
Westinghouse Power Generation S1samTurbinelivision 
Electric Corporation Group Laster Branche e 917 

PhiIadelphia Pennsylvaniia 9113 
March 14, 1980 

Darrell G. Eisenhut, Acting Director 
Division of Operating Reactors 
U.S. Nuclear Regulatory Commission 
Washington, D.C. 20555 

Dear Mr. Eisenhut, 

Your letters of February 25, 1980, to licensees with operating Westinghouse steam 
turbines requested certain site specific and generic information relative to turbine 
disc integrity. You urged in your letter that the licensees address the generic, 
questions and coordinate the responses through an owners' group.  

Licensees with nuclear power plants and Westinghouse steam turbines have formed 
a Turbine Disc Integrity Task Force, with Mr. Wayne Stiede of Commonwealth 
Edison Company selected as Chairman. Westinghouse has been working with this 
Task Force to generate responses to your generic questions.  

At a Task Force meeting on March 12 and 13, 1980, the utilities present prepared 
and approved consesus responses to each of your generic questions. The Task 
Force further directed Westinghouse Electric Corporation to transmit these re
sponses directly to you. The purpose of this letter is to transmit that information 
to you.  

It is our understanding that Mr. Wayne Stiede, Chairman of the Task Force, will 
also confirm to you by separate letter, the Task Force's decision to have Westing
house transmit these responses direct to you. We also understand that each utilit
y, in their specific response to your letter to that utility, will discuss the extent to 
which they agree with these consensus responses.  

If you have any questions on these, please contact me.  

Sincerely, 

. Schmerling, 
Disc Integrity Progra Manager 

cc: W. J. Ross, Operating Reactors Branch 
USNRC, Washington DC 20555



GENERIC QUESTIONS - TO BE COMPLETED IN 20 DAYS 

I. Describe what quality control and inspection procedures are used for the disc 
bore and keyways.  

ANSWER: 

Chemical analyses are made from each heat of steel. During manufacture 
mechanical tests are made from the disc bore region. These include tensile and 
Charpy v-notch impact tests. Each disc bore region is subject to ultrasonic and 
magnetic particle inspections. On later units, the disc keyways are inspected 
after machining, using liquid penetrant techniques.  

For in-service inspection two ultrasonic techniques, namely the tangential aim' 
and radial aim scans, have been developed to detect and determine the depth of 
disc keyway and bore cracks. The in-service ultrasonic inspection does not re
quire unshrinking discs from the rotor.  

The tangential aim scan is used to locate cracks. The technique requires sound 
energy to be coupled and directed tangentially towards the keyway from a 
precalculated position on the hub. This is accomplished by means of a compound 
angled plexigalass wedge. The wedge is machined to provide a contoured face 
which makes complete contact with the disc hub, while aiming the sound energy 
at the disc bore/keyway. Crack indications occuring in the vicinity of the key
way apex and at the bore will reflect the sound energy. The tangential aim scan 
is performed both in the clockwise and counterclockwise directions to permit 
locating crack indications with respect to the keyway apex.  

A radial aim technique is used to confirm cracks located by the tangential aim 
scan. The technique is also used to determine the crack depth by comparing the 
time lapsed in obtaining a ultrasonic reflection from the crack with the time to 
obtain a reflection from the keyway or bore.  

II. Provide details of the Westinghouse repair/replacement procedures for faulty 
discs.  

ANSWER: 

When cracks are found by an inservice inspection their severity is evaluated by 
means of an allowable life calculation. The allowable life is relatable to the 
time required for the crack to grow to critical size for fracture. Based upon the 
results of this calculation, the following actions may be taken: 

A. If the affected disc has a calculated allowable life greater than zero a 
reinspection of the disc is recommended at approximately one-half of 
the allowable life.  
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B. If the affected disc has an allowable life less than or close to zero, one 
or more of the following may be employed: 

1. The affected disc is removed by "machining", and is replaced with 
a collar and pressure drop baffle.  

2. Upstream keyways may be drilled oversize to remove cracks after 
the downstream disc is removed.  

3. The affected disc may be replaced . This requires unstacking and 
restacking several discs on the rotor.  

fI.A. What immediate and long term actions are being taken by Westinghouse to mini
mize future stress corrosion problems with turbine discs? 

ANSWER: 

The following short range actions are being taken: 

1. Those discs which have been observed to be most susceptible to 
stress corrosion cracking are being redesigned. The new designs 
will achieve lower bore stresses and utilize lower yield strength 
material. These changes will increase the margin against stress 
corrosion cracking.  

2. Designs that will eliminate spacers and bore keyways are being 
explored.  

The following long range solutions are being examined: 

1. Bore Heating - Ways and means to keep the disc keyways dry are 
being explored.  

2. Sealing - Ways of sealing the hub and bore from the steam 
environment are being studied.  

3. Coatings - Another method of sealing is to apply a protective 
coating. We are continuing to experiment with different coatings, 
but extensive work is still required to develop processes for their 
application and to demonstrate their benefits.  

4. Partial Integral Rotors - Since one piece forgings cannot be pro
cured at this time, we are exploring the possibilities of partial 
integral rotors where the first two or three discs are made a part 
of the shaft. Only the last few discs will have to be shrunk on.  

5. Integral Rotors - A welded rotor design is being evaluated as a 
means to produce an integral rotor.  
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III.B. What actions are being recommended to utilities to minimize stress corrosion 
cracking? 

ANSWER: 

Westinghouse has developed recommended limits for steam purity. When these 
limits are exceeded corrective actions should be taken.  

IV.A. Identify the impurities known to cause cracking in the low pressure turbines, and 
their sources.  

ANSWER: 

The main chemical species known to cause or contribute to stress corrosion of 
steam turbine materials in steam environments are: 

Sodium hydroxide 
Sodium chloride 
Sodium sulfate 
Oxygen 

The sources of these impurities are under study.  

IV.B. Discuss the relationship between steam generator chemistry and steam chemistry 
relative to the introduction of corrosive impurities into the turbine, including 
phosphate, AVT, and BWR chemistry.  

ANSWER: 

Analyses of material within LP disc cracks from PWR units shows the presence 
of Na, K, Ca, Si, Cl, OH, and C together with Fe, Co, V, Al and Ni ions.  

In PWR units with recirculating steam generators, the total carry-over of non
volatile dissolved solids, such as NaOH and NaCl depends mainly on the mechani
cal carry-over. However, where ammonia is used for pH control such as with the 
all volatile water treatment, carry-over of anions may increase due to a forma
tion of volatile ammonium salts.  

In the PWR units with once-through steam generators, the high pressure turbine 
steam purity is similar to the feedwater purity. Most impurities entering the 
steam generator are carried directly into the turbine.  

The published information on BWR systems indicates the concentration of oxygen 
in the steam is in the range of 10 to 30 ppm. With respect to other elements, 
however, it is likely that high steam purity standards will be maintained for con
trol of radioactivity. To achieve this, BWR reactor water is generally double 
demineralized.  

IV.C. Discuss the mechanism of deposition, of these impurities that can lead to their 
concentration in certain areas of keyways and bores.  
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ANSWER: 

The impurities from steam can get into shrunk-on disc bores and keyways in sev
eral possible ways: 

1. After deposition in the steam path during operation, corrodents can 
wash into disc keyways during layup due to moisture condensation.  

2. In the wet steam regions, the moisture can dry on hot metal surfaces.  

3. As long as the disc retains its shrink fit we are not aware of any 
mechanism which can concentrate impurities on the bore.  

V. What role does the refluxing action in the steam separation portion of the steam 
generator have on scrubbing corrosive impurities from the steam? 

ANSWER: 

Two modes of transport of corrosive impurities from the steam generator to the 
turbine are mechanical entrainment and volatility.  

