Fluid Bearing at
High Eccentricity
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Rolling element bearing problems

*High frequency trend data is most important

*Spectral and timebase data is needed for evaluation of the failure stage
*Machine rpm is necessary

*Bearing manufacturer and part number is helpful (BE)

*Enveloping data is allways adding value and on low speed machinery it is
necessary

N = number of elements
OREP NQ(l d ) Q = shaft rotation speed
O “ 1200 D&% d = rolling element diameter

IRBP = NQ(“dCOSaj D = pitch diameter

120~ D a = element contact angle
FTF = Q(l—dcos(x)

120 D

ORBP = Outer ring failure

DO d 2
:Q: BSlezon(l_(DCOSO{)] IRBP = Inner ring failure

FTF = Cage failure
BSF = Roller failure
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Failure Stages
Rolling Element Bearing Defects

Stage 1

> Defects located below the
surface.

> Very High frequency (5KHz to
~30KH2z).

> Greasing may save the bearing

Stage 2

> Defects appear to surface, still
need a microscope to see

> HF trending still the best method

> Enveloped Spectrum may show

>

imagination at work

defects.
High  frequency  acceleration
spectrum has the data at the high
end too
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Stage 3

> Defects become visible.

> Vibration on Bearing Related
(Prime  Spike) and Rotor
Region become clearly visible.

> Replace bearing.

Stage 4

> Defects can lead to a
catastrophic failure.

> Vibration increases in the Rotor
Related Region (1/4X to 3X)

> Stop machine and fix bearing(s)
and other damaged parts
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Monitoring REB

Case Nuclear reactor circulation pump 1/2: Online

POINT: 10YD11¥1156 /90

From 050CT2006 08:40:00 e 04DEC2006 07:40:00 Delta Time
Max 13.2 mis"2 pk. Min 10.4 mis*2 pk.  Avg 11.7 mis*2 pk

M

|
| I

ANMPLITUDE
0.5 mis*2 pk fdiv’

POINT: 10YD1TVITE /90” Lo Rl e,

DEC2006 08:00:00 Delta Time
637 mmjs rms.  Min 0.562 mmjs m

From 050CT2006 09:00:00 T
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F req u e n C I eS Of I nte reSt (Example of one of the rolling element bearing frequencies)
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|
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(60 IRBP I I
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Plant equipment criticality

Technology | Maintenance Strategy
T

Protection, on-line diagnostics,
process data, performance &

Decision Support > RCM
Protection, on-line
diagnostics & process data
On-line scanning & EMEA
process data
Off-line portable &
process data PM
Templates
Process data Run to
Failure
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Technology...appropriate to asset criticality
a )

8y

KOffIine Periodic/

4 "

FETEENE FHEXN LN

Technology

Online Continuous

\ /

Impact of
Failure on

*Capital Cost

*Production Critical Assets
*Safety

Non-critical Assets

Essential Assets @@
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Predicting safe operating time

Fault types:
Start up faults, caused by faults in
— Design
— Manufacturing
— Transportation
— Assembly
— Service
— Standby
— Startup
Random faults, caused by faults in
— Material
— External effects
Wear, caused by
— Normal wear
— Looseness
— Material degradation
— Overloading

&
e

\
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Traditional
(chain drives)

Bathtub

(electromechanical systems)

Slow Aging

(clutch or brake linings)

Best New
(compressed air systems)

Constant Random
(rolling element bearings)

Worst New
(electronics)
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Monitor Detect
Critically Early

