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Abstract

This historical case is focus on the vibration behavior of a generator. After a short circuit issue on the grid, the
machine train trip. At this time the level of vibration of the generator was acceptable and well below the level of
alarm. However, 10 days after the restart of the unit the level of vibration started to increase. The analysis of the
data pointed out an increase of the 1X component. There were no signs of rub or other malfunctions. The analysis
of the data concluded on an increase of unbalance or a decrease of the dynamic stiffness. Even if, It is unusual to
observe such increase of vibration on a generator, the full inspection of the generator was rejected. In order to
operate, even if the root cause was not identified, it was decided to balance the generator. The balancing activity
was a success using a modal method. Since the root cause was not determined and in order to be sure that the
dynamic behavior of the generator was as expected compare to its design, a lateral analysis was done on site
using basic information available on site. Comparing the vibration data recording on site with the result of the
lateral analysis, it was concluded that the dynamic stiffness of the machine was almost as expected. The increase
of vibration could have been due to a real modification of the unbalance or a potential increase of the bearing
clearances. The customer could be confident to continue to operate the unit until the next overall.
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Machine train diagram
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Machine train Historical backround

* Aero gas turbine  short circuit issue on the grid and the unit trip

« Gearbox « 10 days later (after restart) the level of vibration of

« Generator (48MW) the generator reached the level of Alarm 4
« 3000rpm « Alignment was checked and found as expected \/,‘ f-.




Analysis of one start up / Bode plots

ZGENDE X6807 — 90.1 umpp /NA 2645 mpm 05DEC2017 08:25:21.329 D t.fGENDEvssos —  80.7 umpp /NA 2645 mpm 05DEC2017 08:25:21.329
==Generator From 05DEC2017 07:54:34 To 05DEC2017 09:32:11 irec ==(enerator From 05DEC2017 07:54:34 To 05DEC2017 09:32:11
“GENDE X6807 — 40.2 umpp /239 2645 mpm 05DEC2017 08:25:21.329 ]_X W GENDEY6808 — 31.89 umpp £18° 2645 mpm 05DEC2017 08:25:21.329
== Generator From 05DEC2017 07-54:34 To 05DEC2017 09:32:11 ==(Generator From 05DEC2017 07-54:34 To 05DEC2017 09:32:11
¢ GEN DE X 6807 [ — | 36.49 um pp /298° 2645 mpm 05DEC2017 08:25:21.329 2)( " GEN DE Y6808 [ — | 28.07 um pp /80° 2645 mpm 05DEC2017 08:25:21.329
nﬂ_Generator From 05DEC2017 07:54:34 To 05DEC2017 09:32:11 =-=_Generator From 05DEC2017 07:54:34 To 05DEC2017 09:32:11
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Transient information : y

- Afirst critical speed seems to be present around 1700 rpm A

- From 2000rpm to 3000rpm the level of 1X increase. \ \/ ,;

- The 2X response is amplified around 2600rpm indicating that a mode at 5200 cpm may exist. | ”"-':
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Analysis of a start up & Shutdown

»’ GEN DE X — /45" Right 1XCOMP SR 7323 /51° 66.4umpp /240° 2985 rpm
wsGenerator
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Keyphasor probe

Steady State data 7

Angle marks

* The Vibration are mainly 1X with forward precession

* The orbits are elliptical

 The 1X amplitude increases with the “square” of the speed
* The Dynamic behavior is repeatable from one run to another run &
* There is no hysteresis between startup and shutdown

 The 1X vectors of DE and NDE sides are opposite in phase. It

most probably due to the influence of a second mode. | Balancing plane

The level of vibration is most probably due to an unexpected unbalance.
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Trim Balance / Modal Method

Basic about modal balancing method (Static-Couple)

