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Synopsis

= During the commissioning of a Main Air Compressor in an Air Separation Unit,
the rotor showed increased radial vibrations at the Non-Drive End probe.

" The RCA revealed: The vibration resulted from the excitation of a natural

frequency of the vibration probe support, triggered by the pressure fluctuation at
the suction of the 11 blades-impeller.

" The probe support was redesigned to increase its stiffness in order to shift the
natural frequency. After replacement of the support, no particular vibration
appeared anymore.

o

ﬂ = Generally: The vibration probe support requires careful attention, especially if the
‘Amachine IS standardized for a very large operation speed range.
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1. Background
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Background — Train Arrangement, Compressor

BOOSTER MAIN \
AIR COMPRESSOR STEAM TURBINE AIR COMPRESSOR
[
P 65'385 kW Nimin 3'955 rpm
Nrated 4'036 rpm
FLEX Nmax.cont. 4 157 rpm
COUPLING COUPLING
= apu [ A | N o I/Iﬂ/l 2
Main Air Compressor Feature Main Air Compressor | Sl Unit
3 stages, in-line Suction Pressure bara 0.9
Internal coolers between St. 1 -2 and St. 2 - 3 Discharge Pressure bara 5.6
Tilting Pad Journal Bearing Suction Temperature °C 28
Discharge Temperature °C 90
Mass Flow kg/s 160
Gas (MW) - (g/mol) Air (29)
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Description

= Standard Compressor, designed for a
wide speed range. Same machines
(100% repeat) already in operation
w/0 any issue.

= Machine delivered on site w/o test

m = During commissioning:
- Increased radial vibrations appeared
at Non-Drive End probe

» Vibrations below trip limit
» Vibrations increased with opening IGV

> Because of unexpected vibrations
- TN - Origine of phenomenon investigated. S
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— Findings — Lateral Vibrations (1/3)

110 - 4500
Anti Surge Valve
100 VSpp———— Y —— .
4'000 ﬂDlscharge
90 Speed
g P 300 Inlet
s 80
2 - 3000 5
a 70 ©
> E
(Y] ()
3 60 ~2s00 5 | | NDE-Probe E-Probe
> 4
© :
Ei 50 3 z'ooog
E. 20 Discharge Pressure D ;;:
: [ rso0 & [ w |ncreased NDE-Vibration up to
B 30 : :
5 vibrLtion 0L¥) - Nbe o 60 um with speed (©) then with
IGV- Position load (@)
- - L
© Vibration (XY) - DE » Vibration below alarm (70 um)
s = DE-Vibration still low (®)

& Pllmr-aimruaium i 7123



Findings — Lateral Vibrations (2/3)
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= Vibrations: 11x super-synchronous

= Qverall Vibration increase due to 11x
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Root Cause Analysis — Further Investigations of Vibrations

phenomenon.

= Test Procedure :

= Additional measurements performed at different operating conditions in order to characterize

Test IGV Speed Discharge Pressure ASU
3’960 rpm = 2.9 bara 100% —> 90%
1 35% 4’036 rpm 2.9 2 4.7 bara 100% > 65%
4’155 rpm ~ 3.1 bara 100% —> 80%
3’960 rpm ~ 3.1 bara 100% —> 90%
2 45% 4’036 rpm 3.2 2 3.7 bara 100% = 80%
4’155 rpm ~ 3.3 bara 100% —> 90%
3’960 rpm ~ 3.3 bara 100% —> 90%
60%
. 4’036 rpm 3.3 2 3.6 bara 100% > 85%
50% 3’960 rpm =~ 3.2 bara 100%
60% 4’155 rpm = 3.7 bara 100%
4 45% 3’960 = 4’155 rpm 3.2 -3.4 bara 100%
5 45% 3’960 = 4’155 rpm 3.2 2 3.4 bara 75%

IGV: 0% : closed — 100% : open
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Test | IGV Speed

Discharge Pressure

ASU

RCA — Further Investigations — Test 1 1| 25% | 4036 o
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» Sudden increase @ = 4’000 rpm