Diaghose Mitigate
Quick & Precise Risk of Operation




WOVIB-4Y — Left  Direct 17JUL2004 10:53:32 271 um pp 3020 rpm
==Unit#1 From 15JUL2004 16:27:12 Ta 18JUL2004 16:27:12 Histarical
WVIB-4X — /70 Right Direct 174UL2004 10:53:29 135 um pp 3021 rpm
==Unit#1 From 15JUL2004 16:27:12 To 18JUL2004 16:27:12 Histarical
NOVIB-5Y — ZZD" Left  Direct 17JUL2004 10:53:27 297 um pp 3021 rpm
==Unit#1 From 15JUL2004 16:27:12 To 19JUL2004 16:27:12 Historical
WVIB-8X = /70" Right Direct 17JUL2004 10°53:32 178 um pp 3020 rpm
-.;ym[#ﬂ From 15JUL2004 16:27:12 To 18JUL2004 16:27:12 Histarical
L L | L L 1 L L | L L L L | L L L L L L
EAMPLE FILTERING 4
600 — |
[in} = I |
=] =1
S&
2 L # |
25
ECE %W
32
< 0 T T T T T T T T T T T T T T T T T T T T T T T P
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TIME : 4 Hours fdiv
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Axial Positions
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DatefTime T Severit Categor Description Path Acknowl &
@ 08 Dec 201017:04:12:383  |Severity 0 |Protection (hw) Alarm [LEFT: HW Alertiflarm 1 35005420 ProximitorSeismic MonitonRyVh-6104-4A1 08 Dec
@ 08 Dec 2010 17:04:12:360 | Severity 0 |Protection (hwd Alarm |LEFT: HW AlertfAlarm 1 3500/42M ProximitorSeismic MonitonRyWh-6104-4B81 08 Dec
@ 08 Dec 201017:04:12:313  |Severity 0 |Protection (hw Alarm  |LEFT: HW AlertiAlarm 1 3500i42M ProvimitorSeismic ManitarRyh-6104-442 |08 Dec
@ 08 Dec 201017:04:12:287  [Severity 0 |Protection (hw) Alarm [LEFT: HW Dangeriflarm 2 35005420 ProximitorSeismic MonitonRyVh-6104-4A1 08 Dec
@ 08 Dec 2010 17:04:12:280  |Severity 0 |Protection (hwd Alarm  [LEFT: HW Dangerlarm 2 350054 2M ProximitorSeismic MonitonRyhi-6104-481 08 Dec
@ 08 Dec 201017:04:12:280  [Severity 0 |Protection (hw) Alarm  [LEFT: HW Dangeriflarm 2 350004 2M ProximitorSeismic MonitonRyhi-6104-4A2 |08 Dec
_@ 08 Dec 201017:04:12:290  |Severity 0 |Protection (hw) Alarm  |LEFT: HW DangerAlarm 2 3500/42M ProximitorSeismic MonitonRyVM-6104-4B2 |08 Dec
@ 08 Dec 2010 17:04.12:280 | Severity 0 |Protection (hwd Alarm |LEFT: HW AlertfAlarm 1 3500/42M ProximitonSeismic MonitoriRWh-6104-4B82 |08 Dec
E] 08 Dec 2010 16:56:01:180  |Severityd  |Protection (hwd Alarm  [ENTERED: HW DangerfAlarm 2 | 350004 2M Proximiton'Seismic MonitoriRvM-6104-4B1 (08 Dec
(®) 03 Dec 2010 16:56:00:383 Severity 3 |Protection (hw) Alarm |[ENTERED: H Alertilarm 1 3500742 ProximitorSeismic MonitonRyVhi-6104-481 05 Dec
1®] 05 Dec 2010 16:55:59:483  [Severity 4 [Protection (hwd Alarm [ENTERED: HvW DangerAlarm 2 |3500/42M ProvimitonSeismic MonitorRyh-104-441

