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(Case History Exercises of Vibration Diagnosis)

1. 28 HE# (Diagnostic Methodology)
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2.3 R oWrEe 2B E (The Results Diagnosed by Analyst)
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24MARS4 Z4MARSA4 24AMARS4 24AMARS4 Z4MARSA4
TIME: 1 Sec /div
Oy 156 FEedT F RE=E 3% 2YD APHT Plot. 2x #WE 9] F7]%<l
o R : =L 2~
AFS B o A= 299 d57] Slip 3]t}

(2) Waterfall

11:33:35 : JU : 3573

13315 I"’ T 3574 pm

110 115 120 125 130
FREQUENCY: 1 He 0.810@ 119.06 Hertz

29 15-7 2x F-Fo oF 119Hz A= 2vie] AT 120z ARS HoFE
Zoom Waterfall. 2012 A& AlZFd4 JE9 EAlc WEole Ul Hrh

(3) Cascade

5000

4000

3000

2000

SDEED 200 rpaidiv

1000

L e e, =
|]| ﬁ T T LI B i T T T 1 i T T T i LI I i
0 50 100 150 200 250
10 Hertz{div 1.20@ 120 Hertz

a9 15-8 ddatgtel 9@ s 7] FA A 1XDe] Cascade Plot.
&
hed

2x Aol BAF Aad AL wAFT
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(4) Polar
mil pp
1
0
1 mil pp  FULL SCALE CCW ROTATION

2% 159 ek 1x AES vhi) mgo wWslen 2« WEL

o
waels Fok FRGOR T4 WaE moFT

(5) Orbit/Timebase

Yo 2D I/B S90 Left DIR AMPL: 2.03 mil pp
#2240 e ST DIR AMPL: 1.87 mil pp
A CHIME: batar

23aR94 17:16:46 Shutdown DIRECT

Tl R A

0.2 mil/div ROTATION: X TO Y [CCW) 100 mzec/ div 153 rpm

29 15-10 Slow RollAA] #1,2(YD) #Wlo]& 2 3} %=3F Runout/GlitchE YElAT

2.6 2B HEMRY WHm BN
(Summary of Diagnostic Expert Engineer’s Conclusions)
o L 239 D AF V)= #2 doly ey R o gt o] AL

Polishing @ 22} &) 4= ojoF i},

R

« AE7l= G SAE Bolen oA &4d ASEAdoly ddd Bar
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3. Fikrk FHiR EEANA B =8 Rub (Exciter Rotor Rub
during Coastdown at its Resonance Speed)
3.1 #EiE P (Operating Status)
500 MW 7181 R/ d 7= 2%l 15-113% o] TCAF dA o

Fol Aot 7t HofFel= XY Proximity W#7]7F 9lo] WHEAWE e AT

h
©
=
lo
2

i
=
2

#8, 9 Wlojg o] FH2=T HAGAeR s 292 Baugiy, 7]
24 o] FUES AARYHE BHusta Bdd FAHES AT & AL aF weky

%2
@]
=
=
o,
Ho
20
>
=
k
+
©
o
\]
=
2
o
o

HO.2ERG HO.4ERG NO.E BRG NO .8 BRG

GEMERATOIR E:m: EXCIT.[X]

NO.1BRG NO.3ERG NO.SERG HO.7ERG HO .3 BRG

a9 15-11 S71EH - @i e e 2 AFEsty] A 9A
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3.2 B /3 E# #t (Turbine/Generator Specifications)

E] il s al 7]
Ad HW =4 : 530 (Nameplate)
502.3 MW Stator Volts: 18,000
Tandem Compound Quadruple Flow 3600 rpm| Stator Amps: 20,688
2400 psig-1000°F 3.5 in Hg abs Hz: 60
Phase: 3
Rotor Amp: 4,626
Exciter Volt: 600

3.3 IRE) HEY ZE#E (The Results Diagnosed by Analyst)
o Atelle] tigh A5 2= TR F3t AJEHIS AR 7S vk 97l A wjo] |
o] XY Ad EFeAM s A3E 47 98l 3719 DAIU 108 H|7F AH&= At 4
HA doly Ho]~E= #1~8 Hlojg o] 2x9 74 ew FI}EE FAAEA #9
ol 2 A3tAl Misalignment = Utk vhuul FEjel 8 A9 OrbitsE o] x}7] ¢
o2 gk HgHQl Lo R 49

A E S QT EBE ol B dEH Ao

o] 3o Al Rubbinge] €t #8 9 wlojg oA X Zo] Scale Overstith. #3, 6, 7
wojg ol A W@ Fe] Glitch7b 031, #1 #lo]Fd s wo]a) &4 7|le & F4
A Aol MR AS HoFErh

3.4 2B &R M AL (Details of Diagnostic Results)

1) AFD A ALE Ae F ZABAE B L@
CENM/ERY) EAdNE 35

Ze wg AESHe A AR,

. 3RRAE WA A% 2AE RHA

(2) o] Atdlol A YeErd 71AS FFol dE e
o 7|A Traine 1% 15-11% 23 AL Hae] &3 2o
o 2 7t wWojyo] A XY WHe WV REH A& & A
« #8, 9 MlojR e SH2EE AGAEY =4 EHAHL
+ Slow Roll &% A% #3, 6, 7 il
« #9 WlojR] ] FA Y £ e dAg AolE e
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(3) "Holg Hlo]£F ZAZIE T #A FEJY FAES Q%S
« #3,6, 7 WOl M= w2 &l Glitch7} Sl
« #9 W& & Preload”t 74 Orbite] kil 82 RoFo|th,
« A7) A= AAT EHIES 7HA L A
o 427 @A 2500 rpmol Al E AA FRE sHA I Q)
« AYEN ZH = 2550 rpmol A & AA FHS 7FAA QT
o IFYHEN ZH= 1450 rpmel Al 2 HA XS 7EA A Q)
« #9 Wolg & FAA] FHEEA Rubbinge] Yol A 2t
« oJz7]%= =LA Misalignment o] )
(4) #ZF JNAAFTY SELIF o]H3} #F S FAd = Plot FormatE S
g A g,
« Slow Roll A7t 999 ug2 #3 6, 7 WlolHolA Glitch7F Z2d+= A
3=tk
« #9 wlo]¥ Orbit+ Misalignmentol] 71913+ & Preload’} 9122 RolFt),

1o
o

o #9 Wo]H A AR A9 Rubbinge Orbit, =A% Bode ¥ Cascade
Az Feld
(B) AFL o1& & YA FAY /M E FQ = FAH}=E 8 JHBE
= dAgH.
« #9 wlojy B od de] ¥ o= Rubbingol doiwEAE A8 AEA
=t
< #, 9 Aol AE2 AAA AA7I7F LGS FHshe S AER S
£ Hojylth
(6) EAE A3 7] AT ATLAG
ARl Az 2 W7k 449 FHE A5t SAHES T
o AR7)E IEH gk

. #3, 6,
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3.5 o FRHE Plot (Plots Used during the Investigation)
(1) Orbit