Pair of similar weights at same angular location on both machine sides
To Affect the 15t Mode Only To Affect the 2" Mode Only |+ | =
Ta | U |
: lacing a couple (equal weights ' { ﬂ_l_ U M
Place equal weights at the same P :
quat welg located 180 degrees apart) into the |- || || - o/ -
angular location into the balance | Uet Us = 2Us U U0 | Ouly 15t mode response
balance planes at each end of the ;
plane at each end of the rotor .
m aC h I n e " Pair of similar weights at opposite angular location on both machine sides
(PIVOTAL) Symemem Rator wn ? e, sty spaces 15t mode Shape (Cylindrical) Piot 2nd mode Shape (Conical) Plot .
(TRANSLATIONAL) ? . v /}‘E ,
HHEHHE H-H-I—--» +f‘ &4 + Fo L *
i Ij -U -Uv “*
b_‘U Ue+Ue=0 | aU+alU=2aU . Only 2nd mode response
R
Modes are orthogonal and they can be balanced one by one o | "i:
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Trim Balance / Modal Method

17T 2978 pm  08DEC2017 07:23:54 199

L¢"GEN DE X 6807-F [— | /45" Right  39.6 um pp
==Generator From 08DEC2017 06:46:45 To 08DE

-

43umpp FULL SCALE

/264° 2978 rpm  08DEC2017 07-23:54 199

C2017 07:45:10

" FWD 1X filtered vector

KEYPHASOR UNDER SPEED (FLAGGED DATA PR TTED

2x100g @90°

um pp
48

>

GENNDEY 6810 [— | /45" Left  47.46 um pp
==Generator From 08DEC2017 06:46:45 To 08DEC2017 07:45:10

KEYPHASOR UNDER SPEED (FLAGGED DATA PR TTED

-

CCW ROTATION

48umpp FULL SCALE

urm pp
43
=]

CCW ROTATION

Rotor mass = 14T

Weight radius = 250mm

Thumb rule ~10%

Trial weight ~ 5509

Where to install the weights ? Wwell below a resonance heavy spot and high spot are in phase

Do you think it will be balanced in ONE run ?
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Trim Balance / Modal Method

W"GEN DE X6807-F — /45" Right 47.1 um pp /260° 2985 rpm 08DEC2017 07:23:55.363 WGENNDE X 6809- — /45" Right 56.0 um pp /73 2985 mpm 08DEC2017 07:23:55.363
[==Generator From 08DEC2017 06:46:45 To 08DEC2017 07:45:10 ==Generator From 08DEC2017 06:46:45 To 08DEC2017 07:45:10
h¢"GEN DE X 6807-F [ — | /45" Right  36.60 um pp £221° 2985 pm 11DEC2017 10:49:37.990 ¢ GEN NDE X 6809- [ — | /45" Right  61.92 um pp /31° 2985 pm 11DEC2017 10:49:37.990
[==Generator From 11DEC2017 10:28:13 To 11DEC2017 10:54:53 ==(Generator From 11DEC2017 10:28:13 To 11DEC2017 10:54:53
um pp um pp
80 80

KEYPHASOR UNDER SPEED (FLAGGED DA — KEYPHASOR UNDER SPEED (FLAGGED DA J —

1 Reference run

1 Trial Run

0 0
- > >
80umpp FULL SCALE CCW ROTATION | 80 umpp FULL SCALE CCW ROTATION

C vectors is useable but not oriented as expected. Itis not opposed /

at the original vector 0 o=
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rim Balance / Modal Method

» GEN DE X 6807-F 47.1 um pp 260° 2985 rpm 08DEC2017 07:23:55.363
==Generator om 08DEC2017 06:4§:45 To 08DEC2017 07:45:10

wGENDE X 6807-F |— 37.76 um pp /221° 2981 pm  11DEC2017 10:49:36.748
==Generator rom 11DEC2017 10:2§13 To 11DEC2017 10:54:53

»"GEN DE X 6807-F 1.336 um pp /92° 2983 mpm 11DEC2017 13:43:57 425
==Generator -37 To 11DEC2017 13:45:52

umpp
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CCW ROTATION

w'"GEN NDE X 6809- 56.0 um pp 13 2985
==(Generator rom 08DEC2017 06:%:45 To 08DEC2017 07:45:10
w'GEN NDE X 6809-f — 62.11 um pp /320 2981
==Generator rom 11DEC2017 10:2§:13 To 11DEC2017 10:54:53
wGEN NDE X 6809- \— | 17.16 um pp /353" 2983
==Generator 6:37 To 11DEC2017 13:45:52

