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Abstract

Objective : To share‘with users-of Turbomachinery the fact |
that High Speed Turbomachmery with components possessing
Residual Magnetism produces high shaft voltages & ' high
current, which can lead to severe problem like high Vibrations,
damage to the machine components and.can cause heavy
productron Ioss -'

Scope The Case Study details this typrcal problem due to
rre5|dual magnetrsm In SynThESIS Gas Compressor-at National
Fertilizers: Limited, Pgrtrpat Unit, INdIA in-which the problem
lead to repeated overhaulings, of compressor replacement of
three ,,pumbers of rotq?s damage to numper of bearings & O|I
film seal rmgs Jt deta/s wor assocrated in dlagnosrs of the
. problem, measure taken for temporary rellef so as| keep.
machine runnmg and final work done for permanent solutlon of
the problem. | ’




Abstract-cnt'd

Result of the Case Study:
The machine behaved normally ‘after the rectification job, at low

vibration levels. [

. (1] : ol
Lesson Learnt : X7/ '
_The Residual/Magnetism can cause typical problems:in Turbo

““machines, like High ‘ibratiﬁns,.(;qmponént Failure, causing

severe limitations inimachine. lts early detection istypical but

ways are there to detect it. The users of Turbomachinery & the

Maintenance Team have to talje precautions so as'to prevent

introduction of Residual Magnegtism in the ma\(;hine e §
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Synthesis Gas -Compressor - A brief Description:

Type: Centrifugal, Barrel type casings

Speed: 11,000 RPM

Steam Ist Stage I ' '| 2nd Stage ' 3rd Stage
Turbine =ﬂ= Compressor I Compressor =H= Compressor |.
: 4 With Recycle
' || End shaft Seals: Floating type Oil Barrier Seals
; ‘ Journal bearings: Tilting pads type : [ e
S(TIAGES Ist 2nas 3rd and recycle stage
Mddel | BCL-507 BCL-407a | 2BCL-407b
Gas Handled X Syn. _Gaé ‘| Syn. Gas Syn.Gas | Recycle Gas
N l. N (Hzf N2) ([~ (I—i|2+N2) & (H2+N2) .
Capacity (Dry)'Nm?/ Hr. By po%e0 j& 99,960 99,960 4,64,300
Intake_Cbnﬂi#ions: L/J, \ \
Press?vﬁrfe (kglcm%abs.) f / | 375 1_ 80 b= 186 219
Temperature (Deg.C.) 33 \" 41, N\ f32ll |
Dischargecanditi_ons: \ Y [
Pressurea(kg/c‘_m2 abs.) 81.6 \ 148.5 221 235 |,
" | Temperature (Deg.C.) 144 | 133 113 |

(N
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Beginning of Problem:

High vibrations used to appear on Intake end of second
stage of Compressor BCL 407a ' L

Vibrations usedto attain hlgh value of 5 mllls / 125
mlcrons (shaft vibration as on _monitor)

:-Whereas shaft V|brat|on on dlscharge end Was normal
q4mmg ' |

Inspected bearlngs and observed rubblng [ babbit
removal in bottorh .tlltlnb pade of Intake end Journal

beanng ._“ikf i

P Replaced the journal bearlng with new one
_ '\\ h



Status after Be-aring Replacement:

*Vibrations at intake end decréased to 2 mills (50 microhs) &
at discharge end was 0.4mills.

*But again within a span of one to two months the vibrgations
used to increase to 4.0 mills at intake end whereas the
discharge end it was normal . : WA

*Vibration magnitude:

First stage Second stage ' Speed/ load
Discharge end | Intake eqd Discharge'end | Intakeend | :
0.7mills ' 1) | 12mills| {[0.4mills 4.0 mills' | 11200 RPM / 100%
: | sy (P i v e \ VR load
= |

-Tﬁgcleérance of jodfrjal beari\ng at Intake end used to _
increase to 0.20 to 0.22mm against maximum allowable value /|
of 0.15mm. © 1 O AW N gl
*We could not increase the machine load beyond 100%as | |
beyond this load, vibrations:.,uséd to increase further-on
.second stage el _ IJ
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OVERHAULING OF COMPRESSOR

