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~ggQQ, Pennsylvania Power & Light Company
Two North Ninth Street ~ Allentown, PA 18101-1179 ~ 215/770-5151

Harold W. Kelser
Senior Vice President-Nuclear
21 5/770.4194

~ JANO 5 19tIO

Mr. William F. Kane, Director of Projects
Division of Reactor Projects
U.S. Nuclear Regulatory Commission
Region I
475 Allendale Road
King of Prussia PA 19406

SUSQUEHANNA STEAM ELECTRIC STATION
DIESEL GENERATOR CRANKCASE EXPLOSIONS
ROOT CAUSE ANALYSIS REPORT
PLA- 3321 FILE S024 R41-2

DOCKET NOS. 50-387
AND 50-388

Dear Mr. Kane:

Enclosed please find Pennsylvania Power 6 Light Co's report on the
recent diesel generator overpressurization events at Susquehanna
Steam Electric Station.
The report details our analysis of the overpressurization incidents
which occurred in September and October of 1989 on the Susquehanna
B and C diesel generators. Immediately following these events, a
Nuclear Department Task Team was established to perform a root
cause analysis, implement short term corrective actions, and
develop long term plans for assuring diesel generator reliability.
The first task undertaken by the team was performing metallurgical
analyses on the failed components from the B and C diesel
generators. Details are delineated in the attached report.
Based on the metallurgical findings, diesel generators A, B, C,
and D were inspected. New pistons and liners were installed if the
existing components were conservatively judged to warrant
replacement. This refurbishment of the diesels placed them into
an acceptable condition.
We are continuing to test the diesels in accordance with the
Technical Specifications. During some of this testing we
administratively extend the run time to enable bearing 'self-
healing'roperties to occur and provide added assurance of load
carrying capabilities. One of the conclusions drawn from our
report is that the unique manner in which our diesels are tested
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File S024, R41-2 PLA-3321
Mr. W. F. Kane

may have been a contributor to the recent events. We will submit
proposed changes to the Technical Specifications which in our
opinion enhance diesel reliability.
In addition to performing metallurgical analyses, we contracted
consultants to review the data we solicited input from the diesel
vendor (Cooper Bessemer) and we reviewed industry events, the
culmination of which resulted in our being able to develop a
logical sequence of events which we believe explains the crankcase
incidents.
While no single root cause has presently been identified, we have
instituted actions which will mitigate future recurrences, improve
the existing design and assure future reliability improvements via
increased inspections and.improved maintenance.

Similarly, as a result of our efforts, we are committed to the
following additional enhancements:

replacing 'all piston rings in diesel generators A thru D

inspecting all cylinder liners for tining and correcting as
necessary

'blue checking'll piston to pin assemblies for proper
contact

inspecting all liners for correct surface roughness

changing the lube oil sampling point
evaluating the impacts of removing the lower oil ring and end
caps. (The attached report concludes this modification will
improve our design by eliminating a potential contributor to
the event. We are pursuing the consequence of this removal
on the engine and if acceptable will implement this
modification.)
revising the Technical Specifications to reduce engine stress
during testing
implementing a diesel generator reliabilitymonitoring program
using guidelines from Regulatory Guide 1.9, Revision 3

examination of distressed piston pins

reviewing other utilities maintenance practices



File S024, R41-2
Mr. W. F. Kane

PLA-3321

involvement in Cooper Owners Group activities
changing lube oil

PP&L is continuing to evaluate the crankcase overpressure
incidents. We are factoring outstanding activities into our work
plans and are targeting the 1990-1991 time frame for completion.

As additional information becomes available, we will provide a
supplement to this report.
Very truly yours,

H. W. Keiser

cc: LDooument Control Desk (original)Q
NRC Region I
Mr. G. S. Barber — NRC Sr. Resident Inspector
Mr. M. C. Thadani — NRC Project Manager
Mr. David Nye — PA DER
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ROOT CAUSE FAILURE ANALYSIS OF "B" AND "C" DIESELS: 1989

I. ABSTRACT

In September and October of 1989, SSES "B" and "C" diesels suffered crankcase
overpressure events that resulted from excessive heating of pistons from
friction. This report provides a comprehensive discussion of the findings
related ta these failures. It reviews previous failures at SSES and in the
nuclear industry, describes various inspection findings related to visible
damage and wear from normal operating conditions and collates all the
pertinent information into a comprehensive analysis and an outline of future
actions to prevent such events from occurring.

We have done sufficient reviews to identify the precursors to failure and have
identified appropriate corrective actions to prevent recurrence.

While no single root cause could be determined from the i:nformation collected,
the possible contributing factors are:

(1) The quality of the oil used for lubrication.

(2) The surveillance procedures required by the Technical Specifications
which may strain the engines to their limit.

(3) The piston pin/bushing'nd their interface.
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II. EXECUTIVE SUMMARY

As a result of the engine overpressuriza'tion events of September 16, 1989 and
October 7, 1989, a Nuclear Department Diesel Generator Group was established.
The objective of this group is to develop and implement a plan that assures
all diesel generators continue to maintain a reliable status. The plan must
address both the options of finding the root cause and not finding the root
cause. The plan must also address the long and short term corrective actions
to mitigate recurrence.

All available data was gathered on these machines in terms of analyzer runs,
operating times, number of .demands, total numbers and types of failures.
Reviews of maintenance and operating practices for Susquehanna versus the
manufacturer's recommendations were conducted. Reviews of Susquehanna
maintenance practices versus the rest of the Cooper users is still to be
completed. Other utility experience with Cooper KSV engines was reviewed.
Information sources such as NPRDS and the Cooper Users Group was searched to
find whatever information was available. Extensive inspections, reviews, and
comparisons of failed versus "good" components were conducted. Many detailed
metallurgical analyses, including elemental analyses, were conducted on failed
and non-failed components. Extensive oil analysis, including foaming tests,
were conducted. Leading experts in the field, as well as the manufacturer,
were contacted and requested to provide analyses.

PPSL has already taken definitive actions (see Section VIII) to insure
reliable operation which, as a minimum, consist of:

(1) Based on the metallurgical findings, Diesel Generators "A," "8," "C," and
"D" were inspected. New pistons and liners were installed if the
existing components were conservatively judged to warrant replacement.
This refurbishment of the diesels placed them into an acceptable
condition.

(2) We continue to test the diesels in accordance with the Technical
Specifications. During some of this testing, we administratively extend
the run time to enable bearing "self-healing" properties to occur and
provide added assurance of load carrying capabilities.

Several general conclusions drawn from the body of this document can be
stated:

(1) The engines will fulfill their current design intent and are reliable.

(2) Current maintenance procedures conform to manufacturer's recommendations.

(3) There is no evidence of general fatigue or wear out of the engines. The
only abnormal wear identified is the compression rings, pin-to-bushing
interface and the tin transfer from the non-thrust side of the piston to
the liner. These appear to be unique to Susquehanna.
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(4)

(5)

(7)

Current Operating Procedures and Technical Specifications that
require/allow rapid loading of the engine after starting and that do not
permit sufficient thermal equilibrium of the engine to be reached could
be contributing to failures and run counter to good reliability
principles.

We have done sufficient reviews to identify the precursors and have
identified appropriate corrective actions to prevent recurrence.

Removal of the current piston pin end cap and lower oil ring will improve
lubrication to the piston liner area and not introduce other failure
mechanisms.

A significant amount of distress between the piston pin/bushing area is
evident in a fairly large sample. Determination of root cause is in
progress.

Gulf lube oil is currently being used by PPKL but not by other nuclear
utilities with Cooper engines. However, this oil passes all required
tests and meets Cooper requirements.

The oil sample point is not in the optimum location.

In addition to the positive actions already taken by PPSL, the following
actions have been identified to meet the objective of enhancing diesel
generator reliability. Definitive and detailed schedules will be developed
and are subject to availability of spare parts, critically skilled resources,
and the impact of planned refueling outages.

For

(3)

(4)

(5)

For

the "A" through "D" engines:

Replace all piston rings with,correct size/type.

Inspect all cylinders for tinning.

"Blue check" all piston-to-pin assemblies for proper contact. Check
flatness and surface finish on pins.

Inspect all liners for correct chrome surface porosity.

Implement the following design changes:

o Lube oil sampling point change.

o Removal of the lower oil ring and end cap.

the "A" through "E" engines:

Replace the Gulf lube oil with another Cooper recommended oil.
Submit Technical Specification changes.
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(3) Revise Operating Procedures to minimize stress on the engines consistent
with Technical Specification allowances.

(4) Implement a Reliability Monitoring Program that includes routine engine
. analysis, routine engine oil analysis, vibration analysis and trending.

(5) Schedule remaining analysis work, assessments by Cooper, perform a study
to determine the feasibility of adding a remote emergency shutdown
switch, and examinations of distressed piston pins.
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III. INTRODUCTION

1.0 Engine Description

1.1 Engine

'.1.1

The emergency diesel generators at Susquehanna are four
V-16 cylinder and one V-20 cylinder Cooper Bessemer KSV
engines. They are 4-cycle, turbo-charged engines. The
16-cylinder engines have a continuous rating of 4,000 KW and
the 20-cylinder engine is rated at 5,000 KW continuous.
Since the 20-cylinder is basically the same design as the
16-cylinder engine except for the additional four cylinders,
turbocharger size and size of the cooling system, the
following discussions apply to both engines.

1.2 The 16-cylinder engines have eight cranks on the crankshaft
and the 20-cylinder engines have ten cranks on the
crankshaft. Hence, opposite cylinders (right/left) share a
common crank. This. is accomplished with a main connecting
rod for the right bank rod and an articulated connecting rod
for the left bank. Refer to Attachment 1 for a sketch of
this design. The main rod connects directly to the
crankshaft while the articulated rod uses a pin connection to
the main rod. The articulated rod bolts to this pin and the
pin pivots in a bearing integral to the main rod. Each rod
is bolted to the piston pin. The piston pin then pivots in a
bushing inserted into the piston. End caps are placed over
the holes for the piston pin bushing in the piston. These
caps, held in place by an interference fit, serve to keep the
oil lubricating the piston pin confined to the inside of the
piston and prevents blow-by gases from forcing oil out of the
pin/bushing interface. Otherwise, this oil would fill the
annular space between the piston and liner in the area from
the lower oil ring to the middle oil ring. (See Section 1.2,
Piston, for placement of the oil and compression rings.)

1.1.3 Torque (power) is produced when the rapid burning of fuel
above the piston generates a high pressure and forces the
piston down as it passes top dead center (TDC). Once the
piston is past TDC the connecting rod is at an angle relative
to the downward movement of piston. This angle rotates the
crankshaft and also pushes obliquely against the piston.
This obliqueness causes the piston to thrust against the
liner. The side of the piston which reacts to this lateral
load during the power stroke is called the thrust side and
the side opposite it is the non-thrust side. Note: These
sides are perpendicular to the axis of the piston pin.
During the other portions of the cycle, the non-thrust side
is also loaded. However, the magnitude of the force is less
than the power-stroke side thrust.
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1.1.4 The next section discusses the lubrication path relevant to
the crankshaft, connecting rods, piston pins and
pistons/liners only.

The bottom of the engine serves as the lube oil reservoir for
the engine. It holds approximately 1,000 gallons of
40-weight lube oil. The main oil pump is driven directly
from the crankshaft and takes suction from a perforated pipe
running the length of the engine. From the main oil pump,
the oil is filtered and cooled and then returns to the
engine. For the components of interest, the oil is supplied
to them by a header in the oil sump which has hose
connections to each journal bearing. Some of the oil
supplied to each journal bearing lubricates it and the
remainder of the oil flows through drilled passages in the
crankshaft to the crank bearings. Here again, some of the
oil lubricates and the remainder goes through a drilled
passage in the main connecting rod splitting into the
articulated rod and the main rod. The oil flows through
these rods and supplies lubrication to the piston pin with
the majority of it going to cool the crown of the piston.

The piston/liner interface is lubric'ated by oil splash. The
splash is provided by the oil escaping from the crankshaft
journal bearing, crank bearing articulated rod pin bearing,
and the oil draining from the interior head of the piston.

1.2 Piston

The pistons are made of cast iron. They have a 2-3 mil thick tin
plating on their exterior from the middle oil ring on down to the
bottom of the piston. The tin plating provides a relatively soft
surface which allows the piston surface to conform to the liner and
allows it to absorb some small dirt particles which may otherwise
cause abrasion. The top of the piston (crown) is dished so that the
sides are higher than the center. This construction provides a heat
dam in an effort to contain the combustion heat to the piston, thus
providing a heat shield for the liner.