60 umpp FULL SCALE

80 umpp FULL SCALE

rpm 08DEC2017 07:23:55.363
rpm 11DEC2017 10:49:36.748

rpm 11DEC2017 13:43:57.425

um pp

£0

>

CCW ROTATION

However what was “strange” in this balancing job compare to theory ??

Reference run

Trial Run

Final Run

That's was a success !

1X amplitude decrease
by more than 70%
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Trim Balance Why it was balanced in TWO runs and not ONE ?

Theory:
- Well below a resonance the heavy spot and the high spot are in phase.
- At the resonance, the Heavy spot leads by 90° the high spot.

Measurement :

The vibration increased in one direction without an evident phase shift. So it was
assumed that at 3000rpm the generator was well below the 2" critical speed.

Important trim balance remark :
The C vector lags the trial weight by 65°

Theoretically it means that at 3000rpm the generator is running close to a resonance

Should we have balanced this unit ? | \\/", \




L ateral Analysis

Obtain the Rotor geometry Create XLTRC?2 model

GERERAL PARAMETERS MASSES MOTE
GENERATOR FRAME SIZE BDAX 71-230 ER, BOAX 72-290 ER & BOAX 75-290 ER EEHERATOR ROTOR ORLY = MOt kg 1 e
EXCITER FRAME SIZE EXOTER ARMATURE = 5L kg o
PLOT EXCITER FRAME COMPLETE GENERATOR ROTOR (SUM OF THE ABOVE! = 4£408 kg 7 M
SPEED / FREQUENCY .................. 3800 RPM / 60 Hz OR 3000 APM / S0Hz
ROTOR SLOTTMG DETALS TO DRAWNG NO. B3%62045

s | Basic Bearings data

MASS MCLUDING WIKDINGS - 3@t kgim LENGTH DOAHETRAL CLEARA 025470331 mm

IZE .

DET &1L

N HOMENT OF AREA . - 4429410 mat EFFECTVE LENGTH...._» 180 mm
; . 2

POLAR MASS MOMENT OF INERTIA . 2521 xg 0t m SUPFORT STEFNESS

RERTIAS i) HORZONTAL BEARING SUPPORT STFFHESS « 500 Wiwn

PLOT EXCITER. MAIN EXCITER, DIDDE CARRER ASSEMBLY AMD EXCITER SHAFT = & kg m® k=i G S o e il I [ T

T 5 - 2
MAll ROTOR INCLUDING WINDINGS, ENDCAPS, COUPLING E = 973 kg 0 ADCITIONAL MASSES AND POLAR NERTIAS
COMPLETE GENERATOR ROTOR ISUM OF THE ABOVE! = 975 kg B -

M1 FAN MASS = 22 kg INERTIA = 15 kg n?

Shaft RaJius, meters

MOTE: Mk® IS THE POLAR MASS MOMENT OF INERTIA WHERE k 15 THE RADIUS OF GYRATION
M2 ROTOR CAP AND EMDWINOING . - MASS = 839 kg WERTIA = 581 kg m®
MY ROTOR CAF AND ENOWNOMG MASS = B39 kg NERTIA = 281 kg m
Mé; FAN MASS = 22 kg MERTIA = 1.6 kg n?
- M5: PILOT EXCOTER ARMATURE . MASS - 105 ky INERTIA = 0142 kg n?
Local Masses & Inertias |z e ae el
M7: DIDDE CARRER ASSEMBLY —e MASS = 33 kg MERTIA = 118 kg n?
6628
£70 2370 2570 1018 2+
L= L= = _
M1 Mz &0 M3 M M5 Me M7
' ' ale v v vVov

|
ml
|
S
=
-
[~
L
=
(8]
=]
-

[ -
[N

]
|
|

|
|

Axial Location, meters

=
i
S—1

F 3 5 3 5 7 91 23 | 25
2 &4 6 a 1 15 " 12 14 % 16 22 24
: Shaft information Simbol model
Impie rotor moae