TaND d5" Lofe  DIFRAMFL:HA
H:9HD 45 Fiqht IR SMPL: 926 mil pp
MACHIHE: EXCITER

1#MATE E5:d41:d6 Shurdoun DIRECT

GUERRAMGE 4 - - -
f/:ﬁffff+ﬁffff+ﬁffff

1 miltdin FOTATION: ¥ TOH(CW) 2xdlrpm

719 15-12 Rubbing*l ®91E "oy #9 wlo] & 2] Orbit

(2) Shaft Centerline

POINT: 9¥D é45° Left REF:-10.8 Volts 0.879
POINT: 9HD 45° Right REF: -10.8 Yolts 1.06
MACHINE: EXCITER (0.671, 6.84) 2780
From 18MAY93 10:59:08 To 19MAY93 00:23:50 Shutdown
[not orbit or polar plot) up
4 2 0 2 A4
0.5 miljdiv

a9 15-13 #9 Shaft Centerline
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POINT: 1¥D 45° Left  REF:-11.3 Volts -1.66
POINT: 1HD 45" Right REF: -10.3 Yolts -0.281
MACHINE: IPfHP TURBINE (4.88, -6.84] 3600
From 18MAYS3 10:59:08 To 19MAYS93 00:15:28 Shutdown
[not orbit or polar plot) Up

co v b b

0 7gp
TTT[TIT[TTT[TTTT
o 2 4 G
0.5 mil{div

a3y 15-14 AHAAA H|A o5& BT #1 Shaft Centerline

(3) Cascade

POINT: 9¥D /45" Left

MACHINE: EXCITER

From 18MAY93 10:59:08 To 18MAY93 23:57:59 Shutdown 660 rpm
WINDOW: None SPECTRAL LINES: 100 RESOLUTION: 2 Hertz

1X 2X

L | |
IFLAGGED DATA PLOTTED @ 1+ - . -
:

3500 E

T

M
—.

T

3000 =

2500

2000

CSEEED: TH0 rpmiliv

1500

SABLITYRE I mil ppaliv

1000 -

_E;:,.:;::::;::::;::::;
500 - I A A
T

[
0 50 100 150 200
FREQUENCY: 10 Hertz/div

% 15-15 =2 1x 9 2x AFS BT 49 Wl 42 219 2] Cascade
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(4) Timebase Plot

Point : BHD <45 deg Right DIR AMPL : 1.597 il p-p
Machine : "B" LP Turhine
19May93 00 09 36 Shutdown DIRECT

| |

| |

| |

T
0 500 1000 1500 2000
0.2 milidiv Rotation ¥ to X (W) 100 meec/div 240 rpm

19 15-16 23 YA E <lste] & 49 GlitchE HoFE # W o9 9 Timebase Plot

(5) Bode Plot

¥ 15-17

POINT: 3HD é45° Right —— DIRECT 9.0
POINT: 3HD 45" Right — 1% COMP SR 03850122 ?5?[108°
MACHINE: EXCITER
From 18kAY33 10:55:08 To 19MAY33 00:23:50 Shutdown 2450 rpm
0 500 1000 1500 2000 2800 3000 3500

hGHED DATA

15 degidi

PHASE LG:

YT e A O

AMPLITUDE:
0.5 mEppidh

=R

i R e e e e B N A A
500 1000 1500 2000 2500 3000 3500
SPEED: 100 rpmddiv

[Rubbing®] A3 =2 7Ao] Z7tslHA] FFgdo] yojx= AL
HolF= #9 wloly A2 9 Bode Plot]

=1

3.6 2B HMR Hwm B

(Summary of Diagnostic Expert Engineer’s Conclusions)

Jojg e HAAA] FHFAIE EsHA Rubbingo] U o]wkt}

« #3,6, 7 Wlol®] WV FA AL A Tor ekl FEjrt & st
Glitch&

e gl

o #l HloJH 2 AAA] STAAE ol o] AeS HolEr o= &40E A

=
ofgolAY FAAe 44 = Oil Pump® G 71 & &+ At

. 9 Mol e Ry WolPow e Hun woYel s s k. oA

e
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S 2Ho| o3 ML TS fub 7] & A dES F Jormz R
8ol 4 Au= As vy o #7] Misalignment® 13 Preload+=
= o] el A= Rubbing?l A= &2 olA 3staL, #38 Hlo] A=
Aoz A7 FAelA shi= Aol 1 o]l
* Rubbing< dA[H o= AlxHe] A4e T7HANTIER FFosE dAA L
2 7RG, o] A& Rubbing 40| doju= z&e3
olelet ol f & #9 wojY o] 3
HolFAnt #=A4EL A9 gy, AAA ST oA 98 E A=Y

kel Q= wlole ol djgkale] Lt foldtek

iy
=

g Ade Fgdel A4s T4 2

4. F5l BEEANA B3t FF# #£H (Changing Source of

Imbalance on the Induced Draft Fan)

4.1 E#E R (Operating Status)

29 15-18% #o] #21% % 7|(Induced Draft Fan)= 1A AZH o= 400w} <]
FEAE7I ddHel ded B A48 Fan 2@ F9S Aldsidoy anot
HaE gtk dE7lo wlolge FE wojdela XY FE ®EV|7F AR itk
S 98] Fanel A9 wo]del A= XY W WEr] 9 Keyphasorg A3 3]

Ke
4 A4S FEE] dol WA vge & R A #3 e agsjor o
o] Fan< 60~70delt | A& 63 914
vz ofgf Fo A g o] Fand 29¥ AL ol H Fani‘?} &l ¥ 2 A=
WAL BAd §FE FTHAZY. 22y o] Fand HAAHIZF glan s o] st

4 AL AAAY WS ARERaL 29 Et 243k A A -

FAN E

a9 15-18 #FdEE7le] e

=
fo
™
offl
Ao
o
N
(o
Ho
ﬁ
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42 EEH 2L Fane #t (Motor and Fan Specifications)

+ = A 5 7 Fan

HP: 400 Operating rpm 885
rpm: 880 Max rpm: 885
Volts: 4160 Max Temperature: 600
Amps: 53.5

Cycles: 60

Phase: 3

Class Insulation: B

4.3 IRB) H¥EY 2ZE#E (The Results Diagnosed by Analyst)
o] Atellg A== 3709 dojE Woj~= Ho| e, 52 Run 0013, =4

+ Run 09] Polarg ©] &3l Trial WeightE ©@ Zo]a, Al WA= Trial Rune 71%
2 3ato] AN WeightE& & o] $¢] Aol AmolAe Alz=go]l nvlddygel As v
Efditt. 5 WeightE ol 53t % 7|dale sFFox 237 YEh A &=t o
= Fan Hub® o|&4do] S0 Aoz =&yttt Fang A A o] WeightE H23
wepet o= o] 9147} W st Fan—4 FPdHE EEL= Aotk HubZe] ol &#¢]

&3t

o) F&FE UL W HubE AAHAG. o 23 oF Fane NFHen A
o XEe Al S35o2 1.5 mils o]é}i A= ok
4.4 28 R M NA (Details of Diagnostic Results)
1) AT AN ALE He F ZARAL BT YL@k
« A%57] % Fan Train $AYHE

c 2FAAS WAY] AF 2 F FA

o A 2 Eob 243] 9] WS ghalkdh
A= 71zl Aars] AA A sk
o AZAA W= ofdiFel = 299 vE Fanell oa] 7P AL, o] ¥
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(3) Hlo]y Hlo]2& ZEAFE T B4 FEolY EAES 24T
o AN AAE QS W A=) FHl dAF 4o Glitch7t At

+ Fan® Weightell Hl&lste] A4 oz SdatA Fe=th
(4) B#ZT 71AATY ZE24AF} o5 AF S &<UAs+= Plot Format
g A%}
* Slow Roll AIztd 9 78 & Fan #Wlol=g el 2 Glitch7t A& AL g8 Frh
« Orbit= Fan® =33 HE dekd.