The top section of the piston from the middle oil ring up is of a
lesser diameter than the remainder of the piston. This relief is
provided to allow for thermal expansion in this section since it
will be hotter than the lower section. See Attachment 2.

1.3 Rings

The piston has two types of rings:

(1) Compression rings to provide sealing of the combustion gas so
that they do not "blow-by" the top portion piston and overheat
the lower portions of piston/liner.
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(2) Oil rings to control the amount of oil on the liner (cylinder
wall). The oil rings may also be called oil control rings or
scraper rings.

There are four compression rings. The two upper rings are made
of a nodular iron and their radial width is less than that of
the two lower compression rings. The two lower compression
rings are made of a flake cast iron. All four compression
rings have a one to two degree taper on their face (see
Attachment 3) as to form a knife edge on the bottom.

There are three oil rings below the compression rings, two are
above the piston pin and one on the lower piston skirt below
the piston pin. These oil rings control the amount of oil on
the cylinder wall so that the engine does not consume too much
lube oil. There are holes drilled in through the piston wall
behind the bottom two oil rings allowing the excess oil to
drain back to the sump.

1.4 Cylinder Liner

The cylinders in our engines are replaceable and called cylinder
liners. These liners fit into the block and are cooled on their
exterior by jacket water. The liners are surfaced on the ID with a
thick (approximately 6 mils) porous chrome plating to provide a hard
wear surface and to retain oil for lubrication. The chrome surface
is made porous by an electropolish-etching or roughened by a diamond
lapping for oil retention purposes. All piston liners manufactured
after 1987 are manufactured using the lapping process.

There are about 12 to 17 mils diametrical clearance between the
piston .and liner.

2.0 Engine Failure History at SSES

The SSES engines have had a total of six crankcase explosions, two on
"B," two on "C" and two on "D."

The crankcase explosion on the "C" engine occurred in Cooper's shop
during the factory testing of the engine in 1977. The cause of this
explosion was identified by the Bechtel shop inspector to be overheating
of a piston pin on the 4R cylinder.

The next crankcase explosion occurred on November 29, 1981 on the
"D" engine. SSES was in the start-up testing mode and an improper oil
flush caused the main lube oil pump bearing to be oil starved. The
bearing overheated and caused the crankcase explosion.

The "D" engine had another explosion on January 14, 1984. The crankcase
explosion was initiated by heavy scoring on the 2L piston and liner.
When the failed cylinder was disassembled, a broken fuel oil drain hose
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3.0

was discovered. This hose drains the fuel oil from the injection nozzle
to the base of the fuel injection pump, thus allowing the fuel oil to
drain into the crankcase. This failure was described as being caused by
fuel oil dilution of the lube oil. PPIIL is now considering this failure
to be similar to the "8" and "C" engine failures.

On January 18, 1986, a loose piston pin bolt on the "8" engine,
5L piston, allowed lube oil to spill from the piston pin to connecting
rod joint, starving the pin and piston of oil. This explosion was caused
by an overheated pin.

The next crankcase explosions occurred on September 16, 1989 and
October 17, 1989 on the "8" and "C" engines respectively, and these
explosions are the subject of this report.

Other Utility Experience With KSV C-8 Engines

All the other (eight without SSES) Cooper users were contacted concerning
their experiences with crankcase explosions. Attachment 4 summarizes the
design and operating information obtained.

Five stations have reported crankcase explosions or crankcase
overpressurizations. A summary follows:

Palo Verde - The cause of their explosion was determined to be
~insu scsent contact area between the piston bushing and piston pin.
This contact area is to be checked (by a "blue check") during assembly
per the Cooper ION; however, this utility missed this step.

graidwood - The crankcase explosion at this station was due to metal
cuttings and chips in the piston pin oil groove. They feel the debris
was left in the engine from the factory. This explosion occurred during
their preoperational tests.

~8 ron - Byron experienced a crankcase explosion, the cause of which was
not conclusively determined. The two possible causes are high firing
pressure and dirt impeding lube oil flow.

Zion - The Zion station also reported a crankcase explosion due to a
piston bushing failure.

Coo er Nuclear Station - This station had three "crankcase
overpressurszatsons which blew open the relief doors on the crankcase.
They are thought to be caused by water leaking into the lube oil, rapidly
expanding and causing an overpressurization in the crankcase.
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ATTACIfIENT 4

DATA FROH OTIER C& USERS
UTILITY/STATIOH

Paraqster
NPPD

Cooper Nuclear
Coeaenwea I th E'dl son

Zion Stat(on
Coeaenweal th Ed(son

Byron Stat(on
~a) th Edison

Bra Idwood
AIPP

Palo Verde
IPSL

South Texas ProJect
IPSL

Naterford 3
Niagara Mohawk
Nine Hlle Point

FULL LOAD KW 5500 5500 5500 4100 4400

OVER LOAD KW 4100 (5000 for I hr) 4400 6050 6050 Hot obtained 6000 4840 4840

8 OF CYLINDERS 16 16 20 20 20 20 16 16

LUBE OIL USED Hob(1 Guard 412 Hobll Guard ISO Nobll Delvac 1340 Hobl1 Delvac 1310 Shel I Rotella TIO Chevron Delo 400 Mobl I Devac. 1310 Hob(1 Devac 1340

HONTHLY TESTS Start, run 5-15 aln.,
syn. Toad In 1000 KW
Increeents every
10-15 alnutes
to full load

Sane as Braldwood
except loads are
different

Start, run 5 aln.
syn. load to full
load In 5 elnutes

Start, syn. load In
1000 KW every
3-5 eln. at full
load In 15 elnutes

Start, syn. 2-5 eln.
to full load

Start, syn. load
to full load In
10 elnutes

Start, syn. load
to fuh load In
5 a(notes

Start, syn. load
In 500 KW

Increaents (about
1 elnute apart)

6 HONTH TEST

OUTAGE TESl'equence loads on
then do 24 hour run- these are not T.S.
requfreeents

Saee as Braldwood
except loads are
different

Starts run 5 aln.
syn. and full load
ln 60 seconds

24 hour run test
without any speclflc
ware up period,
then they do
sequence tests
(LOCA/LOOP tests)

Slowly load to IIOI
(30 elnutes) and do
21 hour tests after
this they do their
sequence test
(LOCA/LOOP test)

Start, syn. 60 sec.
to full load

Sequence test Is
done then overload
test. Engine Is
load free zero to
overload In 10 aln.

Start, syn. Toad
to full load In
176 sec. no vere up

Sequence test ls
done first which
'lasts 30-15 aln.
and they they do
21 hour run

21 run test loaded
sase as eonthly

rs
r+ Ql
Ql ZDo rs~ ID

fD

OUARTLY Start, run 15-20 eln.
then load to 1104 load

fjc/tb1082I(9)
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IV. METALLURGICAL ANALYSIS OF THE "B" DIESEL 7L CYLINDER FAILURE

1.0 Observations of the Failed Parts

1.1 Visual Con'dition After the Failure

1.1.1 The piston was heavily oxidized on the surface with evidence
of the tin plating being melted in various areas. The
blackened areas were highly scuffed with deep scratches and
much smeared metal. The skirt of the piston below the pin
covers appeared to be the location of the highest temperature
seen by the piston and could be described as the most heavily
damaged of any area seen. Some cracking was evident in the
skirt area that went thru the wall. The top of the piston
was covered with a crusty deposit that was very adherent but
could be flaked off with a knife. The deposit was initially
wet with oil and appeared black in color. The compression
and oil rings were heavily worn and the lower two oil rings
were so heavily caked with debris that they could not be
released easily from the grooves. End caps cover the piston
pin holes and these were heavily scuffed and blackened by
heat.

1. 1.2 When the end caps were removed, the inside surface of both
caps were locally blackened by heat which oxidized the
surface and decomposed the oil present there. One cap was
easily removed, but the second cap required a force of two
tons to remove it. After the cap came loose, the piston pin
was pushed out with a relatively low force of'about
200-300 lbs. Normally, the pins should be able to be removed
by hand or at most with light tapping with a rubber mallet.

.. Dark areas near both ends of the pin bearing surface
indicated local heating. The bushing was blackened by
oxidized oil and heat near. both ends with the heaviest
blackening in the region 90'rom top center on both sides.

1.1.3 The cylinder liner showed a large amount of scuffing and wear
in many areas where the piston rubbed against the surface.
The worst areas appeared to be where the pin end caps would
contact the surface of the liner. These areas showed long
longitudinal scrapes and much deformed metal. Blackened
surface areas occurred in various locations around the liner
along with smeared metal in a tiger-striped pattern.

2.0 Metallurgical Investigation Findings on Specific Parts

2.1 Piston

2.1.1 Figure B-1 shows the lower section of the piston skirt afterit was cut from the rest of the piston. One can see that
there is much scraping and scoring at the level of the lowest
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oil ring. A cross-section of a selected area from this
region (Figure 8-2) shows that the surface is coated with
some very heavily deformed metal. Higher magnification
pictures in Figure 8-2 shows that just below the layer of
deformed metal the cast iron has a martensitic
microstructure. Since the normal structure is perlitic
surrounding graphite flakes, it is evident that temperatures
in excess of 1350'F had to be generated locally. Figure 8-3
shows a high magnification micrograph of the surface layer
revealing that it is layered with different phases.

Scrapings of deposits were taken from the surface of the
piston to determine what elements they contained.
Figures 8-4 and 8-5 give the results of the analysis taken on
the Energy Dispersive Spectrograph (EDS). The particle shown
in Figure 8-4 was non-magnetic and contained P, Zn, S, Ca,
and a small amount of Fe. The other particle in Figure 8-4
contained the elements Zn, Ba, P, S, Fe, and Ca. All of
these elements are in the additives in the oil except iron,
but the iron could have been included from oxidation of the
piston head material.

Figures 8-6 and 8-7 show another area of the piston skirt
where a crack was found along with the layering phenomena.
Figure 8-68 is an enlarged portion of the lower left portion
of Figure 8-6A. Area "g" was analyzed by the EDS technique
to determine the elemental components here. Figure 8-8 shows
the spectrum obtained, which include high peaks for both iron
and chromium and a smaller peak for silicon. Figure 8-7 is
an enlarged area of the surface of Figure 8-68 and area "P"
was analyzed as shown in Figure 8-8 to contain iron and
chromium with a small amount of tin mixed in. Finally both
light grey and dark grey areas of Figure 8-7 layers were
analyzed and were found to contain mostly chromium with only
a small amount of iron mixed in. These curves are shown in
Figure 8-9. Since the only source of chromium is from the
cylinder liner plating, some transfer of this element had to
occur to the piston skirt from the liner during the failure
process.

A section of the piston head material was removed in the
thinnest section near a valve depression to determine if
excessive overheating had occurred. Figure 8-10a shows the
microstructure in a thick section of the piston head, and
Figure 8-10b shows the structure in the thinnest section of
the same piston head. Both microstructures are perlitic and
do not show any overheating. It would take temperatures
above 1000'F before any significant changes would be
detectable visually.
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2.2 Piston Rings

2.2.1 Oil Ring

2.2.1.

2.2.1.

1

2

The uppermost oil ring was removed inspected and
photographed. It was the only one of the three oil
rings that was loose and easily removed without
force. Figure B-ll shows some metallic debris that
was caught between the wiper surfaces. Analysis of
this debris showed that it consisted primarily of
iron, tin and chromium elements with some minor
elements coming from the oil additives.

A cross-section of the lower oil ring was made to
show the profile of the wiper, surfaces and this is
displayed in Figures 8-12 and 8-13. The surface
that is in contact with the liner was deformed from
the high friction developed when the lubrication
became inadequate. Figure 8-13 shows a 50 times
magnified image of the cross-section which reveals
the deformed tip more clearly. From this photo it
was possible to measure the length of the scraper
finger which according to the drawing should be
between 0.065" and 0.075" from the support. In this
case, we determined that the finger was only
0.0575" long so the amount of wear is 0.0075"
minimum.

2.2.1.3 Debris from the coil spring behind the lower oil
ring was sampled and analyzed for elemental

.. composition. The elements Fe, Cr, P, S, Sn, Ca, Mn
and Si were found in the loose debris and also on
the surface of the metal itself as shown in
Figure 8-14. The elements P, S, and Ca are commonly
found in the nonmetallic debris in these engines
from oil decomposition.

