2. A8 2 D o (Journal and Thrust Bearing)

o] AeoA= o]l A= EAle] A Wt wold] &4 JEl(Mode)E
Aetsts Aol distel st wolde F8 &4 FEiel v (Abrasion), 74
(Corrosion), 2] (Electrical Pitting), ¥ Z(Fatigue), ¥} < (Overheating), v}2(Wiping)
s ol ThAel A AAleA gFA e, Zhzbe] E4 Y % a2 2 33
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Hlojg ol A oy 7k &4 ezt g1d A9 Aol s HA, A A W
37 FHES ol&ste] &4 FHE AT 7 gl7] "ol o] HoAe= B U &



E 34 A" =4 FH
=4 2 T ol &
vt vk %2 (Abrasion) % (Gouging), = ¥ (Scoring, Scratching)
A 24 82 (Bond Failure) 3} 4 (Spalling)
&% #2](Cavitation Erosion) & & (Cavitation)
321 (Corrosion) 5}8t4 3} 3] (Chemical Attack)
A 2] (Electrical Pitting)

L

Frosting

A (Erosion)

Worm Tracks

3] 2 (Fatigue)

71 A1 A F2 (Fretting)

Fretting Corrosion

i A Al €

(High Chromium Damage)
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3k =)

Wire-wool, Black Scab

1] 7+ 2 A (Non-homogeneity)

3z O

71 3 (Blistering), &2 (Porosity)

. d & 9 (Mottling), ©]/34d (Anisotropy),

7} &4 (Overheating)
=Y % % (Ratcheting), 7}< (Sweating)

42 =& 3 (Seizure) -
%24 (Structural Damage) -
E vl (Surface Wear) AL 2H31E(Black Scale)
FXAk35l 4 (Tin Oxide Damage)| 78 (Wear)
vk A A (Wiping) %] & (Smearing), Polishing

o] oAM= 6714 &4 o Vs YoEo EE3Eo glomg 2 Yol
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AHl 1EAE Wy £ dojuAl © 54 S A Edsky] fste] ol g
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a9 3-66 drAoRE & oy 7HA olEHE9] FA (a) HE R, 200 (b) €3}
T4~ Grinding 3}&E, 708 (c) Garnet Spark Plug Abrasive Cleaner, 404
(d) Steel Grit-blasting Material, 10¥] (e) GrinderolA A% Steel Grinding

Chip, 208] (f) <17l Blast Cleaning® ¢ = 9 =74, 10



2.1.3 Zhho] B4 E wo]H 9 A (Appearance in Abraded Bearings)
shd(Abrasion)e] S1#Y P EAe dolde ekl WaA® A3
(Track)E°] 9FWgFoz 1} gtk Aot ol&do] #& Axebd =3} wo] YA}

ole] 7+ WE £oly] WEe BEA HY AHo] AN, FF Pit: vl

A
g 7Hx 2 QAR BE o5& M4 (Electrical Pitting)x ¥ & &4 gtk o

Ze H22 g4 oY e Pitzh wlojg el AR A5 e A tHew A
As & F s, oA =S"H8le ol&do 9% Pittinge] SAeIt. T3]
Scoring®] 7Hg @eol A7]= A= AL, han(ZH 3-67) Folth. 19 3-68¢
U 3 ol A&Koly TlE Tl A= Scoringe AEEH Tl AV=

ot
§
o

Scoring®t} &FH =7 H A0 FdS ekt 4] BabbittE 15W 2 g
3-690 A 9} o] YAt wEEH =& Il Aol EubAl A

— B

Cavitation

__ region
5,

h

min

Hydrodynamic
film

e — Eccentricity

¢, — Load angle
0o — Line of centers
hmin — Minimum film thickness

8, — End of hydrodynamic film

a% 3-67 A4 Wy 7kE & o] (Nomenclature)
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27 3-69 AAE SR el A Aol 4 30 in 24 9
F4] Babbitt W] & 9] Scoring
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T v 7 M 54E dEd
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717 8 A& Aol Z+7He] Groover TORE Ho|X fxwk o7 wmxn
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a3y 3-70 4&E JMAAbEle] A BS HoF= Babbitt W9 Scratch.
3 2008, 4221 20004}

2.1.4 Ade] ##E (Appearance of the Journal)

Aol £4¢ 4t A9t BE A1 9ud g o8 oA, ag
7

PA7E ghEe ddstA Adstd Adg-olt e 22 iAol o] d Abrasion Mo
Hop Adeld o dA & 5 A

2.15 B¥E Y ##E (Appearance of Contaminants)

o] AL A W (Qualitative Way) o 2 th&-3} o] wdk 4= 9)
o % Chip2 ®lu% W, o] AAGHo|AY nERE

o Weld spatter A= =3, @2F HEofoln Hoko] U Ex @i Fuu}
e Fly ash A= 2ol B ofo] 3ot}

