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1. Retaining Ring Inspection and
Life Assessment

7t. FUNCTION AND DESIGN
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1) Retaining Ring Typical Cross—Section

: 19 2= A8 A< Generator Retaining Ring T
W e HAFI Utk End Ring F9d+&
Generator Rotor$} Ringe] €8hs o FA €
upebd gubg P4 e olH & 2 A

2) Retaining Ring Design Stress
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T8 2. Typical Retaining Ring Cross—Section

.

a. Parrallel fit
b.

S\

c. Bayonet fit

P

Stepped fit

718 3. Retaining Ring Shrink—Fit Designs

3) Retaining Ring Deflection

Hlend 9 gEUel dge) Holgl
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4 A AAEH Fol dagel 9z
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18 4. Retaining Ring Deflections

Lt., 18Mn=5Cr Failure

@ Labadie, 1972 —Baffle Ring,
IGSCC+Stress Concentration+Machining Tears

H 1. Typical Siress of Retaining Ring

_ Standstill Normal OP 20%0S
Location
ORPM 3600RPM 4329RPM
Hoop Stress(ksi)
Mid-length bore 0-10 70-90 110-125
Fillet behind Shrink—Fit 50~100 70~120 110-125
Keyway 60-80 70-95 85-105
Axial or Bending Stress(ksi)
Fillet behind Shrink—Fit 90-110 5065 25—40
Keyway 0-20 20-40 30-50
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@ Hudson, 1972 - Baffle Ring,
IGSCC+Stress Concentration+Machining Tears

® Skaerbeck, 1973 — Water — Cooler Rotor
Leak

@ Scholven, 1978 —Condensation During
Prolonged Storage

® Harduagunj, 1978 — Overspeed : Yielded
BUT DID Not Failed

® Mulheim, 1978 — Low Ductility

(@ Barsebeck, 1979 — Water — Cooled Rotor
Leak

L}) Open Air Cooled Generator
1) 4

2. Retaining Ring Life Assessment

7l. Retaining Ring =% 7| Ex}

Nelson — Cracked But Did Not Failed Probable Flaw Material
. . ) . Moisture |<«—p ioti p i
© Astoria, 1990 ~ Operation in Moist Exposure escrption fopertes
Hydrogen v
Duty _ | Retaining Stress
.. ) . ) Cycle Ring Preprocessor
1) Retaining Ring Failure Worldwide
H2 2YHIQIE B A A
M= Ao bl Parameter
&Mn—-8Ni—4Cr 15 Study
18Mn—5Cr 9 "
E i E o A 37 =4
Magnetic Steels 5 12 5. BH0IT B 387 21t
Gannaloy > 29 5= A4 ZEaae 248 Felod 3o
Unknown 2 SRRt AAE HelFT Sl 7188 4 )
10Mn~—6Ni-4Cr 2 22 3 SHINAE B3 Ay 2sA 8 &
18Ni—5hn-3Cr L T @g deth 8% vRIHAE B 2Ase
Total 39 A% A% 4 AYS 53 FHEHY AR
ARET A Z2 Au] o] H3le FEd dg
9) 342l TEE SCC il FR3elxto|th 17 504 H
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Remaining Life(te,) = ty +(ag - a)/(da/dt)
A71M: ty; = SCC7F SAEE A7F
da/dt = SCC A&
8y = YAATA7]

e

L}, RRing-LifeE 0|88t S=allM

EPRI RRing-Life 24171 242 Adgste] &
el s 7Y F IS Z2TY HAgdh

1) Built-In Stress Solutions

CERIGE F 67 BYol WAEoel slo] &
F BdE AdEste e &4 3

ket
71) Westinghouse Type :3 EA

-40~inch Diameter -2 Pole
-43-inch Diameter -2 Pole
-67-inch Diameter -4 Pole

18 6. 40—inch Diameter —2 Pole

L}) General Electric Type :2 EA
-42-inch Diameter -2 Pole
-75-inch Diameter -4 Pole