2.2.2 Compression Rings

2.2.2.1 The fourth compression ring from the top of the
piston was examined to show the condition of the
surface in contact with the liner. Figure 8-15
shows that there was some unknown material embedded
in the surface identified as spot "A." It was found
to be mostly chromium with some Fe, Sn and Si mixed
in. Spot "8" in the same figure was identified to
be the base material which consists mostly of iron.
Figure 8-16 shows the EDS analysis curves of both of
these spots.
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2.2.2.2

2.3. End Caps on Pin

Figure 8-17 shows another unusual spot on the
surface of the four th compression ring. This spot
was identified by the EDS technique to be an
inclusion consisting mostly of copper along with
tin, lead, iron and nickel. The source of this
unusual combination of materials is a mystery. One
will observe that this defect is associated with
surface cracking so it could have been rubbed into
the surface as a particle of debris. It is
possible, however, for this defect to have been an
inclusion in the casting at the time it was
manufactured. A source of copper from any of the
components in the cylinder area has not been
identified at this time. Tin and lead are elements
which could be on the piston either as a part of the
plat'ing or from repair of a casting defect in the
foundr y.

Openings

2.3.1 Piston 7L End Caps

2.3.1.1 Figure 8-18 shows both sides of both end caps taken
from the 7L piston. Both caps show heavy wear and
scuffing on the outside surface that would contact
the cylinder liner. The scuffing was so heavy that
oxidation of the surface and deposition of deposits
occurred. On the inside surface, oxidation was most
noticeable on the "A" cap indicating that it may
have been the first to experience overheating. The
deposits on both of these caps was analyzed on the
EDS and the elemental compositions found are shown
in Figures 8-19 and 8-20. Cap "A" deposits were
mostly iron and chromium, with minor amounts of Si,
P, Sn and Ca. The minor elements were from the oil
and the Cr must have come from metal transferred
from the cylinder liner. On cap "8" the deposit
analysis showed only chromium and a small amount of
iron.

2.3.2 Piston 7R End Caps

2.3.2.1 At the time the 7L piston failed, the 7R piston was
removed from service and inspected. The only
appreciable degradation noticed was on the pin end
caps. These were removed and made available for
further inspection. The piston was then refurbished
with new rings, the liner inspected for degradation,
and then reassembled. No pictures were taken nor
were any parts kept for analysis except the end
caps. Figure 8-21 shows the inside and the outside
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views of the end caps. The "A" cap was the most
severely worn on the surface with evidence of heat
being generated sufficiently to produce blackening
by oil decomposition and oxidation of the metal.
The heat did not appear to progress deep enough to
cause any darkening on the inside surface like that
found on the 7L piston caps. A close-up photograph
of this end cap shows evidence that some metal loss
occurred in the rubbed areas as shown in
Figure B-22. No analysis of this surface was
performed to determine if chromium transferred to it
from the liner.

2.3.2.2 On the 7R-B cap, there was evidence of some
burnishing of the surface caused by contact with the
liner, but not enough heat was generated to cause
any blackening nor was there any apparent metal
transfer from the rubbing surface. Figure B-23
shows two close-up photographs of the burnished
surface. It does not show even enough wear to
remove the machining marks which are the heavier
parallel lines. The very small vertical scratches
are abrasion marks from where the liner rubbed
against the surface.

2.4 Piston Pin

2.4.1 The piston pin was easily removed from the bushing once the
end cap was released. It did not appear to have frozen into
place against the bushing surface. We assume, therefore,
that the interface still had some lubrication present. The
pin did not have heavy heating marks, but there was some
slight oxidation towards both ends just beyond the
circumferential oil grooves. No hardness measurements have
been taken yet on this pin to determine the extent of
overheating experienced over the bearing surface.

2.5 Pin Bushing

2.5.1 The heat pattern generated on the surface of the pin bushing
can be seen in Figure B-24. Both ends of the bushing were
obviously heat tinted and blackened with decomposed oil
products. No metallurgical sectioning of this bushing was
undertaken.

2.6 Cylinder Liner

2.6. 1 The 7L cylinder liner was heavily damaged by metal wear,
transfer and heat generation in most areas. The liner was
sectioned on the thrust and non-thrust sides as well as the
side which contacted the most heavily damaged end cap. The
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following sections describe the findings of this
investigation.

2.6.1.1

'2.6.1.2

2.6.1.3

2.6.1.4

The thrust side of the liner was labeled as "8-1"
and the section obtained from this is shown in
Figure 8-25. One can describe the damage here as
being "tiger striped" in appearance with relatively
clean unscraped areas separated by heavily worn,
overheated and deposited areas. Cross-sections of
the liner were taken in an effort to determine the
condition of the chromium layer and identify the
elemental deposits in the pits and attached to the
surface. Figure 8-26 shows the approximate
locations of the metallurgical samples taken from
this piece of the liner.

Piece "A" was cut from a damaged area 22 7/8" from
the bottom of the liner and the polished surface
examined was perpendicular to piston travel (the
transverse section to the cylinder axis).
Figure 8-27 shows that the chromium layer is cracked
and some of the pores are filled with a metal. The
metal in this case was not specifically identified.

A second piece labeled "8" was cut from the liner
about 11.5" from the bottom with the viewed surface
oriented perpendicular to piston travel
(longitudinal to the liner axis). Figure 8-28 shows
typical areas where debris has attached itself to
the chromium surface. It is very tenacious and does
not exhibit typical metallurgical microstructures.It appears 'to be smeared metal or metal that has
experienced a lot of deformation. We will later
show analysis taken from some typical areas to show
the elemental components present.

Section labeled "C" was also taken about 11.5" from
the bottom of the liner, but the viewed surface was
taken parallel to the piston travel. Figure 8-29
shows that the chromium surface has a rough
appearance and does appear to contain many small
cracks. This is an unetched polished surface, so
the fine lines in the chrome layer are actually fine
cracks and not etched grain boundaries. The
formation of such cracks could take place with
friction from the rings as they traversed over this
area.

2.6.1.5 Sections D and E were taken from the lower end of
the liner 7.5" from the bottom and the viewed
surface was perpendicular to piston travel in both
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2.6.1.6

2.6.1.7

2.6.1.8

cases. The pieces were adjacent to each other.
,Typical wear areas are shown in Figures 8-30 and
8-31. These areas were heavily scraped by something
that made valleys in the chromium and in one case
cracked the base cast iron core. The amount of wear
was so great that the original pores in the chromium
are not longer, evident and in the case of Section E,
the groove in the chromium plate was filled with
another metal.

Section 8-2 was taken from the side of the piston
where the pin cover would have scraped the surface.
Figure 8-32 shows what the scraped surface looked
like before it was further sectioned. Figure 8-33
shows the locations of the pieces taken from this
liner piece for metallurgical examination.

Sections A, 8, and C were taken from an area 5 1/8"
to 6 1/2" from the bottom of liner part 8-2.
Sections A and 8 were polished to show the surface
parallel to piston travel while Section C was taken
perpendicular to piston travel. Figure 8-34 shows
and area of Section A which had a defect in the
chromium plate (possibly damage formed during the
failure) which traverses the plate at an angle and
goes all the way to the base metal. The light phase
in the crack was determined by EDS to be mainly tin.
This tin most likely worked its way into the defect
by capillary action when the heat generated during
the failure process melted it from the piston
surface and it got spread over the liner surface by
the rings.

Section C was photographed in the Scanning Electron
Microscope (SEM) and pictures of the condition of

'hechromium plate are shown in Figure 8-35. EDS
analysis of the layer of deposits found are shown in
Figures 8-36 and 8-37. The major elements found at
each level analyzed are shown in the following
table:

Area

"R" Base of pit
"9" Top of pit
"P" Center layer
"P" Topmost layer

Elements (Greatest to Least

Cr, Fe, and Sn
Fe, Sn, and Cr
Fe, Cr, and Sn (Trace)
Fe, Cr, and Si

2.6.1.9 Section F was taken 24.625" from the bottom of liner
part 8-2 and sectioned to produce a surface parallel
to the piston travel direction. Figure 8-38 shows
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. one area which did not show deposits on the surface
of the chromium, but did show several cracks.
Another area of Section F, shown in Figure B-39, is
an enlarged portion of the surface of the chromium
coating which is coated with a layer of metal. An
EDS analysis of the lighter section of this coating
shows it to contain both chromium and iron in

,approximately equal proportions. Both iron and
chromium were found in the rest of the coating also.

2.6.1.10 Section H taken from liner part B-2 was oriented
such that the polished surface inspected was
perpendicular the piston travel. The surface of the
chromium plating was also coated with a layer of
foreign metal and this layer'is shown as a dark
layer in Figure B-40. An enlarged section of the
layer is also shown and appears to be composed of
several layers. The material in the pore, labeled
"U" was found to be high in chromium and a lesser
amount of iron. The outermost 'layer "W" was found
to be highest in iron with a lesser amount of
chromium. Location "Z" contains just iron since
this is the liner casting material. Location "Y"
was identified as containing just chromium and
location "X" was identified as being mainly chromium
with a small amount of iron mixed with it. The EDS
analysis results are displayed in Figures B-41 and
B-42. The following table gives the elemental
contents of the various layers in each location.

~La er Elements in Descendin Order

* Z - Base metal casting Fe
Y - Plating layer Cr
U - Content of pore Cr, Fe, Sn (Trace)
X - Thick dark layer
W - Top layer

Cr, Fe, Si
Fe, Cr, Sn (Trace)

2.6. 1.12 Section B-3 is the non-thrust side of the liner seen
in Figure B-43, and it was sectioned in various
areas as shown in Figure B-45 to determine if the
metallic layers and wear patterns, had any unique
characteristics which could tell us the sequence of
failure taking place in this liner. Section A was
taken from the lower end of the liner between 7 5/8"
and 8 3/8" from the bottom and oriented such that
the observed surface was along the direction of
piston travel. The various metallic layers were
found on this section attached to the chromium
plating and these are identified in Figure B-46.
The following table summarizes the findings of the
EDS analysis from Figures B-47 and B-48.
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~La er Elements in Descendin Order

A - First layer on Cr
8 - Light layer
C - Dark layer
C - Outermost dark layer

Fe,Cr,Mn,Si,S
Fe

Fe, Cr, Mn
Fe, S, P (Trace)

Figure 8-49 shows and enlargement of area "C" which
was observed to have both a dark grey and a light
.grey component C1 and C2, respectively. The
compositions of these phases as shown in Figure 8-50
were different as shown next.

Cl = Fe, Mn, S, Si and Cr (Trace)
C2 = Fe, Nn (Trace) and Cr (Trace)

2.6.1.13

2.6.1.14

In the lower right portion of Figure 8-46 is a
chromium pore which contains metal and this area was
investigated further to show what metal was first
laid down on the chromium surface. The elements
found to be present in this pore were Fe,
Cr (trace), Nn (trace) and S (trace).

One area of Section A contained a rather thick layer
of added debris to the surface and this is shown in
Figure 8-51. The thickness of this deposit was
measured to be 0.012" compared to the 0.004" of
chromium in this area.

2.6.1.15

2.6.1.16

Section 8 was identified for investigation and it
was located 16" up from the bottom of the liner.
The section was cut and polished to show the surface
perpendicular to the piston travel direction.
Figure 8-52 shows various damage areas found on this
section. Much wear, gouging; pore filling and
cracking are observed on this chromium surface.

Section C was taken at a distance 16 1/2" to 17 1/4"
from the bottom of the liner and oriented such that
the surface observed was in the direction of piston
travel. Figure 8-53 shows typical light microscope
pictures of the surface condition. Figures 8-54,
8-55, 8-56, 8-57, and 8-58 show various locations on
the surface of this section as seen on the SEN and
in some cases, the elements in the various areas are
identified. In the cracks in the chromium plating
we found particles of'in predominant. In the pores
themselves, tin was occasionally present, but
usually associated with a large particle of iron.
Chromium was sometimes present as a single
identifiable particle or was mixed up with iron and
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3.0 Discussion

other elements. In some cases, iron, chromium, tin,
manganese, sulfur, and silicon were all found
together.

3.1 This cylinder showed much physical damage, heating and generation of
debris. The lower~two oil r ings showed heavy wear and deformation
on the sliding surfaces. molten and resolidified metal was found
and was so heavy that the rings were difficult to remove. Debris
analyzed on the surfaces of the rings showed the presence of all of
the possible elements found in the materials of construction of the
various parts and elements that would only come from oil
decomposition products.