The non-volatile chemical species are transported by mechanical entrainment 
which is normally expected to be small.  

The steam. generator scrubbing equipment has minimum effectiveness in preven
ting the transport of volatile impurities, such as ammonium chloride, to the tur
bine. The concentration of volatile impurities in turbine steam is determined by 
their concentration in the steam generator bulk water and their specific volati
lity coefficient which differs with each species.  

VI. To what extent can the buildup of corrosive impurities in the LP turbine be alle
viated? What would be the effects of the following action: 

A. Pumping moisture separator condensate to condenser? 

ANSWER: 

Pumping moisture separator condensate to the condenser would be beneficial in 
units with condensate polishing . In units without condensate polishing, there will 
be no effect.  

B. Periodically moving (the) point of condensation to prevent locallized buildup of 
corrosive impurities.  

ANSWER: 

Conceptually, dilution of contaminants by increased levels of moisture and their 
subsequent transport to the condensate system could substantially reduce the 
buildup of impurities. However, the effectiveness of this technique and the 
means for successful control of the local environment of particular turbine parts 
must be developed and experimentally verified.  
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Several of the less volatile active corrodants, such as sodium chloride and sodium 
sulphate precipitate as concentrated liquid solutions in a region slightly above 
the equilibrium saturated vapor line of pure water. This region occurs locally 
within a given stage during normal operation and migrates toward the turbine 
exhaust as load reduces. Control of the zone can be affected by changes in load 
and moisture separator reheater (MSR) outlet temperature.  

VII Describe fabrication and heat treatment sequence for discs, including thermal 
exposure during shrinking operation.  

ANSWER: 

The typical sequence for producing a disc forging includes the following opera
tions, not all of which are necessarily applicable to any given disc.  

A. Melting and casting of Ingot. Most discs manufactured since the early 1960's 
are made using basic electric furnace steel 'which is vacuum stream degassed or 
vacuum-carbon-deoxidized.  

B. Forging The ingot is heated to forging temperature, block forged and cut into 
2 to 4 pieces from which the individual disc forgings are made.  

C. Preliminary Heat Treatment This step consists of austenitizing and temper
ing the forging to promote structure uniformity, grain refinement, and good 
machineability.  

D. Preliminary Machining The forging is machined to the disc contour.  

E. Preliminary Ultrasonic Inspection Typically the supplier makes a partial 
ultrasonic inspection of the forging to assure that the quality warrants continued 
manufacturing effort.  

F. Heat Treatment for Properties The forging is austenitized and tempered at 
appropriate temperatures to achieve the desired mechanical properties. Cooling 
from the austenitizing treatment is achieved by water quenching. After temper
ing the forging is cooled in the furnace at a controlled rate.  

G. Mechanical Properties Tensile properties are tested to determine if the re
quired strength level has been achieved. Since about 1960, Charpy v-notch im
pact tests are made on each forging.  

H. NDE Inspection The forgings are rough machined to the Westinghouse draw
ing requirements and an ultrasonic inspection of the flat surfaces of the hub, 
web, and rim of the disc is performed.  

L Stress Relief This treatment is required when a significant amount of metal is 
machined off of the forging after it has been heat treated for properties. The 
stress relief treatment is 50-1000 F below the tempering temperature. Cooling 
is accomplished by a controlled furnace cool.  

J. Mechanical Properties When a stress relief is used, the mechanical properties 
are tested after the stress relief treatment. (Reference Step G) 
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K. Dimensional Check The forging is machined to a clean surface, the balance 
of test prolongations are removed, and the dimensions checked. The forging is 
then, shipped to Westinghouse for final machining and assembly onto the rotor.  

L. NDE Inspection A fluorescent magnetic particle inspection is performed 
after finish machining (This inspection was not applied during the early 1970's.) 

M. Shrinking Discs On the Rotor Shaft The assembly operation consists of four 
parts; namely, preparation of the shaft, preparation of the discs, assembly of the 
rotor and pinning of the discs to the shaft.  

1. Preparation of the Shaft After final shaft machining and inspec
tions are complete the shaft is cleaned with degreaser and dry 
lint-free cloths, and is mounted in a vertical position. The surface 
of the rotor that will be in contact with the disc is coated with 
lubricant.  

2. Preparation of the Disc. After final machining and inspections 
are complete the disc surfaces and blades are cleaned to remove 
foreign material. Prior to heating for assembly the disc bore 
diameter is measured and compared to that of the drawing to 
assure a correct shrink fit. The disc is placed on an assembly 
fixture, leveled and loaded into a furnace which is at 300 0 F or 
less.  

3. Assembly of the Rotor The disc is slowly heated to the required 
shrink temperature between 6000 and 7500 F. When the shrink 
temperature is reached the disc is removed from the furnace and 
lowered onto the-shaft.  

4. Axial Aligning and Pinning of Discs. Liners are placed at the 
exhaust face of each disc to assure the proper axial location. The 
keyways are then drilled. Since the early 1970's, a penetrant in
spection is performed in the keyway prior to inserting the key.  

VIII Discuss the effect of any local residual stresses on the cracking mechanism.  

ANSWER: 

Depending on their nature and magnitude, residual surface stresses can have an 
effect on crack initiation. Proper control exercised in the selection of machining 
parameters results in compressive stresses which are usually beneficial. At the 
apex of the keyway, the residual stresses may be influenced by local yielding as a 
result of the stress concentrating action of the keyway.  
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APPENDIX A 
WESTINGHOUSE PROPRIETARY 

Notes on Answers to 
Site Specific Question 1D 

1. Type of material is Ni-Cr-Mo-V alloy steel similar to ASTM A-471.  
The minimum yield strength specified for each disc is given in 
Section B.  

2. Tensile properties data of tests taken from the disc hub are given 
in Section B. Data obtained from rim material are presented in 
Section C.  

3. Toughness properties are also presented in Sections B and C. As 
described above, Section B contains hub properties and Section C 
contains rim properties. Upper shelf energy is not presented when 
it is the same as the room temperature energy.  

4. The keyway temperature is presented in Section G. This is the 
calculated temperature two inches from the exhaust face of the disc 
at the bore during full load operation with all moisture separator 
reheaters functioning (where applicable).  

5. The maximum expected keyway crack size has been calculated for each 
disc in each unit and is given in Section H. This is done by 
multiplying the crack growth rate by the time the unit was in 
operation prior to the disc/keyway inspection. For units not yet 
inspected, the time used should be the expected operating time when 
the unit will be inspected. The crack growth rate is given .in 
Section G in response to Question I.D.8.  

6. The critical crack size at 1800 rpm and at design overspeed is 
presented in Section F. It is calculated using the relationship: 

- bc.e 
A (eff) = L IC - R 

CR1. 217TOR 

Where KIC is the lower of either the room temperature or upper shelf :)ce 
fracture toughness. BORE is the bore stress given in Section E 
in answer to I.D.9. Q is the shape factor based upon an A:2C 
ratio of 1:4. This is a change from previous Westinghouse 
calculations where a 1:10 ratio was conservatively applied.  
The 1:4 ratio is supported by observed keyway crack geometrics, 
and agrees with the ratio we believe the U.S. Nuclear Regulatory 
Commission uses for their analyses. R is the radius of the 
keyway.  

7. This is the ratio of Item 5 to Item 6 and is shown in Section I.
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8. The crack growth rate is given in Section G. These crack growth 
rates are the minimum expected rates based upon known cracks to 
date. Westinghouse has changed the basis for determining these 
rates to utilize the NRC gray book operating hours. It is believed 
this agrees with the way the NRC staff determines crack growth 
rates. Except for four units, the crack growth rate of the number 
one disc and number 6 disc of BB 80 and BB 81 turbines should be 
assumed to be zero since this disc operates dry under normal conditions.  
The four exceptions are Haddam Neck, Indian Point 2, Indian Point 3, 
and Cooper 1.  