+ Polar Plot= ©] Fan®] 13 #3&% olgoA AF 1 &S HolFo)

i
tlo

+ X3 Polar Ploti= Weight7t 258 WA 71y A4 aa7t glas o
ER T}
(B) AFL o8 F YA B 7HHE FQ E= FAHses & JRE
= dATH.
« Weight #9119 ®Wslglo]l A 7l& $1x¢] vbdf $1X](180° Rbtia)ol A 7]
sto] o] Ao HEel oW AWNE FEA ARG
o« AXAl Access HoleS ¥o] o]|&Eo] Fan 289 HubEHEH wxurt=A =%
ALghtt,
(6) TAE A7 AT ALAY
« Fan Hub W% 4 2 ol& #F% Holes 2533 Fan Z2HE thA] wehs

.
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45 FH# ol EHE Plot (Plots Used during the Investigation)
(1) Orbit/Timebase

Yo Flan Inl:?nar'd

X P oot

1wl Rotfion Yto ¥[C) 0 200 400
a9 15-19 Fan Inboard Direct Orbit/timebase Plot

L Flan Intl:uuardl

1wl Rotsion ¥t % (C) 0 200 400

2% 15-20 Fan Inboard 1X Orbit/timebase Plot

Direct Yo FAMW QUTEOARD
| v | 1|:| Trprriiorriiogriaiop:

FRLQUTEQARD

1E H . H ; H H
1 mildiv Fotation ¥ o X [ZI0] II:I El:il:l 400
2% 15-21 Fan Outboard Direct Orbit/timebase Plot
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T ¥ - Fan Outhoard

1 il Rottion ¥io 5(CIW) 0 200 400
1% 15-22 Fan Outboard 1X Orbit/timebase Plot

Y o Fan Inboard

—
1

X Pt

2 mildiv  Rotebion ¥to ¥[GO 0 200 400
18 15-23 Fan Inboard Direct Orbit/timebase Plot

Y o Fan Inboard

2 iy Rotation ¥ to % (CI] 200 400
19 15-24 Fan Inboard 1X Orbit/timebase Plot



2 mildiv Rofgion T o X [CW) 0 200 400
19 15-25 Fan Outboard Direct Orbit/timebase Plot

T FonOQuboard

X Fon Olfnall

2 milddiv Rofsion Yo X0 0 200 400
1% 15-26 Fan Outboard 1X Orbit/timebase Plot

(2) Polar

Fan Inboard =75 deg  Fight 1%

P

270
20 mil pp Full Scale Gl Eotation
19 15-27 Fan Inboard Polar Plot (Right Probe)
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Fan Inboard =15 deg Left 1x

180"
20 il pp Full Scale Cl Fottion

a9 15-28 Fan Inboard Polar Plot (Left Probe)

Fan Outboard <75 deg Right 1%

e

20
20 mil pp Full Scale Gl Faotation

29 15-29 Fan Outboard Polar Plot (Right Probe)

Fan Outhoard <15 deg Left 1%

milps Full Seale " CN Rotation

2% 15-30 Fan Outboard Polar Plot (Left Probe)

46 2B HMx W&l E

(Summary of Diagnostic Expert Engineer’s Conclusions)

. O]% A
Kolal, Fanol 7| ol&2

o] 1 A7k WststA "t

° Fan Hub W& 4l SlojA Fano]l A#std o]=o°] Hub
AEow ofw 9jx|o A = o

ol
S

-z

ot

off =2
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FE‘.

A% AW A

« UE 2tl¢ Fano 259 H Fx&& Foto] ddHs w2 AW ZFo] = X
oAM= AZIAA MV EY HMHIT|E ARgstEed o 2 HES THAL

Fang 2@aA & 4 gt ol& Aoz o] AE/FE Fang 1.5 mils p—p ©l

=<
sz wedd ¢ At
B WY AYF 2do] AUES ofW FAE WYHA Lot

5. E#NA Rubell &3 #EH #® (Vibration Fluctuation due to
Rub on a Generator)

5.1 E#ER L (Operating Status)
% 15-313 o] 125 W BRI/ TH 719 A Hojg & miy Hojgolr T
7] S W)Y #5)2 o]de MEe 22U "ol glo] A JAXE HETFEA o]
wAE o Wwokvha sk A4S FaAsy] de WA S o ® Aguje] #gk

dRE aHsfof ot

W7 AF PAVERE A% dEo] FrHow e=vel oY dAgel ehy
I, AENF o= wsA) o A4S Ay A g A Adenz Bas]E

LF

TUREINE TUREINE GENERATOR E

NOTES ! KEYPHASOR LOCATED BETWEEN GEMERATOR
K EXCITER AT O DEG, EXCITER NOT SHOWH.

ks F‘RDEIE ‘ a4 F‘RDEIE

LEFT\ /RIGHT

BEARING 5
1-8

VIEW t

Rotation is Clockwise

.

29 15-31 Wl - 2] JiEE B AE

>i
_11)1-

oﬁ

i

mh

jz

ﬁ
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5.2 Bl ¥l /B EM #It (Turbine/Generator Specifications)

5] il s A 7]
5 125 MW
4 &% 3600 rpm TAEEH 30 psig
5570 9% 4 1450 psig | KVA 19T
F27] Q7 = 0 1000° F KW 135,870
Ng 57 &% 1000° F Amperes : 5127
7] = 2.5 in. Hg abs. A& 0.85

9 A 7 47 &5 3600
KW 980 Phases : 3
Volts : 375 ER 60
Amperes 2615 Aer - 18,000
pm 897

5.3 IEE) W& ZEiERE (The Results Diagnosed by Analyst)
EAE AEE 6719 deoly wlo]~7F Qlth 271¢] 108 DAIU FH| 2 59| A
A 5, WvlE, A G RedAe B 2 XA A2E R0 2
15-310l A 9} o] d wojde] XY W HE7I7F AA A 7AlE ZFAsk=d, 71
A

lo1g ] 1x o] A3 2dFdue Fdgle]l WMatst= A

)
R
o =
w, e
Mo ox
4 o
a1

3=
= ol
2 =
o
B\
m‘l’
E
wm
@
=N
=2
>
N
N
3
Mo
[=e}
c
o
g.
=]
0Q
=
~N
rO
o
o,
o
it
ox
A
i,
i
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)

