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Abstract

 Shortly after start-up of a new 4 throw 3 stage reciprocating
compressor, high motor vibration was recorded on a machinery
monitoring system. The single bearing motor vibration levels reached
260 microns (10.25 mils) during a run that dissipated to 25 microns (1
mil) after 20 minutes but repeated intermittently over following runs.
An investigation identified several contributing factors that ultimately
led to realignment of the motor and disassembly of the motor
bearing seals, where damaged PTFE seals were discovered.




Flash Gas Compressors

Commissioning of 2 new reciprocating
compressors in Flash Gas Service

4 Throw/ 3 Stage —2/1/1

Motor
* Induction Motor
* 425 rpm
* 1300 kW (1750 Hp)
* Single Bearing/rigid coupling

Monitorinhg and Protection System Aligned with
AP| 670 5" Edition Annex P

* Including X/Y displacement probes on motor bearing A7 7
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Summary of Events

Vibration appears to have
leveled and started to reduce

Case History

* October 2019
* Train 1 and 2 commissioning nitrogen runs.
* Compressors preserved

Events

Status

(®  Rodload  Mechanical Integrity Overview (Recip) ~Cylinder Trim ‘+ v S0 i LR ®

E-X2411 FLASH GAS COMP 1

Trend
[ E-X2411 FLASH GAS COMP 1 OB E24VES37A Mtr.. v Direct * 47.993 ym pp @ Invalid rpm 10/6/2020 3:00:35 PM

9/30/2020 1:41:08 PM- 10/14/2020 1:41:08 PM X

o3
I E-X2411 FLASH GAS COMP 1 OB E24VES26A Mtr.. v Direct v 59.549 um pp @ Invalid rpm 10/6/2020 3:00:35 PM 9/30§2020 1:41:08 PM - 10/14/2020 1:41:08 PM X G}
e October 4th, 2020 — Train 2 §
» Commissioning reconvened with 2" nitrogen runs ] // ;’;
* No significant issues $im ] / !
] /4 P
* October 6th, 2020 — Train 1 > i
* Alarm on motor vibration after 1 minute 15 seconds ‘ 3
* Noise from the area of the motor bearing, motor fan | - x . . . . \ 8
and barrin g d evice 255100 P 2240100 7M Zras00 o ) m%‘:é;‘;fﬁ?. 25500 M .,fuf;f::......,mn,;oé%i%ﬂ:m -
* Vibration continued to climb - -« EEEEEEE BT T T
* Shutdown after vibration reached 180 microns pp
* Total run time 12 minutes 75
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Potential Sources of Vibration

Alignment
* Single bearing motor and slight vibration response on compressor frame

* Not supported by historical data f

Motor

Bearing Fault
* No significant gap movement and no abnormal temperature increase
* Gap did not return to post run position immediately following shutdown
* Not supported by historical data

Gearbox

Clutch Lever

Motor/Shaft Fault

* Sinusoidal waveform where amplitude varies over time

* N historical | , ,
ot supported by historical data Motor driven barring
device with reduction

Barring Device gearbox and clutch AT7
* Area of concern due to noise in area \ A \
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Train 1 — Initial Commissioning and Preservation

Status Events Case History Status Events Plots

Rodload  Mechanical Integrity Overview (Recp) Cyind | +|v|| E X @ @ v L L SRR O I

Rodload  Mechanical Integrity Overview (Reci

HMEZ®QMIWE LSRR OED

T e i T
B €-X2411 FLASH GAS COMP 1 0B E24VES37A Mir ~ Direct v 0.505 um pp© N/A rpm 10/7/2020 7:59:59 AM x B8 €-X2411 FLASH GAS COMP 1 0B E24VES37AMtr . v Direct v 0.656 um pp @ Invalid rpm 10/8/2019 11:41:51 AM x
° B H d H 2 E-X2411 FLASH GAS COMP 1 OB E24VES26A Mtr . v Direct * 0.555 um pp ® N/A rpm 10/7/2020 7:59:59 AM x 9 E-X2411 FLASH GAS COMP 1 OB E24VES26A Mtr v Direct v 0.555 um pp @ Invalid rpm 10/8/2019 11:41:51 AM. ¢ 3
arring during o
1 year of ' o

preservation, * Barring and runs in

;Lénogt up tot"‘ ] \c/)ecrt\(/)ﬁ?grhzmg with 5 )
microns a N . $ e

times, higher | displacement during H

barring but semi ol ‘
than expected 00 acceptable runs with L

20 ym po/dv

Lo o the exception of the | .1
TN run on October 9t"

T . T — . T
T T T T T
[ - wnarznao saz0 siaz0 sz sz sasraoao Loerzoe, topae tozme torzore
by -5y s b bk by -
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Events Case History

Events Case History

Rod Load

Mechanical Integrity Overview (Recp) Cylinde | +|v|| [ S X @ @ I b2 @ E R R O [ ‘ Mechanical Integrity Overview (Redp) ~ Cylindi |+ |+

Trand £X2411 FLASH GAS COMP 1
Trend EX2411 FLASH GAS COMP 1
BE-X2411 FLASH GAS COMP 1 0B E24VESI7AMIr ~ Direct ' 0,505 um 0P @ Invalid rom 10/8/2019 8:00:00 AM x
'S kixii HASH GAS COMP 1 o8 e o Rt L e % [ £-X2411 FLASH GAS COMP 108 QavESTA MY v Direct ~ 256767 ym pp @ 428 rpm 10/9/2019 10:54:15 AM x
3 E-X2411 FLASH GAS COMP 1 0B E24VES26A Mr > Direct 265145 um pp @ 428 rpm 10/9/2019 10:54:15 AM x
8 E-X2411 FLASH GAS COMP 1 Crankshaft E24XE248AKPH v Speed -l 428.6 rpm @ 10/9/2019 10:54:15 AM
100

