pmvdiv
. . . .
-
) No evidence of elevated critical speed amplitude due to unbalance on the LP Rotor
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Data Analysis- Shut Down Bode Plots 26" Oct 2018 — Cont’

SPEED: 100 rpmidiv

WGDEBRGTX — /45 Righl Direct 89.0 um pp NA 3602 rpm 260CT2018 11:51:58.815 WGDEBRGTY — /45 Left Direct 23225umpp /NA 3602 rpm 260CT2018 11:51:58 815
==Generator From 260CT2018 11:52:00 To 260CT2018 12:52:00 s=Generator From 260CT2018 11:52:00 To 260CT2018 12:52:00
\CDEBRGTX [—] /45° Righi X 82 66 um pp /236° 3602 rpm 260CT2018 11-51°58 815 WCDEBRGTY [—] /45 Lefl 1X 22000 umpp  /114° 3602  rpm 260CT2018 11-51:58 815
==Generator From 260CT2018 11:52:00 To 260CT2018 12:52:00 ==Generator From 260CT2018 11:52:00 To 260CT2018 12:52:00
- -y
s 0 500 1000 1500 2000 2500 3000 3500 s 500 1000 1500 2000 2500 3000 3500
0 1 1 1 L | 1 1 1 L L 1 | L 1 1 1 | L 1 1 | 1 1 1 | 1 1 ‘ 0 1 1 1 1 | 1 1 1 1 ‘ 1 1 1 | 1 1 1 1 | 1 1 1 | 1 1 1 1 | 1 1 1 L |
AC SIGNAL BELOW 1 HZ (FLAGGED DATA FLOTTED) E [BC SIGNAL BELOW 1 HZ (FLAGGED DATA PLOTTED) E
Bof- & 0E 3
gz E E %z E E
2 il _' = F 7
P 1201 1 |23 =F 3
z= E 3 |z- E E
180E 3 90 -
240 E = E
120
200 e 200 -
wg 190 - |uz 19 3
S8 E 7 o5 E 7
(= - - [= ~ 4
|25 100 = |25 10 -
g= F 1 |E= E E
50 - S0 —
- ] ——— — T — T —T = A e e e L e B e M —— T >
i 500 1000 15 2000 2500 3000 500 1000 1500 2000 2500 3000 3500
SPEED: 100 rpm/div SPEED: 100 rpmidiv
WGNDEBRG8X — /45" Righi Direct 36.56 um pp fNA 3602 rpm 260CT2018 115 [45° Left  Direct 15542 umpp /MA 3602 rpm 260CT2018 11:51:58 815
==Generator From 260CT2018 11:52:00 To 260CT2018 12:52:00 260CT2018 11:52:00 To 260CT2018 12:52:00
\“GNDEBRG 8X [—] /45 Righl 1x 24303umpp /257" 3602 rpm 260CT2018 11:51:58 815 WGNDEBRGSY [—] /45 Lett 1x 144762umpp /165 3602 rpm 260CT2018 11:51:58.815
==Generator From 260CT2018 11:52:00 To 260CT2018 12:52:00 ==Generator From 260CT2018 11:52:00 To 260CT2018 12:52:00
s - %
= 0 500 1000 1500 2000 2500 3000 3500 = 500 1000 1500 2000 2500 3000 3500
0 1 1 1 Il | 1 1 1 Il | Il 1 1 1 | Il 1 1 1 | Il 1 1 | 1 1 1 | 1 1 ‘ 1 1 1 1 | 1 1 1 1 ‘ 1 1 1 | 1 1 1 1 | 1 1 1 | 1 1 1 1 | 1 1 1 Il |
BC SIGNAL BELOW 1 HZ (FLAGGED DATA FLOTTED) E 300 & SIGNAL BELOW 1 HZ (] —
sof- 3 g 3
= E E = E
%% 120 3 %% E
2z E ] |22 B
= E = I= |
= 180 — = ]
240 e E
200 - 200 -
g 150F - |ug 150f E
o' F 3 o8 E |
e - - (= ~ 4
25 100 4 |25 10 -
g= F S E E
OF e e 50 =
0 500 1000 1500 2000 2500 3000 3500 0 500 1000 1500 2000 2500 3000 3500

SPEED: 100 rpmidiv

No evidence of unbalance, but symptom of rotor running close to the second critical speed




Data Analysis- Shut Down Polar Plots 26t Oct 2018

WLP-BRG 5X [—] /45" Right 1X 57.96 um pp £190° 3602
==LP Turbine From 260CT2018 11:52:00 To 260CT2018 12:52:00

DD

4

200 um pp  FULL SCALE

mm 260CT2018 11:52:13.814

um pp
200

WLP-BRG 6X [—] [45' Right 1x 0.009 um pp /270° 3602
==LP Turnine From 260CT2018 11:52:00 To 260CT2018 12:52:00

L2

TRANSDUCER OK LINIT.O AGGED DATA PLOTTED)

270"