3) dolE Wol2E 2A}

1300, 2500 rpmel
[RR=Rni=

[e)

=

p

L

q 7]

&
L

]i]?]__
1x F&(2F 4mil)

1700 rpm,
T #1 W] STl AA o

o

g

|

Bl

o}
H

1850 rpm, A

[e)

.

|

HP/IP EHl

wK

1o
7l
—
fite)

-
o]

she

=
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o7

34 3

s

=

=

}+= Plot Format
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FLN
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IRETR
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7] #5 wWol| e 1x XF
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1
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o
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1

.

oF7t

>
=

]
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A15% AF
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POINT: 6XD /45'Right  1X COMP SR:0/0° (man) 0.761
MACHINE: GENERATOR 14DEi
From 14DECS0 09:38:20 To 1ADECS0 16:03:49 Steady State 10:38:
T14ADECA0 14DECS0 T14DECA0 T4ADECA0
10:00 12:00 14:00 16:00
0. ! [ ! [ ! [ ! L1 ! L1 ! L
.. - 1 N X I | 1 1 | -
o= g0, | =
s g E_:.—'—'_‘—‘ I I I I I =
ih S 360 —, o I I 1 I —
= o C o | | 1 1 | =
T = 180, I I 1 1 I =
E o | | 1 1 | =
360
S - : : : : .
g5 = L LS
22 3 ! ! ! ! E
= LE 2 S . ' ' . =
Es 1B N ! : ' l 3
0 | — | T | T | - | - | — |
10:00 12:00 14:00 16:00
T4DECS0 TADECI0 T4DECA0 T14DECS0

TIME: 20 Mins [div

19 15-33 A7 #5 woj#g o 1x AFEE Baed T AE 3 Qo] of 247k

=
F712 HEste geFo R #6 wolgdx un| A W
POINT: 5XD /45" Right  1X COMP SR:0.307/154" [man) 3.47 mil pp;
MACHINE: GENERATOR 14DECH0
From 14ADECS0 16:12:42 To 15DECI0 19:32:09 Steady State 16:12:42
14DECH0 15DECS0 15DECS0 15DEC30
19:00 03:00 11:00 19:00
‘_'__'_,,—'—
23 E§ T
Lu 3 ‘___.-—'—“"-rj
2 - __,J—/””
T % _,__/—""_ﬂ
[ ﬂ,_,__n———’

AMPLITUDE:
0.2 mil ppidiv

19:00 03:00 11:00 19:00
14DECY0 15DECY0 15DECS0 15DECS0
TIME: 1 Hour Mdiv

% 15-34 2K 7] # Wo" o 1x IEe Foked T AEI 9ol
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(2) Shaft Centerline

POINT: 1¥D 45° Left REF: -8.22 Volts 1}
POINT: 1XD 45° Right REF:-9.22 Volts 1}
MACHIME: HPJIP TURBINE [0, 0] 09:38:19
From 14DEC90 09:38:19 To 14DECS90 16:03:48 Steady State
[not orbit or polar plof] TOP
W NN N
RPER L/ 7 S
s 1038A7R L ]
LR ]
"i'ﬁ*ﬁﬁ*ﬁﬁﬁmmm
||||||||||||||||
-15 -10 -h 0
1 mil{div

a9 15-35 B4

POINT: 2¥D fq5° Left REF:-8.40 Yolts 0
POINT: 2XD 45’ Right REF: -8.50 Volts 0
MACHINE: HPYIP TURBINE (0, 0) 09:38:19
From 14DECS0 09:38:19 To 1ADEC90 16:03:48 Steady State
[not orbit or polar plot) TOP
4 -3 2 1 0 1
0.2 mil{div

a9 15-36 A%
#2

o

£
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(3) Polar

POINT: 5YD /45" Left  1X UNCOMP 3.78/314°
MACHINE: GENERATOR
From 14DECS0 09:38:20 To 14DECS0 16:03:49 Steady State
mil pp
5

5 mil pp FULL SCALE Cw ROTATION
a9 1537 A7) 45 welge] 1x Aol Haked F AFI 9l el
ALH oz Makshs AL nolEt

R

POINT: 4¥D S48 Left 1X COMP SR:2.45/227" 1.69/123° @3600
MACHINE: LP TURBINE
From 15DECS0 19:21:39 To 16DECI0 19:32:06 Steady State

mil pp
5

5 mil pp FULL SCALE CW ROTATION

1% 15-38 Resonance & =A7]17F wWhgko] ik (52 2 43) o]} At
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POINT: 4XD /457 Right 1X COMP SR: 2.05/316" 1.24/202° (@36(
MACHINE: LP TURBINE
From 15DECY0 19:21:39 To 15DECI0 19:32:06 Steady State

mil pp
5

5 mil pp FULL SCALE CW ROTATION

19 15-39 %3] Resonance AEZEH 7)== w9 2}

5.6 28T HEMEKY w BN
(Summary of Diagnostic Expert Engineer’s Conclusions)
o #1 WY Ado] EHYPI WH N FAd 7]|Aste] B3} WHEA] FHFo
1

=
2 §Aojd o mEJ} ol @Wom e Wwow Fo A7} waw

B
X2
£ 4
o,
)
Sy
o
N
jules
rlo
K
A
o
9
=
Lo,
ol\
N
i)
ofz
o)
©
=
[any
o
Q.
=
®
o
Ho
i3

& 4 domw Jsfoprt g

o #5 HlojFel b TS AT S 4 Sealel 7hHE- Rubbingo] & 3 2l
7 & Rubbing©]”7] wjZel Orbit E¢S dASA WIA7]A = €3 Hot
Spot9t W3lA|ZIt}. o] Rubbing @ Hot Spot $1X7} A A3 WH3lelr] uj&
of W7l ZE w3 S HAE] TAAZT o] XA e WEstE w5 F(Bow)ol

F714 9 1x E Al dlelth

r
°

6. X #loJFAA kel ot A%LE (Fluid Induced Instability
at Turbine Bearing)

6.1 E#ER L (Operating Status)
2% 15-403 7ol 73 MW W2 ] )
% AERA 2, 3 Wod o

I
Hor dAHER g Wy AAAS Aol = Aor A
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Fat7] dell |A vs RS o o

#2, 3 WOl AR aEE e, 29 15-403 o] 7 HojHge R
g 719l Dual Probe® %o} 9lo} Orbitt} 54 JrS o]&F + glf. =g A
Z

&7y Wiring, = A AN o B e A el ZA7E oA

VIEW
CWROTATION

Generator E:[HZEXC"—.

