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1.0

Introduction

This report describes the results of inspections and evaluations
performed on the Catawba lA diesel engine. These inspections were
performed as part of an overall program to verify the reliability of
Transamerica Delaval, Incorporated (TDI) diesel engines used for safety-
grade power supplies at Catawba. The overall program is described in
an April 5, 1984 letter to the NRC, reference 1. The scope of the

inspections meets or exceeds the TDI Owners Group inmspection program.

The inspections of the 1A diesel engine discussed herein were performed
in April through Jume, 1984, The inspections involved extensive
disassembly of the diesel and 100Z inspection of parts for which there
was a history of problems or other reasons for special concern.
Substantial (e.g. 25%) sampling inspections were performed of other
important parts where there was no history of problems. The scope of
the inspections is essentially as described in reference 1, with the
exception that pistons, connecting rods, and related parts were
inspected on a 100Z basis rather than on a sample basis. Also, one
additional main bearing and three additional cylinder liners were added
to the inspection plan.

The diesel disassembly, reassembly, and inspections were performed in
accordance with the Duke Power Quality Assurance Program. The assembly,
disassembly and inspection work was largely performed by Duke Power
personnel, with selected inspections performed by Failure Analysis
Associastes (FaAA) and Stone and Webster (S&W) personnel in comjunction
with the TDI Owners Group program.

Detailed results of the inspections are contained inm Section 5.0,
Appendix A and are discussed in Section 3.0. Some parts which are
important to diesel operability were not inspected since inspection is
not called for by the TDI Owners Group program and there has been no
history of problems. For such items an engineering evaluation of the
operating and maintenance history of each of these parts was performed
and is documented in Appendix B of Section 5.0.

This report on the Catawba lA diesel inspections covers over 992 of the
inspection plan which includes over 4780 separate inspections.
Inspection results not covered in this report. are as follows:

- Material comparitor tests on valves. These tests are awaiting a
material sample from FaAA.

. Eddy-current (ECT) test of fuel line tubing. These tests are
awaiting FaAA scheduling.

This report is the final report on the Catawba IA inspections. A
supplemental letter type report will be submitted covering results of
the material comparitor and eddy current inspections mentioned above.

Upon reassembly of the Catawba lA engine, walkdown inspections of the
various piping, tubing, and electrical conduit runs on the engine will
be accomplished. Results of these inspections will be factored into the
Owners Group Phase II program.
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Summary and Comclusion

2.1 Overview of Ipspection Results

In March 1984, the Catawba lA diesel engine successfully completed
(reference 1) its extended operation test which resulted in more than
800 total accumulated hours on the engine. This test confirmed the
ability of the diesel to operate reliably for long periods of time at
high power. Subsequent to the extended operation test, extensive
disassembly and inspectionm of this diesel engine has been performed to
confirm the satisfactory conditicz of wvarious parts and to identify
any parts requiring repair, replacement, and/or redesign to ensure
highly reliable standby electric generator service.

The post extended operation test inspections are now nearly completed,
with the only exceptions being as outlined in Section 1.0. The results
of the inspections are summarized in Table 2-1. Engineering and
quality assurance evaluations of the inspection results have been
performed. This work is considered to have identified all significant
conditions. These conditions are discussed below.

The most significant results of the Catawba lA diesel engine post
extended operation test inspectione are as follows:

. Many of the major problems experienced with other TDI diesel
engines did not occur in the Catawba lA diesel engine. These
problems include failed crankshafts, cracked comnecting rod-
crankpin bearing shells, connecting rod box cracks,and cracked
cylinder blocks.

v One major problem was noted on the lA diesel. Four of the
type AN piston skirts used in the lA diesel were fourd to have
one or more cracks in the region where an internal
circumferential reinforcing rib intersects the piston pin boss
(Figure 2-1). This problem is discussed further in Section

2.2.

- The turbocharger thrust bearings were found to be severely
worn, even though they had continued to function
satisfactorily during the test. This condition was

anticipated since similar problems have been experienced at
other stations. As a result of this history, a redesigned
lube o0il system is being developed which ir expected to
prevent recurrence of the problem. It will be installed by
September 1, 1984, 1In the meantime, the bearings are being
replaced as aecessary to ensure operability.

0 Several other problems of potential significance to diesel
operability were detected and are being further investigated
as part of the TDI Owners Group program. These are:
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- Two subcover castings were found to have cracks in an
intake rocker arm pedestal (Figure 2-2). These cracks
are discussed in Section 2.3.

- Two Catawba cylinder heads (one on diesel lA #nd one on
1B) experienced small jacket water leaks into the fuel
injector cavity. Metallographic examinations of the head
removed from the lA diesel indicates that the leak was
due to a fatigue crack (Figure 2-3). This problem is
discussed in Section 2.4.

. A small eddy-current test (ECT) indication was detected in
crankpin to web fillet #7 (gemerator end) on the crankshaft.
Metallurgical examination using replicas indicates that the
indication was due to a .027 end a .021 inch long linear
defacts located about .l105 inches apart. The .021 defect was
polished out at a depth of less than .005 inch. The .027 inch
indication was polished out in about .020 inches of depth.
Another indication was detected by fluorescent dye penetrate
in the #8 main journal oil hole. This indication was
approximateiy a quarter inch long and made up of a s:ries of
extremely small pores. This indication was polished out in
less than .005 inches. Evaluation of these indications shows
that they are due to initial fabrication. This problem is
discussed Section 3.1.1.

« A variety of routine minor conditions were noted, and are
discussed in Section 3.0 and 5.0, None of these conditions
impact the operability or structural integrity of the diesel.
Typical conditions of this type include:

- Chipped and cracked edges of rocker arm sockets. (Section
3.3.1)

- Chipped and removed valve stem chrome plate. (Section
3.3.2)

- Jammed air stert valve adjusting nut. (Section 3.3.3)

- Heads of small bolts broken off, due to under or over
torquing. (Section 3.3.5)

Piston Skirt Cracking

Four type AN skirts were found to have cracks ad jacent to piston pin
bosses. (Figure 2-1) These cracks run approximately vertically, and
appear to initiate on the inside of the skirt where a circumferential
reinforcing rib intersects the piston pin boss. The largest crack, onm
skirt 3L, was through wall and was about 3 to 4 inches long on the
outside.
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2.4

It is understood from TDI that this type of crack has never before been
reported to TDI for stress relieved piston skirts. However, similar
cracks have occurred on non-stress relieved type AN skirts and, as a
result, TDI recalled non-stress relieved skirts for stress relief.
Those Catawba 1A skirts which had not been originally stress relieved
were returned to TDI and stress relieved in 1983, prior to the extended
operation test and other tests. Thus, the cracking of the Catawba 1A
skirts indicates that this type of cracking is possible even with stress
relieved type AN piston skirts. '

An extensive failure analysis of the cracked Catawba type AN piston
skirts is now being performed by Failure Analysis Associates (FaAA) as
part of the TDI Owners Group program. This program includes
determination of residual and applied stresses, fractography, and
metallurgical evaluations. Prelir’- [y results indicate that temnsile
residual stresses on the order of 2 ksi were found to exist in the area
vhere the type AN pistons had cracl.ed.

