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Analysis for Prevention of Spragging in the Turbine Bearings
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Abstract ~ This paper describes an investigation on bearing failure due to spragging that has been
continuously occurred in turbine bearings. The spragging is defined as the damage found on the leading
edge of unioaded pads in the tilting pad journal bearing. In general, the damage mechanism by spragging is
classified into fatigue failure. The principle cause of spragging could be thought as the self-excited vibration
by the absence of a stable static equilibrium position of upper pads with no preload. Because of serious
consequences of system breakdowns due to bearing failures, determination of the causes of failure and
effective method for countermeasures are very important. This paper describes both the causes of
spragging and countermeasures for prevention of such failure, which are taken place in the electric power

plants.
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Fig. 1 Schematics of a 500 MW steam turbine
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Fig. 2 Coordinate system of a single-pad mode)
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Fig. 3 Coordinate system of a single-pad model

3. Spragging ofl 2/ 8t Hjo{E &4

31. &4 Al

Fig. 4 = A 4| spragging o] 2l&l &4 9 F7igwl
4 E¥E Aolgnojn g THIHAC leading
edge ¥ A}W& BoF 3 glr}. Leading edge £-9)
T4t €Dl babbitt metal o] ©etE o]
back metalo] ol @ A=z AA &F=HAIL,
leading edge #-2] FWagoax &AEH EHo) 5
3EgE B 4 A

leading edge

Fig. 4 Spragging of unloaded pad of tilting pad
journal bearing

Fig. 59 6 & 742} FR =] 93P vjny e
Wx}317] $17t locking pin & pin hole 8] £4& B

F£ Ao 2 A locking pin & FAY AYEHY
o9, pin hole € locking pin 32} A& o2 Q3o
Wdo] 37 nprEo) 1S & & gl

3.2 &M I E

€Y= Aojdolye Ry 4 F F
Fa=r) fof fig FHoE QFYgoz &
EAYE FF4& HESY o] AL H=EE R
ZH M4 04 ~ 059 AFTE AFE3Y)
i gy oz 28 A5 9T oil whin 3
FrAFE A 3} ¥l %7) 28] 2 F(sub-synchronous self-
excited vibration)9] 7 88 ®.QitHa3)

-176-



Wloja  ojgH(m), spragg relief angle, pivot
offset(a/p), 2] i pad arc(B) 5-°1 Aot

Adams 8¢ Payandeh = ©|Ed4& F3o
spragg relief angle & 10° ol3o] =% AW
zraRed AAF5L $AHA &4 9& 2R
t}. 283 2L pad arc & FEFF FFHEE
AAAF  wE  ¢AHY  pivot  offset &
spragging & WA =d 2R 2@ AW}
ohd g ol @M & FalA HATH3L

Zeidan 3} Paquette &= 9 23& § 83} 359
= pad arc £ 2HE FAHEA FFH =9 pad
. arc® 2994 A48 A& AXNEAG. 222 Y7
Fig. 5 Damage of locking pin Ao AHASel gg 2aR dA4e Flu

leading edge F-oll Z&}(damping)& F& FAE A

A gttt £ spragging & W¥A87] A@ 7 &
£¢ HARFEZAE WA LS ANHIL
U olej thg A 7 EAGE AFHA %
1.

wear area

4.2. Spragging WX/ & $i8t & of 2
Spragging & 24 YUE ¢A AET ¥ist Zo]
ggsjc HojgHoyh RN} &4 F, FF
=7} 57 dRolct watr spragging EFE
A7) 4 A3 £43 9 3 e A5
=7} g4 35 AAE 5 AA AAst] FHHY
FHE FAES 8t Rolth
Fig. 6 Wear of pin hole B aFdAs doge £4 & FRH=st 24
Bavert € 4 9 dge] 49E AN @
t} ol & M E e WA g Wolyg FHTA
w}e}A spragging of ¥ HA=e) EFE A F & TFIoor @
e d&A AF g =9 eV FE 2 deg= Hojguolgd N FSFAE 349
A A2 LASE Y2 S (fatigue failure)0. 2 WA, HEY g, 273 A=) AT 5l o3
BE7E + ATHYL A HdYslE 2543 geoe] JUBEAZEH 7
sy wERoz Fgsts A 98 HAD & HHGME =9 AL 4@ TS
babbitt EHNA FPo) HFsL ol AN A TAIS/IR @ €RIAE HojduojF e FAe
2} G BOZ st babbitt metal 0] BFHE A 3 8 FIFAE G 2UHS]
oI =hlc, =1-¢,cos(f, -8)-mcosls, ~8)  (4)
4. Spragging 2| &X| & A7) 4
4-1. Spragging UX| & 9i&t AA Y & = 6/c,