(

29 15-40 EW - @AY NgE 2 A%E

AN

47) 4R 94

6.1 El¥l/3EE# #IC (Turbine/Generator Specifications)

= kil Lls | 71
A FE& 0 110 MW A9} 1 13,800 Volts
457 £ ;- T3 W %9 : 83200 kVA
437 & 109
EH A F 3960 Amps
o &% 73,362 MW 3 Phase, 60 Hz
A &5 73362 MW oA 2t7] st ¢ 250 Volts
AT+ &% : 1000°F ZH ZF 801 Amps
424 4% 1 3600 rpm T Yz
7] §t¥ @ 640 psia
A 4= 1450 psig
Hi 7] ¢F= @ 25 in. Hg
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6.3 I8 W& o 2B &2 (The Results Diagnosed by Analyst)
o At#le] E4&oz 3/ s dely weolxrb itk w4 e ARE
3600 rpm ©]Z+e] Zola, #2 wlojRolA o] FAo] ofF FHo R dojdrt. I A
w7he #2 wWojge] FA B3 EAR It FI50350 cpm)E ZEH A A~E
o] & AA FI ox s}

X

6.4 28 #RY AL (Details of Diagnostic Results)
(1) AFE A Y M8E gL F XAEF S At Ydet.
o EHI/AAT9 FHGHE FAHSI 7] E

.« AR A% ABeE AE SR,

ol

o WA ARG A5 A FEET
- AN NS wAGs) AT =
@) o] Abalol A el 71 A sk A
o 71719 Train #x 2 W3sl7]= 19 15-407 2t}
1Y 15-40% 7ol # © 77} shibe] Dual Probe o] glof XY

1~
AR ARE 08T 5

=

Q IS
=
2
o

+ Keyphasor= ©]-§ 7Fsstal 3 W3k Al AW Fo|t),

c AR AF 5 A dojde] Aol i Asadon #2 vojdel A%
Aol ol @A

« Hule] g3 Sre FHeA WA AR 1500 rpm F-ell At

w2 Wolge] nAEE A BetHel sl
coFARA FArs HA% FEe] Buld. oRe Axde] me HA
el 14H Whipelehs 22 ¢hal g}
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1112

3

H
T

#2 W o] 7o A

A &<t

#2 wolgol e

=4

¢

o

o
i

b
RO
)

A
o
o
A

p—

g]'.o

KR
=

o8 ARt FA A

zZo
=

5 A

o

B
1

!
I

YN ARE 5

LA Oo]: O] ]/]' Orblt kﬂ

59k Orbit

A

Hjo] g ol A9l

<]l A

ur
=

u3lE

914
7k wojeol A% W7ol

=
=

17} 875

A 2

7}

=
-

fu
L.

ol

o

o

el

A7 =

[e)

==

7 o
“@.*—g*ﬂ

]

AL 7| AL #2 Ho] | €]

g},

o] Burnishing

1L
N

7\

g7t o] (¥ Plot (Plots Used during the Investigation)

(1) Cascade

6.5

3940 rpm

/45" Left
WINDOW: None SPECTRAL LINES: 100 RESOLUTION: 5 Hertz

From 260CTI90 17:55:56 To 260CT90 18:45:12 Shutdown

POINT: 2rel
MACHINE: turbine

R L LN [ TGO

.?tflff..I....I....I....I....I

5000

3000
1000

nymMi g7 IEENAS

100 150 200 250 300

FREQUENCY: 10 Hertzldiv

50

5.96@ 25 Hertz

°©] 3600 rpm <] ¢l

A2
-1

Al
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(2) Bode
POINT: 2rel 45° Left —— DIRECT 2.44
POINT: 2rel 45° Left — — 1XCOMP SR: 0.802/52° 1.70/108°
MACHIMNE: turbine
From 260CT30 17:55:56 To 260CT90 18:45:12 Shutdown 3603 rpm
1 |]||]l] 2|]||]|] 3|]||]l] 4|]||]|] 5000
1 L 1 1 1 1 1 1 1 1 1 1 1 1
360 Ft AGGED DATA PL01TED : B R C T
_ 180 Mo 0 S [ S © 3
q: E o B o 1 [ Do -
- . 1 | [ | 3
E ) 360 E - | l [ Co 7
o 1 1 [ s ©
H 180 E . 1 1 [ s :
360 ! i o S
E . 1 Ity Sy
10F: :
E LI |
pE BE: I
23 E !
=
3 I |
2E 1
E 1
l] F I T T T T T
0 5000
o) o 3 B o =
19 15-42 3600 rpm Aol A =QHA HEo]l AlAE u 1x IE F WMol
5 H O LA 2 =L o >~
gl Hl&| Direct & F43] (s As & 5 v
(3) Vector Tabular List
Ch#  Channel Name Machine: Mame Amplitude Units Epeed Unitz Elow Roll
2 2rel turbine mil pp rpm nE02 @ 52
ComMP 12X COMP 2¥ ComMP 0.5 COmMP
Sample DiateTime Epeed Dlirzct Gap Ampl Phaze Ampl Phaze Ampl Phaze
11 2E0CTI0 15:00:03 IVEO 165 -1 0915 17
12 260CTa0 15:00:24 aTEn 1.71 -11.1 0.g02 106
13 260CT90 15:00:435 FE00 2.86 -1 0.594 a0
14 260CT90 15:01:10 FE20 4.45 -1 1.05 vE
15 260CT90 15:01:39 FE40 S.64 -11.0 1.33 I
16 260CT90 15:01:49 FE4E I -11.0 132 a5
17 260CT90 15:01:56 FE60 r.B2 -11.0 147 o
15 260CT90 15:02:19 FE30 554 -11.0 165 w0
19 260CTI0 15:02:435 F900 799 -11.0 1.46 I
20 260CT90 15:05:10 3920 101 -11.0 195 vh
31 260CT90 15:04:19 FTE0 G.24 -1 0674 123
32 2E0CTI0 15:04:24 740 w52 -114 1.05 127
iz} 260CT90 15:04:29 Fran B.19 -1 1.19 1258
34 2E0CTI0 15:04:33 F700 .26 -1 131 124
35 2E0CTI0 15:04:55 FBE0 2.40 -1 142 120
36 2E0CTI0 15:04:43 IEED 235 -1 1.56 116
Ty 260CTI0 15:04:47 F640 243 -1 1.64 111
5 2E0CTI0 15:04:52 620 243 -1 165 109
39 260CT90 15:04:57 600 255 -11.1 1.73 104
40 2E0CT90 15:05:02 3580 2,80 -1 1.73 101

7% 15-43 &% AsAlels A B ez oF 3800 rpmell Al Al E AL
Trip% &% ZFAAlolE= 3700 rpm7FAl %] 45 Aok
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o
Of

lo

3 Akl

(4) Timebase

]
1 milidiy 0 RotationYtoX(CW)  Smskiv 100 3840 pm
a9 15-44 #2 WY Timebased 3940 rpmol A &t E Fa¢E
1/3~1/2x Atolell A5& HolFtt

6.6 2B HFIFR W@ £

(Summary of Diagnostic Expert Engineer’s Conclusions)

o O] 1A B A AA SAEE folA dojuAnt A& E
Z¥7kolel vk d AR, & Lk, Aol E wlojge 4%
)9 AL WslgE fA EUE AEES FAEE dgoR A ¢
ATH.