CH Allis-=Chalmers : 1 EA
-40~inch Diameter -2 Pole

2) FE Mesh Generation & Stress Analysis
(Special Module)

158 4 7L 8 Mesh AT 9 A

of Eag HEo] WAEo Stk e A

A Fdo] Mesh Generation®E 3 & 29
.:'
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End-Disk

Rotor—__ﬁ»

18 7. Meshl Generation For Siress Analysis

3) User—Specified Stress Distribution
D grlsta Al W)Y BYol Ak =T A
A YA B2 Aol H s YFlA
Fste] 1 e oY AERE AT F Sl
4) &9 sjHE A% sk 24
:RRing-Life ZT 2 1M &
Centrifugal Force 7} 9109,
(7h) 6712| 5t =71 ArgsiCt.
(D Interference Fit at Rotor
@ Interference Fit at End DISK
® Centrifugal Load With Rotor/End Disk
Attached
@ Centrifugal Load without Rotor/End Disk
Attached
® Copper Load With Rotor/End Disk Attached
® Copper Load Without Rotor/End Disk
Attached

Shrink-Fit,

(LD Load Case Superposition for

@ Standstil
@ Normal Operation(rated speed)
® Overspeed

(CH FEM Results at Pre—Defined Sections

—18 8. Pre—Defined Section for FEM Results



(21) Stress Analysis Results

718 9, Stress Resulls of Section a~a
% 9= 7}7he) Load Casedl] 3t Section a-adl
3k 23S RS o) 19 102 315 275
A Crack Size$t K#rihe] #AE BAF3 ok

3 10. Section a~a(End—Disk Fif)
- K'VS A Resulis

2}, RRing-LifetllA &2 =& =& ¢12|E
1SCC 9 7t Fiol tek 4% A= o
% Aty B 22739 oM+ 7HE £, Shutdown/
Turning Gear, Shutdown 717+o.2 Z}z} H-E-5}ho]
[ AAlEH A
D 7Fs%
@ Trng ~ Tdewpont
@ Rotor/Statore] J 7+ w4
® 7188 $8 =28 A
-Water Sludge
~Seal Oil Moisture
-Inoperative Hz Dryers
-Hz Cooler Leakage
@ AF s =&AL
top-wet = C3+ CTI* (top ~ te) +hee
where; C3 = exp(-a(Toprng - Tdewpoint))
CTI = 2 for H2O Cooler Stator
1 for Hz and Air Cooled Stator

1.5 for other or unknown
top = Total Operating Time
tke = Known Exposure Time
2) While on Shutdown/Turning Gear
© Tring - Tdewpoint
® Type of Rotor/Stator Cooling
@ Forced Ventilation or Not
@ H: Dryer
® F% =EA
tigwet = Ca+ TGI + (tte)
where ; Cs = exp(-B(Tig - Teewpoint))
TGI = HDI + MPTG
HDI = 10 (Hz Dryer Operative)
20 (Non Hz Dryer Operative)
15 (Unknown)
MPTG = 025 (Good)
0 (Fair)
025 (None)
025 (Unknown)
3) During Shutdown
(O Geographic Location
-Rain/Fog Index
~Humidity/Condensation Index
® Indoor/Outdoor Unit
@ Industrial Pollution/Coastal Location
@ Degree of Protection
-During Removal
-During Storage
® % =E2A7H
tr-wet=(C1 Cz2) « MPI « t++(C1+C2)MPT tr'
where ; Ci1=Rain and Fog Probability
Cz=Humidity/Condensation Probability
tr=Time Removed and in Storage
t =Time in Transit to Storage
MPI=0.1(Cover+Temp and Climate Control)
03 (Cover+ Climate+Control)
06 (Cover Only)
09 (None or Unknown)
MPT =09 (Good)
05 (Fair)
10 (None or Unknown)
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Of. Material Properties Data Base in
RRing-Life
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1) Fracture Toughness
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Fracture Toughnegg of 18Mn—4Cr Steel
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18 11, Fracture Toughness Data