The second stage of compressor was opened for overhaulrng in plant
turnaround ¥ i

| . |
Observations: Corrosion (metal removal) marks were observed on
rotor shaft at the seat of thrust coIIar i |

00

Work Done:| Rotor repI ced with spare ro{or .
Assemply,“vvas made wrt newrouinal bearings, & oil seal rrngs

Status after the Overhauling: ~ ~ .~ /)
Normal vibrations upto 66% load LYY T ] e
High vrbratrons at drscharge end b yond 66% load : | f

 Normal Vibrations on intake end

(N » .



Status after the Overhauling- Cont'd:

First stage )% Second stage

Discharge end Intake end Discharge enid Intake end

Speed/ load

0.6 mills 1.1 mills 0.4 Mills 0.3 mills

3000 RPM '

0.6 mills 1.4 mills 0.7 mills 0.4 mills

9000 RPM

1.0 mills. 1.3 mills ™ | 0.9 mills 0.4 mills

10580 RPM / 66% load

0:8 mills - | 1.3 mills 4.5 mills 0.6 mills

O,

11200 RPM / 100% 'load

.. Vibrations Signhatures on Second stage, Discharge end
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Observ - - .-.

At 100% load peak component appeéired Lt 0.44 times the running speed
At 66% load this component at 0.44 ti‘me_s.\l?PM disappeared
- S (AN EY e




Second Overhauling of Compressor

We kept running the machine on low Ioad & then again opened the second
stage for overhauling. ' , LY

iy ..
Observations: P Sl (]

The labyrinth seal of balance drum was rubbed /damaged & ruobblng on
gas: seal & balance drum seal area on rotor

The allgnmentwas checked & foun 10 be within d%si\gn Ilmlts |

/ , j
The assembly was made with spare repaired rotor new bearlngs 4 0il-

| gy it

sealrings . ? Wl : f e
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Status after Second Overhauling;

On restart after overhauling the vibrations wer:e:}

First stage CcthIO- Second stage comp. i _Ma,fghine
Discharge End | | Intake End | Discharge’End | Intake End | ~ Load
[ asmills | 1.7mills 0.5 mills 0.4mills || 106%
1.2mills || 1.3 mills 2.1 mills 04 mills |  '106%
o romills | 14mills 2.9 mills 0.8 mills 108%

o

- Slowly wit‘hin few daLy'S sezll drain hrai;es In second stage

compressor started np reasmg\ |nd|cat|ng hlgh clearance In

N
.h.
-’

floatlmg type oil seal r nfgs

- Decided to inspect the oil sea rings & bearmgs of flrst &

A\

second stages ' .- | e
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Observations on Bearings & Seals Inspection

Frosting, grooving & burning marks & spark damage was,
observed on babbitt of H.P. sel rlngs with deep babbltt removal

e i L. ¥
‘F b[Stlng n 5 - f--, Frosting on
Shaft Journal | -

Pads

\u
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~Journal Bearing }
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Diagnosis |
The pattern of damage was_ giving clear symptoms & ewdence B !

The frosting on half of shaft mrcumference burning marks repeated
failure of oil seals, bearings, high vibrations, which perélsted éven
after change of rotors, oil seal rings & bearings were sh'owmg high’

probability of high electromagnetic current dlscharge thrbugh these
.combonents | N

Melting pits & Y R / .
arcing - - . 2
grooves on

Babbitt of seal |

Frosting & burn
spots on Thrust
Bearing Pads

Spark tracks on | b
~  back seatingarea, e 1 e
. ofjd)urnal bearlng a5

“pad 7 EN o o 1 B
All above were dlstlnctlve featur%s & mdncators of Electromagneﬁc
;shaft currents. \-‘ | , el

o G . ]



CORRECTIVE ACTION PLANNED

We'decided to fix shaft grounding brushes in second stage of

compressor (as these were not provided initially on compressor or |

turbine ), for following reasons: | |

» To detect the presence of shaft currents & voltages & to measure
them &

* Shaft grounding brushes could help-us in providing r'elief t0'some
extend.in case of presence of high shaft currents ;