« B9 FI4<l 1350 rpmol A e Fxle] flEdH o= #1, 2 W H

__’Z_
Ak ME77F s Aol 23X AAHAS TheAdol vk

Y

3

o d

= >~
= T

of A

*+ Bode PlotolA BH &% AldF 3800 rpmoll A BotA o] AlZHE = o

=
Energy”7} $1t+™ 3700 rpm7FA] A kA &=t}

€5 3700 rpm7bA] &St = wQtH ol A& %)

U omer @d u A4 Was xR oY A 2350l old ¥
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7. BEEK FAREE B o3 249 ¥ (Thermal Bow due to
Shorted Turn in the Field Windings of the Generator)

7.1 EE R (Operating Status)

75 M0 AR B/ Ed 7 28 15-459F o] o] glvh H 2~3 Jhg
ARE 273} SHA HA7]e] nFo] WAE o] sty M dE7EA &4 FEHE
FAIE 71Eskal vgd Ase] 9dS FAFskER
TAS s8] del WA g 1 2 Ayl @ ARE g s)|of s
#4, 5 Wlelg el Wg2 wokal, #1 vloly2 A&l uxleol Ao, #4 #oidy
o] 37| Fxdol AAMA &S e AT
- )
view \I N
| Ko
1
HPAP LP [
] \\/ | GENERATVIR
X = HIF ]
I A |
1 ___| e,
WD IHD WD 1 ZHD D 1 3HD WD 1 4HD 8D 5HD
% 15-45 4HE EHAl - Ao Jigs @ wEy] A 9 A
7.2 B8l /3 EH I (Turbine/Generator Specifications)
2] Ell g &l 7]
% 75 MW Rated Power: 96000 KVA
HAA £ 3600 rpm Stator Amps: 4016
IR e CCW Stator Volts: 13800
Field Amps: 822
Field Volts: 250
Power Factor: 0.85
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7.3 IEE) W& ZEEER (The Results Diagnosed by Analyst)

of Abelel BHEoE 449 dolE wWolzsk Ytk 2709 108 DAIU Fn|:=
A wlojFolA XY W] W9t Shaft Rider AR S FF a7l s AF&E ATt o
Age mae WAl AAAAY ol AT ol Am thE el £
AR AR AR B BN A x5 A ok o0
SHEAT. Frdeo] HY HHr] ZEHE 55 ddEHI 2YH 559 Fe Aol
S well FUel wAAT. oAE A% welel SYLHE WANA et wa

7.4 ZERERES MEAZA (Details of Diagnostic Results)

1) Agd Al A8E gL F 2AEAE Bt Y do
< EH/ET]e €

LL

1 AdE wA] f% 2AE FHI
(2) o] A& A YEd Z[Ae Gl da) &3 e vE €A%H.
o #4, 5 Wolge }X3 Runout ¥ GlitchE H ot}
© 717 Train ¥ A&7 74 219 15-459 2t
o #4, 5 Hlolg o] WEd KA 9 E=A e
(3) "Holg Hlo]£F ZAZIE T #A FEJY FAES Q%S
.« 7] 17 FREEE oF 1450~ 1500 rpmol 3, 274 2300 rpmol T}, £

:‘_]‘

o #4, 5 WoJHo| X9 FE3 F Glitcht =3dHA T2 3™ EFA A
24| o]+= Orbhit/Timebase PlotAoll A 3] Hos=t)

< #4, 5 wlojFol Ao Fato] digh WHE Ix dE> Ay ZEE 53 d
of 7]Qlsle Aow dAdtdnt. olZ2 mHO HY HHE WEAA Ix A
T SHOE YEhdh ol& Felwste] gk Polar Plotell %3] WERdT

m
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o #1 HWolg 9 ¥E3 Runoutd ZE Y o] 7]kt
B) AFL o€ F glAw FAY 1S 9 £+ A= & FRE
= gAY

« 7 wdel A=A HP/IP BHl 2E ] Runouts =744 et

7.5 #AZE FHE Plot (Plots Used during the Investigation)

(1) Polar

POINT: 4HD /45" Right  1XCOMP SR: 0.17/14" 1.28/53°
MACHINE: GENERATOR
From 24APR91 15:56:38 To 24APRY91 16:20:55 Steady State

2.5 mil pp FULL SCALE CCw ROTATION

2% 15-46 30 MWell A 4A1%F &7 5-¢] ZA] Polar Plot
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POINT: 4HD /45" Right  1X COMP SR:0.216/163° 2.04/357°
MACHINE: GENERATOR
From 29APR91 18:13:59 To 29APR91 18:32:55 Shutdown
mil pp
2.5

2.5 mil pp FULL 3CALE CCW ROTATION

99 1547 75 WOl M A7 S5 A

oL

A Polar Plot

POINT: 4HD /45°Right  1X COMP SR: 0.216/163° 3.88/49°
MACHINE: GENERATOR
From 29APR91 14:13:58 To 29APR91 16:58:58 Shutdown
mil pp
5

5 mil pp FULL SCALE CCW ROTATION

19 15-48 75 MW/10 MVAReOIA 0 Mi/0 MVAR=Z -3} 8} A] 9]
Ix XFel Wsts ®ojF= A4 ZEfel Polar Plot
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(2) Orbit/Timebase

.10 48" Left  DIR SMPL: 215 mil pp
5 1HD 45" Right  DIR AMPL: 210 mil pp
MACHIME: HP-IF TUREINE
24APR91 16:13:34 Steady State DIRECT

I3

N

=

0.2 miltdiv ROTATIOMN: ¥ TOY [CCW) 100 msecidiv

2% 1549 Slow Roll &3] # %3 Runout ZHE X

#1 wloj& o] Orbit/Timebase

w40 545' Lett  DIR AMPL: 2 52 mil pp

¥ 4HD 45 Right OIR AMPL: 232 mil pp

MACHIME: GEMERATOR

248FRA116:19:37 Steady State DIRECT
UF

0.2 miltdiv ROTATION: X TO Y [CCW) 100 msectdiv

120 rpm

1% 15-50 Slow Roll &7 Al #E38 Runout HHIE HAAF+=

#4 W o8 9] Orbit/Timebase

W EV0 545' Left  DIR AMPL: 0917 mil pp
®:5HO 45" Right DI AMPL: 0.943 mil pp
MACHINE: GENERATOR:

24APFRAT 161537 StejgyState DIRECT

0.2 miltdiv ROTATIOMN: X TO Y [(CCW) 100 mzecidiv

120 rpm

1% 15-51 Slow Roll & Al #E38F Runout HEHIE HoF+=

# o8 9] Orbit/Timebase
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7.6 2B HMEKS ®HiREN
(Summary of Diagnostic Expert Engineer’s Conclusions)
« 7= AAAAY] g og dA]] wile] v AeE YEHYER i

& gkl Sl Al Abeh  oleloF Fh.