9. The bore tangential stress at 1800 rpm and at design overspeed are 
presented in Section E. The values presented include the stresses 
due to shrink fit and centrifugal force loads only. Additional 
analyses to include thermal stresses and pressure stresses are 
being made but are not presently available.  

10. The fracture toughness, KIC, of each disc is calculated from the 
Charpy v-notch and tensile data. The values, presented in Sections B 
and C are calculated at the upper shelf temperature or room temperature, 
whichever gives the lower result.  

11. The minimum yield strength specified for each disc is presented in 
Section B.  

Note: There are five discs on three units where complete data is not 
available to answer all of the questions. We believe the NRC 
staff considers the ratio A/A as the critical paramater.  
Westinghouse is calculating worst case" ratios for these 
discs. If there is a problem, please contact the Westinghouse 
Projects Manager or Engineer.
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6. D I SC 6 6' Re9A 20.0 .3. ELONGATIO N 20.0 6 DI C w6.66 .1 '4.9 R aA o 62 . 1 7. TEST NO. TD55525 7 FATT (D E G F -90 0 5 AA (DEGF) .T0T0 8. H oT.o IMPACT(FT.LB.) 76.0 6. R.T. IMPACT(FTeLB.) So.0 
9E UGS IM A , TE P 75,0 7. U.oS. IMPACT TEMP.  

10, U.S IMPACT ENG. 760 8 US IMPACT ENG.  
.(FT*L8* I (FT*L8.) 

K U S S QRT(IN, 203.76 9# U.S. KIC 21192 
K RI )(KST*SQRT(IN.)) 

D? CHEMISTRY 
C 6, c., a MN A,-l c7 A,7e91 o .23 ]32 0 0 [2 P CR O [.  

s , AS S- 5N ALC 

E. BORE STRESS F. _CRACK DATA 
SPEED (RPM) STRESS 

S1800 (KS I 55.500 1 A-CR-OP (1800 Rpm) IN 2* 2160 (120%) (KSI 2. A)CR-OS (65.V0ERSPEED (.) 3 

G. SERVICE DATA 

I OPER. TEMP. METAL TEMP. HUB (DEG.F) 2. ESTIMATEDMFAX DA/DT (IN/HR) [OfA D 
t/,Ac*. 5/ZE. ro c'/TCAL CAACK4 /E .7A7/9Ob 

70 CX71 -,4 -1F17 

. . ....  

- - - - .-. .. . . - - 5 1 

I



ID : 0081102302 

.. ~~ ......).  

LP TURBINE DISC INFORMATION 
TO 

As UNIT IDENTIFICATION B MATERIAL PROPERTIES HUB C MATERIAL PROPERTIES (RIM) 1. BUILDING BLOCK 81 1 TYPE 

2, UN IT ROISN#2 (REP)2oSPLE: BT 3. CUSTOMER: CAROLINA P&L 3s BTHs 4KST S. LP# :1T17*000 I. Y.S.(KS1 6 , O I S C U U # T S t ( K S 13 .0 2 . U T s K 1 98 0 0 0 5# LOCATION GEN S ELONGATION 2 E T I 200 
6, DIS C 6, RoA, o 28.3 . R A 709 7. TESBT NO. T1 7 FATT ( DEGTIF (100.0 5 FATT (DG.IF) APRETS 

8. R 9T *IMPACT(FT.LB.) 1 18.0 69 R.T IMPACT(FT.LBs) 120.0 9* U IMPACT TEMP 75. 7 US IMPACT TEMP.0.KS) (DEGKF) TI7 - -. F 
o10. U*S IMPACT ENG 118.0 89 U.S IMPACTENG.  

(FT.LBK.I (F T 9LB .  
. U.S KIC 256*14 9 U.S R KIC 260*50 7 

-... AKS I SQRT(I N I - . . .(KIOQTI.  

0. CHEMISTRY 
C Ace MN SI 

3 ye P.  

.NI AS ,c-eSB 0 AL , CU 

E. 80RE STRESS 
F RC AA_ SPEED (RPM) STRESS 

_ 

N~ ~ ~ c1 4e F 

le 1800 (KSI) 62.7008 
2o 2160 (120%) (KSI) 71.000 A-CR-OS AO00Rp) IN L0 j 

G. SERVICE DATA 

ESTIMATED MAX OA/DT OR EIHRN.)*2 , c, ec~ot /1z rotaA/ C4N,-A j l5/,44At / 7 
* ETIMTEDp MET ALDTEMP INHU) 0DGF) LA.0,L 

J .T~~. CA~c r/ZE .1O CR7/6942 r-'4C E/2 A rt 
A/A< .- [pyr/d............



10 : 0081102302 

LP TURBINE DISC INFORMATION 

A. UNIT IDENTIFICATION Be MATERIAL PROPERTIES (HUB) C MATERIAL PROPERTIES (RIm) 1. BUILDING BLOCK 811. TYPE TD 
2. UNIT ROBINSON #2 (REPHEPPE 
3. CUSTOMER: CAROLINA P&L' 3 Yo5. (KS) 126o00 4o LPN 1 4: U#TS. (KSI) 0 1 YeS. (KS! 22.500 5, LOCATION G E N S. ELONGATION 2. UoTess (KS!) 138.000 ELONGATION 21.2 6, DISC# 2 6, R.A. 20.4 '4 A7 .TAL7 7. FATT (DEGFT 120IE HU FATT I DERGT.IF) R 120I 

8. ReT.# I,-iPAT(FT-LB.) 74.5 6.9 R.9T.* IMPACTiFT*LB.) 88.0 9 9, U.S. IMPACT TEMP. 75.0 7, U.S. IMPACT TEMP.  
(DEG.F) (DEG.F) 1,A: 10. U o5 IMP A CT EN G. 745 . U7-S IMPACT ENG.....  (FT1LB) YP F TLB 

I1. U.S. KIC 207.28 .9. U.S.5 K IC .- 223.94 Z 
(K SI.#S 0*R0T. K I N (KSI0S.RT IN o 

D2 CHEMISTRYS EM E E 23MN Y*Sc/( ) 2 P 60 0 CR 4,S (Se MO 00 cv
229 U*0.01 (S[00090 2. U * ( 13] 

S *TAS IBPAC(FT*L AL7S C 

9,- U2S IMAC TEMP 75e0 7:].. MATE 

E& BORE STRESS .CR-A.CK DATA SPEED (RPM) STRESS .) -

10. *S*IM00T NG.7KS!8)U.S IMACTENG 

(F ) A-CR-OP (1800 RPM) (INF 2 K2160 S R20T) (KS ) I6N ) 2S ) V 

C200 2,c, A4,c.e R17 A.ScC 009.VE R, A, e E c 13 c1N *7 

E. BOE STRI CES RACDAT 

G. SERVICE DATA 

1. OPER. TEMP. METAL TEMP. HUB (DEG.F) 301 
2* ESTIMATED MAX DA/DT (IN/HR) . 0" [4 

AClA s. ToZF c71 i r0 CleA'4 1ACA( SIZc zf ,47rl 

AA4c- (y/Iryr-n- c, e



J.  