«Carbon Bronze spring loaded sticks in stock (prowded by OEM of.
oxygen compressor for their machine) were fitted in in-house
fabricated holder & was installed on second stage compressor on

“upper half of journal bearing cap of intake end (|n plane of vibration
‘probes). . | | N }, O

i ||
| h ~ \

“II'(/ |

Vibration

house _
made> Carbon bronze grounding \ New installed Bearing Bifdcket
holder brush with spring | grounding brush |

(N
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Results with Grounding Brush installation on second stage

Measured Shaft current by connecting Oscilloscope. High voltage
spikes were observed. Indicated p:)r,,esence of High electromagnetic

shaft currents _~ From shaft
"~ grounding brush

Resistance R: 1ohm | .

Ly [ 1 ) % @Oscnloscope )

OV |
“ P _|7 Earthing Currentl VIR

o

" Vibration magnitude: ] PSRy |'
First stage 'cotnp. i, (1 ~Second stage comp -' | Machine | Speed
Discharge End Intake Enb/ Dlschargje End Intake End \ Load
0.8mills . | 30 mills/ [/ 12mils 13mills, | 106%/ | 1128Q \
Result: The V|brat|ons of second st ge came down. But V|brat|ons on first
stage started increasing. \ 1L

Action: We mstalled similar shaft grounding brush on First stage
=Resu|t The vibrations on First stage came down.

u\ 1 e
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Permanent Solution o the Problem

e As shaft grounding brushes can help in milder eases but are
not permanent solution to the problem of eIectromagnetrc In
nature e

] | 4 a2

. The complete relief from problem was only by degaussrng of
mégnetrzed parts, which could include rotors and static
Components (of compressors and turbrne)

N ] 1 } (S i| & .
e During plant turnarq nd' all the three stages of compressor & its
drrve;team turbrne was opened. ﬂ

/ \ M | I . . | \ \|
\ If ) A ) III

S : \
 Magnetic survey of all internals like rotor draphragms turbine ._

glands blade carriers , bearrng bearrng casing, couplings, seals
etc was done . |

ti’..\ \
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Permanent Solutlon {0 the Problem - Contd

Residual magnetism found before degaussing:

Rotor ' 120 Gauss | Agdinst aljowable
Casings 60 Gauss value of max. 3 to
< Bearlng casing of second stage 200 Gauss g“ss' r
I Sealsri | | 15 Gauss o
f“"CoupImg s 35 Gauss'

' l | }[ S L I '

These resndual magne‘tlc field levels Were brought down to below
acceptable levels byL emagnetization using Auto Demag machine i.e.
less thian 2 gauss in ¢lose cleankance areas like bearlngs Journals &
seals and‘8 gauss in/ Jother areas f v | .

Result- Machine behaved ormally W|th\low V|brat|®ns
levels after this.

h\ 1



ANALYSIS 7

Lets review ‘HYSTERISIS' Phenomenon

H: Induction force in oersted e
(proportional to Current) |

p—
»

1S Xn|4
O

B: Magnetic field in Gaus'e

L
-
q\k\i
=
v
o

OD: Residual'magnetism, when 1=0

OC: Induced Magn|etism i
OF: Induced Reverse Magnetism

(D
Jf we take a coil with demagnetrzed closed ring in it & pass an electrical
Fieurrent through that corl~, then |t}.[.prod_gceks e magnetrc_ field perpendicular
to that coil. Vi N . %

If this magnetrc rnductron S qurckIy\ removed then the closed ring retains
this magnetism which is| alled Rentanent Flux Density or '‘Residual

Magnetism, which will bée prbportro aI to the current that was passed
through this coil. . | A R &

o\

This phenomenon is known as ‘HYSTERISIS’



ANALYSIS - Cont'd

‘HYSTERISIS’ in Turbomachinery:

The phenomenon of Hysterisis'can occur in Turbomachinery mainly
due to electric welding carried around the machinery, Ilke on its
plpellne casing etc. o