3.2 The lower piston skirt.was heavily scuffed all the way around
indicating that the piston had overheated so much that it expanded
and completely filled the gap normally open between the piston and
the liner. With a clearance of about 0.014" between the OD of the
piston and the ID of the liner, a thermal expansion coefficient of
7.6E-06/'F, and a diameter of 13.5", a temperature difference of
only 136'F is needed to close the gap. Since tin has been melted
off the surface of the piston during the failure, and it melts at
350'F, it is not unreasonable to expect that a temperature
difference of this magnitude existed at the time of failure.

3.3 Compression ring damage was in the form of wear, scraping and metal
pickup. The top ring showed the most wear and the least wear was on
the bottom ring as evidenced by the amount of ring surface
contacting liner. A normal ring should only show an estimated
5-10 percent of its outer surface polished by contact with the
liner. In this case, the upper ring showed 100 percent contact.
Ring wear can be caused by a number of different mechanisms
discussed below.

3.3.1 Ring wear can be initiated by debris falling down from the
head of the piston just above the top ring. Heavy deposits
of debris in this area above the top ring on the non-thrust
side has been noticed on most of the pistons inspected to
date. Vertical scrape markings on these deposits indicate
that loose debris can be generated by rubbing against the
liner whereupon it can and will fall onto the ring. Since
there is a small gap between the upper side of the ring and
the liner wall when the ring is new, it will enter this area
and abrade or polish the wall until it is washed down by the
oi 1.

3.3.2 Another means of initiating ring wear is to reduce the oil
thickness or lubrication on the cylinder wall. Oil is
smeared over the surface of the cylinder wall via a splash
mechanism which deposits the oil on the lower half of the
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liner. As the piston goes down and back up through its
normal cycle, the lower oil ring spreads the oil film
uniformly over the surface and removes the excess. On the up
stroke, the remaining oil film is drawn upwards and spread
farther up the liner surface. As the piston completes many
cycles, the oil film is gradually spread over the entire
length of the cylinder wall to the uppermost location of the
top compression ring. The oil is retained on the liner wall
by pores ir„ the liner surface deliberately put there for that
reason. If there is some reason that these pores no longer
retain oil, then the upper wall of the liner will gradually
become starved of oil, friction will increase, ring wear will
increase and heat will be generated that has to be
dissipated. Lubricating oil can be diminished by the
following causes.

3.3.2.1 Filling the pores with wear debris from the rings.

3.3.2.2 Filling the pores with carbonized combustion
products and oil decomposition compounds.

3.3.2.3

3.3.2.4

Filling the pores with tin transferred from the
piston surface.

Scraping of the surface of the liner by some moving
part. Two parts which should not normally remove
oil are the pin end caps and the top of the piston
between the first and second compression rings.

3.3.2.5 Excessive pressure from the rings being forced
against the liner can come from various sources.

A. High firing pressures in the cylinder.

B. Crud buildup behind the ring which would
prevent the ring from moving freely back into
the ring sl'ot when the piston is moving towards
the liner.

C. Insufficient ring end gap.

D. Wrong ring radial width. We have investigated
the possibility of some of the ring having the
wrong radial dimension and did find some in
other cylinders and engines that were slightly
oversize by a few mils. This reduces the gap
behind the ring for debris to build up in

'efore it becomes a problem. However, we have
no evidence that indicates the gap was never so
small that the ring would be forced against the
liner wall by cylinder movement (without debris
buildup).
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3.3.3

3.3.4

3.3.2.6 Fuel oil dilution of lube oil was considered as a
cause of the failure, but an investigation of the
spray nozzle showed that it was spraying efficiently
and we concluded that lube oil dilution was
unlikely.

N

If the wrong material was used to make the rings, rings may
be expected to wear abnormally. We have examined many sets
of rings from different pistons and new ones from the
warehouse, and have not found any that had the wrong material
or hardness including the ones from the 7L cylinder piston.

That the rings can undergo excessive wear indepe'ndent of
other degradation in the engine has recently been made
evident by an inspection of pistons and liners from the "C"
diesel during the week of December 10, 1989. Pistons 1R, 2R,
and 8L were removed from this engine. The following visual

'nspection results were reported.

Cylinder
ID

Ring/Liner Evidence of
~Li C i Pi ~Bushin

1R
2R
8L

None
None
Slight tin smear

non-thrust

100K None OK OK
90K None OK OK

100% "Sn" burnish Scratched Scratched

It is evident from this data that ring wear does not have to
be associated with any other obvious wear or damage process.

3.4 Pin End Cap Damage Discussion

3.4.1 Pin end cap scraping appears to be a significant source of
damage and debris with this failure. Hoth of the end caps of
the 7L piston did show a high degree of scuffing, scratching,
metal transfer and overheating. Tin, chromium, and iron were
found on the surface of the liner in the area of contact with
the end cap indicating transfer of metal back and forth
between the moving cap and the liner. The end cap also
showed a layer of chromium indicating that metal transfer
occurred from the liner to the cap. Once metal transfer
starts, the rubbing surfaces become rough and this increases
friction between these parts and the oil rings that move over
the liner in the same area. To produce this type of metal
transfer, either a lot of pressure was needed to overcome the
hydraulic action of the oil film, or the film was not present
and metal-to-metal contact occurred. Metal transfer takes
place on an atomic level where a clean, oxide-free surface
contacts a similar surface and local welding occurs. On
relative motion, the weaker surface breaks and a small amount
of metal is transferred to the stronger surface.
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3.4.2 In the absence of sufficient pressure, the oil film must have
been scraped away. The end cap does have sharp edges and we
know that it has moved outwards from its assembled position
to contact the liner. If the first contact was at a slight
angle so that the edge could act as a scraper on either the
upward or downward stroke of the piston, the oil would be
scraped away and further contact would be between the metal
parts of the piston and the liner without the benefit of the
oil film.

3.4.3 Pressure can be applied to the end caps in the following
manners:

3.4.3.1 The end caps are inserted into holes that are
machined to be 0.0005" to 0.0025" smaller than the
cap. The cap is tapped into place with a hammer
until it seats against the bottom of the hole and
the bushing. In its normal position, as designed
and installed, the cap would reside at least 1/16"
away from the liner. During operation of the
engine, there should not be any movement of the end
cap, but.the cap is not locked into place in a
positive manner so that vibration, thermal expansion
forces and other forces can act to move the cap
outwards. Once pushed out, it would be difficult to
force it back in by just contact with the liner. In
the "out" position, there would be a tendency for
the cap to bow because the force fit would now only
be acting on part of the circumference area of the
cap. In addition, any added heating on the cap due
to friction with the liner would expand the cap and
lock it firmer into place. Cooling is minimal in
this area since there is no cooling oil flow to take
away the heat.

3.4.3.2 movement of the cap outwards can also take place by
actions taken during installation. Before the
piston is inserted into the liner, the connecting
rod is connected to the piston pin in the bushing
and the end caps are inserted in their place. While
handling this assembly, it is possible to move the
pin back and forth far enough to touch and apply
pressure to the inside surface of the pin end caps.
Until the lower end of the rod is connected to the
crank, nothing prevents the pin from pushing the end
caps out.

3.4.3.3 Another method of pushing the end cap out against
the liner during operation of the engine is to heat
up and expand the bushing. At installation, there
is very little gap between the end of the bushing
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and the back of the end cap. Excessive heating has
been observed in the bushing surface of this piston
and temperatures up to the melting point can be
rationalized. The bushing is made of a bronze
material designated as C93700. One phase of this
alloy melts at a temperature of 361'F (183'C). In
the area of the piston pin that contacts the
bushing, temperatures in excess of 1200'F have been
estimated to exist as evidenced by softening of the
hardened surface of the pin. The expansion
coefficient for the bronze is 10.22E-6/'F
(18.4E-6/'C) so that over the length of the bushing
(12") and considering a normal temperature of 180'F,
the added length of the bushing at 361'F would
calculate to be 0.022". This is not enough
expansion to push the end cap out to the liner, but
could move it part of the way.

3.4.3.4 Expansion of the piston pin can be greater than its
surroundings since we said above that local heating
was estimated to be upwards of 1200'F and higher.
The expansion coefficient for steel is about
8E-6/'F, so that if the pin reached a uniform
temperature of 1200'F from 180'F, the total length
change would be 0.098". Of course; we do not
believe that the entir'e pin reached this
temperature, but a value of half of this would not
be out of the question, so that 0.049" would not be
unreasonable.

3.4.3.5 Another source of pressure to move the end cap
outwards could be pressure from oil building up
behind the cap and not being relieved. There are
two drain holes for oil leaking out of the ends of
the piston pin which are small enough so one could
imagine that they could become plugged with debris.
No evidence has ever been collected from all our
disassembly operations over the years that any
debris was found blocking any oil drain hole in any
piston from any of our engines.

3.5 The piston itself can contact the liner between the two upper
compression rings if it tips slightly on its upward stroke. We have
seen evidence of this action since the pistons have a moon-shaped
wear pattern in this area on the non-thrust side of the piston. The
only way this wear pattern can be produced is if the piston tips.
The effect of this scraping is twofold. First, it removes any oil
film that may be present and abrades the surface of the liner.
Second, the abrasion can remove any oxide film that would prevent
welding of the piston to the liner. The clean metal surface can now
pick up any metal that it contacts including compression rings,
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piston iron and piston tin coating. Both iron and tin have been
found embedded in pores of the non-thrust side of the liner
(Figure B-44) and the moon-shaped pattern with heavy scraping and
metal removal has been observed on the piston. There is no doubt
that this mechanism is operating to transfer metal back and forth
between the moving parts of the piston and the liner.

3.6 Pin Lubrication and Overheating

3.6. 1 We have noticed on this 7L piston that overheating has
occurred on the pin and the bushing in which it moves.
Lubricating oil is applied to .the interface between these two
parts'by gravity and inertial forces. The oil is pressure
fed up the connecting rod, through the pin and into the upper
cavity of the piston above the pin. Oil that sprays up to
the head falls down and fills a pool of oil that covers the
exposed portion of the pin and bushing. A groove in the top
of the pin allows oil to flow along the length of the pin and
through circumferentially oriented grooves near the end of
the pin. Rotation of the pin in the bushing is a back and
forth motion which distributes the oil in the groove over the
mating surfaces. How can the bushing be starved of oil in an
area that is flooded with oil at all times? Some of the
things that could affect the lubricity of the surfaces
include the following:

A. Oil Viscosity - Oil properties have been always within
specifications.

B. Oil Foaming Characteristics - This quality has not been a
normal test for our engines. However, recent oil foaming
tests, described in Section 1.4.1 of Chapter VI, did not
reveal any abnormal foaming characteristics in oil taken
from all of our engines.

C. Clearances Between the Pin and Bushing - Fit-up or
"blue checking" of the parts has not been performed per
manufacturers specifications until recently.

D. Distortion of the Pin or Bushing - Several piston pins
have shown bending up to 0.005" after years of operation
usually with the fact that overheating had occurred.
However in one case, bending of 0.005" was noticed on a
pin from the "D" engine which did not show any evidence
of overheating. This is being investigated further.

E. Debris Causing Friction Between the Pin and Bushing
Surfaces - Debris has been observed to be present on
occasion as evidenced by scratching of the surface of the
bushing. No relation to the overheating could be found
however.
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F. Debris Filling Up the Grooves in the Pin and Not Allowing
Oil to Flow Down Them - We have never found debris or
deposits of such a volume that they were clogging up any
oil passages.

G. Debris Plugging Up the End Cap Drain Holes - Never
observed.

4.0 Conclusions

H. Air Pockets Preventing Oil to Flow Down the Grooves in
the Pin - Since the pin/bushing lubrication is only by
gravity feed and not force fed by a pump, an air bubble
could conceivably block free oil flow into the bearing
area. Once starved of oil, local overheating could start
in high friction areas at raised parts of the bushing.
At the boiling point of the oil, gas volume would
increase dramatically and prevent any further ingress of
oil into the area. At this point, nothing would stop the
process of severe overheating except shutting down the
engine.

4. 1 Heavy damage was found on the cylinder liner surface, piston,
compressions rings, oil rings, pin end caps, piston pin and pin
bushing of the "B" diesel 7L cylinder.

4.2 Metal was found to be transferred back and forth between the rings,
piston and chromium liner during the failure process.

4.3 Wear products from the piston surface and rings were generated and
'deposited in the liner pores early in the failure process.