The cracked AN type piston skirts in the Catawba lA diesel did not cause
any operational problems, and 12 of the 16 skirts were free of cracks.
Nevertheless, all the piston skirts will be replaced with improved
design AE skirts. The AE skirts have been stress relieved and include
improved design features such as a thicker reinforcing rib and better
rib-piston boss intersection details. These improvements are expected
to adequately reduce the stresses and propensity for cracking in the
area which experienced cracking at Catawba. The FaAA/Owners Group
program will quantify the benefits achieved by use of AE piston skirts.
It is anticipated that this will show that no cracking is expected
during the life of the Catawba diesels. The AE piston skirts also
incorporate the latest improvements in the stud boss regiom, which has
been a problem area in earlier piston designs at the skirt to head
transition.

Subcovers

Two cast iron subcovers were found to have cracks in a pedestal where
the intake rocker arm shaft is bolted to the subcover (Figure 2-2B).
Prior to the extended operation test, another rubcover was found to have
a piece of this pedestal missing (Figure 2-2C). None of these cracks
have affected diesel operability. However, since similar problems have
been reported with other diesels, FaAA bas initiated a failure analysis
of a Catawba subcover as part of the Owners Group program. Preliminary
studies indicate that the cracks are due to installation tolerances
between Jowels, bushings and the pedestal leading to excessive
interference and possibly fatigue cracking.

Cylinder Head Leaks

Two cylinder heads at Catawba, one on engine lA and one on engine 1B,
developed small jacket water leaks into the fuel injection cavity. The
1A leak developed during the extended operation test and the engine was
shut down due to other problems three days after detection of the leak.
The 1A leak did not affect engine operability. The leak on the 1B
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engine was of similar magnitude to that of lA. The lA cylinder head
has recently been examined by FaAA. This investigation (reference
20)revealed that the leak was caused by a crack initiating from the
corner of a welded-in plug where it was seated in the cylinder head
(Figure 2-3). This welded-in plug is reported by TDI to have been used
to repair the casting around the fuel injector hole. Evaluation of all
heads insta led on Engine 1A (reference 22) indicates that one other
head (6 left) has been repair welded with a plug.

The leaks caused by the cracks have not affected diesel operability
since they result in small amounts of water leaking into the fuel
injector cavity and then off of the diesel. As all of the heads now on
diesel 1A have experienced no cracking and were not leaking after the
extended operation test, the heads are considered acceptable for
continued operation. However, the repaired head (6 left) will be
replaced as a matter of conservative judgement.

Conclusions

Thie is the final report on the post extended operation test inspections
of the critical areas of the Catawba lA diesel. The extended operation
test and the post test inspections have demonstrated that the Catawba lA
diesel will reliably provide standby electric generation. The extended
operation test was for the most part accomplished at loads significantly
greater than required for standby electric genmeration. As such, parts
inspected have been subjected to considerably higher fatigue loads and
temperatures than will be actually seen in service. The inspections have
indicated that the piston skirts must be replaced with improved type AE
pir*on skirts and that a few minor damaged parts such as subcover
castings with cracked pedestals should be replaced. In addition, the
diesel engine preventative maintenance program will be re-evaluated
based on the results of these inspections to determine whether
add'tional periodic inspections are required. Future correspondence on
the Cstawba diesels will include: return to service operational test
plan once diesel lA is reassembled; preventive maintenance and periodic
surveyc of the diesel; and periodic tests of the diesel.
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HARMAT OF cAIANM RLEAEL A PONI BRI OGREMATION IRAT ARMILIZ

Sampls 3ise. Parceat

Part Neme Part ¥o. Class Dimen. Visual S. ¥OE V. MO8 Meterisl Serdosss Bg B Notes Results (Ref. paragraph)
Lube 0il Pressure legules ing Valw 040 4o - - - - - - . 9 Sat 1atactory
Jacket Water Standpipe, Tiogs, Gasket 00-004 3 - 0 - - - - - - Pend ing - Owpers Grosp Phase 11 Bua lust ion
Jacket Water Standpipe Valws - B - - - - - - X 9 Set isfactory
Jacket Waier Standpipe Apports 0-2C 3 - 00 - - - - - - Pending ~ Owoers Group Phase 11 Besluat icn
Jacket Water Standpipe Swirches o-nE 3 - - - - - - X 9 Sat isfactory
Jacket Water Randpipe Solting Meterials 00-700F 3 - 0 - - - - - - Pending - Owpers Groug Phase 11 Bsluat ion
Main Bearing Cap Bese Assembly %A A - 9 2 - - - - - Sat isfactory (3.1.6)
Muin Seaving Studs sod Muts @-0c 4o 0 2 - - - - : - Sat isfactory
Main Bearing Cape AP 4 - B 2 - - - - - Set isfactory
Lube 0i] latemal Seaders Q-0 A - 100 - - - - - - ing ~ Owvners Group Phase 11 Bvaluaticn
lube 0il Nubing end Fittinge-intermal 0207 4o -~ 100 - - - - - - Satisfactory (3.2.2)
lube 0il Line Supports—internal @™ » - 0 - - - - - - Setisfactory emcept for some loose supports.
Cramicsba ft 023108 A 00 100 38 - - - - 34 Set isfactory, minor BCT indication polished cut. (3.1.1)
Cramkshaft Besring Shell 230 A 0 9 - - - - - - Setisfactory, some bolts had low torque.
Cramksheft Thrust Sesriog Ring -3 a4 W00 - - - - - - 4 Sat isfactory, cold clearmnces pending.
Cramkcase Assenbly @3l A - 100 - - - T & = Setisfactory
Can Bearing Caps and Dowels @31 B - - - - - - X 9 Sat isfactory
Cramkcase Mount mg Sardware @-3un; » - - - - - - X B} Set isfactory
Cylinder Block 02-N% A @ - W - - - - - Set isfactory (3.1.5)
Cylinder Liner 023 4 ¥ - - 20 2 - - Satisfactory (3.1.4)
Cylinder Block Jacket Weter Mmifold 023 8 - 100 - - - - - - Sat isfactory
Cylinder Besd Studs e » - el - B 3 - - - Satisfactory (3.1.7)
Cyl. Block Jacket Wr. Memifold Nets 0231 3 - 100 - - - - - » Set isfactory
Cylinder Block Seals and Gaskats oue - - - - - - x 9 Set1sfactory
Jucket Wster Inlet Mamifold Assesbly -3l B - 100 - - - - - - Pending -~ Osners Group Phase 11 Besluat ion
Jacket Water Inlet Memifold Coupling 023168 3 - 00 - - - - - - Pending ~ Owoers Group Phase 11 Bwaluat ion
Jacket Water Discharge Mamifold 0237 3 -~ 100 - - - - - - Saiisfactory
Jacket Water Disch. Mmifold Cospling 02-3173 B - 0 - - - - - - Pending - Ovpers Group Phese [1 Bvs luat ion
Jacket Weter Disch, Memifold Supports 02-3IX 3 - 0 - - - - - - Pend ing - Owoers Group Phase 11 Boa luat ion
Flydusel - & - - - - - - X 5 Satisfactory
Flywhoe! Bolf ing 0208 A - 100 - - - - - - Sal istactory
Pront Gear Case Bolt ing -1 ¢ - 100 - - - - - - Setisfactory -
Compect 10g Rods and Bushings 02-304 A 00 100 ' - 5 5 - - Satisfactory except for one gouged bushing (3.3.4)
Comnect ing Bod Bearing Shells 023408 A 100 106 100 100 ' - = Setisfactory, 5 halves did oot weet acceptamce stds.(5.1.2)
Piston 02-341A A 100 100 Mo - - a - 5 Four cracked skirts (2.2, 3.1.3), all skirts veplaced.
Piston Rings 02-3%IB A 23 10 - - 25 - - - il iaie OrY
Piston Pin Assembly G2-MIC A4 25 100 - - > 23 - - ~-tistactory
Intshe Tappets 02-%% Ao - B - - - - - - Sat isfactory
Puel Tappets 0% A - 2 - = - o (= - Sstisfactory except for some winor scratches.
Fuel Pump Base Assembly 02-%C B8 - - - - - - x ) Seu 1atactory
Camata (T Assestd |y Q-3 A - W - - - - - = Sat istactary
Camshaft Bew ing 023508 » - 100 - - - - - 7 8 actory
Camsbaft Sgpports, Bolt ing snd Gear 02-3%C 4 - 100 - - 100 100 - - omi s ‘actory
Crankshaft Gear 0-35% A - 0 - - - - - - :hhmw