[ — e
IND. 1 Z ] & 5 4] 7 8 9 w0 1 12 13 14 |1'3 16 w7 B 19 Z0 21 27 Z3 i 5
LEMGTH {mm! |48 o8 78 (292 |78 (8a oo (288 |32 (30 30 2 |248 |00 |Bb 7R (292 [19e [FO 95 18 26 212 |74 183
0.0, (mml 416|250 330 (254 |350 [3T0 [420 |3V (416 [4DB |408 |46 |3TZ 420 |3?0 350 (254 |350 (332 B0 210 (194|180 188|126 ,

= :

Almost all information are available in this drawing
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L ateral Analysis

Undamped Critical Speed Map £ T B
Undamped Critical Speed Map

But your own fitle here Undamped C.S. Mode Shape Plot
Use this template file for models employing S units (kg, m, M). Put your own title here
Use this template file for models employing SI units (kg, m, M).
100000
I l l l l | — forward
. R — backward
4 5 L e
l l ' 18411 cpm
) o L _'_____._.4;”///4 K=1000000000 N/m
10000
o
o //Q)_‘l‘_’a
E 1000 | \
g / Ko N Kyy
w
E /
= 100
£ —
° /
“ /
=
/ Undamped C.S. Mode Shape Plot
Put your own title here
1 Use this template file for models employing S| units (kg, m, N).
100. 1000. 10000. 100000. 1000000. 10000000.  100000000. 1000000000. 10000000000. — gomki\il:d d
= — backwar
. f=49736 cpm
Stiffness cpmi cpm2 cpm3 cpm4 Bearing Stiffness, N/m K=1000000000 N/m
1000. 34 67 40147 81236
Undamped C.S. Mode Shape Plot
Put your own fitle here
_ Use this template file for madels employing 51 units (kg, m, N).
Undamped C.S. Mode Shape Plot — forward
Putyour ovn tile here — backward
Use this template file for models empioying SI units (kg, m, N).
K=100000 N/m|

Pivotal mode identified around 4700cpm .../ " &
Relatively far from 3000cpm ~ %=
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L ateral Analysis
Damped Critical Speed Map

Rotordynamic Damped Natural Frequency Map
Generator with bearing clearances of 280um pp

8000 i - 2X line —a— Forward cylindrical mode
i e o —+— Forward pivotal mode
el PSS PP S : = —.|  —— 1stforward bending mode
E —e— 15t reverse bending mode
(=N
© 8000 T —o— 2nd forward bending mode H
=
2 —o— 2nd forward bending mode V
@
S 5000 1 = —— 3rd forward bending mode
7] - .
T ' 3rd bend od
e s e | - —o— 3rd reverse bending mode
@ 4000 - - ! . —
B 7 : 1X line -
5 A)r | —~
= [ -
3000 + 7 -
e —_
s _ - :
, 1
2000 + - -
E ~ ‘_‘_*_‘_‘}—é i : kb
s _ - !
) S e e .
s . Operating speed
% |
0 - - - - f f t t f
0. 500. 1000. 1500, 2000. 2500. 3000. 3500. 4000. 4500, 5000.

Rotor Speed, rpm

Do those intersection points match with the measurements ? L/ ., ,.
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L ateral Analysis
Damped Critical Speed Map

Natural Frequency, cpm

8000

7000 +

6000 +

5000

4000

3000 +

2000

1000

Rotordynamic Damped N

atural Frequency Map

Generator with bearing clearances of 280um pp

- 'ZX line —a— Forward cylindrical mode

s —+— Forward pivotal mode

—— 15t forward bending mode
—e— 15t reverse bending mode
—O— 2nd forward bending mode H
—o— 2nd forward bending mode V
—— 3rd forward bending modea
—o— 3rd reverse bending mode