@DSDECED1D1E 5.4 913

Severity 4

Severity 3

Protection (hw) Alarm
Praotection
Pratection (hw) Alarm

ENTERED: Hy Dangeriflarm 2
ENTERED: HW Dange i
EMTERED: H Alertiflarm 1

3500421 ProximitorSeismic MonitorRyh-6104- 492

3500420 PrummnorISemmw MonnurlRVM 6104- 4A1

I
|78 08 Dec 2010 16:04.57.627 | Geverity3 |Protection () Alarm _|ENTERED. Hd AleriAlarm 1| 3500/2M ProwimitotSeismic MonionRyh-6104-482 |08 Dec
(® 08 Dec 2010 16:04:57:233  [Severiv 3 |Protection (hw) Alarm  [ENTERED: HW Alerbiflarm 1 350004 2M Praximitar'Seismic MonitanRyVM-6104-4A2 |08 Dec
@ 01 Dec 2010 14:09:67:313 | Severity 0 |Protection (hwd Alarm  |LEFT: HW AlertfAlarm 1 3500/42M Proximitor3eismic MonitorRyhi-6104-4A41 01 Dec
1) 01 Dec 2010 14:09:57:290 Severity 0 |Protection (hw Alarm |LEFT: HW AlertiAlarm 1 3500/42M Praximitat'Seismic MonitanRyVM-6104-4B1 |01 Dec
@ 01Dec 2010 14:0%:67:243  |Severity 0 |Protection (hw) Alarm  [LEFT: HW Alertiflarm 1 35000420 ProximitorSeismic MonitonRyVM-6104-4A2 |01 Dec
@ 01 Dec 2010 14:09:57:227  [Severity 0 |Protection (hw) Alarm  [LEFT: HW Dangeriflarm 2 3500/42M ProximitorSeismic MonitorRyhi-6104-441 01 Dec
@ 01 Dec 2010 14:09:67:227  |Severity 0 |Protection (hw) Alarm  |LEFT: HW Danger/Alarm 2 3580004 2M Proximitor'Seismic MonitonRYM-6104-4B1 |01 Dec ™
_@ 30 Mov 2010 15:38:00:767 | Severity 0 |Protection (hw Alarm  [LEFT: HW Dangetiflarm 2 3500/42M ProvimitorSeismic ManitaiRyM-6104-4B81 |01 Dec
@ 30 Mov 2010 15:39:00:.767  [Severity 0 |Protection (hw) Alarm  [LEFT: HWW AlertfAlarm 1 3500542 ProximitorSeismic MonitonRyVM-6104-481 |01 Dec
® 30 Moy 2010 11:58:48710 | Severity 3 |Protection (hw Alarm |ENTERED: HW Aleriilarm 1 350004 2M ProximitorSeismic MonitonRyYM-6104-4B1 |01 Dec
E] 30 Mov 2010 11:68:49.17 Severity 4 |Protection (hw) Alarm |ENTERED: Wi DangeriAlarm 2 [3500/42M Proximitor’Seismic MonitoriRvh-6104-4B1 (01 Dec
@ 27 MNov 2010 22:41:26:220  |Severity 0 |Protection dhwd Alarm [LEFT: HW AlertfAlarm 1 350004 2M ProximitorSeismic MonitoiRYM-6104-4A1 01 Dec
@ 2T MNov 2010 22:41:26:220  |Sevetity 0 |Protection thwd Alarm  [LEFT: HW AlerfAlarm 1 350054 2M Praximitar'Seismic MonitonRVM-6104-4A1 29 Now
_@ 27 Moy 2010 22:41:26:197 | Severity 0 |Protection (hwd Alarm |LEFT: HW AlertfAlarm 1 3500/42M ProximitorSeismic MonitonRyWh-6104-4B81 01 Dec
18] 27 MNov 2010 22:41:26:197  |Severity 0 |Protection () Alarm  [LEFT: HW Alertialarm 1 3500/42M ProvimitonSeismic MonitonRYM-6104-4B81 |29 Nov:
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W RVM-E104-481  — 45" Left 08DEC2010 16:56:07 0.315 mil pp 102 6130 rpm W RUM-G104-4A1  — 45"  Righl 0D8DEC201016:56:07 0.238 mil pp AT 6130 rpm
st From 08DEC2010 16:55:01 To DBDEC2010 16:56:33 Histarical =t From D8DEC201016:55:07 To DBDEC2010 16:56:32 Histarical
e R-G104-481 [—1 145“ Left 08DEC2010 16:56:07 2.508 mil pp 6130 rpm e RUM-ET04-4A1 [—] [45" Righi 08DEC2010 16:56:07 3.794 mil pp 6130 rpm
=t From 0SDECZ010 16:55:01 To 0BDEC2010 16:56:33 Histarical Eal From 03DECZ010 16:55:07 To DBDECZ010 16:56:32 Histarical
P B
O08DECZ010 08DECZ010 OsDECZO010 nsDECZO010 03DECZ010 O8DECZ010 O08DECZ010 08DECZO010 03DECZ010 08DECZ010
16:85:01 16:5|5:21 16:5|5:41 16:5|6:D1 16:5|6:21 16:85:07 16:5‘5:2? 16:5‘5:4? 16:86:07 16:5|6:2?
L . L 1 1 1 1 L 1 | | L L L 1 1 1 1 L 1
EETOWMINAME | S I R ! BELOWMINAME T I T 3
30 BAMPLE FILTERING, : ] ! 80 BAMALE FLTERING : : : —
Sz R : : : fgmf | 1 : .
wm B i ' i i W ; ; : 3
R ! ! ! ! gE 27 ; ; : =
£ o = = : Z *w | | L
120E : X : B0E : : : =
ug 1 Jusz : : L
Sg 3 5% | | i
= B Z T T T =
ZE - 2E : : ! 3
™ = ™ i e . =
e 3 R ! ! 3 : e : ! =
: 3 Eh s 8 L W, N, = SR A T
P e S T o T T T i T T f T T T T T T f T
< 16:55:01 16:55:21 16:55:41 16:56:01 18:56:21 > < 16:55:07 16:55:27 16:55:47 16:56:07 TE56:27 >
02DECZ010 0aDECZO010 0gDECZ010 OogDECZ010 08DECZ010 08DECZ010 08DECZO010 0gDECZO10 08DECZO010 08DECZO10
TIME : 5 Secs /div TIME : 5 Secs idiv
e FRM-ET04-482 — fagt Lot 0EDEC2010 16:56:07 0.240 mil pp /239° 6130 rpm E‘?'RVM-EWU4-4A2 — Righi 08DEC2010 16:56:07 0.311 mil pp an 6130 rpm
== From 08DEC2010 16:55:28 To 0BDECZ010 16:56:48 Historical = From 0SDEC2010 16:55:25 To 08DECZ010 16:56:47 Historical
W RVM-ETUS-AHY [—1 45" Lett 08DEC2010 16:56:07 4. 341 mil pp 6130 rpm La’HVM-h“\LI&-AAZ —1 Z45" Righi 08DEC2010 16:56:07 5125 mil pp 6130 rpm
=t From 08DECZ010 16:55:28 To 0BDEC2010 16:56:48 Histarical From D8DECZ010 16:595:25 To DBDECZ010 16:56:47 Histarical
b
02DECZ010 08DECZ010 02DECZ010 08DECZ010 02DECZ010 08DECZ010 08DECZ010 08DECZ010 08DECZ010
16:65:28 16:55:48 16:56:08 16:56:48 16:55:45 16:56:05 16:56:25 16:56:45
1 | L L 1 | . 1 1 | n
1 = 3 ! [ —
nnfl : : | g
%% 1 1 [
=) L 1 1 1
iz I ' — S
= s "Ir'-'. il — " : Increase: 16,5557 b : 7
: : 1 1 e Trips1 656,06 o
] 1 ' 1 1 s |
: E [ T [
= Los B I : b A 1 1 | J—
aE =51 £ : : | | -
=g =R £ : = ]
= (=g \ | ol 1 [
&E :&E Y 1 . I L 1 1 7
2 § LI it ; R (S ~ ]l 1 1 .5
1 ] I : : | : =% 1 ; (—
e : |E : : : el > g B
T I T : T T T i T T f f T T T f T T T i
< 16:66:28 16:66:48 168608 16:66:28 1666 .‘ 16:55:25 16:55:45 16:56:05 16:66:26 16:66:46 ’
08DECZ010 0gDEC 2010 08DECZ010 0gDEC 2010 O8DECZ010 ;  O8DECZOM0 08DEC2010 08DEC2010 0gDEC 2010 0gDECZ010

