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Integrally Geared Air Compressors

How do we monitor these types of machines?
» What kind of components are we trying to monitor in these machines?

» High speed gearing

» High speed shafts / impellers
» Low speed shafts

» Geared couplings

» Disc or shim-pack couplings

» Sleeve bearings

» Multi-segment tilt pad bearings

This does not include the driver which could be a motor or turbine of which
either one can add more complexities to the setup of a monitoring route

© 2008 M&B Engineered Solutions, Inc. Integrally Geared Air Compressor Case Studies
www.mbesi.com Vibration Institute Piedmont Chapter Meeting
Augusta, GA 15-Feb-2008



http://www.mbesi.com

Integrally Geared Air Compressors

What parameters do we have available for monitoring the overall condition?

» Bearing temperatures

» Stage and drive gear vibration

» Stage inlet and outlet temperatures

» Stage inlet and outlet pressures

> Intercooler inlet and outlet temperatures
> Intercooler inlet and outlet pressures

» Motor amperage or kW

There are a lot of parameters that can be used including the above items and:

» Performance testing
» OIl Analysis
» And visual inspections

© 2008 M&B Engineered Solutions, Inc. Integrally Geared Air Compressor Case Studies
www.mbesi.com Vibration Institute Piedmont Chapter Meeting
Augusta, GA 15-Feb-2008



http://www.mbesi.com

Integrally Geared Air Compressors

What do we use to monitor the vibration of the machine?

> Is there a permanent probe of some kind on each stage?
» Is there a permanent monitoring / vibration protection system installed?
» Or are our only options temporary accelerometers?

Many permanent monitoring systems will have proximity probes on each stage,
are they?

» A single probe on the stage?

» Dual probes at 90 degrees?

» Any there permanent accelerometers?

» Can you ‘plug-in’ to obtain the raw signal in your portable data collector?
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Integrally Geared Air Compressors

Vibration Analysis:

» Proximity probe use
» Magnetically mounted accelerometers
» High Frequency accelerometers

To use the above probes we need to figure out the expected fault frequencies
So that we can set up the appropriate frequency spans and resolutions

The following segments of the case studies will be on several
Joy (Cameron Compression) MSG 4-stage machines

© 2008 M&B Engineered Solutions, Inc.

Integrally Geared Air Compressor Case Studies
www.mbesi.com

Vibration Institute Piedmont Chapter Meeting
Augusta, GA 15-Feb-2008



http://www.mbesi.com

Case Study #1 - Cameron Compresson M SG

What are typical Fault Frequencies:

» Shaft Running Speeds

» Journal Bearing Issues

» Gear Mesh (and other gear fault frequencies)
» Vane Pass (diffuser vs. impeller)

» Coupling/Alignment

Motor

» Shaft Running Speeds
» Journal Bearing Issues
» Electrical Frequencies
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Case Study #1 - Cameron Compresson M SG

Example Fault Frequencies:

» Shaft Speeds:
» Motor, Couplings, & Gear — 1781 rpm
» Pinion Speeds — 14,385 & 21,372 rpm

> Gears (420 teeth, 52 teeth, 35 teeth):
» Gear Mesh — 748,020 (12,467 Hz)
» Assembly phase — 187,000 & 21,372 cpm
» Hunting Tooth — 1198, 203 cpm

» Vane Pass — 362,100 cpm (for bladed diffuser)

© 2008 M&B Engineered Solutions, Inc. Integrally Geared Air Compressor Case Studies
www.mbesi.com Vibration Institute Piedmont Chapter Meeting
Augusta, GA 15-Feb-2008



http://www.mbesi.com

Case Study #1 - Cameron Compresson M SG

Displacement — Velocity — Acceleration
What is an acceptable measurementfrequency range:

Displacement (mils)
Velocity (in/s)
Acceleration (g)

Displacement (mils)
Velocity (in/s)
Acceleration (g)

© 2008 M&B Engineered Solutions, Inc.
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3600 rpm 20,000 rpm

0.19 1.05
0.18 5.68

3600 rpm 20,000 rpm
27 0.88
5.1 0.921
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Case Study #1 - Cameron Compresson M SG

NoName Wednesday, February 06, 2008 08:33:20 AM

11/21/2006 7:44:37 PM
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0 S i : i (R s 1 2
11/12/2006 9:57:06 AM 11/22/2006 9:57:06 AM 12/2/2006 9:57:06 AM

Name Data Source Map Description Value Level Status  AutiPlot Min  Plot Max Units Shift TZ Type
E JBAFL1.PV MYRS6000 PMCAnaloghJOY #6 NET AIRFL10.78  Good  Good 0 15 MCFM 0 0:00:0( Best Fit