Nty e B el el ety
_ s - | i.
s~ ! . Operating speed
Zanll | . 2 | | | |
0. SIT;D. 101210. 1 SEJIJ. ZIJIIIl. 2560. BDIE)O. 35II]1 4D1I}D 45I00. 5000.
~ 1700 rpm Rotor Speed, rpm /
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Lateral Analysis »n ©

Damped Critical Speed Map
1X FWD polar plots for DE and NDE generator side

w" GEN DE X w" GEN NDE X
-tl_Generator -I_Genemlor

2097

soos >« »
8 um pROALAL SEA CCWROTATION | 20 umpp FULL SCALE CCW ROTATION
.
1X DE and 1X NDE vectors are in phase and resonance S
IS around 1680rpm, in accordance with calculation 17 ~B =
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L ateral Analysis
Damped Ciritical Speed Map

Rotordynamic Damped Natural Frequency Map
Generator with bearing clearances of 280um pp

9000 : Pz 'ZX line —a— Forward cylindrical mode
i s —+— Forward pivotal mode
7000 T | —&— 1st forward bending mode
E —e— 15t reverse bending mode
(=
S 6000 + —0— 2nd forward bending mode H
>
= —o— 2nd forward bending mode V
@
S 5000 1 —— 3rd forward bending mode
E —o— 3rd reverse bending mode
E 4000 +
=
m
=
3000 +
2000 + == o ’ !
- 1800 Cpm é —-— - _/I -—.._t__‘}_‘q-'" AR iy
- |
- 1
w7 . .
s . Operating speed
v * i
0 - - + t f 4 f t f
0. 500. 1000. 1500, 2000. 2500 3000. 3500. 4000, 4500 5000. ‘
~ 900 rpm Rotor Speed, rpm
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L ateral Analysis ®

Damped Critical Speed Map

2X FWD polar plot for DE and NDE generator side

e PN £3
\ 105
KEYPHASOR UNDER SPEED (FLAGGED DATARIETTED) 2836 KEYPHASOR UNDER SPEED (FLAGGED DATA STED)
B //-» \‘?\\ . \\ il S /\/ \f\\
/ ~ 41937 N
-1 Y Ve ; 1907 1950 1986 \. 0
< cage APDAW w1648 w02 X
Vo am AT Ry
B?fm‘ = 2’ ) b POINT E : 1st forward bending mode shape
§ 6 —_ forward
— backward
_— f=1923.8 cpm
\ B | b sl d=1.073 logd
11 £ 859 &/ N=900 rpm
N f
1 BAq »
0
X . : X
848 . 727 BT : . \
a)gm W0 .7‘3_‘/ > /
% b O™26004, ; :
180 . 20" \ vao" N -~
TR > 2626 % g5gn- 2520 Mien. ' [23
] . SO, Tl >« 251 I’T ) : . ot |
~— e . 25584 . — /
—— ~ ——
] 2588w rl‘?ﬂ 4238 ’
05umpp FULL SCALE CCWROTATION | 10 umpp FULL SCALE Fi X cov

2X DE and 2X NDE vectors are almost in phase and | \/,4.
resonance is around 900rpm, in accordance with calculation i
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L ateral Analysis
Damped Critical Speed Map

Natural Frequency, cpm

8000

7000 +

6000 +

5000

4000

3000 +

2000 +

1000

Rotordynamic Damped N

atural Frequency Map

Generator with bearing clearances of 280um pp

- 'ZX line —a— Forward cylindrical mode

s —+— Forward pivotal mode

—— 15t forward bending mode
—e— 15t reverse bending mode
—O— 2nd forward bending mode H
—o— 2nd forward bending mode V
—— 3rd forward bending modea
—o— 3rd reverse bending mode

43TH TURBOMACHINE
3G6TH PUMP SYMPDSIA

=5q > _ .'
o ) ! kbbb i—h—i—h—
s _ !
s - | '.
g - i : .
T . Operating speed
+ t + t H f !I t t ;
500, 1000. 1500, 2000. l :iSOO. 3000. 3500. 4000. 4500. 5000. ‘
wOr Speed, rpm
~ 2300 \ \/
rpm I -3,
~2400 rpm =
D




L ateral Analysis

Damped Critical Speed Map
2X FWD polar plot for DE and NDE generator side

" GEN DE X |#"GEN NDE X
um pp
34

14 o

: ‘I‘ o &

DE probe is close to the node.