TIME : 2 Secs /div
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W RYM-6104-4B2 éds" Left Full Spectrum
W RYM-6104-442 45" Right

From 080ec2010 16:53:33 To 080ec2010 16:56:52 HYY Dangerfalarm 080ec2010 16:56:00
E3Hanning SPECTRAL LINES: 1024 RESOLUTION: 0.063x

FS: 0-64 X SMPR: 128/16

aT
a1

| 1 1 1 1 1 1 1 1

08 Dec 16:56:52 |

08 Dec 16:56:42 ™
(8 Dec 16:R6:32
18 Dec 16:56:22
08 Dec 16:56:15 |
08 Dec 165611 )
na Dec15:55:0?‘j}I o
08 Dec18:56105/ :

08 Dec 16:56:04
& Dec16:56:02/

08 Dec 16:56:00
08 Dec 16:55:63 |
08 Dec 16:56:33 | ;
08 Dec 165513 ]
na Dec1E:54:53!
08 Dec 16:54.33 |
uaDec15;54;13)}

na Dec15:53:53|,
08 Dec 165333 ———————————T———=—— — ——— 6951 rpm -
0 1% 2 >

‘ -2 -1x
ORDERS: 0.2%/div

1.031@-0.438X Orders
RFWAJR CORPONFRNTS
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6.163@0.438X Orders
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FRYM-5104-4B2
YRYM-E104-4432

not orbit or polar plof)

-

AMPLTUDE: 0.5 milidiv

=1 /45" Left

REF:-9.692 v
45" Right REF-8R17Y
From OBDEC2010 16:41:29 To 0BDEC2010 17:02:29

OBDEC2010 17:03:42 97 rpm
0BDEC201017:03:42 97 rpm

0.724
HWW Dangerfalarm

0.573(0.534.4.586 ) 0BDEC2010 16:56:05

SAMPLE FILTERING -

—+

o

16:57:19
16:57:33

=1 /48 Lt REF9EmV

45 Righ  REF:9E17V. 280
From DBDEC2210 16:45:58 To 08DECZO1

RV 6104 482

(no arbit or polar plaf)

JBOEC2010 170342 O7 rem
EC20

10170342 97 rEm
550

01655

D.573(0.516 4 568) 6767

HW Danger/lar

=
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g
N
N
L
bar
Pn—e&sﬂ,fﬂzi
4615
030
e
¥ i
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B s
T ] ! ; T
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/
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« I e
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AMPLITUDE: 0.8 mil ppldiv

{QVM*61D474E|2 45" Left Full Spectram
{RVM—61D4—4A2 48" Right
-
=rom 0BDec2010 16:53:32 To OBDECZ010 16:56:51 HW Danger/Alarg
EHanning SPECTRAL LINES: 800 RESOLUTION: 1.25 HZ
:S—E 0-1000 Hz
1 0.5 0.5 1%
1 | 1 1 1 | | 1 ‘_J{\ 1 1 — 1 1 1 | Lt 1 ol 1 | 1 1 -
R R B 'Y P
i : . . . = : o - : — - : ; . I — ]
TN T Y AR ]
R U L RS LI .
S L i PR " . |
} : T T T F T Bt I A 1
= OO0 — . . o & . . i
= L | | ; . i : _ ] ]
s L ! - 4
= : | | 3 A | ]
- I Tt e e _
o 5500 — | | ! | | i
= R
& E } } } } ]
BRI NN | 5
Pt 9 3 % o8 % 71 & % ¢ o R N
e e S S S I S — ]
4500 — _
; | . F— | ]
n j : ,' : : ]
4000 | 1 | L ! ; ] | J b
T | T T T T | T T T T T T T T | T T T T | T 1 =
-200 -100 0 100 200
FREQUEMCY: 20 Hz/div
0.258@-51.25 Hz 1.143@51.25 Hz
REY WIB COMPONENTS COW BOTATION FPD WIB COMPONENTS
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B Trend: B-650 Propylene Ref, Comp, 8|l 3§ M Trend: B-650 Propylene Ref.Comp. |0l
PONT: Tur DEBrgVTY83512 /46" Lef Direct PONT: Tur DE BrgVTX93612 /45 Right Direct
From D4JAN2010 (01: 10:00 Ta 14VAR2010 09:20:00 Deta Time From 04JAN2010 01:10:00 To 14MAR2010 08:20:00 Delta Time
CUI’SUF 14MARQD1H A7 000 (YW ET A vimm mm b AR L imn mm Aosndi ™ rene: 1ARARNAN no:-7n-0n0 = 17 1 1rnnn hdim 1naum pp A\}lg
There had been frequent vibration peaks observed in turbine |||||
3 4 earlier and diagnosed as the case of partial rub of rotor. :::: 3
A 1 =
S; .+ Recently there was sudden mcrease in V|brat|ons on Turbiney| : :::J
L N / = : [E g
25 W fEEDE“EEEfE'”'"ﬁﬁ]ﬁﬁﬁﬁﬁﬁ' 2§ ":"]ﬁ.:ﬁﬁﬁﬁﬁﬁ:ﬁﬁﬁﬁﬁﬁ:"'—f
Ej {3 [ i SR O 4 S N VR (O BB o £ O Y ) o > 1 O e I Al R (I O | i
g ::::::|:::::':::::f:fffffff' qF I R R =
"J“'“"liii‘ZZIZZZZZZIZZZZ' ..:‘.;JJ::-:-::.‘J.:'I'::::'I':iiii:iii-ﬁ
I\II|\ I\I|I\ |II\III|III\II|IIIIII|IIIIII|IIII
0530 05:30 05:30 05:30 05:30 05:30 05:30 05:30 05:30
DTJANIOID  21JAN2010  4FEBDI0 /18FER2010 oaRo0ND O7JANIOID  21JAN20TD O4FEB2010 1BFEB201D  D4MAR201D
; IME: 2 Days /div
P ) )¢ 0 Trend: B-650 Propylene Ref. Camp, -[o]x]