4

200 um pp_FULL SCALE

pm 260CT2018 11:52:1

um pp
200

>

CCW ROTATION

[ FLPBRGEY [—] /45

Left

X

AC SIGN,

o

90.02 um pp 99° 3602

[==LP Turbine From 260CT2018 11.52:00 To 260CT2018 12:52.00

BELOW 1 HZ

DD

rpm 260CT2018 11:52:13.814

um pp
20

>

&

200 um pp_FULL SCALE

BELOW

AMPLITUDE

DD

GCW ROTATION
o Left X 50284umpp /91 3602 rpm 260CT2018 11°52-13 814
6OCT2018 11:52:00 To 260CT2018 12:52:00
umpp
20

>

CCW ROTATION

l No evidence of elevated critical speed amplitude due to unbalance on the LP Rotor
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ata Analysis- Shut Down Polar Plots 26t Oct 2018 — Cont’d

LFCDEBRGTX [—] /45° Right X 8287 um pp /236" 3602 rpm 260CT2018 11:52:13.814 WGDEBRGT7Y [—] /f45° Left 1X 22025umpp /114° 3602 rpm 260CT2018 11:52:13.814
ﬂgenerator From 260CT2018 11:52:00 To 260CT2018 12:52:00 ==Generator From 260CT2018 11:52:00 To 260CT2018 12:52:00
B + %
urm pp um
2 35
AC SIGNAEBELOW 1 HZ D DATAPLOTTED) — AC SIGMNABELOW 1 HZ DD —
270" ’ - -
N ] :
0 0

-

200umpp FULL SCALE

E

"GNDE BRG 8K [—] /45°
mgeneralur

* 2

&

200umpp FULL SCALE

From 260CT2018 11:52:00 To 260CT2018 12.52:00

>

CCW ROTATION

Right 1X 24 471 um pp /257 3602 rpm 260CT2018 11: £45"

um pp
200

AC SIGNAEBELOW 1 HZ D DATAPLOTTED) .
270" i

[

0

>

CCW ROTATION | 200 um pp FULL SCALE

Left 11X 144682umpp /165" 3602

260CT2018 11:52:00 To 260CT2018 12:52:00

AC SIGN, D DATAPLOTTED)

o

rpm 260CT2018 11:52:13.814

=
3
=]
=

1
::||||||\||||\||m\||||D

>

CCW ROTATION

/
D Ay

No evidence of unbalance, but symptom of rotor running close to the second critical speed



Data Analysis- Cont’d

Comparison of Direct Orbits at Bearing 6 for different periods step changes

@‘1 LP-BRG 6-Y-#1 Sync Wav [— | §4E-° Left DIRECT AMP: 24.53 um pp V. LP-BRG 6-Y-#1 Sync Wav [— | /45° Len DIRECT AMP: 37.00 um pp ]
MLP-BRG 6-X-#1 Sync Wav £45" Right DIRECT AKMP: 23.15 um pp of JCLP-BRG B-X-#1 Sync Wav £45"  Right DIRECT AMP: £8.95 um pp
=sT2 11MAR2018 22-27:30.752 Direct BasTY 10JUN2018 05:01:15.612 Direct
2553 rpm F&: 0-128 X SMPR: 25802 3800 rpm F5: 0-128 X SWPR: 256/
=2 " " LP-BRG 6-Y-#1 Sync Wav édf-“ Left DIRECT AMP: 34.80 um pp
of X:LP-BRG B-X-#1 Sync Wav 45 Right  DIRECT AMP: 22.50 um pp
th =T 10JUNZ018 11:0:9:14.365 Overlay Direct
11™ March 2018 ¥01pm  FS0-128X SHPR: 2568
th :
V- LAERG Y5 SymoaveRm 10™ June event Comparisons
s :!.!Ed .: 10
a8 10
§ ¥: LP-BRA 6-X-#1 Syhc Waveform 5 2 a i
H ...;.-:- ----;--:-_-- 10 = E HEE HE !‘
::E:' e G ._Z 0 g 1':!-3'0#15'|::1||".|'||'.ref11-rn]Itl 5
L ELS BB 10 £ ﬂlﬂf‘L 0
1 R ?:,:'\E.r:v'"!-.?: E 0
0 S0 100 2 YYYE
S msidiv 40
. 0, 50 100
_ -
ROTATION: X TO ¥ (CCW) | ROTATION: X

\ \ \ / - Orbit shape changed - highly elliptical on Brg#6




Data Analysis- Cont’d

Comparison of Direct Orbits at Bearing#7 for different periods/ step changes

o/ V:GDE-BRG 7-Y-#1 Sync Wi [— ] /45" Left DIRECT AMP: 41.80 um pp “GDE-BRG 7-¥-21 Sync Wi 45" Left DIRECT AMP: 81 2 um WYGDEBRGTY-#1Sncy [=] J45 Let  DIRECTAMP. 146um pp
o X:GDE-BRG 7-X-#1 Sync Wi 45 Right  DIRECTAMP: 74,61 um pp g:GUE-BRG A2 S:nc Wi = 45' Right  DIRECTAMP: 42 8um s; : AXGDE BRG 7)-#1 Sync [45 Rignt  DRECTAWP: 63um pp
==sT2 1IMARZ018 22:27:30.752 Direct EEST I 100UN2018 05:01:15.612 Direct { |G ORI B
3589 rpm FS: 0-128 X SMPR: 256/3 3500 rpm %_ﬂsx SMPR: 25672 ] s p ; s !
2z o GDE-BRG 7-¥81 Sync Wi ?5" Left DIRECT AMP: 108 um pp p