(-‘zl
2
58

DE side probes are located at the nodes
so “H” & “G” are not visible. -

“X” was not on the DCS map ?7?

[ -
O
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L ateral Analysis
Damped Critical Speed Map

Rotordynamic Damped Natural Frequency Map

Generator wﬂmlearances of 280um pp
8000

X : v '2X line —a— [Forward cylindrical mode
i —— Forward pivotal mode
7000 1 i —— 1st forward bending mode
£ —e— 1st reverse bending mode
o
o 6000 + —0— 2nd forward bending mode H
=
= —o— 2nd forward bending mode V
@
3 5000 —— 3rd forward bending mode
:‘—j ! —o—3rd reverse bending mode
® 4000 - I . ! i -
5 s . 1Xline ~—
5 e ! -
= e | ™
3000 + e -
7 - -
e -~ I W\ “wyy
- I
2000 + e - - ; |l [ X Cou Id be I = nm
e i e aAa P b
s - i
w22 — .
s . Operating speed
7z i
0 t t t f : 4 f f :
0 500. 1000. 1500. 2000. 2500 3000. 3500. 4000. 4500. 5000 ‘
Rotor Speed, rpm \ / Y
| B8
O

43TH TURBOMACHINE
3G6TH PUMP SYMPDSIA




Lateral Analysis

XLTRC? model / Damped Critical Speed Map

Rotordynamic Damped Natural Frequency Map

Let’s increase beari Ng clearances Generator with bearing clerances of 325um

from 280um to 325 um ?
7000
X and | points merge .... £
© 6000
. >
Given clearances were not correct ? 2 _
. = )
Bearings worn ? 3
L. 4000 Q =
©
] -
§ 3000 o e , ’ 1x
~ L =
In any case, the model and oo | B < ‘ e 4
measurement match for several points. (E) /;/w-h._h:,,_,r_ﬁ_’ —y
1000 + = ,,.-.-" =
It seems that the increase of vibration = — | | | |
after the grid short circuit incident didn’t © 509, 1000, 1800, 0P, =00 2.
) : o Rotor Speed,
induced major mechanical issue on the oIor SPeed. Thm 4
generator AL
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Lateral Analysis

Flash back to the trim balancing

Important trim balance remark . The C vector lags the trial weight by 65°

Theoretically it means that at 3000rpm the generator Is running close to a resonance.

3000 1x Forward pivotal mode shape at 3000rpm (Bearing clerances of 325 ym)
—+— Fwd Pivotal 325pm /
: forward
2500 + ) - P — backward
e Fvd Pivotal 280pm ~ =2815.1 cpm
d=2.982 logd
2000 + - ~ N=3000 rpm
/
1500 + f 3 / /
/
1000 + g ~
-~
500 +
] } + : + ¢
0. 500, 1000, 1500. 2000. 2500. 3000.

Rotor Speed, rpm

” e
-
>
43TH TURBOMACHINE Q
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follow the 1X line and it is really close to 1X line at operating speed (3000rpm). _ \

The lateral analysis seems to confirm this assumption ! The pivotal mode frequenc%//
|




Lateral Analysis

Imbalance response / 300g at DE side

Rotordynamic Response Plot Rotordynamic Response Plot
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Conclusion

« This unit is still running after 3 years with a low level of vibration

* A boroscopic inspection of the generator was done by OEM. Everything was
as expected (no sign of moving part)

« The bearings were not inspected yet.

* Even a simple generator shaft can have a complex dynamic behaviour

* A simple rotor model can really help to confirm that the state of the machine

IS acceptable on SITE.