SONT Tur NOE By VIYAE11 /46

From D4JAN2010 01:10:00 Ta 14MARZE0 0% 20:00 Dekta Mime From D4JANZ010 01:10:00 To 14MARZ010 0% 20:00 Deka Time
Min 20Bumpp/  Avo|Cursor  14MARZ010  08:20:00 a 228umpp, Min 1TBumpp, Ay

Ao o oy s bbb b o

FOINT: Tur NDE Brg VTXG3811 /49 Right Direct

=1

s C o i 5.
us ig |l
28 23 WE
i T
Z0 illl g =0 i e
4 Al 4 i 4 -
: ey e e T T
0540 05:30 05:30 05:40 05:40 05:30 0530 05:40 0530 05:40
OTJANZOT0  Z1JANZ010  (4FEB2010  1BFEB2010  D4MARZD10 O7JANZOTD  Z1JANZ010  (4FEBZ010 1BFEB2010  (MMARZ010

TIME: 2 Days fdiv TIME: 2 Days fdiv




NDE side Shaft Damage [}

Since Aug 2007, Turbine has been
showing periodic spikes at NDE
side. Machine has tripped twice
on high vibration in this period.

This is found to be due to heavy
coke deposition and rubbing at
NDE side oil labyrinth

Rubbing with coke has caused
deep scoring and grooving on
corresponding shaft area for
100 mm width and 35 mm deep

""v- - — i
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Essential Machines in Thermal Power Plant

Integrated Condition and Performance Monitoring Applications in Coal-Fired Power Plants

' Coal Comeyar . Pulverizers I H Boller n Economizer J Hneuermorand Cirum I Training ]
: i
|

P

b #ir Preheater

Remaote Monitoring and Diagnostics Center

— Machirery Health ™
— Tharmeamomic Parformaorce

— Cendien Manitaring Sysiem Health

Performance and Gptimization Software
— Beilar Optimizatan
iancy Heot Rate Oatimizaban
SR

MY/LY Electrical Distribution Equipment

-
! Cooling Towers and Fans

P
L] Circulating \Water Pumps

Transformers Sy Pumps

|

— Bossline Data Cellaction
— Fickd Bdarcing & Aligrmmant
— Fothrd Analyss
— fstee Medkiing

N stzam Turbine Generator | condenser

l siteInstallation Services 1

CMMS/ERP
System
Flant Data 1
Metwark i I 1
& Turbine Supervisory . T
Instrumentation {751} FTatEErn (= hom Monhoring.
z Frotaction ond condlilon monitoring Online, cortinuaus mocrinery u gnmde’g:l:nm"u?”ng | Performance
I' Software madsuramants spac ooy for 1rge tubine- pratactizn Onine perdc iwired orwirsiess) oniing, thermodynomic
genangtor sats; Inclugas baaring vioration Offine pericdic [portoble stument) | gmulr:: menitoring ond

and tempanatures, differantiol exparsian,
52 SparEkon, 1ior eccentrichy, rotor
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Asset management platform

Online - Continuous Online — Periodic
monitoring & protection (scanning) monitoring 4
q!

SviReeeal |

VVIITITOO

§3
|

Z

Beo ”? /":_ég >T-'.\—
%i{i (=" S

Y

Critical Assets Essential Assets BOP Assets
Gas Turbines . Fans . Vibration
Steam Turbines . Pumps . Portable Devices
Generators . Blowers . Lube Qil
Pumps . Motor . Thermography
Etc. . Etc. . MCA, etc...
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Thank youl!
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Back Up
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Determining Business Impact

Maintenance Strategies

Safety Maintenance
> Could a machine failure cause > Could a failure require repair
people to be injured? work? Are parts expensive?
Environment Quality
> Could a failure release > Could a failure reduce the quality
hazardous materials or result in of the product being produced by
a fine by exceeding permitted the business?
levels?
Process What is the
> Could a failure reduce production ﬂ%ﬁ?ﬂ?;
Capabi"ty? machine failure on

the business?
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Machine Casing Example

Physical Parameters

Displacement

Velocity

Acceleration
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P-F interval

P = Potential Failure
An identifiable condition

that indicates a functional failure
is occurring, or is about to.