4.4 A subjective overview of the damage to the piston assembly after the
failure showed the heaviest damage located in the area of the piston
pin end covers and lower on the piston skirt. End cap cover damage
leads us to the conclusion that they may have initiated the failure
process. This is supported by the fact that the largest amount of
damage was found on the surface of the end caps in the 7L piston and
that the only damage found in the 7R piston was end cap damage of a
similar nature but lesser extent. This leads us to believe that the
7R cylinder was undergoing the initial stages of failure by end cap
rubbing on the liner.

4.5 The following sequence of events appears to be one of the possible
failure scenarios that could logically describe the failure event:

A. For one of several reasons described in this report, the end
caps move out and press against the wall of the liner generating
wear products and heat.
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B. The wear particles attach themselves to the wall of liner, are
pressed into the chromium liner pores or find their way down to
the oil rings where they can cause more friction and wear to
occur on the oil rings.

C. The buildup of debris on the liner surface causes accelerated
wear on the compression rings and oil rings as they pass over
the damaged liner surface.

D. Wear products from all the par ts get mixed up and continuously
pass back and forth between the wearing surfaces as the failure
process proceeds.

E. Eventually localized heating becomes so great in some areas that
the cooling oil cannot take it away fast enough to prevent oil
decomposition and oxidation of the heated parts.

F. The heat continues to build up in the piston so that it expands
to fill the gap between the piston and the liner.

G. Once the gap is closed, frictional heat raises the temperature
of the parts to red heat at which time oil vapor and air in the
region are raised to their ignition point and a crankcase
overpressurization occurs.
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Chapter IV

5.0 Figures

5.1 Figure Captions

5.2 Figures B-1 to B-58
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Figure B-l. Picture of the skirt of the "8" diesel 7L piston showing heavy
wear and metal distortion in the lower ring area.

Figure 8-2. Cross-section of the "8" diesel 7L piston skirt area showing
deposited metal in the upper micrograph and martensite formation in the
microstructure in the lower micrograph. The latter indicates temperatures in
excess of 1350'F were experienced by the material locally.

Figure 8-3. Enlarged section of the deposits on the skirt of the "D" diesel
7L cylinder showing the layering evident there.

Figure 8-4. Micrograph and EDS analysis results of non-magnetic debris taken
from the head of the "8" diesel 7L piston.

Figure 8-5. Micrograph and EDS analysis results of non-magnetic debris taken
from the head of the "8" diesel 7L piston on another particle from that
analyzed in the Figure 8-4.

Figure 8-6. Cross-section of a cracked area of the "8" diesel 7L piston skirt
showing metal deposits on the surface.

Figure 8-7. Enlarged area of the bottom right portion of Figure 8-6 showing
where analysis "P" was taken.

Figure 8-8. EDS analysis of areas "P" and "Q" in Figures 8-7 and 8-6.

Figure 8-9. Spectra of the light and dark phases in Figure 8-7.

Figure 8-10. Microstructure of the head. of the "8" diesel 7L piston showing a
normal perlitic, graphite flake condition

a. Thick section b. Thinnest section

Figure B-ll. Portions of the top wiper ring of the "8" diesel, 7L piston
showing the pickup of metal and debris on the surfaces touching the liner.
Figure 8-12. Cross-section of the lower oil ring from the "8" diesel
7L piston showing the wear and deformation on the two wiper surfaces.

Figure 8-13. Picture of oil ring profile at high magnification.
Magnified image of oil ring finger from "8" diesel, 7L piston lower

oil ring showing structure deformation and size of the finger.

Figure 8-14. Debris EDS analysis from the spring behind the lower oil ring
from the "8" diesel 7L piston.

Figure 8-15. Smeared metallic deposits found on the 84 compression ring of
the "8" diesel, 7L piston are shown here as the dark gray area labeled "A."
EDS analysis of area "A" shows it to contain Cr, Fe, Si (trace) and
Sn (trace). Area "8" shows only Fe with a trace of Cr.
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Figure 8-16. EDS analysis of the ¹4 compression ring from the "8" diesel
7L piston in areas "A" and "8" of Figure 8-15.

Figure 8-17. An unusual spot of foreign material found embedded in the
¹4 compression ring from the "8" diesel 7L piston. EDS analysis shows it to
contain Cu, Fe, Sn, Pb, and Ni.

Figure 8-18. Pictures of the end caps as found on the "8" diesel 7L piston
showing the scraping and local heating experienced by these parts during the
failure sequence.

Figure 8-19. Picture and EDS analysis of a piece of smeared metal removed
from end cap "A" from the "8" diesel'L piston.

Figure 8-20. Particle of smeared metal removed from pin end cap "8" from the
"8" diesel 7L piston. The EDS analysis shows that it consists primarily of Cr
with some Fe and a'trace of Ca and Sn.

Figure 8-21. Abrasion and wear found on the "8" diesel 7R piston pin end
caps.

Figure 8-22. Photograph of the "8" diesel 7R piston end cap which showed the
worst amount of wear, heating and metal transfer.

Figure 8-23. "8" diesel 7R end cap showing the least amount of wear, but does
show that the cap was touching the surface of the liner as evidenced from the
light scratch marks on the surface perpendicular to the machining marks.

Figure 8-24. Photographs'of both ends of the "8" diesel 7L piston bronze
bushing showing the heat tinting and decomposed oil products near the ends

90'o

the top of the bushing.

Figure 8-25. Full-length view of the "8" diesel 7L liner surface on the
thrust side of the liner (identified as piece B-l).

Figure 8-26. Sketch of the thrust side of the "8" diesel 7L liner showing the
location and orientation of the sections removed for metallurgical
cross-sectioning (part labeled 8-1).

Figure 8-27. Transverse cross-sectional views of the thrust side of the"8" diesel 7L liner 22 7/8" from the bottom (piece "A"). The chromium plating
is cracked and some of the pores are filled with metallic particles.

Figure 8-28. Longitudinal view of the "8" diesel 7L liner on the thrust side
11 1/2" from the bottom showing metallic deposits, filled pores and cracking
in the Cr plating (piece labeled "8").

Figure 8-29. Longitudinal cross-section (labeled "C") taken 12" from the
bottom of the "8" diesel 7L cylinder liner showing a rough fractured surface
with pieces missing and some debris in the pores of the chromium plating
layer.
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Figure 8-30. Transverse cross-section (labeled area "A") taken 7 1/2" from
the bottom of the "8" diesel 7L liner showing depressions in the Cr plating
surface, cracking of the base metal casting and deposited metal.

Figure 8-31. Transverse cross-section (labeled area "E") of the thrust side
of the "8" diesel 7L liner taken 7 1/2" from the bottom showing depressions in
the Cr plating and deposited metal.

Figure 8-32. Views of the length of the "8" diesel 7L cylinder liner in the
area of pin end cap scraping (part 8-2) showing heavy longitudinal marks and
overheating over 20.5" of the center section.

Figure 8-33. Sketch of the end cap side of the "8" diesel 7L liner showing
the locations of the metallurgical samples taken for cross-sectional
examinations (part labeled 8-2).

Figure 8-'34.-'"Longitudinal section of "8" diesel 7L liner (labeled "A" of
part 8-2) showing cracking in the Cr plating surface and the presence of Sn at
the Cr-Fe base metal interface.

Figure 8-35. Transverse cross-section of the "8" diesel 7L liner (labeled "C"
of part 8-2) showing areas of metal buildup and filling of pores with Cr, Sn
and Fe.

Figure 8-36. EDS analysis of areas "g" and "R" shown in Figure 8-35.

Figure 8-37.
Figure 8-35.

Fi gure 8-38.
taken 24 5/8"
or.

otherwise,'late.

EDS analysis of area "P" and the dark layer above "P" in
\

Longitudinal section "F" from "8" diesel liner 7L piece 8-2
above the bottom. This section does not show any pores filled
but, does show several cracks through the thickness of the Cr

Figure 8-39. Longitudinal section of "8" diesel 7L liner taken from the end
cap side 24.625" from the bottom showing the layer of deposited metal and the
EDS analysis of the lighter grey area.

Figure 8-40. End cap side of the "8" diesel 7L liner taken from transverse
Section H showing damage to the chromium liner and deposited metal. EDS
analysis of the various layers are shown in Figures 8-41 and 8-42.

Figure 8-41. EDS analysis of areas "U" and "W" shown in Figure 8-40.

Figure 8-42. EDS analysis of areas "X" and "Y" shown ig Figure 8-41.

Figure 8-43. General surface condition of the non-thrust side of the"8" diesel, 7L liner.

Figure 8-44. Magnified image of the surface condition of the non-thrust side
of the "8" diesel 7L liner near the upper'osition of the top compression
ring. Both iron and tin are seen embedded in the chromium liner pores.
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Figure 8-45. Sketch of the non-thrust side of the "8" diesel 7L liner
(designated 8-3), showing the location and orientation of the metallurgical
Sections A, 8, C, D, E, and F. Section E was for surface examinations, while
the others were for cross-sections.

Figure 8-46. Longitudinal section of the "8" diesel 7L liner taken from an
area 7 5/8 to 8 3/8" from the bottom. EDS analysis results are shown in
Figures 8-47 and 8-48.

Figure 8-47. EDS analysis of areas "A" and "8" in Figure 8-46.

Figure 8-48. EDS analysis of areas "C" and "D" in Figure 8-46.

Figure 8-49. Enlargement of area "C" in Figure 8-46 showing light and dark
phases present. EDS analysis of these areas are shown in Figure 8-50.

Figure 8-50. Analysis of the pore from Figure 8-46 center right, showing thatit contains mainly iron with only a trace of the elements Cr, S and Nn.

Figure 8-51. Longitudinal cross-section of the "8" diesel 7L liner taken
7 5/8" from the bottom showing a,very thick layer of metallic deposits
covering the chromium plating.

Figure 8-52. Transverse cross-section of a typical area of the non-thrust
side of "8" diesel 7L liner 16" from the bottom (8-3 area "8") showing the
filled pores and the deposited metal from this location.

Figure 8-53. Longitudinal cross-section of the non-thrust side of the"8" diesel 7L liner taken 16.5" from the bottom of the liner. Typical
examples of the metal deposited from the piston and rings on the Cr plating.

Figure 8-'54. SEN micrographs of longitudinal cross-section "C" part 8-3 of
the "8" diesel liner at a level 16.5" from the bottom. Elements shown were
identified as being present in the pores indicated.

Figure 8-55. Another area of pore deposits and elements found present in
longitudinal cross-section "C" part 8-3 of the "8" diesel liner 16.5" from the
bottom.

Figure 8-56. Various elements and their location found in a pore from the"8" diesel liner 7L, part 8-3, area "C."

Figure 8-57. Elemental contents of two pores filled with metal in the
"8" diesel 7L liner 16.5" from the bottom of part 8-3, area "C."

Figure 8-58.. Additional areas of filled pores found in area "C" of part 8-3
of the "8" diesel 7L cylinder.
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Figure B-1 Picture of the skirt of the B diesel 7L piston showing
heavy wear and metal distortion in the lower ring area.
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Figure B-2. Cross-section of the B diesel 7L piston skirt area
showing deposited metal in the upper micrograph and martensite
formation in the microstructure in the lower micrograph. The latter
indicates temperatures in excess of 1350 deg F were experienced by
the material locally.
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Figure 8-3. Enlarged section of the deposits on the skirt of the D

diesel 7L cylinder showing the layering evident there.
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Figure B-4. Micrograph and EDS analysis results of non-magnetic
debris taken from the head of the B diesel 7L piston.
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Figure 8-5. Micrograph and EOS analysis results of non-magnetic
debris taken from the head of the B diesel 7L piston on another
particle from that analyzed in the figure B-4.
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Figure B-6. Cross-section of a cracked area of the 8 diesel 7L
piston. skirt showing metal deposits on the surface.
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Figure B-7. Enlarged area of the bottom right portion of figure B-6
showing where analysis '.P'as taken.
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Figure B-8. EOS analysis of areas 'P'nd 'g'n figures B-7 and
B-6.
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Figure B-9. Spectra of the light and dark phases in figure B-7.
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Figure B-10.,Hicrostructure of the head of the 8 diesel 7L piston
showing a normal pearlitic, graphite flake condition

a. Thick section b. Thinnest section
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Figure 8-11. Portions of
piston showing the pickup
touching the liner.

the top wiper ring of the 8 diesel, 7L
of metal and debris on the surfaces
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Figure B-12. Cross section of the lower oil ring from the B diesel
7L piston showing the wear and deformation on the two wiper
surfaces.
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Figure B-13. Picture of oil ring profile at high magnification.
Nagnified image of oil ring finger from B diesel,