02- A - - - - 100 - - isfactory
SIS o T ® oo o - e Sat. mcept for coe jemmed wut & wissing pin (3.3.3, 3.1.13)
Cyl inder Head 02304 B 100 100 100 100 - 3 't 2,9 Sat isfactory except for coe lesk '(1.5. 3.1.16)
Intske snd Bxheust Valves 02-3%08 3 25 100 - - 2% - - A "M. scae valves have chipped chwome plating(3.3.2)
Cylinder Sead Bolt ing and Gaskets 023 8 - - - - - - x - Sat isfactory
Vale Springs 02-%® 5 - 0 - - - - - 1 Satistactory
Subcover Assembly 022 18 - 00 100 - = = = & Setisfactory except for tw cracked pedestals (2.3, 3.2.6)
Puel Injection Pmp 02-3%5% 8 - 00 - 100 - 100 ¥ 9 Valve holders to be refurbished (3.2.1)
Puel Injection Tipe @%s 8 - - = = - - 9 Satisfactory
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AN -0 (Contismad)

Spwels §ise. Paxcant

e Part ¥o. Class Dimen. Visual 5. NDE V. WS "sterial Sardoese By Bv Noces  Sesults (Ref. paragraph)
Comtrol Air System Pressure Switches Qasum » - - - - - - b 4 - Sat isfactory
Comt ol System Selsys - A - - - - - - 4 9 Sat iafactory
Control System Solenr < Valves QsE A - - - - - - X 9 et iafactory
Comtrol Air System Piping, Tubing, Pongs 02-5008 + - 100 - - - - - - Pending -~ Ovners Growp Phase 11 Bvaluat ion
Control Panel Wiring -50m A - - - - - - } § 9 Sat isfactory
lube 0o Sup Task -5 B - 00 - - - - - - Sat isfactory
labe il Susp Tack Solting 5 - 0 - - - - - - Sat isfactory
Labe 01] Sump Tenk Mount g Bardware Q5 » - 100 - - - - - - Sat isfactory
Fomdet o Bolts and Axiors 02-550 13 - - - - - 4 9 Sat iafactory
Lost nament at o Thersocomp les Q2 3 - - - - - - 4 L Setisfactory (2.2.4)
Bogine & Aocilisry Module Wirieg Conduiz 026888 4 - 00 - - - - - . Set isfactory
Bgine end bxilisry Module Wiring Qs - - - - - - 4 ] Satisfactory (3.1.10)
Bogine snd duxi lisry Module Wiring Boxes 0268 & - - - - - - b 4 - Sat isfactory
Bngme Alsmm Sensors 02-6% A - - - - - - | 9 Set isfactory
OFf Bogine Safety Alers Semsors-Switches 026914 B - - - - - - b 4 L ] Sat isfactory
g me Susiows Rubing sd Firtings Qe » - 00 - - - - - - Pending -~ Owoers Group Phase 11 Bunluat icn
Bgine Sutdows Valves, Regs. & Orifice 02-69% & - - - - - - b § N Satisfactory; air system clemnliness nesds to be meintained.
gine Rusdown Trip Sdiches Qe a4 - - - - - - b 4 9 Sat isfactory
Puel ) Dupiex Strsiner e a - - - - - - z N Sat isfactory
Tabocherger Thrust Bearing lube System 02O C - 100 - - - - - - Pending (3.1.15)
Tharmost & ic Valw %4 » - - - B - - X - Sat isfactory
Intske Air Filter %108 1} - - - - - - 4 - Sat isfactory
Itk Air Silencer 107 L - - - - - - } 4 L Sat isfactory
Before sd After lube 01l Ry 109 B - - - - - - 4 9
Pull Flow lube Oil Filter a-i10 A - - - - - - b 4 L ] Set iafactory
Lube 0il Heat Bxchanger a-Hl 8 - - - - - - x 9  Satisfactory
Cenerstor Shaft exd learings -l A - - - - - - X 9 St iafactory
Jacket Water fest Bxchenger -0 4 - - - - - - 4 - Sat isfactory
Gil Prelube Filter -2 - - - - - - - X ¥ Sat isfactory
Lube 01] Kaepwmim Strainer a3 “ - - - - - - b 4 ] et isfactory
Lt evcoo Ler 068 A - 0 10 - - - - - Set isfactory

w02/ A W 10 - - - - - - Satisfactory emcept thxust bearings dessged (3.1.15)
lube 01l Pull Presmaw Strainer =23 A - - - - - - 4 N Sat isfactory

Sotes To Iasble

1. Intake and esxsust valve springs bave proper color code.

1. Ultrescnic wall thickaess measurement of fire deck asrea and fuel nozzle
ares. Eng Ev to determine if head bhas been repaired.

3 A torsiograph was developed of the crankshaft.

4. Craskshaft web deflections and thrust closrance was seasured with the
diesel bhot snd will be messured cold.

5. Measure torque on belleville spriag loaded bolts.

6. Hardoess of the spools wes not messured since excessive wear had not
occurred.

7. lInspections cof the camshaft bearings was not performed since an
inspect ion of the camshafr lobes showed oo sboormal wear.

8. ECT inspections were limited to both ends of all high pressure injection
lines.

9. Engineering validation of part is to determine that the part is per bill
of materials and & review of unscheduled maintensnce reports associsted
with part.
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3.1

Discussion of Inspection Results

This discussion of inspeciion results is contained in three parts. The
first part (Section 3.1) covers inspections related to the 16 gemeric
problems being addressed by the TDI Owners Group. The second part
(Section 3.2) covers inspections performed to address concerms raised by
specific problems which have been experienced with Catawba diesels. The
third part (Section 3.3) covers significant inspection results arising
from a general inspection of the engine. All of these inspection results
are documented in the Appendices, Sectiom 5.0.

Ipspections Related to IDI Geperic Problems

The inspections related to TDI generic problems which were performed,
and the results of these inspections, are described below.

3.1.1 Crapkshaft (Part No. 02-310A)
PROBLEM:

A crankshaft failure occurred at Shoreham. The cause of the
failure being high cycle fatique cracks initiating from
fillets in the crankshaft at the junction of a crankpin and
web (reference 2). Similar cracks were found to exist on
other crank-web fillets in all three diesels at Shoreham.