= Then slight decrease with increased pressure
= More sensitive to speed than to pressure
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Test | IGV Speed Discharge Pressure ASU
3’960 rpm = 2.9 bara 100% - 90%
Further Investigations — Test 1 | |guem | 20 47bars | 1004 6%
g 4’155 rpm ~ 3.1 bara 100% > 80%
17:58:51.616 4162
17:49:31.655 = 4154
17:40:11.693 = 4153
17:30:51.732 = 4154
17:21:31.770 4156
17:12:11.809 4154
17.02:53.847 4096
16:53:35.886 =i 4036
16:44:15.924 — 4036
16:34:55.963 == 4037
16:25:36.001 = — 4037
16:16:16.040 == 4034
16:06:56.078 =
15:57:36.117 ==
15:48:16.155
15:38:56.194
15:29:36.232
15:20:16.271 =
15:07:34.886 =
14:58:14.924 E
14:48:54.963
14:39:37.002
14:30:17.040
14:20:57.079
14:11:37.118 =
14:02:17.156 = = E - z =
13:52:59.195 F———= —— - — — — = 4035
13:43:39.985 lf—'—‘ﬂ,T‘—, —T———,‘*:f‘———ﬁ,— == = = =7 B 4035 rpm
720 730 770
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= Origin of high vibrations: 11x super-synchronous
= 11x synchronous always present, independly of operating condition
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Test | IGV Speed Discharge Pressure ASU
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Test | IGV Speed Discharge Pressure ASU
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= Clear resonance @ 4’064 rpm and 11x harmonic
= Resonance frequency: 745 Hz 1423




RCA - Origin of 11x - Excitation

= Listing of blade numbers of rotor and stator parts

A, @
o\

NDE-
Probe

.
w’ "

@
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=
L 0§
Stage 1 — Stage 2

DE-
Probe

L]
| Ir‘

Stage 3

.

ﬂ Name # blades Name # blades
‘ @ IGV #11 ® Impeller 2 11+11
> @ Impeller 1 #11 ®  Diffuser 2 >>11
& ®  Diffuser 1 >>11 @  Impeller 3 11
- @  AxBearing Pads @ #11 Diffuser 3 >>11

(11 main + 11 splitter blades)

- Excitation from non-uniform

flow at inlet of impeller 2
15/23



RCA — Modal Analysis of Probe Support

= Model of assembled parts

L ~ Probe sup|!oort
=,

|

L | " Bearing

\f<, e |:| support -
- / .
/// 7’ '// Ii //i//P// /

2l j

3D-NX-Model
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Meshed Half-Model

o

464 Hz

Bearing Support

798 Hz*

Probe Support

* 798 Hz: Probe considered as hollow tube.
703 Hz: Probe considered as “full” tube
- Expected natural frequency: between 703 Hz and 798 Hz

Eigenmodes

~ EXxcitation of the natural frequency of probe support @ approx. 750 Hz
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- RCA — Summary and Countermeasures

= Findings
» Bearing, Casing and Probes were correctly mounted

» Vibrations correlated with 11 times super-synchronous :
Number of impeller’s blades near NDE-bearing

» Higher vibration appeared at only one particular speed - resonance

= RCA

» Increased vibration results from the excitation of natural frequency of
probe support, triggered by pressure fluctuation at the suction of the
11 blades-impeller (forced vibration)

= Countermeasure
» Design of support revised - Increased stiffness to shift natural frequencies

&1
”
&
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- Countermeasure : Modified Probe Support

3D-Model with revised
probe support

N
N
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Countermeasure : Modified Probe Support

= FEA - Results

464 Hz 1’487 Hz

Bearing Support Probe Support

Meshed Half-Model Eigenmodes

- Natural frequency of probe support increases up to 1’487 Hz 20125



Measurements after Modification
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Lessons learnt / Summary

= The support of vibration probes requires careful attention (especially if
machines are standardized for very large operating speed range)

* |f necessary, a simple FE Analysis should be performed to determine the
natural frequencies of the support and for optimization of the design.
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- Case Study — Support Probe

Thank you !
Questions ?