8. B{HI/BEER S BMAY A

(Mechanical Unbalance of a Turbine Generator Set)

8.1 FE#ER . (Operating Status)
75 MV EHE ER/EHTE 2 15-529F o] wid o] Qi) whE wWEke] ®m
© Wy s2B8 Hojgolt. A& Fdstr] dol WA oo +d 2 A
A3 FHE g sfof g

44,5 Molge] AEL HRHo 4

o

ol

Hola # Wojade Lo A o] 9t}

HP/IP LP GENERATOR

= —
45°\ /"}‘\/450 i}w .
\

© cw
= — Bearing 1 -5

a9 15-52 AW HHl 2dTle] VA wiE % W] AR
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8.2 Bl ¥l /B EM #It (Turbine/Generator Specifications)

12 =l Els %l 71
& 0 75 W £ 1 96000 KVA
47 4% @ 3600 rpm : 4016 Amps

1 13800 Volts
AF 822 Amps
At 250 Volts

19 oo o2l o
o 2L 2w du ¥

8.3 IRE) H¥TE S ZE R (The Results Diagnosed by Analyst)
27019 208 DAIU FH]&= 2 wlojgdol A XY W$ Wiy (25 #3357 sl
AFEEATE o] A9 L TEdt By EHY TAolth 41, 3 wWojFolA I}
G A= AR 5o FHHJT FAA

ZH R MEANLE (Details of Diagnostic Results)
(1) AZFA AHd Y MLE g2 < AYsz g,

ZAHE

(2) o] AtElAAM Yt 71Ae el A3 ¢ = wE EATH.
« 4 Weights 27] o= #4, 5 wlojd o] &2 £3ka s d&o i

1xolal #4 Wy & =3 GlitchE Hol&E

A
B
-

flo

« 7IA Train ¥ W7 4L 27 15-529F 2t}

« Databasex tha Al A9-(HAE% AP AA, A Fobed, Febad 3 A
A)e] Az oltt

S BA FEoY EAES Q%%

« AT HEY 1A & EE oF 2300~2350 rpmo] .
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« Z =3 Runout= #1, 3 W& oAl & A3}t

« 2R 1x RFe] Fa Wsl Fok 7o WA @ oz Hol Rl
NzekA etk olE W] 1x FEe dlozM AXdEE wiAE
k.

(4) BZF 71AATY SEAAF} o] #ZE Fld+= Plot FormatES

Ao

flo

(6) AFL o8 & AT FAY 7HES A =& BASE AT °E A
nE dASH
« Wx7] 1x X% Trend Plot> AlZFe] Z3sl tlBo] Ha Aejrt ojgA W
2k Wszh vk 2E dd e olgk 5o

H
JgHm, AAH Wakeh A2d Bgelu ¥Ry R So WA wa

8.5 FH#ol MY Plot (Plots Used during the Investigation)
(1) Polar

POINT: BRG 4R /45°Right  1X COMP POINT: BRG5 R /45" Right  1X COMP
MACHINE: Generator MACHINE: Generator
From 19MAY94 21:42:15 To 19MAY'94 22:08: From 19MAY94 21:42:15 To 19MAY94 22:08:

mil pp

5 mil pp FULL SCALE CCW 5 mil pp FULL SCALE CCW
a9 1553 FFuAHA ZH7] YelS Wy e Polar Plot



POINT: BRG 4 R /45 Right
MACHINE: Generator
From 23MAY94 11:57:52 To 23MAY94 15:58:

1% COMP

mil pp

5 mil pp FULL SCALE CCwW

a9 15-54

Ix Fo] o] WstaA]

POINT: BRG 4 R /45° Right
MACHINE: Generator
From 23MAY94 19:07:58 To 23MAY94 19:39:

1X COMP

mil pp

5

0

5 mil pp FULL SCALE CCW
% 15-55 WEsugsF Ax

A15F WE A Al dsEA — 1123

POINT: BRG5 R /45" Right  1X COMP
MACHINE: Generator

From 23MAY94 11:57:51 To 23MAY94 15:58:

mil pp

5 mil pp FULL SCALE CCW

L

L

Polar Plot

POINT: BRG 5 R /45° Right
MACHINE: Generator
From 23MAY94 19:07:58 To 23MAY94 19:39:

1X COMP

mil pp

5 mil pp FULL SCALE CCW

W27] fe]E wWejd 2] Polar Plot
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Y:BRG3L /45°Left DIR AMPL: 1.19 mil pp
X:BRG 3R /45" Right DIR AMPL: 1.25 mil pp

MACHINE: LP Turbine
19MAY94 22:06:10 Startup DIRECT
UpP

Y:BRG 3L

2
1
0
1
2F
2
1
0
1
2

0.2 milfdiv XToyY

19 15-56 A FolA B2 4 Runouts

Y:BRGS5 L §45° Left

X:BRG5R

MACHINE: Generator

23MAY94 13:00:23 Startup DIRECT
up

| T
200 msecfdiv

et = #3 Bl 9] Orbit/Timebase

150 rpm

DIR AMPL: 2.63 mil pp
45" Right DIR AMPL: 3.01 mil pp

X BRGHR

-0 = NN = O = R

0.2 milj{div

a9 15-57 Ak

Y:BRG1L /45° Left
¥ BRG 1R
MACHINE: HP Turbine

19MAYS4 22:06:10 Startup DIRECT

o [e)
FES HAFE

zlii.iiii;.l;;;.;;;;.l;...;

5 msecfdiv 3600 rpm

#5 Hlo] 8 9] Orbit/Timebase

DIR AMPL: 2.46 mil pp
45 Right  DIR AMPL: 2.40 mil pp

0.2 miljdiv

1% 15-58 A& A

ROTATION: X TO ¥ [CCW]

%2 49 Runouts YERUE #1 Wlof" 9] Orbit Plot

150 rpm
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8.6 B HMEY MHamEMN
(Summary of Diagnostic Expert Engineer’'s Conclusions)
« #1 W@ 2 Runout2 AEA dlFE 1xolx 1Fd 28 wdd 71918t
= A 2Y

« #3, 5 o]

KR CEE
A 98 A7) WS 220000 250z, 95 A0l 25028 FF-sHe] AU 1x
AEe Z+7F 1.99, 2.14mil pp2 #HAA AT

. AT AN Weight® 747 AsMEow 95T HAAA ANenz W)
vl A g Aol o] Fo )

9. EEpEES =¥ ul EikA o & 3
(Thermal Bow due to Shorted Rotor Bar of Motor)

1 #E# k¥ (Operating Status)

Hydrocracker 82X 2 A% 7]E 219 15-59¢F #Zo] wjdyo] gt HZ:=
ot ool A A= 4000 HP =g 7lel o8 e FAE s At
24 AE71e 1xE Ads oF wdnt. e s8] dol WA vee &4
2 gule] #3 AR E ayefof o)

el B ABe WAk BaAHe] Ge e W0 AEF e B4 ol o

&9 Warh dojd

1

K Motor

PROBE LOCATIONS VIEW

N
Ok

19 15-59 Hydrocracker®] 7HeFe 2 W3ty] A=
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A5 1 800 Amps
At 1 2300 Volts