A P /

F = Functional Failure

The point at which the asset fails
to deliver to it's intended purpose

Condition

——
P — F Interval

Time (not on linear scale)

On essential assets P-F interval runs into numbers of days
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A single vibration sensor A pair of vibration sensors
can only measure motion can measure motion in two
in one direction. directions at once.
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Online Scanning Monitoring

B Sista 30 dagar - Timebase Plot [New Plot Group] Plot 1

'F-EEDEDDEH'”” e Lubrication problem on a slow
oy . speed machine

- Very high acceleration peak >100
m/s2

- Clear indication of loss of lubrication

AC COUPLED
10 mis"2div

|

I

I

| ‘ . ‘
i g 500 1000 1500
100 msfdiv

ROTATION: X TO Y (CCW)
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Online, scanning or portable?
Online:
* Protection is needed = failure can happen in seconds
» Operating stages vary rapidly (in seconds)
» Safety and large production losses

Scanning:

* Failure may happen too fast for PDC
* Accessibility

o Safety .
» Operation stages do vary, but are not constantly ¢
* Vibration data quality, especially at high frequency end
» Early problem detection

* Reduction of manpower

PDC:

*  When failure development takes weeks
* Should allways be in place to complement online/scanning systeins
* Inthe starting phase of a CM program usually the first system to be used
» Bedegatory constraints
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Online Scanning Monitoring

Seawater pump gearbox REB failure case:

Scanning

P T i | L,
e T e
|
F
f‘_’..
x
e
o R
P e |
i T nit _'“" 9
L/—'L i NP e L
39,1, 2007 O@:eA 17.87, 2008 go:80 8F 02,2008 09;0%
17.01.2909 0@:D8:0D
Kih_i32#a_3a OA-13254 WANIHOE MOPEA YLA U.04 mmia 1ms 1,1
XIA_13280 _3E GA_ 13254 VARNDE MODPEA ¥YLA 0.0% LN ¥ 41.6%
XIA_13700 _IHF GA- 13254 WAIHDE MOPEA YLA 0.0t =l sl 13.3%
NiA_132%0 _40 OA 13252 WVAIHOE MOPEA ALAN 0.013 maiE (e LERLE ]
ik _13F88 _4F DA 13854 VAIWDE NOPEA ALA 0,01 miwi R
EIB_132%9 _4HF GA-1325¢ VAITHOE MOPEAR ALN L ) ming T
XIA_132%0_%0 GA- 13254 VAIHOE MOPEA AKS 0.03 -E IEe .84
s i GR 13804 vEiNEE NORER AKE e — 380

Overhaul in Sept’08... increase in high frequency trend upward, no increase in Velocity
trend

Jan’09... bearing opened and inner ring failure was observed
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Predicting safe operating time

Generally fault prediction is based on assumption that the value of the symptom is
higher when the fault is more severe.

When a failure development is recognized it may require additional measurements or
added monitoring with same or additional technique

Overhaul date is defined by

> predicted danger Alarming
how rapid the fault developmentis .z ,mpie of problem development
secondary failures o e e —
how true the danger limit is [ A A S
failure history
MTBF
allowed failure
known overhaul dates /

loss of production R e !

“SMAY2006 SIAN2007;

uptime requirements @ = T
total costs, etc
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Bearing failures

Improper lubrication

Belt driven fan — DE Brg
direct input cards
Accelerometer

Problems on Fan DE

In the past several bearing failures
now caught in time with HF
measurement 3 times in

6 months

imagination at work
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Selection of transducer
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Selection of Monitoring System
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Preparedness for Surprises
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Terminology

The four main maintenance strategies are:
e Reactive Maintenance (RM)

* Preventive Maintenance (PM)
* Predictive Maintenance (PdM)
e Proactive Centered Maintenance (PCM)
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Terminology

Reactive maintenance (RM):

 Maintenance performed after a failure or after an
obvious, unforeseen threat of immediate failure.

*In reactive maintenance, machines are operated
In a run-to-failure (RTF) mode

* Daily maintenance activities are driven by
unforeseen problems from assets breaking down
without detection of the impending failure.
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Terminology

Preventive Maintenance (PM):

* Maintenance tasks conducted at regular, scheduled
Intervals based on average statistical/anticipated
lifetime to avoid failure

* Includes inspection, service and/or replacement
* Intervals may be calendar or operating time.
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Terminology

Predictive Maintenance (PdM):

e Maintenance based on the actual asset condition
(objective evidence of need)

 Assessment data obtained from in-situ, non-
Invasive tests and operating & condition
measurements

e Also referred to as Condition Based Maintenance
(CBM).
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Terminology

Proactive-Centered Maintenance (PCM):

* A program of continuous maintenance
optimization

 Based on feedback from Root Cause Failure
Analysis (RCFA) repairs, quantitative PM’s, PdM
routines, CM syste ations.