‘e October9th, 2019 il
run test. Running \ “
state with ~ 260 ]

microns that

v | il
Very high : } ! dropped to ~20 to 30 § “3 \1
’ \

readings from

October 2019 microns after 20
minutes. 1=
% \
ll 1
warans wigams saans saurans - = T T T T T T T T
2:00:00 AM 2:00:00 AM 2:00:00 AM 2:00:00 AM 2100:00 AM :’“g:g:‘:u :ﬁf::‘:“ i:’:}:é’m ;?é:{z:l;'
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Train 2 — History

Status Events Case History
Rod oad  Mechaical ety Ovenvion (o) i+~ 1 B X @ @ b by B 2 £ Po R O B ] .
- — L ML SHE=NR . Run on October 6t, 2020, where the barring and run
Trend E-X2421 FLASH GAS COMP 2 . .
HE-)(Z'GZ! FLASH GAS COMP 2 OB E24VES37B Mtr.. v Direct v 0.505 ym pp @ N/A rpm 10/5/2020 5:00:00 AM 9/7/2020 8:54:42 AM - 10/7/2020 8:54:42 AM X are at acce table |eve|s Of abOUt 45 mlcrons du rlng
9 E-X2421 FLASH GAS COMP 2 OB E24VES26B Mtr.. ~ Direct * 0.505 um pp @ N/A rpm 10/5/2020 5:00:00 AM 9/7/2020 8:54:42 AM - 10/7/2020 8:54:42 AMX bar‘r‘ing an |ess than 20 microns dur‘ing the r‘un'
B o .
O i
H
5” N Status Case History
(®)  Rodload  Mechanical Integrity Overview (Redp) ovlinde |+(v|| ) 2 I @ @ I | v & @ v e @ X 1
Trend E-X2421 FLASH GAS COMP 2
L | uE-KZ‘lZl FLASH GAS COMP 2 OB E24VES37B Mtr.. » Direct v 0.505 um pp @ Invalid rpm 10/7/2020 8:00:00 AM x
] / l Ef;:szlFLASH GAS COMP 2 OB E24VES26B Mtr . = Direct *» 0.555 um pp @ Invald rpom 10/7/2020 8:00:00 AM x
- T v T " T v T i — T ’ . T T "
2100100 A4 10100:00 AM £100:00 oM 2100100 AM
2 hefdiv 0.505 pm pp @ N/A rpm 10/5/2020 5:00:00 AM
3
%
£
* Barring events in 2020. All are at acceptable levels, but 201':J =)
shows very high levels during barring. This indicates some
influence from the barring device. ‘ ’ ‘ ‘ |
> 1 L -
Comems o ommwm o mms, mems,  smEn R
: 14 days/div 0.505 pm pp & Invalid rpm 10/7/2020 8:00:00 AM
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Findings — Round 1

* History indicates clutch was
adjusted due to slipping

* Significantly harder to engage
clutch on Train 1 verse Train 2

e History shows that vibration
decreases after some run time

* Elevated response during
barring Clutch Plates/Disks Release Ring

 Vertical, horizontal and angular
misalignment identified

* Clutch plate wear N
\ ‘l‘l :
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Restart — Nov/Dec 2020

* Attempted to resolve the vibration issue by:
e Adjusting the clutch
 Aligning the clutch
* Then removing the clutch completely

 All resulted in no significant changes in response

* Re-evaluated the options and decided to inspect motor
shaft, bearing and alignment
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Motor Details

* The motor data supplied was only an outline drawing
showing external details

* Bearing was a 3rd party supplied bearing assembly

* During bearing inspection, inner seal was identified
* Motor OEM identified inner PTFE air seal.

* Inconsistencies on motor stator alignment/movement data
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Inner Air Seal

 PTFE seal “rub tolerant”

* Heavy rub

* Material pulled from
grooves and balled up
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Start-up — Dec 2020

Mechanical Integrity Overview (Recip) ~ Cylinder Trim  Overview (Turbo)  Bearing Health  Rotor Health H FEEZ®@MLWE L LS EEND

Trend [All Data] E-X2411 FLASH GAS COMP 1

Y [EE-X2411 FLASH GAS COMP 1 0B E24VES26A Mir._ v Direct ~ 0.454 um pp @ Invalid rom 12/21/2020 2:53:07 PM
e r E-X2411 FLASH GAS COMP 1 0B E24VES37A Mir.. v | Direct ~ 0.454 um pp @ Invalid rpm 12/21/2020 2:53:06 PM

material was
removed from |
the inner air seal Bl
and alignment
was verified,
there was a J e contuin e RSN SV

successful start- | \
up. = L e e

5 um pp/div
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Conclusions

* Application of displacement probes on low speed reciprocating
compressor motors is not common, and site team did not notice high
values during initial runs and preservation activities.

* Initial fault tree conclusions were based on incomplete data, given
the lack of detailed motor and motor bearing drawings.

* Application of “rub tolerant” or “wear in” type PTFE seals are
common and thought to have little influence on rotor dynamics

* Actual influence of these seals can be significant and lead to
vibration issues if not correctly installed.




Lessons Learned

* Machinery protection/monitoring systems must be active during
commissioning

Review test data to identify anomalies from expected results

Historical designs such as “wear in” seals are viewed to have little to no
impact on rotors due to lack of information. These seals should be treated
no differently than any other contacting seal when properly
commissioned.

Drawings with sufficient details are required for troubleshooting