The Catawba crankshaft design differs from that originally
used at Shoreham., The Catawba crankshaft has substantially
lower stresses, which meet industry standards and are not
expected to cause problems (references 3 and 12).
Nevertheless, it was considered prudent to inspect a sample of
crankpin-web and main bearing journal-web fillets.

SCOPE OF INSPECTIONS:
The crankshaft inspections consisted of:
© Web deflection measurements.

. Visual inspections of the crankpin journals and the
fillets at either end of all eight crankpins.

- Eddy-current inspection of crankpim-web fillets for all
crankpins except #2.

“ Visual inspection of main bearing journals and jourmal to
web fillets for main bearings #4, #5, #6, and #8,

- Flourescent dye penetrant inspection of oil holes in main
bearing journals #4, #6, and #8.

< Torsiograph tests.
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No unusual or reportable conditione were noted, with two
exceptions. A small indication was detected by ECT on the
generator end of the crankpin-web fillet for coankpin #7.
Detailed examination by polishing and taking of replicas
indicates that the ECT indication was caused by a .027 and a
.021 inch defect linear defects. The .02l inch defect was
polished out at a depth of .005 inches. The .027 inch
indication was polished out at a depth of about .020 inches.

A small indicatiou was detected on the #8 main journal oil
hole by fluorescent dye penetrate. This indication was
approximately a quarter inch long made up of a line of small
pores. The indication was polished out at a depth of about
.005 inches.

Torsiographic tests were conducted by FaAA. Results,
reference 16, indicate that torsional vibration frequencies
and stresses were almost identical to the Grand Gulf tests and
also that calculated by TDI. These stresses meet industry
standards.

In summary, the inspections of the crankshaft indicate that it
is free of significant defects and is not experiencing the
type of problem experienced with the Shoreham crankshaft. One
small indication was detected by ECT in a crankpin fillet.
Results of a FaAA analysis (reference 24) indicate that the
indication was non-service induced. The small indication on
main journal oil hole #8 was porosity or a machining mark and
therefore not service induced.

Connecting Rod Bearings (Part No. 02-340B)
PROBLEM:

Several connecting rod bearing shells in the Shoreham diesel
engine cracked. Analysis performed by Failure Analysis
Associates (reference 4) indicates that etresses in the
Catawba diesel engine bearing shells are about one half or
less of those that were present in the original Shorebam
engines. Thus, cracking of Catawba bearing shells was
considered unlikely. Nevertheless, thorough inspections of
the shells were performed to confirm freedom from problems.

SCOPE OF INSPECTIONS:
The bearing shell inspections consisted of:

» Visual inspection of bearing and back surfaces of all
bearing shells.

- Measurement of the thickness of all bearing shells.
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. PT examination of the bearing shells.
> X-ray examination of all bearing shells.
RESULTS OF INSPECTIONS:

No cracks were detected by visual, or liquid penetrant
inspection. Visuwal and liquid penetrant inspections indicated
babbit fatigue in the area of link rod maximum bearing
pressures. This has been evaluated and found to exist onm all
T0I vee block engines and not to affect bearing operation
(reference 17). X-ray inspections indicate that five of the
sixteen bearing halves inspected do not meet acceptance
standards.

SUMMARY .

Surface inspection results indicate that coonecting rod
bearing shells are acceptable for continued operation. X-ray
inspections results indicate that five bearing halves do not
meet acceptance standards. They will not be installed in the
engine. These bearing halves will be retained for further
investigation. Spare bearing halves which meet all inspection
standards will be installed in their place.

Ristons (Part No. 02-341A)
PROBLEM:

Cracks were experienced at stud attachment bosses in "Modified
AF" piston skirts at Shoreham (references 5 and 6). 23 out of
23 "Modified AF" skirts experienced such cracks, while one AN
skirt did not (reference 6). TDI indicated that type AN
skirts have been widely used and, if properly heat treated,
would perform satisfactorily.

During the extended operation test, Catawba diesel 1A had type
AN skirte which had been heat treated at the factory.
Because of the freedom from reported problems with AN skirts,
no problems were expected with the Catawba piston skirts, and
inspections were originally planned on a sample basis.

SCOPE OF INSPECTIONS

The inspections of piston skirte listed below were directed
at assessing their structural integrity. Some of these
inspections were planned on a sample basis. However, as a
result of cracks found near the piston pin bosses, 1002
inspections were performed.

B Visual inspection of 100X of the pistons skirts.

. PT examination of stud bosses of 100% of the piston
skirts.
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- PT examination of piston pin bosses of 1002 of the
piston skirts.

- PT or MT examination of areas adjacent to piston pin
bosses (these are the areas where several cracks were
noted).

. Ultrasonic (UT) and radiography (RT) examinations were
performed if PT or MT indications were observed.

RESULTS OF INSPECTIONS:

The most significant condition noted was the presence of
cracks in four piston skirts adjacent to piston pin bosses.
The largest crack was 3 or 4 inches long and was through the
wall. The cracks appear to originate at the skirt ID, on the
fillets where a reinforcing rib intersects the piston pin
bosses, and to rum in an approximately axial direction. The
cause of the cracking is unknown at this time but is believed
to be due to cyclic fatigue.  Skirts have been sent to FaAA
for failure analvsis.

One small (1/2" long) linear indication was also noted in the
bore of a pistor pin boss. No indications were found at stud
bosses.

SUMMARY :

Cracks were found to be present in piston skirts near piston
pin bosses. As a result, all of the piston skirts will be
replaced with type AE pistons. In addition, a detailed
failure analysis has been initiated, &s part of the TDI Owners
Group program.

Cylinder Lipers (Part No. 02-315C)
PROBLENM:

Severe grooving has been noted in at least one TDI nuclear
diesel engine (reference 7). This grooving was attributed to
debris that entered the diesel during assembly or initial

startup.

SCOPE OF INSPECTIONS:

All of the cylinder liners were 1002 inspected to check for the
presence of grooves or other damage.
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RESULTS OF INSPECTIONS:

No significant grooves approaching the 1/16" deep grooves seen
in the Crand Gulf diesel were observed in the Catawba cylinder
liners. Minor pitting and scratching were observed which is
normal for « diesel which has seen substantial service. These
pits and scratches are considered to have no effect on diesel
operability.

SUMMARY :

The inspections indicate that the cylinder liners are in
satisfactory condition.

Cylinder Block (Part No. 02-315A)

PROBLEM:

Cracks have been reported on cylinder blocks in the ares of
the cylinder liner landing and at cylinder head s.ud holes
(reference 7).

SCOPE OF INSPECTIONS:

The cylinder block inspections included the foliowing:

- The area between the cylinder studs and the liner and the
area around the ostuds were PT examined for all cylinders.

- The cylinder liners were removed from seven cylinders (3,
4, 5 and 6 left; 3, 4 and 5 right) and the cylinder limer
landing area within the block was PT examined.

- The stud holes were examined by ECT for the seven
cylinders identified above.

RESULTS OF INSPECTIONS:
Ko significant indications were noted.
SUMMARY :

Cylinder block cracks were not detected on diesel engine lA.

Engine Base (Part No. 02-305A)
PROBLEM:

Linear indications have been reported as emanating from mair
bearing #tud holes in the engine base. These problems have
been attributed to inadequate bearing cap stud preload
(references 7 and 13).
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SCOPE OF INSPECTIONS:

The main bearing saddle area around and between the stud holes
was PT examined for bearings 4, 5, 6, and 8. In
addition, the stud tension required to permit removal of the
nuts was measured.