JEVMM4.PY MYRS6000 PMCAnaloghJ6 2STG VIBRATIO 0.89 Good  Good 0 3 MILS 0 0:00:0( Best Fit
E J6vMM3.PVY MYRSB000 PMCAnaloghJ6 2STG VIBRATIO 0.91 Good  Good 0 3 MILS 0 0:00:0( Best Fit

Note the step changes in the trend plot
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Case Study #1 - Cameron Compresson M SG

NoName

7130/2007 5:50:25 PM

0

i ! LS ! ! | = I | L
2/11/2007 8:35:03 AM 8/10/2007 9:35:03 AM

2/6/2008 8:35:03 AM

Name Data Source Map Description Value  Level Status  AutiPlot Min Plot Max Units Shift TZ Type
H JBAFL1.PY MYRS6000 PMCAnaloghJOY #6 NET AIR FL 9.63 Good  Good 0 15 MCFM 0 0:00:0( Best Fit
= JBVMM4.PV MYRS6000 PMCAnaloglvJ6 25TG VIBRATIO 1.15 Good  Good 0 3 MILS 0 0:00:0¢ Best Fit
H J6VMM3.PV MYRS6000 PMCAnaloghJ6 2STG VIBRATIO 0.93 Good  Good 0 3 MILS 0 0:00:0( Best Fit

Note the variations in amplitude over time
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Case Study #1 - Cameron Compresson M SG

NoName

10/7/2007 4:17:33 PM 11/6/2007 3:17:33 PM B 12/6/2007 3:17:33 PM

Name Data Source Map Description Value Level Status AutPlot Min Plot Max Units Type Period Metho
JEBVMM1.PY MYRSE000 PMCAnaloghJOY 6 VIBRATION MON. #1 0.35 Good  Good 0 3 MILS Best Fit 1 Hour

H JevMM2.PY MYRS6000 PMCAnaloghvJ6 1STG VIBRATION Y PRCB 0.34 Good Good 0 3 MILS Best Fit 1 Hour

H JevMM3.PVY MYRS6000 PMCAnaloglvJé 2STG VIBRATION X PROB 0.95 Good  Good MILS Best Fit 1 Hour

H JsvMM4.PY MYRS6000 PMCAnaloghJ6 2STG VIBRATION Y PROB 1.18 Good Good MILS Best Fit 1 Hour

El JevMM5.PVY MYRS6000 PMCAnaloghJ6 3STG VIBRATION X PROB 0.45 Good  Good MILS Best Fit 1 Hour

H J6VMMB.PVY MYRSE000 PMCAnaloghJ6 3STG VIBRATION Y PROB 0.45 Good  Good MILS Best Fit 1 Hour

E JevMM7.PV MYRS6000 PMCAnaloghvJ6 4STG VIBRATION X PROB 0.88 Good  Good MILS Best Fit 1 Hour

1GV/AARQ DV MVDCARNNN DA Analaah IR AQTR VIRDATINN V DBNR nar Mand Cand LY 1= Ract Cit 1 Hoanre

2O 0000 Q0

Here is a recent comparison to the other stages on the same machine
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Case Study #1 - Cameron Compresson

Spectrum  19-Oct-2008 14:53:38
120000. CPM, 1600. Lines, Hanning
——2nd stg B: 30R 2000 MWEU  Cursor: 0. CPM, 0.0 mils (p-p) (OA: 0.8461)

Spectrum  19-Oct-2008 14:53:38
120000. CPM, 1600. Lines, Hanning
——2nd stg A: 60 200.0 mMV/EU  Cursor: 0. CPM , 0.0 mils (p-p) (OA: 0.9461)

0.45—

0.4

o
W
1

il Cpop)
mils (p-p)

40000 60000 20000 100000 120000
CPM

T
100000

TimeWaveform UnCompensated Unfitered 18-Oct-2006 14:53:38

TimeWaveform UnCompensated Unfitered 18-Oct-2006 14:53:38
(0A:0.9481) ——2nd sig B: 30.R 200.0 mV/EU Cursor: 0.00000 Seconds , 0.1702 mis (OA: 0.9481)

~——2nd stg A: 80.L 200.0 mV/EU Cursor: 0.00000 Seconds , 0.1063 mils

0 I
0.05 0.05
Seconds Seconds

Just after the startup
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#1 - Cameron Com