Crack Initiation in Aqueous Solutions
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_1&12. Crack initiation In Aqueous Solutions
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2) SCC Initiation
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3) SCC Growth Rate

19 13 & F9AM SCC AAES Yele 19
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Stress Corrosion Crack Growth in Water
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18 13. Stress Corrosion Crack Growth In Water

H}. Fracture Mechanics Flaw Models

1) RRing-Life Fracture Mechanics Methodology

19 14 ¢ 2ol 58 JFAFE WH. Banford %
AAE ARG S8 A Y B YR A 3
HEXE 33 gk o2 slo] A3t

2) Flaw Model

RRing-Life A& F 770l A% BdS AMsI4
om Jg14e HAFI Qi

(@D #1 Eliptical Axial ID Crack l/a =10

@ #2 Elliptical Axial OD Crack l/a =10

@ #3 Semi-Circular Axial ID Crack 1/a=2

@ #4 Semi-Circular Axial OD Crack l/a=



® #5 ID/OD Full Circumferential Crack
® #6 Longitudinal Axial ID Crack t/r = 01
@ #7 Longitudinal Axial ID Crack t/r = 02

718! 14. Available Flaw Models in RRing—Life

AL Monte Carlo lterative Scheme in RRing—
Life

RRing-Life o4¢] #5834 H/pides Zuz
E 9e ARSath 2HZE HE HEEH 7Y
7tell Beo] o] Stk 10003]9] ®HEZ J]HOo®
stk Z4zke] g WY 9HE A A7 29
A NS AASHA Aok BF 9A 2 270, A

%1 [}

2} A7kl A
1) Random Varialbles in Analysis

(O RNO - Fracture Toughness

@ RNI1 - Prob. Rain/Fog

® RN2 - Prob, Humidity/Condensation
@ RN3 - Prob. Tep = Taewpoint

® RN4 - Prob, Tt - Tdewpoint

® RN5 - SCC Initiation

MNominal stress at crack location,

casve fitz

o= Cp - Cf - G - Gxd

STRESS INTENSITY FACTOR:

- [F,co - Fa2fE) G - Fy()Cs + F‘(%:;)ca]

18 15. Fracture Mechanics Methodology

@ (1-RN5) - SCC Growth
2) Analysis Results

@ Distribution of Critical Flaw(Running, Stopped,
Overspeed)

@ Probability of SCC Initiation

® Probability of SCC Growth to Crtical Flaw Size

@ Combined Failure Probability (Initiation and
Growth)

OF. RRing-Life Results

1) Geographic Location

¥ 3% RRing-Life ¢ Geographic Locationo] w

3 2 g, AGEE FAFES AT UTh
73 Ao A Agre] BA, 43, oo W

sh5o] EA et SCC 9 HubollA o] F

e A

=729 AR9L ¢ £ Ak

Pl

of ot L

T 3. RRing—Life Resuli (Geographic Location)

Effect of Geographic Location
Pinit Pgrow p1‘ai|ure
*Charlotte *23% * 4% * 3%
Miami 18% 3% 2%
New York 17% 0% 0%
Phoenix 9% 0% 0%
Charlotte/Coastal 79% 97% 66%

* Base Case

2) Moisture Protection

E 4= 1?_:,})1(17] 7@1:1] }‘] 'E"E‘ E:‘EJ]’ U]i]%f‘ :§—:‘1}

i

¥ 4. RRing—-Life Resulis(Moisture Protection)

Effect of iImproved Moisture Protection
{During Removal)

Pt Parew | Praiturs

Storage Protection

None 30% 10% 9%
* Cover Only *23% | T 4% * 3%
* Cover/Climate Control 18% 2% 0%
Cover/Temp & Climate Control 10% 0% 0%
Cover/Temp & Climate-Good 2% 0% 0%

REMOVAL AND TRANSIT

PROTECTION

None - 48 nrs. *283% | "4% T 3%
Norne - 100 hrs. 28% 10% 2%
Good - 48 hrs. 22% 4% 3%
Good 5 hrs. 17% 0% 0%

* Base Case
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