2.1.6 Abrasion9 & JRHK (Possible Causes of Abrasion)

e AH &2 hH A o2 AbrasionS WA= & Abgholth
e S9¥ &

e 2 F¥ U&7

o H A3 Seal

o T ol TAE = Fly Ash, A& WX 1 99 o &4
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2.2.2 Byl <3 ek (Corrosion of Electrolytes)
FEEA]l A Bl =W EWol Pittingol A7IAU(TH 3-73), wo=
Faol abstabgol dojubA ek we §¥2S o] A<l Babbitte} W H7be
s Mool A 7bg dukAl R4 Feolth Fuel Sulfurts Wiy ®wel] IAE
o] AANA st FIES WA 71U Babbitte] w3} “P%"G}E g4 Fo s
= A A, AkshA

a9 3-73 A7 5.0 in® Lead-base Babbitt #'d wo] & o] H-2

g3l & o] Soote ATHW Oil 24 Wo]8 GrooveE A Hol A &
A ¥, A3 9§ Starvation® SeizureE o] A7t T e MRS ZFEA
2, 53] &5717F & Eolth. oA FA o] FAE<Sl Babbittoll Al A9 Aks}

= 5
& dodl=d, olAds 4 AskE Edeleta I



2.2.3 Bkl 23 Eeh (Corrosion of Organic Acids)
Babbitt®} Copper-lead HlolgHol &= Hol de Alg¥ 1, d2 Oil A&
ZA8tE F712 9 a3l E (Peroxides)ol|l BlalZ F<43] wk&slr] w &l 7] Ak
9%k Lead-bearing A &9 #4242 93] A #AHAG. oy Aty HAkstEL Oil
o] F7I¢t HFHE= dEd UAY, 12, FTIZE AR, aH5EWH HEF g
(Catalysis) &°l 23] Oil oA dAHAY., %71 107 3
Ar &2 FuzE |9, wolgoly &g ATl 3
FRAANZG, AEE A AA7E HIAS B 2l 24
st7] & H7MAZE &Efol E=3H At AR, F7IZE ARESHA o]
A7 Ad A o2 oA Faeol Abskel FAof =
Lead Babbitt®] 212, WA Iikstzo]l el WS Abskr]7]aL
& fF7)4bol 23te] Lead Soapl.® WelA Huk. o]2] g Soap Oilgol A £3
U Sludge®] HElZ &o{A A #Ht}. Lead Babbittel &A5tE F41(Sn)o]
(Sh)& ol gk 2 s 4stA|7]= Aol AAT Ol Foll des =2 7245 7}

&3 A 71tk 4 Babbittol = HE ol#d FHo o] wAHA ¢k

i,
N

£

2.2.4 Eahel AR 3 (Visually Identifying Corrosion)
2o o wAl JEEC] AE A (Selective) 22 AAHH Fx27F AH F
oFal K] Al Aol = Cracke] #Ae zlojty. ol gk Ao 9]¢k Cracka F=of o5
WA E = Crack? &4 7+ & e 21L& ofyrh. a8y F2o] 93 AL BE
AEAA = dde] 54 qAxAol A7A o, AA"E 559 =2 ¢
3l AAR AEth o] && Flo|th
T 719 2 Babbitt &5 FolAl Lead Babbitt7} &4 o Z 2= HgFo] 3l
t AAR F dEel 5o A= Moy Ams AHE @M= AF R
FAREEE 28)2 BE 745 A7 A8 HA7rHAT %
T A7) gshAel Ak, AFst e & (Sulfur)el o3 &S ‘?%E—E}.
% W Aws Hol 507k AR °Fg Babbitt W &
et &40 Astel 93 AA Acidic Attackell 23 AQIAE & & =
Ao od Az Wl Fe dnjFdow B 4 9. 17y 3-74% Corrosion

Attackel] 938 @& AEo] AAR A 50 in(127 mm)] Lead-base #Wlo]HS st =

it



2ol A E 217 50 in®l Lead Babbitt #1'd o] &
(Molsg FWS 1582 o)



FA o]l FAEQ Babbittell A gl Aol EA4HE v o A
Babbitte] FFg]d&olvt Oil = 7] Foll EAlsks el oste] 3Aardo] F A<
ol#1dk el =42 Tyl F4-¢telE o]l A (Cuboid) Rt B A FowA F4

A 218k @4 3% Zoneoll A o HA HAST webA ] g
Aol AAEEC] Wy xA flo EEEEIA FolA Hof, Pad Crowning d%
T 2w A