RESULTS OF INSPECTIONS:

No linear indications have been found, and stud tensions were
io the normal range.

Inspections indicate that this problem has mot occurred in the
Catawba 1A diesel.

Cylinder Head Studs (Part No. 02-315E)
PROBLEM:

Isolated failures of cylinder head studs have been reported as
occurring in non-nuclear TDI diesels (reference 8). Also,
improper torquing of these studs has been reported as
contributing to the cylinder block cracking problem discussed
in paragraph 3.1.5.

SCOPE OF INSPECTIONS:
Inspections of the cylinder head studs included the following:

“ The breakaway torque was measured for the head studs of
three cylinders (4L, 5L, and 6L).

B The removed studs from the three cylinders identified
above were visually inspected.

. One stud from each of four cylinders was checked by
material comparitor and hardness measurement.

RESULTS OF INSPECTIONS:

Measured breakaway torques all were above 1100 ft-lbs. These
torques indicate that required torque (1500 ft~lbs) was
originally applied and that the torque has remained at
acceptable values after extended operation.

No significant visual indications were noted.

Material comparitor and hardness test results indicated that
studs are made of acceptable material.
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SUMMARY :

A sampling inspection of cylinder head studs indicates that
they are acceptable and that they had been correctly torqued.

Rocker Arm Capscrews (Part No. 02-3906G)
PROBLEM:

A fatigue failure is reported to have occurred with a rocker
arm capscrew at Shoreham (reference 7). This failure was
attributed to vndertorquing. Reference 8 indicates that
properly torqued capscrews have satisfactory fatigue
resistance.

SCOPE OF INSPECTIONS:

Inspections of the rocker arm capscrews included the
following:

- The breakaway torque of all the capscrews was measured.
& All capscrews were visually and MT examined.

L] All the capscrews were checked by superficial hardness
test methods and material comparitor tests.

RESULTS OF INSPECTIONS:

The breakaway torques of the intake/intermediate capscrews
varied between 276 and 336 ft.-lbs., and the torques of the
exhaust capscrews ranged between 324 and 498 ft.-lbs. These
values indicate that the required torque of 365 ft.-lbs. had
been originally applied and that acceptable torque values were
still present after extended service.

No indications were noted in the visual or MT examination.

The material comparitor and hardness tests indicate that the
capscrevs material is satisfactory.

SUMMARY :

The diesel engine 1A capscrews were found to be satisfactory
and to have been properly torqued.

Conpecting Rods (Part No. 02-340A)
PROBLEM:

Cracking of coonecting rods is reported to have occurred,
apparently due to relative motion between the two halves of
the connecting rod at the "rack-teetb” joint (reference 7).



SCOPE OF INSPECTIONS:

The inspections of the connecting rods included the following:

- Breakaway torque was measured on the commecting rod bolts
for all eight master/link rod/rod box assemblies.

« Magnetic particle inspection of all conmnecting rod bolts
was accomplished.

“ The threaded holes on the rod boxes of all connecting rod
assemblies were ECT inspected.

. The areas of the rod box which have been reported as
being subject to cracking were LP examined.

L] Material comparitor and hardness tests were performed on
master rod, rod box, and link rod for four conmecting rod
assemblies.

. Areas of the connecting rod which would be subject to
fretting or wear if looseness developed were visually
inspected (rack-teeth, washers, seating surfaces) om all
connecting rod assemblies.

. Connecting rod rack-teeth (serrations) degre: of contact
vith mating part was measured by blueing the part on all
connecting rods.

RESULTS OF INSPECTIONS:

Normal torque values were found, and ©o significant
indications were detected. Material properties were
scceptable, and no signs of joint looseness or fretting were
seen. Degree of contact between serrations varied from 80 to
100%.

SUMMARY :
:

The connecting rods on diesel lA have seen over 800 hours of
operation. Reports of fretting wear, cracks in the connecting
rods, loose capscrews and cracks in tapped threads were not
seen on the Catawba 1A diesel. The fact that these reported
in idents were not seen on the Catawba lA diesel as well as the
fact that the connecting rod bearing shells did not show any
type of wear associated with connecting rod looseness
indicates that the reported incidents did not take place on
the Catawba 1A diesel during it extended run operation,

During reassembly of the engine, elongation of the connecting
rod bolts will be measured and compared with TDI recommended
values. This will be done in addition to torquing the bolts
to TDI recommended values.
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Electrical Cables (Part No. 02-688B)
PROBLEM:

A number of electrical cables used by TDI have been identified
as either failing insulation flame test requirements or not
ha;iu sufficiently high temperature ratings (references 7 and
14).

S3COPE OF INSPECTION:

Stone and Webster, as part of TDI Owners Group activities,
reviewed the Catawba electrical cable installation.

RESULTS OF INSPECTION:

The Stone & Webscer inspections (reference 18) have been
completed with the following results.

. ™I SIM 361 has not been implemented om the Catawba
diesels. This ‘avolves replacement of: shielded cable
from a termiual block to the tachometer relay in the
engine control panel; shielded cable from Airpax magnetic
picrup to the junction box on the side of the engine; and
mult iconductor cable from an eugine mounted junction box
L0 the Woodward governmor actuator.

Certificatior that States type NT sliding link terminal
blocks used in the starting air solenoid controls were
not manufactured between 1974 and 1976,

SUNMARY :

Replicemert of wiring to Luj lement TDI SIM 361 will be done by
cepcomier 1984,  With this replacement, all wiring will be of
sceeptuble tempecatine retiog and adequately sized for circuit
ampacities. Duke Power Co. (reference 19) has a program for
insperting Svates sliding link terminal blocks during
insteilation and e¢:h time the link is operated. Perfoimance
problems and detective links are reported to Design
Engineering. Henc:, Duke Power Co. already bas a program for
worovering defective terminal blocks and therefore find it
anneccesary to verify the manufacturing date of the TDI
terminal blocks.

Ruel louectics Lines (Part No. 02-365C)
PROBLEM:

Severai cases of failure of high pressure fuel injection lines
have occurred., These failures have been attributed to a
fatigse cruch initisting at pre-existing 006" drav seam at
the :ubing ID. (rcference 10).
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SCOPE OF INSPECTIONS:

All of the high pressure fuel iajection lines will be
inspected in an area six inches from each end or from the end
to the first turm using ECT methods in early July.

RESULTS OF INSPECTIONS:
The inspections have not yet been performed.
SUMMARY :

The fuel lines have operated for over 10 million cycles
without problem and are thus considered to be satisfactory.
In addition, ECT inspections will be performed to confirm
their satisfactory condition.

Jacket Water Pumps (Part No. 02-425A)
PROBLEM:

Several jacket water pump shaft failures occurred at Shoreham
(reference 11). The Catawba jacket water pumps are of a
different design than the Shoreham pumps. However, even though
the problems experienced at Shoreham are not expected to apply
to the Catawba diesels, detailed inspections were performed of
the Catawba jacket water pumps.

SCOPE OF INSPECTIONS:

The engine driven jacket water pump inspections included the
following:

. Visual and PT examination of coupling.
. Visual inspection of clearance ring.

- Verification of shaft material by material comparitor and
hardness checks.

- PT and RT of pump impeller.

RESULTS OF INSPECTYONS:

All planned testing has been completed. The only significant
condition noted was some porosity in the impeller casting.
Based on RT examination, the porosity was evaluated as
acceptable.