() ™
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Terminology — other acronyms...

« MTBE: Mean Time Between Events

« MTBF: Mean Time Between Failure

* MTBR: Mean Time Between Repairs

* MTTR: Mean Time To Repair

« MRO: Maintenance, Repair, Overhaul

« OEM: Original Equipment Manufacturer
* O&M: Operating and Maintenance
 ERP: Enterprise Resource Planning
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Terminology

Condition Monitoring (CM):
* The process of recording measurements that define
condition without disrupting operation

« Examples are vibration, fluid & electrical
characteristics and thermal gradients

* Measurements are compared to their limits.
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Terminology

Reliability Centered Maintenance (RCM):

* A systematic, disciplined process to ensure safety
and mission compliance that defines system
boundaries and identifies system functions, functional
failures, and likely failure modes for equipment and
structures in a specific operating context.

« RCM develops a logical identification of the causes
and effects (consequences) of system and functional
fallures to arrive at an efficient and effective asset
1r:ngelmagement strategy to reduce the probability of
ailure.
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Terminology

Functional Failure:

* The System is no longer capable of performing the
Intended function.

* For example, a pump that is designed to produce
100 gpm at 200 psi is considered to have functionally
failed if it can only produce 90 gpm at 200 psi.
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Maintenance strategies

ﬁ

(Effectiveness)
Organization & Availability

Maintenance Cost Expenditures

(Efficiency)
imagination at work

“Privileged and confidential”
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Type of Top Lower
maintenance | Quatile | Quartile
Proactive >20% 0%
| |e=a
Predictive W ~12%
7\
Preventive >25% ~3109
Reactive <10% W
—v—\ v J
100% 100%

Sources:

*Society of Maintenance & Reliabilit
Professionals Survey
*The Business Case for Reliability
Robert DiStefano, John Schultz
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Comparative maintenance spend

imagination at work

$201
From EPRI
$15 1 Power
Generation

Study
$10 T

Maintenance Cost $/hp/yr
a

RM PM PdM PCM
Maintenance Strategies

Note: This chart represents established programs
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Case 1: Transducer selection for fluid film bearing considering Case

to mass ratio

> SHiff

The heaw case, light rotor and stif support
means that the case of the machine should
Experience 3 minital amaunt of motion, Xy
shaft relative displacement transducers are
the appropriate chaice. Ifthe bearing stifiness
i very large, there may be a vibration nodal
pointat or near the bearing, and the
displacement probes should be located at
least & shat diameter away from the hearing.

= Stiff

The light case and heavy rotor imply that
sianificant case motion wil occur, kutthe stif
support implies that the sase mation may be
minirmal. If inve stigation reveals that case
motion is always less than 30% of the sha
relative rmofion, 37 shaft relaive
displacement ransducers may be adequate
The safest choice is to use XY dual probe
transducers and measure absolute
displacement

imagination at work

 Soft

The heavy case and light rotor imply that a
minimal amount of case motion will occur,
butthe soft supportimplies that the case
may experience significant motion, If
investigation reveals that case motion is
always less than 30% ofthe shaft relative
mation, X shaf relative displacement
{ransducers may he adenuate. The safest
choice is to use X dual probe transducers
and measure absolute displacement.

Close| < =Soft

The light case, heavy rotor, and soft support
reans signifiant case motion will probakly
ossur. Use X dual probe fransducers and
measure absolute displacement
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Case 2: Transducer selection for antifriction bearing considering

rotor type

> Suff

Aflexible rotor and i supportimplies that
the vibrafion will have a nodal point at the stiff
rolling elemant bearing Incation. Ifthis is the
case, X shafl relative displacement
transducers mounted at least one shatt
diameter away fram the bearing may ke the
best choice. Casing velocily or acceleration
transducers generally perform well with
ralling element hearings, and REBAM
transducers generally perfarm well with st
suppaits, buta vibration nodal point atthe
bearing may limit the usefuness of these
measurements

> Stff

Casing velacity or acceleration fransducers
generally perform well with ralling element
bearings, and REBAM fransducers generally
perfarm well with St supports. Al should
wark for this configuration, which is common
forrolling element bearing machines

imagination at work

Closa| x

Close| <

= Soft

Even though the rolling element hearing
itzelf iz very stiff, ifthe remainder ofthe
support structure is soff, the result will be a
soft support. The soft support implies there
will be casing motion, and XY case absolute
velocity or acceleration is probably the best
choice.

* Soft

Eventhough the rolling element bearing
itselfis very stif, i the remainder of the
suppot structure is soft, the resultwill he 2
soft support. The soft support implies there
will be casing motion, and ¥ case absolite
velocity or acceleration is probably the best
choice.
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Case 3: Transducer selection for squeeze film damper bearings

wSqueeze Film Damper Close| x

Acralling element bearing mounted in an
oversize housing filled with oil and possibly
supportad by springs is called a"squeeze
film damper" bearing. These bearings
camhbine properties of both fuid film and
rolling element bearings. XY shaft relative
displacement transducers obsering the
shatt nearthe hearing are the appropriate
selection,
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ISA Delhi Section

Case Study - Remote Operations and
Monitoring of Power Station and Managing
security with remote access.