FH 718749 Sulfurel 98] Attacke W] AF9] Thrust #Wlo18 Pad(ASTM
Alloy B23, Grade 2) Babbitt % %%o] 19 3-75¢} 3-76° z+z} vteby ok, =

® 3-769) AHOIA RAol ola) dAY o Fe F4E AW B F Ak

2% 3-75 ASTM B23, Grade 2, BabbittZ A& AAH2 ¢l
Thrust #lo]l & Pad®] =%



2.3 R ¢ 3% Pitting (Electrical Pitting)
Electrical Pitting2 Wlol&® 9 £3 wlojy FHe] Aol LA AV=
E A A7) ofAo] o) WY (W= Runner°ﬂ Aol Ay
. A A YL WA o) Fr|HoT WMAE Fx du At FHH
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2.3.1 Pitting®] #4 ## (Mechanism)
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Wear Rate

Zero Wear Rate
(Film Insulating) Zero Wear Rate

(Film Absent)

Film/ ° Supply

Thickness Voltage
719 3-78 Electrical Pitting©ll ¢]3F Wear Rateol| 9] 2 F7A 9 Ageol A3k

2.3.2 52 #ZE (Levels of Damage)
A71A of=zel Fo= Ul 7HA7F d=dl, g &4 FH = Pittingd
Wearo|th., #7]# of=7} WA E ™ Babbitt £HZ0] Ax o] FLE£UARE] Oil&l
ol dAwml zhgo] AlZbE T

TE 7 AV O S wUIE SHA|NE ARbE o2 BabbittR Ut Ad R A

Pittingell ©Jgt &4e] G AZstA @AY= =, Ad AE> Babbittith &§-2%7F
T, AR Ye A ngshd gdd dadolr. nu A7E g QA" Ho
7)o o] ®wHol AFAAA A wpRIF AA FhskE Folt
2.3.3 BEEHW Pitting 9] iR (Visually Identifying Electrical Pitting)
Electrical Pittingell 98] &A= = 4o 27]dAN = §59 FA7

2}l FEel #2 Pitgo] AAUM, wlol® Fwle] stekA WMty o] Pits £33k
% Aol SAolth. {7t Pedestals §3to] 327] wjzol wo]¥g Shell

o) AolE wF Pit7h A Rolth &@dfel wdto] A@Eol U] Wl WA
Q Eabol WA oY Lot ANE EHE AAA e, Oile] Aol A

RPrgadnh Oilo] WaHY SRt oA FEay] A4 FAFT e =

gatEn ol 7 7bA wheS foe] AFgE vy A weEw, ¥ e A5

E7h AselA £4e B8 AHEsE. ol @ BHe] WAHe wel Pitso] A



AAAA Hol £4 A¢] EA 50 oA dvh. v FWo] stgA WA H o

= 97 led, o] WAE RiEol FHE AAME] HAlste] mE "WolA e &
X o] W Electrical Pitting®] o o312 <&
Ue Bloltk. HEF ®AE FiEo WS & nFojry, ujstA &5¥ 553 vt
ol Electrical PitE €94 #A& 4 Jdot. A7) ot=7} LA

=
= 2] Ol = =2 257 A E o] Cyclings 7] wiel, 44 fohe] d45%

Cycling @4 Qo7 4 Utk Wojd mwio] &4%o fub &4do] RARAAY
Wol % & Wiping® i, Wipingol WARW Pith glojal wl2l7] wio] wlojeo] e
Fore oA HEHE, $AS A%STst Al Pitingel AdRth  oldd g

111
&

Babbitt7} 72 §lo] A e wj7bA] 2 oWola AE T o] d Ao

Electric Pitting¥< =93] F+= Hlo]® Shellolt & Hlojsg] Iy REo dAA Pit

of ofs ANES FEstA FHste o] Jhsstth dybA om IAE T = of YAk,

Ao e Pite HE A77F #al, wlojg e Agoke 1 A4 En a¥ 3-79
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2.8 22 Wiping & (A Case of Secondary Wiping)
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2.8.1 #f Mode (Mode of Failure)
oy ®dolE g
= W= 3 Hloj Yol = 3 Z(Distress)] &4 0] YERLEA]
H o} & ol =

Incident

* Near seizure
* Smoke

Y

Bearing Symptoms
« Lower half undamaged

« Displacement of babbitt
in upper half

» Transverse and longitud-
inal cracks in babbitt on
upper half

\4

Mode of Failure
» Wiping secondary to
fatigue in upper half

Plant Operation Data

* Presence of unbalanced
loads

» History of pedestal shifts

v

Mode of Failure

\d

Root Cause of Failure

« Unbalanced load
combined with shift in
direction of static load

\ 4

a9 3-98 22k Wiping Ak#lel gk X d-wA
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B3]
Overshot Groove’} Y+ A%
Babbitt7} AstA dd Ao e}