SUMMARY :

The jacket water pump was inspected and found to Dbe
satisfactory.



3.1.13

3.1.14

Air Star: Valve Capscrews (Part No. 02-353)

PROBLEM :

Capscrew bottoming out due to irsufficient hole depth for the
capscrev length can lead to insufficient clamping force
freference 7). TDI recommended reducing capscrew length to
prevent this problem. Catawba diesel capscrews were
modified prior to the extended cperation test.

SCOPE OF INSPECTION:

The inspections for :he capscrews included the following:

% Measur: breakaway torque on sll capscrews.

L] Measure ieugti ~f capscrews for &4 valves.

RESULTS OF INSPECTIONS:

Breakaway torquer and capscrev lengths were acceptable, and
the valves showed no signs of insufficieat cismping ferce.

SUMMARY :

Ther: appeared to be no problems with airstari valve capscrew
bottoming out in the Catawba 1A diesel.

Push Rods (Part ¥a. 02-390C)

PROBLEM:

Grigivaily supplied pushrods experienced cracking of the welds
joimizg the rod to tbeir rod ends. New design push rods with

friccion welds were installed in the Catawba diesels during
*he extended operacion test and accumulated about 400 bours of

operation.
SCUFE OF INSPECTIUNS:

The inspec:ions of the ocw design push rods included the
foilowing:

[ Visual inspection of the shaft end welds to verify that
the desired nev type of friction welds were used.

- PT examinatior of all the welds.
RESULTS OF INSPRCIICHS:

All the push ruds were confirmed as having the correct type of
weld and werc found to be free of defects.



SUMMARY :

The Catawba diesel engine push rods are considered to be
satisfactory.

3.1.15 Turbocharger Bearings (Part No. MP-022/23; 02-CFR)
PROBIEM:

Severe wear of the bearings has been reported, apparently due
to inadequate lubrication during diesel staits (referemce 7).
An improved lube oil supply system is being developed for
Catawba, with installation by September 1, 1984,

SCOPE G4 INSPECTION:
- The bearings were visually and dimensionally inspected.
RESULTS OF INSPECTIONS:

The thrust faces of the turbocharger bearings were found to be
severely worn. It should be noted that this wear had not
affected turbocharger operation during the extended operation
test.

The turbocharger bearings are being replaced with new parts,
and are expected to operate as well as the original bearings,
wvhich caused no operational problems for several hundred
bours. Until the new lube oil system is installed, the
bearings will be inspected as necessary to emsure that they
remain in operable conditionm.

3.1.16 Cylinder Heads (Part No. 02-360A)
PROBLEM:

Two small jacket water leaks have been experienced at Catawba
resulting in water leaking into the fuel injector nozzle
cavity. Failure analysis of onme of the leaking heads has been
completed (reference 20). The leak was due to cracks
propagating from a cormer where a welded plug was installed in
the fuel injector nozzle seating area. This welded plug was
used to repair the injector bore during manufacture. (Figure
i-3)

SCOPE OF INSPECTION:
The inspections performed of the cylinder head included:
s PT examination of valve seats in cylinder heads.

K UT examination of fire deck thickness at selected locations.



RESULTS OF INSPECTIONS:
No cracks were detected and all thicknesses were acceptable.
ENGINEERING EVALUATION:

An engineering evaluation (reference 22) was done to determine
if any of the heads now installed on the 1A diesel were
repaired. This evaluation consisted of using a boroscope to
see if there was a parting line at the bottom of the fuel
injector cavity indicating the presence of a plug. In
addition, the fire deck area of the head was visually
inspected for the presence of weld metal indicating a plug was
installed. The results of this engineering evaluation
indicated that the head installed on cylinder 6 left was
repaired with a welded plug. This head was factory installed
on the engine and has seen over 800 hours.

SUMMARY :

The currently installed heads in the 1A diesel engine are
considered to be satisfactcry since they were not leaking when
last used and exhibit no cracks in inspectable areas. Further,
the type of leaks caused by cracks dve to plug welding do not
affect diesel uperation and are not significant. However, the
repaired head (6 left) will be replaced.



3.2 Catawba Specific Problems

3.2.1 Fuel Injection Pump (Part No. 02-365A)
PROBLEM:

A fuel injection pump nozzle valve holder at Catawba cracked
as a result of a material defect (reference 1).

SCOPE OF INSPECTIONS:

The imspections performed to date related to the problem
included:

+ Measuring the hardness of each valve holder.
- Performing a UT examination of each fuel pump valve holder.
RESULTS OF INSPECTIONS:

All the fuel pump valve holders were found to be acceptable
based on the imspections conducted.

ENGINEERING EVALUATION:

A failure analysis was performed on the fuel injection pump
pozzle valve holder (reference 21). The results of this
analysis indicate that an axially oriented linear indication
in the high pressure fuel oil passage of the failed part led
to the reported failure. Further analysis indicates that
axial lipnear indications that would lead to cracking of the
valve holder would cause cracking to occur within 10 million
cycles of fuel pump operation. As the remaining valve holders
on diesel 1A have withstood 10 million cycles of operation,
the valve holder failure experience is considered am isolated
material defect. In addition to this analysis, a boroscope
evaluation (reference 23) of the high pressure fuel oil
passage was made. Results of this evaluation indicate that
several of the valve holder bores were rough machined with
protrusions, counter bore type steps and tool marks. One
valve hclder, «cylinder 6R, appeared to have a linear
indication. Three valve holders (5R, 1L, and 8L) had recesses.

SUMMARY :

It is concluded that the valve holder failure is due to a
material defect. Failure analysis indicates that due to
extended operation of the diesel, no defects that would cause
cracking are present in the remaining valve holders. One
valve holder, based on boroscope inspection, appears to have a
linear indication. Three other valve holders appear to have
recesses. These four valve holders will be removed from the
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engine, cleaned, rechecked by boroscope and reamed to a
diameter of 0.170 inches if indications are still present
after cleaning. Valve holders that have indications after
reaming will be replaced.

Iv-bocharger Prelube 0il Lines (Part No. 02-307B)
PROBLEM:

Two failures of the prelube 0il lines occurred during the 1A
extended operatioc cest, due to fatigue cracking at
compression fittinge (reference 21). The lines have been
replaced using an improved procedure, using additional clamps,
vibration dampening devices, improved compression fittings and
heavier wall stainless steel tubing. A further improved
prelube system will be installed to correct turbocharger
bearing lubrication problems.

SCOPE OF INSPECTIONS:
The piping will be visually inspected to verify that it has
been installed in accordance with the latest approved

drawings, and to verify that t“ere is no evidence of vibration
induced damage (fretting, etc.).

RESULTS OF INSPECTIONS:

Inspection of this piping has not yet been performed.

SUMMAKY :

After the diesel is reassembled, the system will be inspected

to verify that it is properly installed so as to prevent
vibration problems.

Turbocharger Adaptor (Part No. 00-4954)

PROBLEM:

A turbocharger to intercooler adaptor cracked at a flange
weld. This is assumed to have been caused by poor flange
alignment with mismatched bolt holes. Catawba now uses
improved alignment practices when torquing turbocharger flange
bolts (reference 1).

SCOPE OF INSPECTIONS:

The adaptor weld joints were visually and MT examined.

RESULTS OF INSPECTIONS:

No defects were noted.