7L piston lower oil ring showing structure deformation and size of
the finger.
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Figure B-14. Debris EDS analysis from the spring behind the lower
oil ring from the 8 diesel 7L piston.
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figure B-15. Smeared metallic deposits found on the k4 compression
ring of the B diesel, 7L piston are shown here as the dark gray area
labeled 'A'. EDS analysis of area 'A'hows it to contain Cr, Fe,
Si(trace) and Sn(trace). Area 'B'hows only Fe with a trace of Cr.
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Figure'B-16. EDS analysis of the II4 compression ring from the B

diesel 7L piston in areas 'A'nd 'B'f Figure B-15.
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Figure 8-17. An unusual spot of foreign material found embedded in
the ¹4 compression ring from the 8 diesel 7L piston. EDS analysis
shows it to contain Cu, Fe, Sn, Pb, and Ni.
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Figure B-18. Pictures of the end caps as found on the B diesel 7Lpiston showing the scraping and local heating experienced by theseparts during the failure sequence.
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Figure B-19. Picture and EDS analysis of a piece of smeared metal
removed from end cap 'A'rom the 8 diesel 7L piston.
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Figure 8-20. Particle of smeared metal removed from pin end cap
'8'romthe 8 diesel 7L piston. The EOS analysis shows that it

consists primarily of Cr with some Fe and a trace of Ca and Sn.
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figure B-21. Abrasion and wear found on the B diesel 7R piston pin
end caps.
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Figure B-22. Photograph of the B diesel 7R piston end cap which
showed the worst amount of wear, heating and metal transfer.
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Figure B-23. B diesel 7R end cap showing the least amount of wear,
but does show that the cap was touching the surface of the liner as
evidenced„ from the light scratch marks on the surface perpendicular
to the machining marks.
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Figure B-26. Sketch of the thrust "side of the B diesel 7L linershowing the location and orientation of the sections removed formetallurgical cross-sectioning(part labeled B-l).
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Figure B-24. Photographs of both ends of the B diesel 7L piston
bronze bushing showing the heat tinting and decomposed oil products
near the ends 90 degrees to the top of the bushing.
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4'igure8-25. Full length view of the B diesel 7L liner surface on
the thrust side of the liner(identified as piece B-1)
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Figure B-27. Transverse cross-sectional views of the thrust side of
the B diesel 7L liner 22 7/8 inches from the bottom(piece 'A'). The
chromium plating is cracked and some of the pores are filled with
metallic particles.
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Figure B-28. Longitudinal view of the B diesel 7L liner on the
thrust side ll 1/2 inches from the bottom showing metallic deposits,
filled pores and cracking in the Cr plating(piece labeled 'B').
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Figure B-29. Longitudinal cross-section (labeled 'C') taken 12
inches from the bottom of the B diesel 7L cylinder liner showing a
rough fractured surface with pieces missing and some debris in the
pores of the chromium plating layer.
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Figure B-30. Transverse cross-section(labled area 'D') taken 7 1/2
inches from the. bottom of the B diesel 7L liner showing depressions
in the Cr plating surface, cracking of the base metal casting and
deposited metal.
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Figure B-31. Transverse cross-section (Labeled area 'E') of the
thrust side of the B diesel 7L liner taken 7 1/2 inches from the
bottom showing depressions in the Cr plating and deposited metal.
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III'igure8-32. Views of the length of the B diesel 7L cylinder linerin the area of pin end cap scraping (part B-2) showing heavy
, longitudinal marks and overheating over 20.5 inches of the center

section.
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Figure 8-33. Sketch of the end cap side of the '8'iesel 7L liner
showing the locations of the metallurgical samples taken for
cross-sectional examinations(part labeled 8-2).
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Figure 8-34. Longitudinal section of B diesel 7L liner (labeled 'A'f

part B-2) showing cracking in the Cr plating surface and the
presence of Sn at the Cr-Fe base metal interface.
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Figure 8-35. Transverse cross-section of the 8 diesel 7L liner
(labeled 'C'f part 8-2) showing areas of metal buildup and filling
of pores with Cr,Sn and Fe.
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Figure 8-36. EOS analysis of areas (} and R shown in figure 8-35.
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Figure 8-37. EDS analysis of area P and the Dark layer above P in
figure 8-35.
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Figure B-38. Longitudinal section 'F'rom B diesel liner 7L piece
B-2 taken 24 5/8 inches above the bottom. This section does not
show any pores filled or otherwise, but does show several cracks
through the thickness of the Cr plate.
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Figure B-39. Longitudinal section of B diesel 7L liner taken from
the end cap side 24.625 inches from the bottom showing the layer of
deposited metal and the EDS analysis of the lighter grey area.
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Figure 8-40. End cap side of the 8 diesel 7L liner taken from
transverse section H showing damage to the chromium liner and
deposited metal. EDS analysis of the various layers are shown in
figures 8-41 and 8-42.
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Figure 8-41. EDS analysis of areas U and W shown in figure 8-40.
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Figure B-42. EDS analysis of areas x and y shown in figure B-41.
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'Figure B-43. General surface condition of the non-thrust side of
~the B diesel, 7L liner.
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Figure 8-44. Magnified image of the surface condition of thenon-thrust side of the B diesel 7L liner near the upper position ofthe top compression ring. Both iron and tin are seen embedded inthe chromium liner pores.
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Figure B-45. Sketch of the non-thrust side of the B diesel 7L
liner(designated B-3), showing the location and orientation of the
metallurgical sections A, B, C, D, E, and F. Section E was for
surface examinations, while the others were for cross-sections.
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Figure B-46. Longitudinal section of the B diesel 7 L liner takenfrom an area 7 5/8 to 8 3/8 inches from the bottom. EOS analysisresults are shown in figures B-47 and B-48.
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Figure B-47. EDS analysis of areas a and b in figure B-46.
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Figure B-48. EDS analysis of areas c. and d in figure B-46.
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Figure 8-49. Enlargement of area c in figure B-46 showing light and
dark phases present. EDS analysis of these areas are shown in
figure B-SO.
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Figure B-50. Analysis of the por e from figure B-46 center right,
showing that it contains mainly iron with only a trace of the
elements Cr, S and Mn.
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Figure B-51. Longitudinal cross-section of the B diesel 7L liner
taken 7 5/8 inches from the bottom showing a very thick layer of
metallic deposits covering the chromium plating.
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Figure 8-52. Transverse cross-section of a typical area of the
non-thrust side of 8 diesel 7L liner 16 inches from the bottom (8-3
area 8) showing the filled pores and the deposited metal from this
location.
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Figure B-53. Longitudinal cross-section of the non-thrust side of
the B diesel 7L liner taken 16.5 inches from the bottom of the
liner. Typical examples of the metal deposited from the piston and
rings on the Cr plating.
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Figure 8-54. SEM micrographs of longitudinal cross-section 'C'art
8-3 of the 8 diesel liner at a level 16.5 inches from the bottom.
Elements shown were identif'ied as being present in the pores
indicated.
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Figure 8-55. Another area of pore deposits and elements foundpresent in longitudinal cross-section 'C'art 8-3 of the 8 dieselliner 16.5 inches from the bottom.
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Figure B-56. Various elements and their location found in a porefrom the 8 diesel liner 7L, part B-3, area 'C'.
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Figure B-57. Elemental contents of two pores filled with metal in
the B diesel 7L liner 16.5 inches from the bottom of part B-3, area
ICI
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F>gure 8-58. Additional areas of filled pores found in area 'C'fpart 8-3 of the 8 diesel 7L cylinder.
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V. METALLURGICAL ANALYSIS OF "C" DIESEL 5R CYLINDER FAILURE

1.0 Observations of the Failed Cylinder

l. 1 The "C" diesel generator (D/G) had a crankcase explosion on
October 7, 1989 during a 24-hour surveillance test. The 5R cylinder
suffered major damage which ultimately caused the explosion in the
crankcase. Also, the 6L cylinder had an area of "tinning" on the
liner. The "C" D/G had accumulated approximately 950 hours of
operation prior to the failure.

1.2 Visual Assessment After Failure

2.1 The 5R piston characteristics were similar to those of the
7L piston from the "B" D/G failure on September 16, 1989-
the blackened areas with. scratched and smeared metal, worn
rings, rings with caked debris, piston skirt cracking. The
piston damage caused by the lack of lubrication and
overheating is shown in photographs in Figures C-6, C-7 and
C-8. The major differences were (1) the end caps were only
slightly scratched, (2) the piston skirt contained two deep
holes, and (3) the piston wrist pin and its bushing suffered
major overheating (bluing). The bushing had broken free from
its bore in the piston due to the contact between the pin and
bushing caused by the pin expansion and loss of lubrication
from the heating. From the heat, the bushing flowed into the
shape of the oil grooves. at the pin ends. There was so much
contact between the pin and bushing that they had to be cut
apart. The pin exhibited normal wear patterns at the
interface between the pin and connecting rod, indicating no
loose connections (Figure C-5a). Photos in Figures C-3, C-4
and C-5 show the damage to the pin and bushing.

1.2.2 The 6L cylinder liner contained an area of "tinning."
Reference the photos of the 6L piston showing the area of
detinning on the non-thrust side in Figure C-1. One possible
cause of the detinning is the alignment of the compression
ring gaps in a row allowing "blow-by" to melt the tin surface
of the piston causing tin to be smeared onto the chrome
plating of the cylinder liner. Alternatively, the absence of
lubrication in this area may allow tin transfer by cold
.welding of the piston tin on the liner surface.

2.0 Metallurgical Investigation Findings on Specific Parts

2. 1 Piston,Pin End Caps - The material of the end caps is cast iron.
Analysis of the cap material is in Appendix I. The design of the
end caps was an intermediate design of the lands in the back of the
cap - recessed more than the original but less than the new design.
The outside surfaces showed minor scoring. See photos of this in
Figure C-2. Both caps exhibited much discoloration on the outer
surfaces associated with the overheating of the piston.
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2.2

2.3

2.4

2.5

Pin Bushing - The material of the bushing is a copper alloy, C93700.
There was a large through-wall crack at one end of the bushing
(Figure C-3a) caused by the expansion of the pin due to the
overheating. There was scoring on the outside surface of the
bushing from the set screws because the bushing was forced to rotate
in the piston by the seizing forces between the pin and bushing
(Figure C-3b).

Piston Pin - The material is an SAE 5046 low alloy steel. The pins
can be manufactured from one of the following SAE specifications:
1050, 5046, 4145 or 8620. The pin is case hardened to a minimum
depth of 0.060". Hardness readings in the "blued" areas were 20 Rc
as opposed to the normal hardness of 50 Rc. There was a concave
bend in the pin of 0.002" between the bolt holes for the connecting
rod. This could have resulted from compressive stress overload
after. the pin reached temperatures in excess of 1200'F during the
failure process. Above 1200'F, the yield stress for this material
decreases dramatically.

Piston - The material of the piston is cast iron (reference the
analysis taken in Appendix I). The piston skirt, non-thrust side
toward the end cap facing the auxiliary skid end of the engine, had
two holes and various cracks in it (Figure C-8). The skirt was cut
from the piston and a cross-section was taken from the area
surrounding one hole, "A," to be metallurgically analyzed
(Figure C-9 and C-10). The results indicated that the holes were
inclusions from the casting process. The grain structure, shown in
Figures C-lla, b, c, d, e and f, from the hole and surrounding area
contained the typical mix of phases for a cast iron material heated
to temperatures above 1350'F (course martensite, fine perlite and a
mix of both). The analysis of the area in the Scanning Electron
Nicroscope (SEN), using the Energy Dispersive Spectra (EDS), showed
that (a) an inclusion in a lap "W" just below the hole contained
iron, manganese, silicon (Si02), potassium, aluminum, calcium
compounds (Figure C-12). The hole surface contained a lead-tin
eutectic (Figure C-13). The SEN/EDS analysis performed on the
surface area around the hole showed that tin, chrome and iron
elements were on the surface in the form of smeared metal
(Figures C-16, C-17).

Compression/Oil Rings - The material of the rings is cast iron
'referenceAppendix I for detailed analysis). All rings from the

5R piston were sent to Cooper Bessemer except the lower oil ring
remaining in the piston skirt. A section was taken from this ring
and mounted. Figure C-21 is a microphotograph of the lower oil ring
section showing the wear and deformation on the, ring. There was at
least 0.010" removed - the dimension to the outer surface of the
ring is specified as between 0.065 and 0.075". The dimensions of
the compression rings were taken by PP&L and are in Appendix III.
All the rings were within the dimensions expected.