3 j 

10 : D081102302 

LP TURBINE DISC INFORMATION t90 

9 
A. UNIT IDENTIFICATION B, MATERIAL PROPERTIES (HUB) C. MATERIAL PROPERTIES (RIM 
1. BUILDING BLOCK 81 1. TYPE ATe C 

(MIN* Y.s* 1000 (KSI )) 2. UNIT ROBINSON as2 (REP) 2. SUPPLIER: - --- - - --3. CUSTOMER: CAROLINA P&L 3. YT. (KSI) 29.000 1 YoS. (KSI) .300 

L T 1O EN I. UN KSL AT I ) 1 0 .500 2 9 U. T NG (KSI) 138 900 S.LOATONGE S EONATON21.0 3.p ELONGATION 21.*0 6. 0 15C. 3 R, o.A. 66 2 '49. R*Ao 65.8 7. TEST NO. TE26449 7. FATT (DEG*F) -15 80 S. FATT(DEGF) -158.0 
8. R*T. IMPACT(FT*LB.) 72.0 6. R.T. IMPACT(FT*LB*) 
9o U.S. IMPACT TEMP. 80.0 7. U.S. IMPACT TEMP. 

(DEG,F) (DEG.F) 2 
0, U*So IMPACT ENG, 72.0 8. U.S. IMPACT, ENG.  

(FTLB) (FTvLB.) 2 
11. U*S* KIC 205.62 9. U.S. KlC 00 

(KSI SQRT(IN.)).. ... . .(KSJ*SQRT(IN.)  

D-i CHEMISTRY 
C Nc C MN 4ce SM ] eh, -C MO----

N I , ce As bc, e 58 N [ 9 ] 5a . ....... . .  [3.50] 1ls 014 [24r'P P P] L. 002 ] j*1 ALC2 

E.. BORE STRESS 
SPEED (RPM) STRESS 

1* 1800 1(KS ) )70.600O I 
2. 2160 (120%) (KSI) 81.600 1. A-CR-OP (1800 RPM) (IN 

G. SERVICE DATA 

1* OPER TEMP* METAL TEMP* HUB (DEG.F) 239 

1*I A R* P I 8 0 PM I .A2 6 

2. MAX DA/DT (IN/HR) q4, 
T.. c4A'ct //zF /) cl/IAL Ac5/Z AT , 

A/ Acr (/vf/



)J 

10 on! 08112302 

A* UNIT IDENTIFICATION 8 M TR A R PR IS AE IL ~PR iE R M 8. U IL DI NG BLOCK .811oTY EAele T 
2.o U N IT ROB INrSON4 b2 (REP) oS P L E # MIV C HE P N T 3*o CUSTOMER: CAROLINA P&LT 7#50CIoYs K 2 4* LP# I1 95* (: 0 5.9 LOCATION GEN ,E O G T O215EL N A I .  6, DIS5C # 46 R Ao3o21* 

9o U T PEo I )- 4,; 7 T 0 

(MI . K . S Q , Ll 0I (KSI))SI!S RT I 

2.e SUPLEEMIDAIEPSSTLTRYe) 
. U*5 (KSN 13 .0 2, U* *S (KS V 3 .0 

2 ELOGA IO 21. :b EL N ATO 21.58 

E5 E 6, RA* 6 A RA 659,e5ALCU5 7 TE NOTL8 7B FATT ( F 1M A] FA DN .  

9 B MPEAC TEMP* 75SC 0 7 S P T 

SPEE(DGDF (DEG.F)--

2. UNT RO INSrJ$2 (RP)02 UPSPLIEPAC MENG LEHEP80NT 5 8.~e U.S. MPAC . ENG

Dy CHEMISTR 

3. CUSTMER CARO IA P& 3300 KS)1.0 1 . (S! 2.0 '4.] LP 1 4. U T. . K I)13 4 O 2.n URpm ) (KI) 337:0 9 

2o 16C(2 5% b K~ 25 1~ b7~ 01 0 2-e C 11, 0cPED26 

E. LOCA TRESS GF CREONATONCK5 LOGAIOT2A 

Go SERVICE DATA 

le OPER, TEP METAL TEMP. HUB (PEGSF) 19P A A) 
2* ESTIMATED MAX DAD (N/HR) co.  

D A /ck 5/ r1-) ,4 /r 

(DZG-.- -- - -- .. (DE ..F) -

10. .S.IMPAT EG. R.5 8. .S. IMPCT.ENG



ID D : 00811023o2 

LP TURBINE DISC INFORMATION 

A. UNIT IDENTIFICATION B. MATERIAL PROPERTIES (HUB) C* MATERIAL PROPERTIES RM 
1.o BUILDING BLOCK 81 1.T TYPE .ce TD (MIN# Yo5. 

II K 2. UNIT ROBINSON #2 (REP 2, SULIER : T E EM S EL 
3. CUSTOMER: CAROLINA P&L 3. Y*5* (HKSI ST1EL 1,e - K 12000 
'4. L PU TSIN1E N. 0 0 0(KNS A T1S0S I0 14 DISCP# 1 4.o U.T. S. ( KS!) 135.000 2. U.T.5. (KS!) ilso00 n S6 LOCATION 5EN 5. ELONGATION 19.0 3 ELONGATION 21.5 60DI 6, R HA.a 6.7.0 ... '4.o R.oA.o68 7. TEST NO* TD55518 7. FATT (DEG.F) '110.0 5 FATT (DEGF) . 6O 8e ReT* IMPACT(FT*LB.) 110.0 69 R.T. IMPACT(FT*LB.) 109.0 9* U.So IMPACT TEMP* 75.0 7 U.Ss IMPACT TEMP.  (DEGF)DEG F 

10T UU.S IMPACT ENG 

II. U*S. KIC 248*82 9* U.S* KCFT*L8.) 2 8,60 
KSI*SQRT IN.) (KSI*SQRT(IN.) 

0. CHEMISTRY 
C N 6 CR. MO 

C02 33 ,e0A ,e3 ,c ,c 5 6 .e, M9 ,c 

N I A,e AS B 00 Ace SN /oac,e A 011 L.9 

Ee BORE STRESS 
., C.AC. AT..................... ........  SPEED (RPM) STRESS C 

2 1800 (120 ) 1* A-CR-OP (1800 Rpm) (IN.) [ 5*16e 2 2160 120%) 
ACR-OS (0VERSPEED) (IN.) 376 

G. SERVICE DATA 

//'-< A4/4)r, ?C,4,4, S 
SOPER TEMP METAL TEMP. HUB (DEG.F) 178 
ESTIMATED MAX DA/DT (IN/HR) .c 

CA'ACC %/f to CAR/rt/AL C/RAA 5/ZEA1 

.05



I D # D 081102302 

7) 

At UNIT IDENTIFICATIONB.MTRA RPRUS(U)CMTRLPOETIS(lm 
I1o BUILDING BLOCK 81 1, T P ,T 

2UN I 2T ROBINSON 02 (REP) 
3.CUTME! CAROLINA P&L S 

4*o LP# U 1 KI18502oU~s KI 3oo 5o LOCATION GENLNATO 2* 6, DIS5C # 66#RA *EOGTN.2o 

LP TURBINE DISC INFORMAT ON 'I 
B. MATERIAL PROPERTIES (HUB) C* MATERIAL PROPERTIES RM) 9 I. UILIN BLCK 1I. TYPE bce TD (MIN. Y. 110*d (KSI)) 

2, SUPPLIER: BETHLEHEM STEEL ce 3.CSOE: CAOIAPL- 3. Y. (KSI) 122.0001.YS KS8*0-cc 

-7S.7 U.TS 11IM8.0C00TMP 

4. LPoq U*T*e (KS!) 138.500 2. Y.TS * (KSI)~ 13 . 0 5. LOATIO EN5. ELONGATION 20.5 3. ELONGATION 20.5 6. DSCS6 .6, R.A. 67.2 Io RA* 68.3 7. TEST NO. TD55526 7. FATT (OEGeF) -120.0 5. FATT (DEG.F) -120.fl 
8. R*T. IMPACT(FT*LB,) 96.0 6. R.T. IMPACT(FT.LB.) 95.0 
9* U.S. IMPACT TEMPs g. 7. U.S. IMPACT TEMP.  