9.3 IRB) W& 2B #E (The Results Diagnosed by Analyst)

of Atele] £48& 4709 s AR Fdo] vk derle A7 SUHeCd R
d Y71sd e 53 o izt S, s ey 29 s 44 S 34t
Azhe] dojdty dA w3 A2 AFEA &, < Rotor Bar, 4% =@l
2743 End Ring 5% 9] sttd A 2ot
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9.5 At FRHE Plot (Plots Used during the Investigation)

(1) Polar Plot

POINT: 1 VERT DIS J° 1X UNCO} POINT: 1 VERT DIS /0° 1X UNCO!
MACHINE: MOTOR MACHINE: MOTOR
From 22NOVS9 07:39:40 To 22NOVSY 07:40:¢ From 22NOVE9 17:00:31 To 22N0OVSS 17:26:1
mil pp . mil pp
/ 0’ 10 / 0 10
o o
270 G 270 2
180" 180°
10 mil pp  FULL SCALE CCW 10 mil pp  FULL SCALE CCW

A e W 950 A%y 95 Paed 4AA

i=]
B
o] BalgHe 232 vERd Slow Roll Vectord

POINT: 1 HORIZ DIS /90° Right 1} UNCOMP  0.555/165° @20:00:17

MACHINE: MOTOR
From 2ZNOVE9 20:00:17 To 22ZNOVE9 20:00:37 Startup

’/ 270°

180°

mil pp
2

20:00;174-

90°

2 mil pp FULL SCALE CCW ROTATION

a9 15-61 A AHo Ba&AdA 1x #HE e WM3lE H o= Polar Plot
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(2) Orbit

20:00:17 Startup 1% Uncompensated 20:00:27 Startup 1% Uncompensated
o o

0.1 milfdiv Rotation : CCW 0.1 milfdiv Rotation : CCW
a9 15-62 &2 AIZE Abololl G Fekd Al 9] 1x Orbite =
FRode] BE QB3 4479 WaE nelErt

9.6 2B HMKY Hwm BN
(Summary of Diagnostic Expert Engineer’s Conclusions)

c ol AE/lY FAFEL AFI Bk (F, AF)IFIHE

10. ®E €28 FZA kel 93 IRE)
(Fluid Induced Vibration on a Vertical Slurry Pump)

10.1 E#E R (Operating Status)
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PROXIMITY and VELOCITY TRANSDUCER
vELoCTY ﬁ GERR ORIENTATION
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45 e
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UPPER BEARING 136 Ieﬁ/
LOWER
105 left BEARING
P
LOWER BEARING

[THROTTLE BUSHING
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i

VELOCTY

a9 15-63 7 &ed gz Fxok e ey dA fA

10.2 EE#E #C (Motor Specifications)

4 % 7 b =
A7 &= 300 HP 7 &% 12212 rpm
g2 25 FEAEY o]
oA &n 3585 rpm S

H 7 wlojg 3= 0 0.005 7
Sh Ah wlole

Throttle Bushing : 0.030 7

10.3 =8 &2 ZE#E (The Results Diagnosed by Analyst)
o] Atdl-g AZEM 3719 W doly HlolAvt Jduk. AL 2719 dlolE W
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10.4 Z8 &R MITAZE (Details of Diagnostic Results)
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10.5 #FA o FEH A Plot (Plots Used during the Investigation)

(1) Orbit
¥ Wector 10.9 mil pp <0 deg Y Wector 14.6 m_iI pp <358 deg
¥ Wector 11.2 mil pp <85 deg o Wector 15.4 mil pp <79 deyg
13Jul85 22:28:01 Shutdown 13X Uncomp

13Jul8s 22:05:32 Startup 1% Uncomp
H

1 milfdiv  Rotation : CW 2213 rpm

1 milfdiv Rotation : CW 2212 rpm

19 15-64 AWA AT
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(2) 1x Trend Plot

POIMT: Lower¥ Disp /105 Left 1% UNCOMP 16.0 mil pp,/ 365°
MACHIME: Purmp 13ULSS
From 13JULS5 22:17:05 To 13095 22:32: 31 Shutdown 22:32:01
13JULSS 130095 13UL9E  13IULSS 13JULSS 130095 13UL95  13JUL9S
2218 2220 2222 22:24 2226 22:28 22:30 22:32

330 P

PHASE LAG:
2 degidiv
o
[y}
=

0.2 mil ppdiv
.
=

AMPLITUDE;

™ T T
2218 22:20 2222 22:24 2226 22:28 22:30 22:32

130UL95 T13ULS5 13UL95 13JUL95 13UL9s 13ULT5 13095 13UUL95
TIME: 30 Secs Adiv

29 15-65 sHHlef oA 1x s Fo] SrtskeE As BT

1x % Trend

rlr

(3) Polar Plot

POINT: Lower ¥ Disp /15" Left  1X COMP SR: 4.80/96°
MACHINE: Pump
From 13JUL95 22:05:22 To 13JUL95 22:05:28 Startup

mil pp

/ 0° 10

0

10 mil pp FULL SCALE CW ROTATION

I 15-66 AWHA 2T £ F7e gE dYgste A34E RoFE
71% A slE-wlo] & o] Polar Plot
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POINT: Lower ¥ Vel /15" Left  1X UNCOMP

MACHINE: Pump

From 13JULS5 22:05:22 To 13JULS5 22:05:28 Startup

inchf{s pk
0.15

0.15 inch{s pk  FULL SCALE CW ROTATION
19 15-67 820 cpm 1860 cpmollA] &R 9 7fsAS HoFE

A AA 1T SHE-519-4 2 Polar Plot

(4) Cascade Plot

POIMT: Laweer ¥ Disp /105" Left

MaCHIME: Pump

From 14JUL35 10:22:15 To 14ULAS 10:24:25 Shutdown 2227 rpm
WINDOW: Hanning SPECTRALLIMES: 400 RESOLUTION: 30 CPh

| 2
2000 —- ST .
% 1 — 1 1
E o 1sm0f — . !
x 1000 . . |
b : : :
500 vl 1 1 1
T T i T T T T i T T T T i
0 1000 2000 3000 4000 5000
FREQUENCY: 200 CPM/div £.11@ 1080 CPM
a9 15-68 & FAY A fFA4 <M GdElE UERN = vl A

(e}
T = =
F WA AAF stFEuol" el Cascade Plot
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A15% AF

2000 2000 4000 5000
0.5556 750 CPM

FREGQUEMNCY: 200 CPM/div

1000

POIMT: Lower ¥ Vel /15 Left  DIR &MPL: 0,968 inch/s pk
FACHIME: Pump  MACHINE SPEED: 2213 rpm
WfMDOW: Hanning SPECTRAL LINES: 400 RESOLUTION: 30 CPM

13JUL 95 22:28:01 Shutdown

(5) Spectrum Plot
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(Summary of Diagnostic Expert Engineer’s Conclusions)
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