uf X:GDE-BRG 7-X-#1 Sync Wi 45" Right DIRECT AMP: 51 um pp " th

5T 10JUN2018 11:09:14.365 QOverlay Direct 1

'llth March 2018 3601 rpm FS: 0-128 X SMPR: 2563 ] After 10™ October event

10™" June event Comparisons

| e 50
1 Up ¥: GDE-BRG 7-Y-#1 Sync Waveform i ,
2 s soJRL - IR | T B
1: 2 3 E . o o § AES0 3
dl - 2 ql: E|
0— 8 E E R . TN R g - 8 3
1 - g 2 ;TR Nt 2 H &0 1 s e 50
A al - 1 X: GDE-BRG 7-X-81 Sync Waveform g I
] = o i 50 & R o
20| - =B 2
1 J: 8 . .
o 3 e e u;msmrv ? o
S0— o+ i+ + 04 0 100
S mstdiv

ROTATION: X TO ¥ {CCW)

Preload condition changing every step change on Brg#7, also vibration
amplified on 10% October event with the same shape




Data Analysis — Cont’d

A change in 1X synchronous response can result from a change in Unbalance Force
and/or a change in Dynamic Stiffness condition.

* Unbalance was not the first suspected cause because of:
v The nonlinear response on each time the step changes happened.
v Material loss from ST turbine should have shown elevated amplitudes at critical
speeds.
v The step changes caused more reaction on the generator vibration whereas the
ST vibrations were still within the alarm limits.




Conclusion & Recommendations

Conclusions:

* Vibration step changes occurred on the machine train is suspected to be due to
Stiffness changes.

* This stiffness change is highly affecting all vibration levels specially the LP2
bearings (5 & 6) and Generator bearings (7 & 8).

 Preload forces are changing every step change specially on both sides of the
coupling between the LP2 and Generator.

Recommendations:

1. Inspect the coupling bolts for the design Torque tightness values.

2. Overall inspection for all Machine train supports structure including the
foundation, baseplates, soleplates, bearing pedestals, grout condition, etc.

3. Verify that all support leg bolts, base to pedestal bolts, anchor bolts and pedestal
hold down bolts are torqued properly.




Action Taken

* |Inspection of coupling bolts torque/tightness showed no change from the previous
outage reading.

* Inspection of the foundation bolts on LP1 and LP2 revealed looseness on all the
foundation bolts without tack welds. The bolts were tightened and welded with 0.1
mm clearance as per design specification.

 During the inspection,
LP  Turbines bearings
pedestal bolts found
loose  without  tack
welds, so retightening
applied according to the
OEM recommendations.




Post Analysis

B 1 X 56 48 106 52.8 42 97
'g Y 61 54 24 57.3 44 31

X 58 43 101 65 46 92
Brg 2 Y 56 44 31 56 45 5

X 41 26 186 28 12 196
Brg 3 Y 58 43 68 38 23 99

X 30 14 227 27 11 215
Brg 4 Y 43 26 122 36 20 111
B 5 X 73 59 189 42 27 221
6 Y BN - oo AN 67 144
B 6 X Bad Signal (Sensor Issue) 51 42 163
'g Y 60 51 91 77 68 34
Bre 7 X B s 236 (NG 38 195
e y E > v D e o
Bre 8 X 37 24 257 26 11 240
& y I s o Em s




Post Analysis- Shut Down Polar Plots

WLP-BRGSX [—] [45' R 11X 57.96 um pp

P Turtine From 260CT2018 11,5200 To 260CT2018 125200

H

90.02 um pp

/99" 3602 rpm 260CT2018 115213814
P Turtine From 260CT2018 115200 To 260CT2018 1252

umepp
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BRGSX [—] [85 Let X 30.7 um pp /227 3592 rpm 10NOV2018 13.04.48 099 WLPBRGSY [—] /45 Right 1X 75.7 um pp
NP Turdbine From TONCY2018 13:04:15 To 10NOV2018 134500 L P Turtine

/148" 3592  rpm 10NOVZ2018 13.04.48.099
From 1000V2018 1304 15 To- TONOV2018 124500

um pp

\\\
>\
g

N 7 c
122 b XaVpedt
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Post Analysis- Shut Down Polar Plots — Cont’d
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Post Analysis- Shut Down Polar Plots — Cont’d
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Post Analysis- Shut Down Polar Plots — Cont’d
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Post Analysis — 6 months later

Later on, after 6 months of continuous operation, vibration data recorded showed
comparable readings (no change).
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Post Analysis — 6 months later — Cont’d
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Post Analysis — 6 months later — Cont’d
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