auns Aoluwolwy AAWEE FAN _ g ome .
spragging & E}H o2 AT 4 Yt RER qiglidq AXYAAd FATAR Tor

l‘ll' x

-177-



k,=1-£,cos(8, -8,)-m )

de= Aojduojgo] ¢AE f& ¥
AHAE HARoA S H2HFGFA7 zero BT #
ok @ot. ol 6, = 6, B2 4(5) H {31
Az sd o0& 2ok

h, =1~(s, + m)>0.0 (6)
@) 2HE o A8 & + Utk
£, +m<10 N

¢ ¢4 F APAS 4 Fehdest 97] 9
A HRelNe] HRKLTAZ 125 Folo}
At} ol 6, - 6, = 180° A FH2A AB)] 4 g

&3 A2 g 2o
h,=1-(m-¢,)<1.0 (8)
A@)2HE g9 4348 & F Aot
m>e, ®)

A@D (@] AHE FAo] BEeE AHm)l
H9E o83t 2ok

05<m<1.0 (10)

4(10)9] 2286 oy dge) 271§ 0.5 o)
ol =S AASE, et 34 §FE AR
sHe £30=7) so] &4 F AXPRHE FH
& 4 A =] spragging ©) LA A BA € A
2 Agd.

o] A% digte] wE AA wlojP e B4 HY ¢
24 M L] Fste sA7AY] ¢A
Ao n) X AL FE3) FES Ao} et

s.d &

718§ €9 M= AojdujojgolA] LPHE
spragging @4l dl@ YA, FFALL ALe] 2
B PARA) F AT E Fdg e 2 4
¢ g4

1. H= g2 FoMe ZAE B4 A3}, f=

9] leading edge 7= A A3 ZEHY FE F2
Al & Aol o] ¢4 F spragging ©] &
Q&A sla, A=t Hojd Alole] HutyA)

-178-

. McCloskey, Thomas H.,

£ diverge shape ©] o] JR A=+ F94Y
o] 445 gt FRM=ET} @t

2. Spragging ) A% M= &F& A F A=

9 &M A5 A8 A=} 2E} 43
4 A2 sol LAY E W&ol

3. W0l kg 05 ol 3ol HIES LA W

ojY 9] &4 F ARA=E F3 Fed=st H
o} spragging @& LAP3HA] Y& AeE H7}
A

ADEH

. Zeidan, Foud Y., Paquette, Donald J,

“Application of High Speed and High
Performance Fluid Fim Bearings in Rotating
Machineary,” Proceedings of 23"
Turbomachinery Symposium, 1994.

CBREA, F5E U¥Y, LoP Y 5 9= 99 =

Aojdulo)go) ¢+ 2 2 EAof #F AP
A7 FFE @A, Vol. 14, No. 1, pp. 7 ~ 13,
1998.

.Adams, M. L., Payandeh, S., “Self-Excited

Vibration of Statically Unloaded Pads in Tilting-
Pad Journal Bearings,” ASME/ASLE Joint
Lubrication Conf., October 5-7, 1982,
“Troubleshooting
Bearing and Lube Oil System Problems,”
Proceedings of 24™ Turbomachinery Symposium,
1995.

LA, IS, FYE FES AYLEE 18

T Al Y= Aojdujol g e THD 4% &
T AT, &8I A, Vol. 10, No. 2, pp. 30
~ 38, 1994