Ao

Groove®}t Oil Groove?] Downstream, #<

Edgeel 7% o] S % oY e

Remedial Action

* Rotate bearing in

housing 180°

* Eliminate overshot

groove from
upper half

| Jers.
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ookt

Pad®] Downstream 1O =
wow, SAH Hol’g Yoz 7t Overshot
Sk o] g ¢ Leading
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o A oY S AHoR B Babbitt7F Wiping® o] oW 7153 EHES 9
AW 7] Wil Cracks 2dgd = JAAAN, AF vl o] Overshot
Groove W9 dWo 2 HW BabbittZol] 2oz wAs njAs g3 A
o] FastA HAE vAG FEE & F 9)\91‘:} S Hloj el = o] Y
g do]l 7R ek}

o o2t TR Hol EAL RV WAE A dolHl o] AAE AL
22 Wipingell olaf &4t AT AS & F A

Rotation

Qil groove

View AA

Babbitt bond line

@

View BB (enlarged)
Babbitt

o
WM
a9 3-99 A" A wlojg el &)= (Topography)

2.8.2 Wiping®¢] #4A KK (Root Cause of Wiping)

WA, A5E $AGEA FAE FAG £ a0eE GAY, B ezt ol

3 A% Wiping €45 WA 7| A= &S Aol 37bA] g93k 7pde g2
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o] Wiping &A% ]

ok 127}#1 9] WM 28 (Process)o] ¥ Z1 Wiping €A of7|Al7ith o] F 7}
A £ Mode(¥] 24 Wiping)dl 3524l 84 +% Oscillating F3kell 9s] A7+
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AN 228 ARSE Aol
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LI I A I S = e e

o o] =% WHAE B ¥3H(Unbalance Loading)7b o}t =s 7HA 2
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2.8.3 BB1E (Remedy)
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2.9.2 #i¥ (Specifications)
A &Z9 4 (Specification)2 A ZYAF Oil FF LA E|W &8 Fofd
A Zsete Vs g3 Tl ol sAstdn. HAFE A4 A 3ol American
Society for Testing and Materials(ASTM)o 2] “Standard Specification for
Mineral Lubrication Oil Used in Steam and Gas Turbines(D 4304)"¢]&}&= ¥A|= *F
EEo] ko
2.9.3 %A (Additives)
g BH Oildl = A3t 2SS AAA717] g WikstAel o] 4%
¢l 255 BEsky] Qg 5AAE 2380 vk el AE BAAS} 55 Eal
3

A7k A7bE S vk Ol E£3sel Qe FEPY 54l g, Bed 4% 5

s 47] g8t & 7es 7R HUMAE AR E R QlTh

QW 7Igkel AA, 2 HIMAZE Alede Edolv od EAo] F3#g ol st
HEgol olgh Aol Asl, & 43t ToR 3 ARE F 3 o]2 3t AR FL
F714Q BEfe H7E dA e FEAoRE AAdE 4 Aok Y Oils 15~20

9 Bok ASAA AgSE AR o] 28 497k ohth Makeupel Solad e
HH 23 AFAAE od 4ol gaudEsE g AAT + YEF Ol
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AR e @ Fo FaA ok I

Rl Oil Alslel & 82452 FolA A= Sealelwt Vent 59
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Fo WA, md, Ng dd, SR Solth Wil A4HE of BAe o= A%
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2.9.5 # (Analyses)

AT B Oile] dHAA = e 2 54 23& stFolof drh

e AX7H(Total Acid number).
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3 AAZE Yok Alfo Al A EE dubE oz ASTM Method D 943-81¢l ] 3
49t gy o] W2 HlwAd Algke] @o] 8% wEdl(65 o), AT

Test(RBOT)2! ASTM Method D 2272-847} ©] %o| Al&¥ ).
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Yal, o] BombE 302°F(150C)¢] & Bathol ¥+tl. Bombi BathtlolAd 3w}
30°9] Zt=E o] F WA 100 rpme® I AEt. AagHS AY T dAHHew 7
AlE W, Abge] qbg o]l Ao h¥ o ®AE 25 psi(172 kPa)old "olAW Aldo] T8
ek o]z AnkH o @ AFFo] At & EATE AS YERH, 2bsoh vb
%385 7] A7HA A9 AZFE A9 RBOT Data®t wlatsle], £x5<1 Oile] zH&

A4 2 EA77E Fote]l AR o] 7] 550}7] ol Zkzke] ERl/
A7) & AT 553 5A4S 7P Ao olYg AgEe Hi A 27
b3t AgAAE @A He vlES 243 " AFE T Oile] 2HE AbsE AR S
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