(DEG.F) (DEGF) 
10. UvSo IMPACT ENG. 96.0 8, U.S. IMPACT ENG.  

(FT*LB*) FTvLB.) 11. U*s. KIC 234*18 9* U.S. KIC 229*28 KSl*SQRT, INKS . SQRT (IN.) 

D. CHEMISTRY 
b e . 1 0 

[ 22 1b ce M 0 4, ca j, we 0 30010 [,.673 eL 0 

CU59 .c e .. .........  
59Nc6 AS S0 SN ,e AL c, C 

E. BORE STRESS F CRACK DATA SPEED (RPM) STRESS-------

c e-' 1. 1800 1(KS!1 55.50 1.n A:CR"OP (1800 RpM (IN., 5 I 41 2. 2160 (120%) (KS1) LIO 3 2 A CR.OS (QVERSPEED) (IN,) 17 1:~~~~~~ 
4 58< 2 , i i : B 8E0 

G. SERVICE DATA 

.164CA/Aff 4RAct s.zeS1- 4S o A V /10o 
46,c, 6 ..-. '--. - A c,- .  

. OP R. TEMPs METAL TEMP. HUB (DEG.F 19 A C/ Q 
2* ES IMATED MAX DA DT (IN/HR) 0 0 

T7..CAAc.& 5/r,rd C-/U/T/64L CRALk 5/ZEF AAT/I A /r I Pt -FR I F P fA -- -- ---c--



C> oSr Zt 

10 H,: D081102303 

LP TURBINE DISC INFORMATION 

A. UNIT IDENTIFICATION B, MATERIAL PROPERTIES (HUB) C- MATERIAL PROPERTIES*(RIM) 
1. BUILDING BLOCK 81 T YPE TD 

2, UNIT ROBINSON #2 (REP). 2. SUPPLIER: .. THLEHEM STEEL 
3. CUSTOMER: CAROLINA PF-L 3. YiS. (KS) 

'4. LP1 2 4 U.T9S9 (KSI) 1359000 2# U.T.* (KS5 1140 50q 
5, LOCATION GOV 5. ELONGATION 3. ELONGATION 0.0 J 
6, DISCU 1 A* 
7. TEST NO. TDSSS37 7. FATT (EGF8L TURBIN DISC I O N E G oF 

BMA13ALP.0RTES(H5)C MATTILDEOPETIE (RI3M.  

8. Y.T. IMPACT(FT(LBK) 111.0 6 R.T. IMPACT(FT2LB.) 
9, UTSo IPACT TEMP.50 7. U.S. IMPACT TEMP.  

0 ULSo IMPACT ENG- 20I---0 3- E L INMGPACT ENG2 
1. (F*IMAT(FT*LB, . 111.0 6.RT IMPAT(FTL8).11 

CK SI* SQR.T.(IN.) f K. S 5 Q R TKS(..ITN.) 

9-U CHEMISTRY 
C MN .p CR 

[3o 0 .01'06 [.44 ]p 1 
AS U*S SB N L CU S. IMDEG.G [~~~c e- ] c~ [S.-[ ] Coq 

E.e BORE STRESS F. Cf A.CK 1).ATA.SPEED (RPM) STRESS (FL4 

1 1800 (KSI ) !62 701KlePS IN0 RpM (K IN) 2C 2160 120%) (KS! ) 071,e0e . 1 AcR ye (] ..  2*210 20) KI 7.00 2*. A*CR-OS (0VYERSPEED) (N) 3.99 

Go SERVICE DATA 

H. A t/TE' cEM AAo 
1* OPER. TEMP. METAL TEMP* HUB (DEG.F) A377 A 

2. ESTIMATED MAX DA/0T (IN/HR) 0. 0 
7, AA re rO CX/7/CAL ellA.CA& 4f2A V/P 

A/A.,- (Ow j/ )[



14 o Z-.  

ID # : 0081102303 

LP TURBINE DISC INFORMA.TION 
- - .-----.-- -- --

A. UNIT IDENTIFICATION B. MATERIAL PROPERTIES (HUB) C MATERIAL PROPERTIES (RIM) 1, BUILDING BLOCK 81. le TYPE TD 
2. UNIT ROBINSON 2 (REP1001 (KS I 3. UST CAROLINA 2(L SUPPLIER: PLLE HEPPNSTALL b,,c, CSOE P CUTMR 2 . 0 (DS (T I500 Y.S. (KSI) 1 I22#000l 4o LPN .2i, U.T.S. (KSI) 135.000 2. U.T.S. (KSI) 13-4520 
5. LOCATION GOV So ELONGATION 20.3 3. ELONGATION 22.1 6. 0IScC 2 60.9. .f R.A 63 

7. ES N. T'4456. le TYPE .A.T 

7. FATT (DEG.F) 110.0 5 FATT1DE1 GKFS 10.0 8. ReT. IMPACT(FT2LB5) 76.5 6 R.T IMPA2T(FT2LB0) 64 ,c, 
9o U*So IMPACT TEMP* 75.0 7. U.S. IMPACT TEMP.  1.(DEGF) D E - DG.9F ~-
10o U.S IMPACT ENG 7 .5 8 U.S IMPACT ENG.  

(FT*LB*) (FT*LB.) 
11. U*S. KIC 209.54 9* U.S. KIC 217*99 7 

(KS1SQRTIN)) (KSI*SQRT(IN.  

D. CHEMISTRY 9 [Ca ] .~/ ... ..CEi ,,C . {C Ace.yMOj4c [ ]4,,-. . . .1 

[26 bc E 2 25 c0 SEl c, 00 ,c 5 
AeMI 

e 8AS ..e- S N AL Cec CU A6 [AS ?-..  
[3.50 [] ASLc00 2  ' 017 cA 009 

E. BORE STRESS F. CRACK DATA 
SPEED (RPM) STRESS 

2 100 (120%) S, 0 A-CR-OP (1800 RPM) IN.) 3.79 
F6 1 0 -A.2 A CRO..O(0VERSPEED, (IN.) -

2*2J 
Go SERVICE DATA 

, e, e- A'A~gR cKPt .Z A c 
1* OPER. TEMP. METAL TEMP. HUB (DEG.F) 30 n 11A /y/..f 2* ESTIMATED MAX DA/DT (IN/HR) 

. 9 CA Ck Sl/? S ro /e / CAL z 4/RAC 0trZE XA71O£0CAA S/F r hrCA4;o 

A AcrCO &//F< 2



ID n : D081102303 

LP TURBINE DISC INFORMATION 
11 

12 
A. UNIT IDENTIFICATION B. MATERIAL PROPERTIES (HUB) Co MATERIAL PROPERTIES (RIM) 1. BUILDING BLOCK 81 1. TYPE 1 b Y*GT 

(MIN. Y.S* 1 SI)  2. UNIT ROBINSON #2 (REP) 2.SUPPLIER: 
3. CUSTOMER: CAROLINA P&L 3. YeS. (KSI) 135.000 1n Y.S. (KSI) 135o000 , 
A4 LP# 2 '4* U.T.S. (KSI) 1946.500 2. U.T*S* ( 1KS1) 16.500 5. LOCATION GOV 5, ELONGATION. 21.0 3. ELONGATION 21.0 
6, DISC# 3 6. R.A. 13'.R..64.  
7. TEST NO. TE26452 3 7, FATT (DEG*F) 160o0 So FATT (DEGOF) *160.0 

8. ROT* IMPACT(FT*LB.) 63.5 6. R.T. IMPACT(FT.LB*) 
9o U.So IMPACT TEMP* 0.0 7. U.S. IMPACT TEMP. !z 

(DEGoF) (.DEGF) 
10U*So IMPACT ENG. 60,0 8. U.S. IMPACT ENG.  