Spectrum 25-0ct-2006 11:07:28 Spectrum  25-Oct-2006 11:07:28
120000. CPM, 1600. Lines, Hanning 120000. CPM, 1600. Lines, Hanning
2ndstg A: 60.L 200.0MVEU  Cursor: 0. CPM, 0.0 mils (p-p) (OA: 1.308) —2ndstgB: 30R 2000 mMWEU  Cursor: 0. CPM, 0.0 mils (p-p) (OA: 0.8651)

mils (p-p)
i

IR NI |

i | T
100000 120000 100000

TimeWaveform UnCompensated Unfitered 25-Oct-2006 11:07:28 TimeWaveform UnCompensated Unfitered 25-Oct-2008 11.07.28
2nd stg A 60.L 200.0 mVIEU Cursor: 0.00000 Seconds ,-.06268 mils (OA: 1.308) —2ndstg 5. 30.R 200.0 mV/EU Cursor: 0.00000 Seconds, 0.2552 mils (OA: 0.9651)

1 1
0.05 0.0s
Seconds Seconds

This is only 6 days later
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Case Study #1 - Cameron Compresson M SG

1X Amplitudes at different samples: 0.793; 0.851; 0.709; 0.713; 0.862
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Case Study #1 - Cameron Compresson M SG

WaterFall 18-Oct-2008 13:58:27
120000. CPM, 1600. Lines, Hanning
——2ndstgA:; 60.L 200.0 mVWEU  Cursor: 19050. CPM, 0.6276 mils (p-p) (OA: 1.041)

2.000—
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Case Study #2 - Cameron Compresson M SG

Spectrum 08-Jan-2008 10:55:21
1000. Hz, 3200. Lines, Hanning
—— HF Accel: 0.L 10.00 mWiEU Cursor: 25763. CPM ,.04339 g (pk} (DA 0.5964)

01—

*E Spectrum

Spectrum 03-Jan-2008 10:55:21
1000. Hz, 3200 Lines, Hanning
— Std Accel: 0.L 100.0 mV/EU Cursor: 1781. CPM, .01017 g (pk) (OA:.03521)

0.1~

Note the difference in the noise floor of a 10 mV/g vs. 100 mV/g
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Case Study #2 - Cameron Compresson M SG

Spectrum  09-Jan-2008 105759

5000. Hz, 12800. Lines, Hanning

—— HF Accel. 0.L 10.00 mV/EU Cursor: 25734, CPM , .03659 g (pk) (0A:3.244)
12—

I |..|JJH MIH ‘ e

Lo
i I T
100000 150000 200000
CPW
Spectrum 08-Jan-2008 10:57:58
$000. Hz, 12800. Lines, Hanning
— Std Accel: 0L 1000 m\V/EU

Cursor: 77250. CPM , 07402 g (pk) (OA: .06394)

I
100000

L ..h'JIIH .J T

I
200000
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Case Study #2 - Cameron Compresson M SG

Spectrum  09-Jan-2008 10:57:58

5000. Hz, 12800. Lines, Hanning

~——HF Accel 0.L 10.00 m\WEU Cursor: 25734, CPM, 03859 g (pk), dF: 25641. CPM (QA: 3.244)
12—

Spectrum 09-Jan-2008 10:57:58

b ul|.1||l l "Hu‘ IHILLMALJ.I‘...L

150000
cPM

T
200000

5000. Hz, 12800. Lines, Hanning
— Std Accel: 0.L 100.0 mv/EU

Cursor: 77250. CPK
12

M, .07402 g (pk), dF: 77227. CPM (0A:.06384)
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Case Study #2 - Cameron Compresson M SG

Spectrum  09-Jan-2008 11:11:53
20000. Hz, 12800. Lines, Hanning

——HF Accel: 0.L 10.00 m\V/EU Cursor: 747844 CPM , 01117 g (pk) (DA: 5.624)

e .H.-LJ.nx.l"l‘ ||I.JI|I\ . n

[
200000 400000

e L
I
800000

cPM

I ]
800000 1e+006

Spectrum 09-Jan-2008 11:11:53
20000. Hz, 12800. Lines, Hanning

— Std Accel: 0O.L 100.0 mV/EU Cursor: 25781. CPM, .03375 g (pk) (OA: .06194)

|
200000 400000

T
600000

T
200000
CPM

T
1e+006

Now we are at 20 kHz Frequency Span
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Case Study #2 - Cameron Compresson M SG

Spectrum  09-Jan-2008 11:13:18
50000. Hz, 25600. Lines, Hanning
—— HF Accel: 0L 10.00 mV/EU Cursor: 746133. CPM, 0.1100 g (pk) (OA: 11.62)

ol L
1 1 I
1e+006 2e+008 2.5e+006 3e+006
Spectrum 08-Jan-2008 11:13:18
S0000. Hz, 25800. Lines, Hanning
— Std Accel 0L 100.0 mViEU

Cursor: 25654. CPM, 02894 g (pk) (0A: .07855)

L
T T
500000 1e+006

T
2e+006

T
2.5e+006 3e+006

Now we are at 50 kHz
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Case Study #2 - Cameron Compresson M SG