3.2.4

3.2.5

SUMMARY :

These welds are considered to be satisfactory.

Lube 0il and Jacket Water Thermocouples (Part No. 02-630D)
PROBLEM:

Several failures have occurred with these thermocouples 48 a
result of intermittent shorts (reference 1).

SCOPE OF INSPECTIONS:

Inspections of thermoccuples are not considered uscful.
RESULTS OF INSPECTIONS:

Not applicable.

SUMMARY :

Occassional toermocouple failures are a normal occurrence and
do not affect diesel operability uuder emergency run
conditions. Failed thermocouples are repaired or replaced at
the first opportunity.

Crapkcase and Camshaft Cover Capscrews (Part No. 02-386B)
PROBLEM:

Occasional failures of these capscrews has occurred due to
facigue (reference 21) because of over or under torque.

SCOPE OF INSPECTIONS:

All of these capscrews are being replaced with capscrews with
improved fatigue strength and of known chemical and physical
properties. Accordingly, inspection is not applicable.

SUMMARY :

This problem has been resclved by replacement of the cepscrews
using capscrews of appropriate quality and by revising
inatallation procedures to control torques to appropriate
values.
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Rocker Box (Subcover) Subassembly (Part No. 02-3624)
PROBLEM:

Two types of problems have been experienced with these
components. The first type was reported in referemce 1 and
involves fracturing off of a piece of the boss (also called a
pedestal), apparently due to installation with a
misaligned dowel pin. The second type of problem was detected
in the post extended operation test inspections, and involves
tight cracks running down the boss in the web between the bolt
hole and the boss surface. The cause of the second type of
problem has not been firmly established but may be due to
installation tolerances between bushings or dowels and the
pedestal leading to excessive interference fits.

SCOPE OF INSPECTION:

» All of the bosees on all of subcover assemblies were PT
examined.

RESULTS OF INSPECTIONS:

Two subcovers were found to have cracked bosses following the
extended operation test. All of the others were free of
defects.

Several cracked bosses were found and the affected subcover
assemblies have been replaced. These cracks have tot caused a
loss of operability of the engines. A failure analysis is
being performed by FaAA under TDI Owners Group direction.
Until the cause of failure and the frequency of cracking are
better established, the Catawba subcovers will be inspected as
necessary to verify that additionmal cracking has not occurred.

Turbocharger Lube 0il Drain Lipe (Part No. 02-4674)

PROBLEM:

A temporary drain line on diesel 1A Jeaked during the extended
operation test due to fatigue. It is being replaced with an
ieproved design as part of the diesecl reassembly.

SCOPE OF INSPECTION:

Not applicable.

SUMMARY :

This problem is being resolved by incorporation of an improved
design.
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Turbocharger Exhaust Gas Inlet Beolts (Part No. 02-380B)
PROBLEM:

Four 1/2 inch stainless mounting bolts were found broken
(reference 1). The cause of the failure indicates that one
bolt to have failed ‘rom creep rupture while the others failed
from torsional overload (reference 21).

SCOPE OF INSPECTION:

All of the intact bolts and those replaced have been inspected
by visual methods at a magnificationm of 5x to assure that no
new cracks have initiated.

RESULTS OF INSPECTION:
Bolt inspections indicate no defects on installed bolts.
SUMMARY :

All bolts will be temporarily replaced with the same material.
Bolt installation procedures have been revised to insure that
proper preloads are applied during this installation. Long
term fix ic to replace these bolts with creep resistant A 286
material.

ngwmmﬂmmmmmmm

PROBLEM:

One of the swivel pads was found cracked on diesel 1B,
Failure analysis (referemce 21) indicates that the cracking
occurred due to a one time overload. It is believed that the

swivel pad cracked due to improper swaging at the factory
during manufacture.

SCOPE OF INSPECTIONS:

All swivel pads were visually and liquid penetrant inspected
on diesel lA.

RESULTS OF INSPECTIONS:

No defects were found and the sockets were found to be
correctly swaged.

SUMMARY :

The swivel pads are considered to be in satisfactory conditionm.

(Part
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3.2.10 Fuel Lipe Fittings (Part No. 02-450B)

PROBLEM:

Failures have been reported as occurring om fittings,
apparently as a result of vibration induced fatigue due to the
absence of the supports required by the TDI drawing (reference
7). One fuel line had to be replaced on the Catawba 1A diesel
due to leakage. However, inspection of the fuel line
indicated that it was improperly swaged rather than failing
from fatigue. A flat spot in the come portion of the tube had
been eroded away causing the leakage.

SCOPE OF INSPECTIONS:

The inspections of the fuel lines will include a walk down
inspection to verify that the piping is installed per the
apg licable design drawing.

RESULTS OF INSPECTIONS:

This inspection will be performed after the engine is
reassembled.

SUMMARY :

This inspection has not yet been performed; it will be
performed when the engine is rcassembled. Reassembly
procedures will use Duke Power Co. special fitting
installation instructioms to guard against improper swaging.

General Inspection

In addition to inspections related to TDI gemeric problems and to
Catawba specific problems, inspections have been performed of numerous
other parts in order to verify the operability of the Catawba 1A
diesel engine. The results of these inspections showed that the 1A
diesel engine was in excellent condition, with a few relatively minor
problems in addition to the problems discussed in sections 3.1 and 3.2
above. The only additional problems noted were as follows:

@ Two intermediate rocker arm sockets had chipped or cracked
edges.

L] Nine valve stems had chipped or removed chrome plate.

. One air start valve had a jammed spring retaining nut and

another had a missing roll pin.

k) One rod box bushing was found to have a heavy circumferential
gouge in it.

* Several bolts and capscrews were found to have missing heads
or cracks.
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These problems are discussed below.

Cracked Intermediate Rocker Arm Sockets (Part No. 02-390A)
PROBLEM:

Two sockets were found to have chipped and/or cracked lips.
These chips and cracks did not affect functionirg of the
sockets since the push rods seat further in the socket, well
inside the area with chips or cracks. The chips and cracks
showv no evidence of propagating into the functioning part of
the socket. The problem is believed to be due to improper
installation of the rocker arm prior to valve adjustment, such
that excessive clearance existed, allowing pushrods to wmove
in and contact with the lips.

SCOPE OF INSPECTION:
All of the sockets were visually examined.
RESULTS OF INSPECTIONS:

The two sockets mentioned above were found to be chipped
and/or cracked. No other problems were noted.

The chipped and cracked sockets are considered to be a
cosmetic problem and to not affect diesel operability. The
affected socket lips wiil be ground smooth. In addition,
procedure changes are being made to ensure that excessive
clearance does not exist in the rocker arm at assembly; this
is expected to preclude recurrence of this problem.

Valve Stem (Part No. 02-36UB)
PROBLENM:

Nine exhaust valve stems had areas with chipped or removed
chrcse plate. This occurred at about 6 to 8 inches above the
valve seat, at a location corresponding to where the stem
enters the valve guide. The chrome plate chipping had no
affect on diesel operability, and caused no observable damage
to the valve guides.

SCOPE OF INSPECTIONS:

All valve stems were visually inspected.
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RESULTS OF INSPECTIONS:

As discussed above, 9 exhaust valve stems had chipped or
removed chrome plating in areas about 6 to 8 inches above the
valve seat. No structural damage was observed.