(FT*LB*) (FTLB.) 
II, U*So KIC 9* U.S. KIC *00 

(R(KSII*SQRT INo)) 

0.. CHEMISTRY 
C bce MN bc~3 P c, CR 4 c, MO c V ,c~e 128 29 *03 004- 1*66 .51 07 

N 16 8 A5 ,c,e 5 B c- SN ,ce A L .6, U .C L ,6 6] C' .013] L2'PP] [604.uoi.] [12]- 3 

E. BORE STRESS F. CRA.CK DATA_ 
SPEED (RPM) STRESS ------

1* 1800 (KSI) F70.6001 1* A-CR-OP (1800 RPm) (IN.) 2*18 2.2160 (120%) (KSI) 160 2. A-CR.OS (0VERSPEED) (IN.) 14 

G. SERVICE DATA 

A e-- d CA.cz1LATEPrR clTA / A6k.F 'AA / bcpo 
1* OPER. TEMP. METAL TEMP. HUB (DEG.F) 239 A /4/) 
2. ESTIMATED MAX DA/DT (IN/HR) L34-o5 

ZCRACK 5r/,2F r,0 cA'/7/AAL A. /3 l Ar/o A 

A /Ac 

.o1



14,c ZLt 

ID : 0081102303 

77 

LP TURBINE DISC INFORMATION 
10---.------.--.-.-------.--.---.---.-..-.

A. UNIT IDENTIFICATION 
.....  1. BUILDING BLOCK 8! MTE1P U C. M P R 2, U I T( MI N Yo S 100 ( iK S I ) ) 2. UNIT ROBINSON #2 (REP) 1. TUPE TH 2o.... SUPIR .EPNTAbL ~~ c 3. CUSTOMER: CAROLINA P&L 3, YiS.(KS1 

'4. LP# 2 .LOCAIO 2O '4.o U 4PT 9 S(KSI1 132.500 2.o UoTo~t (KS!)17UIlW So LOCATION GOV5 21.7 3. ELONGATION 1.0 
6, DISC # 66.A 4. A , 21 .7 7. TEST NO. TDS91 7 6, FA TT(DEGoF120.0 5 FATT (DEGIFNO 12 8, RT. IMPACT(FTRLBO) 90.0 6, R.T IMPAT(FTLLBP) (RM 

9, U*So IMPACT TEMP. 75.0 7, U.S. IMPACT TEMP.  (DE oF) (D E G -oF 
10 U*S* IMPACT ENG. 99.0 8 U.S. IMPACT ENG.  

(FT.LB, (TLB).  11 . U S . K IC 227' 9 9 9 . U. S. K IC FT *L B .) 22 9 *0 
(KSIeSQRT(IN, (KSI N9SQ[RT2IN) 

D. CHEMISTRY 
C 6,ce MN 6 SI V -C 226 ] 2 ] [ b4c4e 007]A'c e 4 ,e MO c V2 ece. 7 -.  

3 AS ,Ce SB ,ee dN ,Ce AL ,CU S12 [13]31 [ [ E L 0 17]' [ E01] 

Es BORE STRESS F CRACK DATA SPEED (RPM) STRESS 

1* 1800 (KS) 161 *3Q0 0 1. A-CR-OP 180RM (I.  2. 2160 ( 120%) (KSI) [9' 1 4 2. A veC R O0S OVERSPEED) (IN.)32 

G. SERVICE DATA 

,CA- -ALLAE CO. C E A y.  
OPR. TEMP. META TE4P. HUB (DEG.F) 198 A CI-) 
ES IMATED MAX DA DT (IN/HR) 2 L I CAC -5/47-.c cinA cRAC/ L oz F AAr

A/A~r (t vers 

DD.7



1-7 S z2(4 

ID : 0081102303 

LP TURBINE D15C INFORMATION y 

A. UNIT IDENTIFICATION B MATERIAL PROPERTIES (HUB) C MATERIAL PROPERTIES (Rim) 
1. BUILDING BLOCK 811 TYP F bc d TD 
2. UNIT ROBINSON #2 (REP) 2 (PIER S.E0 S! 2SUPPLIER: T.. E _S TEE L I -- k~c 3. CUSTOMER: CAROLINA P&L 3s YiS. (KS!) 00 No LP# 2 11-- 2 , 0 S12 0 

Go '4,9 UoT#S* (KS!.) I'4I.*Soo 2.o U.T.5. (KSI) q 2:000 
5. LOCATION GOV5 ELONGATION 1 

6, DISCu , R A. 6 . . R A - 6 .  

6~~L BN DIS INFORM A103E ATION 20o 

7@ TEST NO. T D55 19 7: F AT T (EGF) -115*0 5 FATT(DEGTF) I-1A15 

8e R#T. IMPACT(FT*LB.) 99.0 6. RoTo IMPACT(FT.LB*) 100.00' 9o U.S.. IMPACT TEMP. 75.0 7. U.S. IMPACT TEMP.  
10. UoSo I M P ACT ENG..........99.0-----8 US. IMPACT E NG. ~ (FT.oLB- IFTiLB.  I1I. U.aS. K IC 238.05 9s U.S.5 KIC 239.33 (K 51SQ RT( I N.) .. KS.I-SQRT(IN,) 

0. CHEMISTRY(.  

E. BOR STRES F3.CYCKSDAT 

C~4 U*TeCR o 

, c, R A.  

7.~~. TES NO9 TD1197 FT 

9S UVSD I 

tj I As 8 5 10, U6 So I U A 1. OPE. TE~p META TEMP. HUBPROPERTIES, (HUB)"" 

b c 58 TDAT 6,-,e 

ERE (R ETRESS -

1 0 800 KSI) 1- 3KS0I0 1 91.500 80 pt) I ~ 4 

I@ OP~o TMP EAL TMP' UB (EG,(DEGA 6F1 

29~~~~ MATERIALD PROERIE (RD 1/)15] 

CRAC&510e o ReA.-Cets17e4~l 

46, FAT-D be R



ID D 0081102303 
-79 

A. UNIT IDENTIFICATION B. MATERIAL PROPERTIES (HUB) C. MATERIAL PROPERTIES (RIM) 
1. BUILDING BLOCK 81 o TYPE TD 

( M IN* Y ,5 F~10 (KS ) ) .  

2, UNIT ROBINSON #2 (REP)2 SUPPLIER: THL EL h , 
3. CUSTOMER: CAROLINA P&L 3. YeS. (KS) 214 OO 119500 
14. LP 2 4, U.TDS* (KSI) 139.000 2. U.Tes KSI1 136.500 
5. LOCATION GOV 5. ELONGATION 20.0 3a ELONGATION 20.0 
6e DISCu 6 6@ R.Ao 67.2 4. R*A 6 
7.o TEST NO. TOSS527 7 7, F A TT(nEG.aF) "115.0 So F AT T ( DE G oF)16 21 

Be ROT* IMPACT(FT.LB.) 101.0 6o R.T* IMPACT(FT.LB*) 99.00l 9, U.S. IMPACT TEMPO 75.0 7o U.S. IMPACT TEMP 

10 US.9 IMPACT E NG 1 0 1.0 8 MATE 
(F TT*LBU* R E(FBTLBF 

.M UMSA KPCOERIE IH C L9. US KIC E235R76T 
.(K5S* R.T(0 )KSIQRKTS(IN(KSI) 