StripChart 09-Jan-2008 11:13:18
09-Jan-2008 11:13:18 to 09-Jan-2008 11:14:09
=—HF Accel O.L 10.00mV/EU  Overall 1182 g (pk)

I I I I I I I I
09Jan08 11:13:16 09Jan08 11:13:22 09Jan08 11:13:28 09Jan08 11:13:34 09Jan08 11:13:40 09Jan08 11:13:46 08Jan03 11:13:52 09Jan08 11:13:58 09Jan08 11:14:04

Are the overall amplitudes really higher than expected?
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Case Study #2 - Cameron Compresson M SG

TimeWaveform UnCompensated Unfitered 09-Jan-2008 11:13:49
——HF Accel 0.L 10.00 mW/EU Cursor: 0.0000000 Seconds, 2.910g (OA: 10.45)

TimeWaveform UnCompensated Unfitered 09-Jan-2008 11:13:49
——HF Accel: 0.L 10.00 mV/EU Cursor: 0.0023359 Seconds,-0.9810g (OA: 10.45)

10+

_ 'W’ (T e ot g ” il F A e *mm'w'm-f"n"wn s gt i

TimeWaveform UnCompensated Unfitered 09-Jan-2008 11:13:49
——HF Accel 0.L 10.00 mv/EU Cursor: 0.0000000 Seconds,2910g (0A: 10.45)

Differing time frames from the high frequency accel
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Case Study #3 - Cameron Compresson M SG

ebase Plot [Compressor HF Waweforms] Plok &

ert HF — WE A

Raw
Timebase or
Waveform

ebase Plot [Compressor HF Enveloped Waweform] Plok &
ort HFE ’ [T = 510 Enee

High Frequency
Enveloping

1000
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Case Study #4 - Ingersoll-Rand Centac ||

TimeWaveform UnCompensated Unfitered 10-Apr-2007 13:18:32

Spectrum  10-Apr-2007 13:18:32

— 1st stg radial: 0.L 10.00 mW/EU Cursor: 0.0000000 Seconds,6.175g (OA: 80.91) 3000000. CPM, 25600. Lines, Hanning

80—

80—

40|

— 1ststgradiab 0L 10.00 mV/EU  Cursor: 41016, CPM, 0.2021 g (pk) (OA: B0.81)

| i l o " LU

L

T I I I
. 500000 1e+006 1.5e+006 2e+006
Seconds CPM

TimeWaveform UnCompensated Unfitered 10-Apr-2007 13:18:32

Spectrum  10-Apr-2007 13:18:32

— Axial: 0.L 10.00 mv/EU Cursor: 0.0000000 Seconds,-1.280 g (OA: 46.14) 3000000. CPM, 25600. Lines, Hanning

80—
80—

40|
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— Axial 0.L 10.00 MV/EU  Cursor. 802227 CPM , 6.004 g (pK) (0A: 46.14}

1
2.5e+006

1
3es006

| e L
i T

[ ]
. 500000 1e+006 1.5e+006 2e+006
Seconds CPM

Note the amplitudes
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Case Study #4 - Ingersoll-Rand Centac ||

Spectrum  10-Apr-2007 13:18:32
3000000. CPM, 25600. Lines, Hanning
— 1ststgradial 0L 10.00mV/EU  Cursor 902227, CPM, 2792 g (pk) (0A: 80.91)

Spectrum  10-Apr-2007 13:18:32
3000000. CPM, 25800. Lines, Hanning

—— 1stsig radiak 0.L 10.00 mW/EU Cursor: 1804453, CPM , 8.988 g (pk), dF: 3833. CPM (DA: 80.91)

& 1st_Ax
10-Apr-2007 13:18:32  ( 3000000 CPM, 2
‘1st stg radiak 1804453, 8.966 (10.00m'
Spectral Bands
SideBand Cursors ( dF=3633.)

1 1
1.7e+00€ 1.75e+008
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Case Study #4 - Ingersoll-Rand Centac ||

Spectrum 10-Apr-2007 13:07:40
3000000. CPM, 25800. Lines, Hanning
——2nd stg radial: O.L 10.00 M//EU  Cursor: 856367. CPM, 3.781 g (pk) (OA: 80.58)

I
1e+006

Loyl g L |J Y
1
2e+006
Spectrum  10-Apr-2007 13:07:40
3000000. CPM, 25800. Lines, Hanning
= Axial 0.L 10.00 mV/EU

1 1
2.5e+008 3e+008
Cursor: 902578, CPM , 1514 g (pk) (OA: 79.66)

i ]

e _..1.4.
I
500000

I
1e+006

I
1.5e+006

I
CPM

I I
2e+006 2.5e+006 3e+006
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WiivisB

Engineered Solutions

Thank You — Any Questions?
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