In case of electric welding we immediately drop the weldlng holder
away from job which causes removal of current'quickly, which is
worst condition for magnetlc field and results into residual |
magnetism somewhere in its components, which may be rotor,
~bearing, dlaphragm gland etc. -

"When such machines \Wlth cov{hponents that stores a magnetlc field
runs at high speed, these machines become generators’’

These currents generat# in Turlé\omachmery will discharge through
bearifigs, seals etc.whjc /have minimum clearance and damage |  \
these components. -t el N |
! 3 | N | L
Every machlne however, has a sh ft voltage threshold beyond WhICh
=prob|em will ensure. | |

17



f'due.to weak voltage. ~ N
' / |
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CONCLUSION:

In our case an Electric Arc Welding was done around the Synthesis Gas |

Compressor train , on nozzle of reference gas lines on second stage, just |

before start of the problem

*This probably introduced the residual magnetism & caused thf‘e%repeated
failures of components and high vibrations in the machine due to
electromagnetic currents. .

i | ; " .| 3 4 i
Reason for Increase in problem severity: '
Initially we were/ not getting full symptoms of electromagnetic currents

: . Ok I|
Finally residual magnetism must-have reached a level where the fields
are strong. enough to re&r/?nt thema%elves In'such amanner as to allow

self excitation in the areg. / | | SR 0 N2 [ B

\ If |

The vibrations, which in'turn resulted into rubbing oT\Fotating parts with
static one e.g. with labyrinth of balance drum which - must have resulted-
in sudden alignment of all small magnets in steel components, causing
increase in magnitude of field strength .

|
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CONCLUSION- Cont'd:

High voltage must have been generated thus breaklng resistance of 0|I_
film of bearings & oil seal rings. |

This results into flow of high shaft currents between static\& rotary
parts with which-magnetic fields gotintensified more with-time.

Darh.éges & proQIem started getting severe with time & clear peculiar
symptoms of electromagnetic shaft currents like frosting , spark tracks,
melting pits & arcmg grooves started appearing on oil seal rings &

beanngs
¢

Spark roughenmg of sdrf'aces L)f the séal bore (WhICh hasl design

clearance of 0.06 to 0. Ofl3 m) star‘ts promoting oil whirl.
Spark/damages occur g )ihe contact surfaces of these'oil seal rings,

This sufface roughness/created on its face restricts its free floatlng \
action with which it starts behaving-like Ilghtly Ioa\ded bearlngs thus
further promoting the severity of ojl whirl. |

This resulted into increase in vibration level typically with frequepc-:yvof
0:42 to 0.44 times running speed. \
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Lessons Learnt |

Shaft brushes can help to ground| shaft currents up to a pornt !

*They can do nothlng about currents which are crrculated W|th|n rotor
or stator. »- 5
‘Theprimary value of brush is that it permits monitoring of"cUrrent

IeveI traveling between rotor & stator and to warn of current &
voltages built up. Feacd

*This makes possible to prepare for thorough demagnetrzatron durrng
scheduled shutdown before a failure can occur’.

- Sohre; Johth Sevb | |

The only way to eIrmrnéte shaft currents is-to eliminate the
magnetism, and to keepunit fre\i of magnetic components which
is intfoduced and plac /r)estrrctr n on welding procedures around
the unit. Thorough demagnetizing the/complete traln and it |s '
consequently an'expensive & time consuming solution, _-’ ,t
specrflcally when in today's era we are moving towards/zero =
umalntenanCe & no Shutdownél approach. ]

(7 5 . f
h\ 1 S il
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Recommendations based upon experience

In order to avoid such severe problem due to residual magnetism in
Turbomachinery one-should take following precautions:\;

-Welldl,lwith precaution around rotating equipment (prOperhg“munding)
\ | . £

-Cheqking for:iMagnetism should be mandatory for aII'overhauIs |

#When bearing hubs are heated for shrink fittings on the shaft by
induction heatrng thenlrts full rdemagnetlrzatron should be ensured

Discharge of high eIeclt ostatrc urrents through ground brushes
continuously for a longer yrme sh uld be avoided. ~ =~ . | |

*Rubbing inside i.e. between rotatlng Iand statronery parts to be |
avorded -
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