. CH2EMISTRY CSP MN P R T E R MO 

K2I 29 50 le Y.S (K3 119*500 

5] ELNGAI0 O 0.03ELONGAO] .N [012* 

3 

N1 6,e AS ,6,6 N A.L 67. CU R..e. 6 L*6 
13 ,63] 0, 0~o~ 0t ]U [- 012] K 

E. BORE STRESS FT 5 CRACK DATA 
SPEED (RPM) STRESS (- --G4 

(F6te C,, , 

10 1800 ( KSI ) 1(5 A-CROP (1800 Rpm) (IN.) S 6QR42T( 
2. 2160 (120%) ( KS I) ~ 5.400 2. A-CR-0S (0VERSPEED). ,(IN.). 9 52 

Go SERVICE DATA ) 

D. OPER. TEMp METAL TECEPM HUB (DEG.F) C HEI 
2.o ESTIMATED MAX DA/DT (IN/HR) D AT 

A /A STRESS ,0



19 o - L)

ID # : D08110230o 

LP TURBINE DISC INFORMATION 

A. UNIT IDENTIFICATION B. MATERIAL PROPERTIES (HUB) C- MATERIAL PROPERTIES (RIM) 
1. BUILDING BLOCK 81 1. TYPE Te TD 

(MINa Y*S* 11 00 (KSI 
2, UNIT ROBINSON #2 (REP 2. SUPPLIER; MTDVALE HEPP NSTALL b e b 
3. CUSTOMER: CAROLINA Pf-L 3. Y*So (KSI) 116.500 1. Y.S. (KS) 116#000 9 LP# 2 14. U*TeS* (KSI) 132.000 2v UoT*S* (KSI) 133.500 
5, LOCATION G EN 5, ELONGATION 22.6 3. ELONGATION 22.A 
6, DISC# 1 6, RpA. 66.L*4 4 '. R.A. 69*9 
7. TEST NO. TDq4541 7. FATT (DEGF) -120.0 5, FATT (DEG*F) 120.0 

8. R*To IMPACT(FT*LB,) 72*5 6, R#To IMPACT(FT*LB*) 80.5 
9. U.S. IMPACT TEMP. 75.0 7. U.S. IMPACT TEMP.  

(DEGIF ) (DEG.F) GDG 
10 U.S. IMPACT ENG, 72,6 8. U.S. IMPACT ENG .  

(FT.LB.) (FT*LB*) 
1 U*S. KIC 197.07 9. U.S. KIC 208*15 

KS1*SQ R (IN.)1 :,-(KSI*SQRT( IN,) 

Ds CHEMISTRY 
C , MN ,C,e P , ce R C 4c,e. MO 6, c,ae.. V C 

27 *30 *01 [10 e7 7 .52. elTl' 

[Es5 ].4e AS S0 e SN 1'ce AL ee CU c,009] 

Es BORE STRESS F. CRACK DATA - - - ..  
SPEED (RPM) STRESS 

Is 1800 (KSI) 62.700 1 A-CR-OP (1800 RpM) (IN.) 3*13 
2. 2160 (120) (KSI) 7 .00U 2* A-CROS 10VERSPEED) IN.) 2 *36 

G. SERVICE DATA 
,.e c, H. C 6t/LATER2 C4AC 5/JE Af a, /AY y a c, 

I* OPER. TEMP. METAL TEMP. HUB (DEG.F) 3771 /^
2. ESTIMATED MAX DA/DT (IN/HR) AO 

L,1z CRACK 5/ZE 7Y CR//6AL CRAck ./EAApo bce 

A /Acr l 6ff)
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10 # : 0811023094 

LP TURBINE DISC INFORMATION 

As UNIT IDENTIFICATION B, MATERIAL PROPERTIES (HUB) MATERIAL PROPERTIES RIM 
1. BUILDING BLOCK 81 1 TYPE e TD 

2. UNIT ROBINSON #2 (REP) .2. SUPPLIER: HEPPENSTALL 
3. CUSTOMER: CAROLINA PFL 3* YS, (KS) 110000 
4. LP# 2 .4. U.T.S. (KSI) 125,000 2. U.To5a (KS5) 128.000 
5. LOCATION GEN 5, ELONGATION 20.5 3. ELONGATION 22.5 
6. DISC 2 A '4. RvAo 6905 
7. TEST NO. TD55576 7, FATT (DEGoF -120.0 G. FATT (DEG*F) -12090 

So R.T* IMPACT(FT.LB.) 7895 6. R.To IMPACT(FT*LB.) F;095 
C, U.S IMPACT TEMP 75.0 7. US IMPACT TEMP.c 
SIPC .. (DEGF) DEG-- -- -

N0T IPC EGe 785 8, UoS 9 IMPACT ENG 
(FTvLB*. F I 

11. U o5s K IC 200s37 .99 U.S . KIC 208. 1529 
(KS. SQRT I N.) - .( KS.I*SQRT(IN.H 

Do CHEMISTRY 
MN 4~e S ~ -~..P... 9 4~c ~6 - R 4,e.. ----- 0 ,c.. V -. 4 e...  

SPEED (RPM) STRESS 

l.1800 (KSI) 61.500 

1. YP c, e TD . 7 : 

rN I E:A B MIN. Y S 110L .(KSI)). c 01 

L I 0 2, E UE 

221 0 3 (KSY) 69 5001 2 0 A-CR-0 oe RPE) (IN.) 116,000 

29 2160 1204,)U*T*S*[(KSI) 2 .00 2.j V .S .T .S. (I ) 128*000 

G SERVICE DATA fLNGTON2 E53 ELONGAT 22/ 

6.CA R*A* 604 -0RA.6* 

UOPERS TEMP. METAL TEMP. HUB 7D EU IF 3 P A A.  
1ITESTIMATED MAX DA/DT ( I N/HRI 

. -CRAck s/IZro cAre,/CeAl V1/JF ?AZIO ,cCe 

A/AcI- (o-1eAffp L; 

* 0 . 010 * 66 .9 2 1
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ID D 081102304 

LP TURBINE DISC INFORMATION 

1l2 

A* UNIT IDENTIFICATION B. MATERIAL PROPERTIES (HUB) Co MATERIAL PROPERTIES (RIM) 
1. BUILDING BLOCK 81 1.o TYPE bce TE 

( MIN. Y.S. [120.0] (KSI)) 

3. CUSTOMER: CAROLINA P&L 3, YeS. (KSI) 135.500 1. Y.S. (KSI) 135.000 
4. LP# 2 4. U*T*So (KSI) 147.000 2. U.T*S* (KSI) 13500.  
5. LOCATION GEN S. ELONGATION 20.5 3. ELONGATION 20.5 
6, DISC. 3 6, RoA. 60.8 L!, R.A. 62.5 -, 
7. TEST NO. TE26453 7, FATT (DEG*F) '.6590 5o FATT (DEG.F) -165.0 

8. ReT. IMPACT(FT*LB.) 61.0 6. RT. IMPACT(FT*LB) 
9. U*S. IMPACT TEMP. 0.0 7. U.S. IMPACT TEMP.  

(DEGF) (DEG.F) 
s10 UaSo IMPACT ENG. 61.0 8. U.S. IMPACT ENG.  

(FT*LB.) (FT.LB,) 
11. U*S* KIC 191*67 9. U.S. KIC *00 

(KS ISQR.T( IN.)) (KSI*SQRT(IN.)) 