Overview

origin

Together we can
make a difference.™

Page 2




Origin —
Generation
Portfolio




Origin Energy - Company Overview O

origin

* 4500 Employees
/ *Major Business Units \
- Power Generation
- Gas drilling, processing and pipeline distribution
- Energy Trading
- Energy Retailing

- APLNG

One of the Australia’s largest, most diversified
generators with capacity and contractual arrangements
in excess of 5,800 MW.

AND Australia’s largest Energy Retailer with 4.6 milliy
customer accounts.
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Generation Portfolio

Perth

Worsley
120 MW

Darwin

Townsvill
Mount Stuart®l e

423 MW

Gladstone
640 I\/IV\{

180 MW ©Osborne

Romam " BP Bulwer lstand1 32 MW/
4 MW “ Brisbane

Generation office

Eraring PS
224MW  cutlerinRange 2800 MW
than-I?ne, A Sydney
Adelaide Uéaé?nntvl (f Canberra
Ladbroke Grove @
80 MW  Mortiaked - Melbourne
560 MW Tasman

Sea

Hobart




Generation portfolio

*Wind
*CCGT
*«OCGT

«Trading

JHEN

MW

«2000 +2001 +2002 <2003 +2004 2005 +2006 +2007 +2008

*536
o=l === D=1 =]
.

1288

5800




Remote

operational
capability
at power
stations




Remote Operational Capability O

origin

f

Page 8

\_

* Operated by NSPs like Powerlink and Electra-net
- Roma Power Station - 74 MW \
- Ladbroke Grove Power Station - 80 MW
- Quarantine Power Station - 224 MW

» Operated by Origin Generation
- Mt Stuart Power Station (Local operation) - 423 MW

- Darling Downs Power Station (Local operation) - 640 MW
CCGT

- Uranquinty Power Station (operated by Traders - interim
measure) - 664 MW

- Mortlake Power Station (will be commissioned in early
2012) - 580 MW




Remote Operation of peaking power station

* Uranqui
e Siemens
e Control

Page 9




Remote operational Requirements O

mnimise reaction time to have units available and run up to full Ioem

*Maximise opportunity to trade electricity in volatile market.

*Optimise site resources.
eIncrease availability and start reliability.

*Reduced risk of human intervention and error which has potential to

cause delays.

*Buildup in house capability.

Qot trial project to support large scale growth in future. /
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Establish

remote
operation
for peaking
power
station




Establish Remote Operation for Peaking Power
Station

/

for peaking power Station.

» Overview of control system

\

\

* Challenges to establish remote operation

/

Page 12
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Challenges to establish remote operation for Q
peaking power Station.

origin

. A

* Train Commercial traders to operate power plant:
Plant Operational Competency Model which includes:

*Plant Operational Training package

*Customized HMI for Traders

*Customised and Limited DCS hands on operational training.
*Theory and practical test.

*Final signoff to allow unit operation from customised HMI.

\_ /
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Challenges to establish remote operation for Q
peaking power Station - Contd.

4 N

eUser Access Control

origin

User Access to Control System Application
Wednesday, January 27, 2010

*Operational Procedures

*Customised logic design
Strategy

eDocumentation
*Alarm Escalation

*Emergency Trip situation

eAlarm Standardisation
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Connecting to Plant Control System (SPPA T3000) -

Overview

* Remote desktop into Client PC meant for dedicated T3000 workbench
application.

* Open SPPA T3000 workbench application
* Only Authorised users can login.

T3000 |
Workbench

Page 15




Uranquinty Control System Access

* Alogin will be created for all
authorized members of the
trading team. Type in user
specific Username and
Password.

» User name: Specific to each
individual trader

» Password: Specific to each
individual trader

Page 16

SIEMENS Power Generation

.
,/ Lotk TPy

to.#6v up your profitability?
Y
=

SPPA-T3000

% 5pp4-73000 Login. [X]

Trader
specific
User Name
& Password

SPPA-T3000




Customised HMI for Traders

Together we can

« REMOTE OPERATION Screen with all GT’s at a glance for make 2 difference.”
Operations and Monitoring

RED =OK, ON, Run, Open, Active. Green = Not Available, OFF, Closed.




DCS Network Architecture

Remote Operation & Monitoring

o ) Intranet/
Application Highway Corporate
‘ ‘ LAN

- == Application E A2
[ Servers

Automation Highway

=N
L A®
controi controi control contro} H HH H HH H
=== ]
Paging System
lobile
one

GT11 GT12 GT13 GT14
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T3000 Architecture

OPERATING AND MONITORING SYSTEM OVERVIEW

:{an CUSTOMER PROVIDED FOuTER ROUTER FOR CUSTOMER
ANALOG PHOME LIND REMOTE ACCESS

AUTOMATION BUS
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Remote Access Setup

Origin Corporate

ISDN Dialup Network & Internet

EI g - a l
‘ . Thin Client
L W '-NSFh-ﬁI e A 3 : ient
2 ~ Wasiivber
g 0 3 .
= " = kil _.

SHEG s
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Origin Uranguinty DMZ
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