SEA-CW-037
Page 96

2.6

2.7

2.8

Cylinder Liner - The material of the liner is a cast iron with a
0.006" chrome plating on the ID, which has a porous surface placed
by a reverse plating process. The liner displayed a tartan
appearance on the surface due to overheating/scoring. The liner was
cut, for sectioning, longitudinally along the thrust, non-thrust and
one end cap sides. Sections were then taken from these lengths
(refer to Figure C-15). Only Section C-3B, taken from the top of
the non-thrust side 3 1/2" down, has been analyzed. The surface of
the liner displayed the chrome pores as containing iron, tin and
some chrome particles (refer to Figures C-16 and 17). Figure 18 is
a microphotograph of the SBl/EDS analysis of one pore in chrome
liner Section C-3B. This shows the presence of iron and tin
particles in the pore. Additional analysis is to be performed at a
later date to determine how the various materials were dispersed and
show the damage generated by the failure process.

Deposits/Debris - Deposits from the top of the piston were analyzed
on the SEM and EDS. The results showed that the non-magnetic
particles were elements from the fuel oil - calcium, sulfur,
phosphorous and zinc (r efer to Figure C-19a, b, c and d) and the
magnetic particles were mostly iron with small amount of manganese
and calcium and sulfur again from fuel oil (refer to Figure C-20a
and b).

Lubricating Oil - The analysis of the lubricating oil for the months
of July, August and September 1989 for viscosity, flash point,
acidity, moisture, carbon residue, ash, ferrography and metals. All
aspects of the analyses were deemed to be acceptable. Refer to
Appendix II for the reports.

3.0 Discussion of C-Diesel, 5R Failure

3.1

3.2

3.3

This cylinder showed much physical damage, overheating and
generation of debris. The lower oil ring showed heavy wear and
deformation on the sliding surfaces.

The piston skirt contained two holes in the non-thrust side. These
holes were created as part of the casting process for the piston.
The presence of a lead/tin eutectic indicated that this area was
repaired with solder during the manufacturing process. Cooper's gC
records indicated that solder was used to fill the voids in the
piston skirt. Also this portion of the liner extends beyond the
bottom of the skirt at the end of the downstroke and any debris from
this area would eject into the sump. Thus, these holes in the
piston skirt had no impact on the failure.

The piston skirt suffered heavy scuffing all the way around
indicating overheating of the piston until the the normal clearance
between the piston and the liner had been filled. With a clearance
of about 0.014" between the OD of the piston and the ID of the
liner, a thermal expansion coefficient of 7.6E-06'F and a diameter
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of 13.5"; a temperature difference of only 136'F is needed to close
the gap. Since tin, which melts at 350'F, had melted off the piston
surface during the failure, it is reasonable to expect a temperature
difference of this magnitude had existed at the time of failure.

3.4 Pin/Bushing Lubrication and Overheating

3.4. 1 The pin and bushing of the 5R piston suffered overheating and
damage due to contact with each other. The lubricating oil
is applied to the interface between the pin and bushing by
gravity and inertial forces. The oil is pressure fed through
the connecting rod and pin and sprayed onto the upper cavity
of the piston above the pin. Oil that sprays up to the head
falls and forms a pool of oil that covers the exposed portion
of the pin and bushing. A groove in the top of the pin
,allows oil to flow along the length of the pin and through
circumferentially oriented grooves near the ends of the pin.
Rotation of the pin in the bushing is a back and forth motion
which distributes the oil from the grooves over the mating
surfaces. The items that could affect the lubrication of the
mating surface includes:

3.4.1.1

3.4.1.2

Oil Viscosity - Oil properties have met the
specifications to which they were tested.

Oil Foaming Characteristics - This quality has not
been a normal test for our engine oil. However,
recent tests showed no abnormal oil foaming
characteristics.

3.4.1.3

3.4.1.4

Clearances Between the Pin and Bushing - Fit-up or
"blue checking" of these parts has not been
performed to manufacturer's specifications until
recently.

Distortion of the Pin or Bushing - Several piston
pins have shown bending up to 0.005" after years of
operation. All of these pins except one have
displayed overheating indications. The exception is
one pin from the "D" diesel. This pin shows no
evidence of overheating. This is being investigated
further.

3.4.1.5 Debris Causing Friction Between the Pin and Bushing
Surfaces - Scratching has been found on occasion
from debris, but no relationship between the debris
and the overheating could be found.

3.4.1.6 Debris Filling the Grooves or Oil Hole in the Pin-
We have never found debris or deposits in the
grooves or oil hole of the pin.
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3.4.1.7 Air Pockets Preventing Oil to Flow Through the
Grooves in the Pin - Since the pin/bushing
lubrication is only by gravity feed and not force
fed by a pump, air bubble(s) could block oil from
flowing along the pin grooves. Once starved of oil,
high friction areas at raised parts of the
pin/bushing could cause local overheating. At the
boiling point of oil, gas volume would increase
dramatically and prevent any further ingress of oil
into the area.

3.5 The cylinder liner is key to the lubrication of the piston rings.
The liner has a porous chrome plating that retains an oil film on
its surface in the pores. Oil is smeared over the cylinder wall via
a splash mechanism which deposits oil on the lower portion of the
liner. As the piston goes up and down, the lower oil ring spreads
the oil film uniformly over the surface and removes the excess. As
the piston completes many cycles, the oil film is gradually spread
over the entire length of the cylinder wall to the uppermost
compression ring. The oi'1 is retained in the pores of the liner,
which is their purpose. If these pores no longer retain oil, then
the upper wall of the liner will gradually be starved of oil,
friction will increase and heat will be generated. The liner pores
can be filled by debris from the combustion and oil decomposition
products, ring material or tin transferred from the piston surface.
Evidence of this happening during operation was found during this
investigation and will be part of our inspection program in the
future.

4.0 Conclusions

4.1 Heavy damage was found on the cylinder liner surface, piston,
compression rings, oil rings, pi'n and pin bushing of the "C" diesel
5R cylinder. Since the piston end caps suffered only slight
scoring, it can be concluded that the damage was due to the failure,
not a cause like the end caps in the "8" diesel.

4.2 Tin and iron were the elements found in the liner pores analyzed to
date. They indicate wear products were generated from the rings and
piston surface and were deposited there early in the failure

. process.

4.3 The piston pin and the bushing sustained major damage from
overheating due to the pin expansion causing contact with the
bushing and ultimately freezing of the pin in the bushing. This
type of failure of the pin/bushing would create a malfunctioning of
the motion of the piston initiating a failure process.
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4.4 The following sequence of events appears to provide the most logical
failure scenario:

A. Friction between the pin and bushing caused them to overheat and
bind together.

B. The piston motion became unstable causing contact against the
liner wall particularly on the non-thrust side of the liner.
Oil would be scraped off during the upward motion of the piston.

C. This contact caused particles from the piston surface and rings
to fill the liner pores and increase the friction and wear in
the cylinder.

D.. Wear products from all parts mix and pass between the wearing
surfaces as the fai lure progresses.

E. Eventually localized heating becomes so great in some areas that
the oil cannot cool fast enough to prevent oil decomposition and
oxidation of the heated parts.

F. The heat continues to build until the piston expands to fill the
clearance between the itself and the liner.

G. Once the clearance closes, frictional heat raises the
temperature of the parts to "red heat" raising the oil vapor and
air in the region to their ignition and a crankcase
overpressurization occurs.
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CHAPTER V

5.0 Figures

5.1 Figure Captions

5.2 Figures C-1 to C-21
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Figure C-1. Photograph of the 6L piston from the "C" diesel showing the area
of detinning and the alignment of the compression rings.

Figure C-2. Photographs of the 5R end caps, "C" diesel, showing the
discoloration and minor scoring.

Figure C-3. (a) Photograph of the 5R piston, "C" diesel, pin bushing through
wall crack; (b) OD damage caused by the bushing rotating.

Figure C-4. Photograph discoloration (bluing) of the 5R, "C" diesel, pin
bushing.

Figure C-5. (a) through (d) Photographs of the discoloration (bluing at
various positions around the pin from the 5R piston, "C" diesel.

Figure C-6. ,Photographs of the damage on the thrust side (center of engine)
of the 5R piston, "C" diesel.

Figure C-7. (a) Photographs of the 5R piston end cap facing the generator end
of the "C" diesel; (b) the opposite end cap facing the aux. skid end of
diesel.

Figure C-8. Photographs of the damage on the non-thrust side of the
5R piston, "C" diesel; note the two holes in the skirt at the bottom center of
the photo on the right.

Figure C-9. The two holes and crack in the 5R piston skirt, non-thrust die.
Hole "A" was sectioned and metallurgically examined.

Figure C-10. A microphotograph of the cross-section of the 5R piston skirt
Hole "A" in Figure C-9. The letters designate the areas evaluated
metallurgically.

Figure C-ll. A microphotograph of typical areas around Hole "A" in the
5R piston skirt. See Figure C-10 for locations, (a) area "K-N" at 800C
showing a course martensitic structure; (b) area "K-J" at 50X showing course
martensitic and smear metal layer of iron chrome and tin on surface of
Hole "A" (c) area 'H-G" at 50X showing transition from a martensitic to a
perlite structure; (d) area "C-B" at 800X showing course martensitic
structure; (e) area "B-g" at 800X showing perlite structure around graphite
stringers; (f) area "A-B" at 50X showing a mixed structure of fine perlite and
martensite.

Figure C-12. SEN/EDS analysis of inclusion "W" below Hole "A" in 5R piston
skirt (a) SEN photo at 6.5X showing inclusion "W" (b) spectrum of the elements
in the inclusion "W."

Figure C-13. SEN/EDS analysis of the Lead-Tin Eutectic on the surface of
Hole "A" in 5R piston skirts (a) SEN photo at 1300X showing the Pb-Sn Eutectic
on surface of hole; (b) spectrum of the elements in the light area in(a) above.
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Figure C-14. SEM/EDS analysis of smeared metal layer on surface of 5R
piston'kirtat area "J" (see Figure C-10) photo at 4660X of smeared metal layer;

(b) spectrum of LIGHTER AREA in photo in C-14a above; (c) spectrum of darker
area in photo in C-14a.

Figure C-15. Photos of 5R liner Sections C-l, C-2 and C-3; (a) liner
Section C-1 longitudinal section taken from thrust side; (b) Liner Section C-2
longitudinal section taken from end cap side; (c) Liner Section C-3,
longitudinal section taken from the non-thrust side.

Figure C-16. Sketch of sections taken from liner pieces.

Figure C-17. SEM/EDS analysis of the debris in the pores in liner
Section C-3B (see Figure C-16); (a) SEN photo at 100X of Section C-3 denotes
area "A," "B," and "C" for analysis on EDS; (b) spectrum of area "A" showing
the presence:of„mostly tin and iron; (c) spectrum of area "B" showing mostly
tin and iron with a small peak of chrome; (d) spectrum of area "C" showing .

mostly iron and tin with a small peak of chrome.

Figure C-18. Nicrophoto from SEN 1010X showing the iron and tin particles in
a pore in the chrome layer on liner Section C-3B.

Figure C-19. SEN/EDS analysis of non-magnetic particles taken from the top of
the 5R piston, "C" diesel; (a) SEM photo of 43.4X of non-magnetic particles;
(b) Spectrum of area in the SEN photo.

Figure C-20. SEM/EDS analysis of magnetic particles taken from the top of the
5R piston, "C" diesel, (a) SEM photo at 366X of magnetic particles;
(b) spectrum of area in SEN photo.

Figure C-21. -.Microphotograph at 50X of cross-section of the lower oil ring
from the 5R piston, "C" diesel. The deformed structure where the oil ring was
worn can be seen at area "A."
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Figure C-1. Photograph of the 6L piston from the C diesel showing
the area of detining and the alignment of the'ompression rings.
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Figure C-2. Photographs of the 5R end caps, C diesel, showing the
discoloration and minor scoring.
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Figure C-3. a) Photograph of the 5R piston, C diesel, pin bushing
through wall crack; b) 00 damage caused by the bushing rotating.
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Figure C-4. Photograph discoloration (bluing) of the 5R, C diesel,
pin bushing.



Figure C-5. a) thru d) Photographs of the discoloration (bluing at
various positions around the pin from the 5R piston, C diesel.



4'igure

C-6. Photographs of the damage on the thrust side (center of
engine) of the 5R piston, C diesel.