SUMMARY :
Valve stem chrome plate chipping of a cosmetic nature
occurred. The affected valve stems are being replaced. This

condition will be monitored in the future during routice
maintenance iuspections.

Spring Retaining Nut and Roll Pip op Air Star: Valves

(Part No. 02-359)

PROBLEM:

The spring retaining nut on an air start valve was found to be
jammed due to galled threads. A spring retaining nut roll pin
was found to be missing on another valve. The galled threads
and missing roll pin had not affected diesel operability.
SCOPE OF INSPECTIONS:

All of the air stert valves were disassembled and visually
inspected.

RESULTS OF INSPECTIONS:

The one jammed nut and one missing roll pin were the only
inspection deficiencies found.

SUMMARY :
The jammed nut and missing roll pin are believed to be due to
installation errors. These items have been replaced. Current

installatioa procedures provide assurance that these problems
will not recur.

Rod Box Bushang (Part No. 02-3404)

PROBLEM:

A rod box bushing (IL) was found to have a circumferential
gouge over about 1/3 of the circumference, with a depth of
1/16 iach.

SCOPE OF INSPECTIONS:

All of the rod box bushings were visually and PT examined.
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RESULTS OF INSPECTIONS:
The only problem noted was the one gouge described above.
SUMMARY :

The gouged rod box bushing is being replaced, even though the
gouge did not affect operability. This problem is considered
to have been an isolated case of damage by a piece of debris.

Clamp Bolts (Part No. 02-450D)
PROBLEM:

Several bolts on the fuel/lube oil triple clamp were found to
have heads brokeu off or cracks.

SCOPE OF INSPECTIONS:

These bolts are being replaced and inspection is therefore not
applicable.

RESULTS OF INSPECTIONS:
Not applicable.
SUMMARY :

Failure analysis of these bolts (reference 21) indicates that
they failed due to fatigue as a result of under or
overtorquing. The bolts are being replaced using new bolts of
increased fatigue resistance. Reinstallation procedures
include the provision to assure that under and overtorquing
do not occur.

Fuel Injector Nozzle Holder Studs (Item 3, TDI
dwg. 03-360-08)

PROBLEM:

While removing a cylinder head (7L) with the pulling fixture,
the nozzle holder studs sheared off. During disassembly these
studs hold the pulling fixture to the head. The pulling
fixture is wused both for reacting cylinder head stud
torquing/untorquing loads and to lift the head. Investigation
indicates that these capscrews were bent during untorquing of
the heads leading to failure due to overload (reference 21)
vhen the head weight was put on them during head removal. The
reason the studs were bent is that the head was not cleaned
properly prior to seating the handling fixtures so that the
bhandling fixture rocked on the head.
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SCOPE OF INSPECTIONS:

“ Visual inspection of studs to determine if they are bent.
« Magnetic particle of studs to determine if they are
cracked.

RESULTS OF INSPECTIONS:
E Studs in head 7L were sheared off (see above).

= Stud in head 5R had bad threads.
© Stud in head 6R was missing.

SUMMAEY :

Defective and missing studs are being replaced. Procedure for
installing bead oulling fixture will assure that improper
loads are not Deing applied. Problem occurred during
disassembly and did not affect engine operation.

Turbocharger Boitisg (Item 7, TDI dwg. 02-475-22)
PROBLEM:

One turbocharger to bracket, 5/8 x 11 NC x 2 long capscrew
failed on diesel 1B. VFailure analysis of the capscrew
indicated fatigue failure.

SCOPL OF INSPECTIONS:

These bolts are being replaced on diesel lA oad inspections
are therefore not applicable.

RESULTS OF INSPECTIONS:
Not applicable.

SUMMARY :

Failure analysis of the capscrew indicated that it failed due
to fatigue. All capscrews are being replaced with new
material of increased fatigue resistance. Reassembly
procedures have been revised to assure that proper preloads
are applied.
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APPERDIX A
INSPECTION REPORTS
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Part No.

02-359

02-360B
02-360D
02-360A
02-362A
02-390A
02-390E
02-3908
02-390C
02-390D
02-390G
02-340A
02-3408
02-341A
02-341C
02-341B
02-310C
02-305D
02-305A
02-310B
02-310A
02-311A
02-386B
02-305C
02-355A
02-355B
02-335B
02-395B
02-371A
02-371B
02-365A
02-455C
02-307A
02-307B
02-307D
02-465A
02-465B
02-467A
02-467B
02-540A
02-540B
02-540C
02-CFR

02-315A
02-315C
02-315E
02-315F
02-315D
02-317A
02-442A
02-425A

Table of Contents

Part Name

Air Start Valve

Intake and Exhaust Valves

Valve Springs

Cylinder Head

Subcover Assembly

Rocker Arm Assembly

Rocker Arm Bushings

Exhaust Rocker Arm Assembly
Pushrods

Connector Pushrods

Rocker Arm Bolting

Connecting Rods and Bushings
Connecting Rod Bearing Shells
Piston

Piston Pin Assembly

Piston Rings

Crankshaft Thrust Bearing Ring
Main Bearing Caps

Main Bearing Base Assembly

Main Bearing Shelle

Crankshaft

Crankcase Assembly

Crankcase Covers Gasket & Bolting
Main Bearing Cap Studs and Nuts
Crankshaft Pump Drive Gear

Idler Gear Ass=zmbly

Front Gear Case Bolting

Gear Case Covers, Gaskets and Bolting
Fuel Pump Control Shaft

Fuel Frmp Linkage Bearings & Shaft
Fuel Injection Pump

Fuel 0il Filter Mounting Hardware
Lube 0il Internal Headers

Lube 0il Tubing and Fittings

Lube 0il Line Supports

External Lube 0Oil Lines

External Lube 0il Supports
Turbocharger Lube 0il Piping
Turbo Lube 0il Piping Supports
Lube 0il Sump Tank

Lube 0il Sump Tank Bolting

Lube 0il Sump Tank Mounting Hrdwre.
Turbo Thrust Bearing Lube 0il System
Cylinder Block

Cylinder Liner

Cylinder Head Studs

Cyl. Block Jacket Water Manifold Nuts
Cylinder Block Jacket Water Manifold
Jacket Water Discharge Manifold
Starting Air Distributor Assembly
Jacket Water Pump
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14
14
14
15
15
15/28
16
16
16
16
16
16
16
17
18
18/22

18

-
-

18
25
25
25
25
25
25
25
25
25
26
26
26
27
27
27
27
29
29
29

Part No.

02-385B
02-350C
r7-350A
02-3508
02-345B
02-345A
02-375
02-380B
02-380A
02-410C
02-4108
02--415C
02-411A
02-411B
02-413B
02-413A
02-3308
MP/022/3
02-4758B
02-475A
02-475D
F-068
02-436B
00-700A
00-700C
00-700F
02-316A
02-316B
02-317B
02-317¢C
02-437A
02-4378
02-441A
02-441C
02-442B
02-365C
02-365D
02-450B
02-450D
02-500M
02-688A
02-695A
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Part Name

Cylinder Block Cover Gaskets & Bolts
Camshaft Supports, Bolting and Gear
Camshaft Assembly

Camshaft Bearing

Fuel Tappets

Intake Tappets

Intake Manifolds

Exhaust Manifold Bolting

Exhaust Manifolds

Overspeed Trip Drive Coupling

Overspeed Trip and Accessory Drive
Governor Heat Exchanger Assembly