0. CHEMISTRY 
C b, cMN b, c, e SI ,, e- C R Ae _MO V 

907 
*2. *29 *03E 

rN! 'b e FAS 3 SB hc~ C,5 4 e .. AL :hpc' e CU 'b .ce 
NJ~~ 6 S 4 ,a S , C, e & 3.66] *013 2L40PPM 

E* BORE STRESS F CRACK DATA 
SPEED (RPM) STRESS A, ce.a 

1. 1800 (KSII 70.600 1 A-CR.0P 1800 Rpm) IN.) 
2* 2160 (120%) (KSI .600 2. ACR-OS (.) -

G. SERVICE DATA 
4~e./ .C1Z4A;W49 cC65/iF AS of 7 AY/Jt 

1* OPER. TEMP. METAL TEMP. HUB (DEG.F) 239 
2 ETIMATED AX DA/DT (IN/HR) 

FR CiA XATA Z rd C/1Ae ClfA &91ZCA'7 
4 bce
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ID # U 0081102304 F., 

LP TURBINEDISC INFORMATION 

As UNIT IDENTIFICATION A.UI DNIIAINB. MATERIAL PROPERTIES (HUB) C. MATERIAL PROPERTIES (RIM) 
I. BUILDING BLOCK 81 1. TYPE TD 

2. UNIT ROBINSON #2 (REP) 2. SUPPLIER: LE HEPPENSTALL -b 
3. CUSTOMER: CAROLINA P&L 3. Y S. KS 23.000 Y 5 KS 1 24-000 
4. LP1 2 '4. U.ToS* (KSI) 133.000 2. U.T*S- (KSI) 132.500 
S. LOCATION GEN 5, ELONGATION 
6, DISC '4 6, R.A. 67.9 . EOAT 66.6 
7. TEST NO. TDSS592 7., F ATT ( 0E G -F -120.0 5. FATT(DEG*F) .120.0 

8o R*Tv IMPACT(FT.L3.) 90.0 6o R.T. IMPACT(FToLB.) 88.5 I 
9# U.#S.o IMPACT TEMP. 7 5.#0 7. U.S. IMPACT TEMP.  

(DE G 9F) (DE G aF 
10, U *S5o'IMPACT ENG. 90.0 8. 0..------N(~ 

(FT8LB, MA 

I1I. U So K IC 22999 **KIC 2 25.8 
K JSQRTIN ... (K 5I* 5Q R.T(1,No 2 

Do CHEMISTRY 31 

.6] 00 7c V 

1. 1 

C 4,c,e- [MN] hcA - _S AL,~Cc/ --- h e,[1j 
NI I ~ ~ A ~ c e . L B 4 l 1 7] 4 c e [ L . c e - ~ U ~ 4 ' ~1 2 J c 

E. BORE STRESS F. CRACK DATA 
SPEED (RPM) STRESS . ---

1.1800~~~ (KI F 130 .A-CR"OP :(1800 RPM) (TN.) ) 2. 2160 (120%) K S 1 7 1 o'400] ~2 A-CR-OS (OVERSPEED) (IN3.2 

9*9 

GN SERVICE DATA 
6.ce . CA6~LA~?CIgA Ck 5/7P--Ax OFI /y d - -

I# OPER, TEMP. METAL TEMP. HUB (DEGF1 ) 9 A f'Ai.  
2( ESTIMATED MAX DA/DT (IN/HR)M 

SUPP 

CRA- i c/ecl/c rd ~vcAITAAL eRA Ct 5/1ZF IEAT/Ob , 
S/Aj 

U.. .  

ELON
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ID * : D08110230 4 

LP TURBINE DISC INFORMATION 

A, UNIT IDENTIFICATION B. MATERIAL PROPERTIES (HUB) C MATERIAL PROPERTIES RIM 
I, BUILDING BLOCK 81 1, TYPE bce TD 

2, UNIT .ROBINSON #2 (REP) 2. SUPPLIER: MDVAL E.. Ne 
3. CUSTOMER: CAROLINA P&L 32(1 
14. P 2 4. U:T*S. (KS1) 136.500 2o UoT.S- (KS!) 131.Of 9* LP# 

2* 5. LOCATION GEN 5, ELONGATION 2073ELONGATION 
6, DISC# s 6, RvA7 69.7 
7. TEST NO TD44988 7, FATT (DEGeF -120*0 5 FATT DEG F 120o0 

8. ROT* IMPACT(FT#L8.) 86.0 6o ROT. IMPACT(FT.LB.) R6*O 
9, U95s I fiP A CT T E MP 975.0 7 oU.0S.0 IMPACT TEMP.  

(DEG F) 
D. DE G F.) _.--109 U.o5s. IMPACT .ENG 86. 8, U.S.IMPACT ENG.  

(FT*LB. ) . (FT*LB.*) 
11 ..KC220.77 9o U.oS.e KIC, 16.S4 j 

-KI S R. ( ) - ------- - --.-- ( KsSl SQR T,(.N n 

Dq CHEMISTRY 
C bce MN 'c c - ... .. .....  

~3
N2AS SB SN AL bc5 CU ce 

b,c,e As bdc!a 
D. I E 1 

E. BORE STRESS F. CRACK DATA- ----.. .--- 4 
SPEED (RPM) STRESS 141 

1. 1800 (KSI) 63.000. 1.ACR-OP (1800 RPM) (IN.) 392 
2. 2160 (120%) (KS!) 72.900 2.A .CR- 0S ,(.VRSE)-( 1.) P288 

GT SERVICE DATAD 

OPER. TEMP. TA TEMP HU 8 (DEG F) MAT IA 
ATED MAX DADT (I/ T 

I.. CRACK 5/a 57' ,YCLCRC*SZE/Ar' 
th( N0 

2. SUPPL1- oo ].... .. .



ID M : 0081102304 r 

LP TURBINE DISC INFORMATION (101 

2! 
A. UNIT IDENTIFICATION Be MATEIIAL PROPERTIES (HUB) C. MATERIAL PROPERTIES (RIM) 

. BUILDING BLOCK 8l I. TYPE TD 
(MIN. Y.5 1J (K 5 1 )).19 

2. UNIT ROBINSON 2 (REP 2, SUPPLIER: BETHLEHEM STEEL 
3. CUSTOMER: CAROLINA P&L 3. YiSo (KSII 00 1. Y.5.(KSI) - S 50(7 
4. LP# 2 4. U.T.S. (KSI) 5. LOCATION . GEN 5, ELONGATION 202 . ENT 1.500 
6, DISC 0 6 . R * 6 o 61.1 4. RoA 67,r 7. TEST NO. TDROE2RI 7HU FCATT EGoF 110 5 FATT (DEGTFI) 1 100 

88 R, IIPACT(FT-LB) 123.0 6, R.T. IMPACT(FT.LB) 129.0 TPCT 
9 U.s IMPACT TEMP 750 7. UoS. IMPACT TEMP.  

(DEG2F) (2EGF)L 
10, U.S.IMPACT ENG, 86.0 8. U.S.5 IMPACT ENG.  

. U*S. KI 11.75 9. U.S. SKIC 266.76 

2.U***(KSI) 28,0002*.U*T*S (KSI.SQ135.000 GENI*SR. I, ELNATO 20, 3..ELONGATION 21.5Q TCI 

D. CHEMISTRY b 

C b..~ MN SI bCR 6 ~ojbce >~ 
E2] E3 0] CEo3] 

E. E STRESS SNTD555 AL F) CU FATT F)0-110* 

9 UO5E IMPACT TEMP7507UPCR ACKT SPEED (RPM) STRESSD 
*) L B1800 RPM) ( 

1110 U*S K5 25 5.7 90 U.S KI 266*76Pl : 

2s.10(1 ) (KS() 5KT0 2s ACR-OS ((VERSPEED IKNS 

GC SERVICE DATA 
I, C ,1H.1ASL cLeAT6P. 6ceAC/SN ,ZEA,5 OF M bcu, e 

3,6 *0008 012MTA E~ H8(EF 9/ 

2. ESTIMATED MAX DA/OT (IN/HR) F 13 At 0 
E CRACK $rlzE ro cIrA-AL rRACK f/Zr 4,AT/o 

AAcRP) TRS ,,] c, 

le 1 00 KSI)55. 00 1 A R*0P (18 0 RP ) (IN.)4*7