Figure C-7. a) Photographs of the 5R piston end cap facing the
generator end of the C diesel; b) The opposite end cap facing the
aux. skid end of diesel.
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Figure C-8. Photographs of the damage on the non-thrust side of the
3R piston, C diesel; Note the two holes in the skirt at the bottom
center of the photo on the right.
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Figure C-9. The two holes and crack in the 5R piston skirt,
non-thrust die. Hole "A" was sectioned and metallurgically,
examined.
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Figure C-10, A microphotograph of the cross section of the 5R piston
skirt. Hole 'A; in Figure C-9. The letters designate the areas
evaluated metallurgically.
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Figure C-11. . Microphotographs of typical areas around hole 'A'n
the 5R piston skirt. See Figure C-10 for locations, a) Area KM at
800C showing a course martensitic structure; b) Area K-J at 50X
showing course martensitic and smear metal layer of iron chrome andtin on surface of hole 'A') Area H-G at 50X showing transition
from a martensitic to a pearlite structure; d) Area C-8 at 800X
showing course martensitic structure;') Area 8-g at 800X showing
pearlite structure around graphite stringers; f) Area A-8 at 50X
showing a mixed structure of fine pearlite and martensite.
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Figure ll. Continued.
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Figure C-12. S.E.M./E.D.S.'analysis of inclusion 'W'elow hole 'A'n

5R piston skirt a) SEN photo at 6.5X showing inclusion 'M')
Spectrum of the elements in the inclusion 'W'.
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Figure C-13. S.E.M./E.D.S. analysis of the Lead-Tin Eutectic on the
surface of hole 'A'n 5R piston skirts a) SEM photo at 1300X
showing the Pb-Sn Eutectic on surface of hole; b) Spectrum of the
elements in the light area in a above.
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Figure C-14. S.E.M./E.D.S. analysis of smeared metal layer on
surface of 5R piston skirt at Area J (see Figure C-10) photo at
4660X of smeared metal layer; b) Spectrum of LIGHTER AREA in photo
in C-14a above; c) Spectrum of darker area in photo in C-14a.
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Figure 14. Continued.
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Figure C-15. Photos of 5R liner sections C-l, C-2 and C-3; a) liner
section C-1 longitudinal section taken from thrust side; b) Liner
section C-'2 longitudinal section taken from end cap side; c) Liner
section C-3, longitudinal section taken from the non-thrust side.
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Figure C-16. Sketch of sections taken from liner pieces.
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Figure C-17. S.E.H./E.D.S. analysis of the debris in 'the pores inliner section C-3B (see Fig. C-16); a) S.E.H. photo at 100X of
section C-3 denotes area a,b, & c for analysis on E.D.S.; b)
Spectrum of area 'a'howing the presence of mostly tin and iron; c)
Spectrum of area 'b'howing mostly tin and iron with a small peakof chrome; d) Spectrum of area 'c'howing mostly iron and tin with
a small peak of chrome.
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Figure 17. Continued.
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Figure C-18. Microphoto from S.E.M. 1010X showing the iron and tin
particles in a pore in the chrome layer on liner section C-3B.
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Figure C-19. S.E.N./E.D.S. analysis of non-magnetic particles taken
from the top of the 5R piston, C diesel; a) S.E.N. photo of 43.4X of
non-magnetic particles; b) Spectrum of area in the S.E.H. photo.
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Figure C-20 S.E.M./E.D.S. analysis of magnetic particles taken from
the top of the 5R piston, C diesel, a) S.E.M. photo at 366X of
magnetic particles; b) Spectrum of area in S.E.M. photo.
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Figure C-21, Nicrophotograph at 5OX of cross section of,the lower
oil ring from the 5R piston, C diesel. The deformed structure where
the oil ring was worn can be seen at area 'A'.
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VI. GENERAL DISCUSSION

1.0 Conditions Which Affect Engine Wear

Peak Firing Pressures

Reviews of the peak firing pressures from 1983 to the present for
engines "A" - "D" have not shown any correlation between the peak
pressures and piston failure. The peak firing pressure data is
found in Attachment 1, which lists the pressure by cylinder number.
Attachment 2 sorts the pressure data and associated cylinder and
lists the pressures in descending order. A review of this sort
reveals that the failed piston "C"-5R was always in the top three
highest firing pressures. Yet, the "B"-7L was always, with two
exceptions, in the lowest six firing pressures. Once the "B"-7L was
the highest pressure cylinder and another time it was eighth
highest.

A'eview of the sorted data for the "A" engine shows a sector of
relative positions for 1R, 2R and 8R cylinders. ('hese cylinders
were the ones which experienced tin loss.) It can be seen that
these cylinders are in the middle of the pressure range or at the
bottom.

The sorted data for the "D" engine shows that the 2L cylinder (which
caused the crankcase explosion) was the sixth lowest pressure
cylinder on the analyzer run before the explosion. Therefore, we
have concluded that there is no correlation between the peak firing
pressures and the crankcase explosions since they have been both
high and low.

1.2 Limiting Factor for the 4700 KW Rating

The limiting factor for PP&L's 4700 KW overload rating is the size
of our heat rejection system and muffler size. This information has
been obtained from Cooper-Bessemer (C-B) (see Attachment 3 and
paragraph 4.8 of Attachment 4).

Other utilities have 16-cylinder engines with overload rating higher
than ours. Nine Nile Point and Waterford 3 both have overload
ratings of 4840. Cooper Nuclear Station has a one-hour overload
rating of 5000 KW.

Waterford 3 has a continuous rating of 4400 KW compared to PPSL's of
4000 KW.

C-B has established a limit of 250 BNEP (brake mean effective
pressure) for the KSV engine as structural limit. According to C-B,
the head studs prove to be the limiting factor. At 4700 KW, we are
at 91 percent of the 250 BMEP limit.
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When C-B tested a KSV in their shop, they obtained 250 BMEP at a
peak firing pressure of 1690 psi.

1.3 Compression Ring Size and metallurgy

1.3.1

1.3.2

1.3.3

Rin Dimensions: During the investigation of the diesel
as ures, someone found that some of the rings had wrong

dimensions and questioned whether or not the supplier of the
rings supplied the wrong type. This initiated an
investigation that identified and characterized all the rings
that had been recently removed from the SSES C-B engines.
Attachment 5 at the end of this chapter shows the ring
dimensional data that was obtained. The radial width (or
thickness) is the width of the compression ring starting at
the surface in contact with the cylinder liner and proceeding
,towards the ID of the ring. Attachment 6 shows the measured
radial thickness for the first and second compression rings,
specified to be 0.430 to 0.450", and the third and fourth
rings, 0.445 to 0.465". The measurement data shows that of
eleven measured ring sets, five piston sets had one or two
wrong rings.

Metallur ical Condition of the Rin s: Attachment 7 shows
ar ness an microstructura ata o tained from four sets of

rings sent to the PP&L Hazleton Chemistry laboratory for
study. Three of the sets of rings came from actual pistons
removed for other purposes and one ring was a new set
supplied from the SSES warehouse where we would normally get
replacement sets. Attachment 8 contains materials
information for the materials of construction of the four
compression rings. The first two rings, starting at the top
of the piston are made of K28 iron which is a hard,
martensitic based, nodular iron with a hardness of 40-46 Rc.
The third and fourth rings are made of a perlitic based
graphitic iron that is much softer than the nodular iron and
whose hardness is 72-88 Rc. Hardness and microstructures
obtained on the rings were consistent with their identified
positions in all cases.

Discussion

1.3.3.1 The ring dimension in the radial direction is
important to the operation of the engines because
extra large rings would not completely recess into
the grooves in the piston as the piston moves back
and forth in the cylinder liner. If this happens,
the rings bear all the inertial and reaction forces
on the piston and would probably wear excessively
fast. Even though we found five sets of rings that
were oversized in the radial direction, we could not
determine conclusively that they were so large that



SEA-CW-037
Page 130

they would not have fit completely into the ring
groove when new. There is a minimum of 0.020"
available by design behind the ring in the upper
grooves before a properly fit ring would
"bottom-out" and it is unlikely that the wrong rings
would have been that much oversize to use up all the
gap available. At worst, the wrong rings may have
been machined to the dimensions of the third and
fourth rings (per C-B specified dimensions) in which
case only 0.015" of the designed gap would have been
used up and this would have been acceptable from a
clearance argument.

1.3.3.2 Metallurgically, the materials of construction of
the rings we examined were found to be as per the
design criteria. Therefore, we conclude that the
extra wear found on these rings could not be
attributed to the use of the wrong material.

1.4 Engine Oil Condition

1.4.1 Lube Oil Foaming

There is a concern that the lube oil is foaming and a foam
oil mixture or at least entrained air is being pumped to the
engine bearing. This type of defect in the oil would be
expected to affect the more heavily loaded bearings, i.e.,
the piston pin and crankshaft bearings.

An in situ oil foaming test was conducted on the "A" engine
on December 1, 1989. A clear plastic door was put on the
engine in place of one of the lower doors and affixed with
long studs and nuts. The regular door was placed over it and
nuts placed on the studs. The metal door remained in place
during the 12-hour post-maintenance run for personnel
protection. It was removed after the engine was unloaded but
before shutdown.

While the engine was running, about 2-3" of foam was present
on the side of the plastic door. Normal oil level (engine at
rest) would be at about the same height.

After the engine was shut off, a deluge of oil was draining
down from the top side of the engine. When the flow of the
draining oil approached that of the prelube pump flow, a
continuous mat of foam, approximately 1/2" thick, was
observed. Small bubbles were also observed rising in the
lube oil. The mat of foam started to break up in 15 minutes
so that small islands of oil could be seen. The presence of
the small bubbles migrating to the surface was still observed
at 15 minutes after shutdown; however, the amount of bubbles
was reduced from that of initial engine shutdown.
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PP5L, after consultation with Gulf, the oil supplier,
Chevron, Ricardo and PPSL's in-house oil lab, could not come
to a conclusive good/bad decision. We decided to take oil
samples from engines "A"-"D" and new oil and send them to an
independent laboratory for an oil foaming test.

Oil foaming test results from SGS Control Services, Inc., are
shown in Attachment 9. All of the oil tests shown were
performed per ASTN D-892 standards and reveal that there is
no foaming problem with the oil used in any of these engines.
The two deviations from a "Nil" result in the "A" and "B"
engine results are not significant since 10 minutes results
show them to become "Nil." Section 8 of ASTI D-892 is shown
in Attachment 10 which explains how the test sequences are
performed.

1.4.2 North Anna (VEPCO) Foaming Experience

Colt Industries supplied the emergency diesel generators to
the North Anna Station of Virginia Electric 5 Power Company.
Colt has reported to PPSL that they were experiencing piston
to liner seizures at North Anna. The cause was oil foaming.
This oil foam mixture did not provide the lubricity to the
piston pin/bushing that was required. This caused
overheating of the pin and bushing, the bushing expanded and
distorted the piston carrier, and the carrier distorted the
piston which contacted the liner and produced excessive heat.
This led to seizing and failure of the piston/liner.

North Anna was using Gulf Super Duty 40 oil when they were
experiencing the diesel problems, and once the root cause was
determined they switched to Chevron.

Colt remarked that they do not feel Gulf is consistent with
their additive packages and one batch of oil can perform fine
and another batch may cause problems.

1.5 Piston Pin Condition

Our initial investigation into the cause of the crankcase explosions
focused on the piston and liner; hence, the condition of the pins
were not thought to be an important factor, i.e., the pin condition
was secondary to the piston damage. Our opinion on the pin
condition changed after three pistons which experienced tin loss
were pulled from the "A" engine. These pistons with various degrees
of tin loss all had pins with some degree of heat bluing. It was
also noticed that the end caps had started to migrate out of the
pistons. A matrix of observations was created to make correlations
among all the observations. This matrix is Attachment 11.
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The two failed pistons from the "B" and "C" engines (B-7L 5 C-5R)
virtually gave no clue as to the cause of the failure. The only
thing to prove to be significant was the blued condition of the
piston pins which was not recognized until later in the
investigation; see Attachment 11. Bluing of steel is a high
temperature oxidation of the steel and occurs at about 900'F. The
pin bluing was considered by C-8 to be a secondary effect of the
piston seizure; see Attachment 12. It was not until three pistons
that had lost tin were pulled from the "A" engine and blued pins
were discovered in these pistons that the blued pins and piston tin
loss seemed to correlate. An effort was made to closely examine all
the pins that had been removed for signs of overheating. As it can
be seen from Attachment ll, blued pins or heat distress was found on
six of ten pins. Three of the other pins were worn or scratched.
The fourth needed to have its bushing scraped in order to obtain an
acceptable fit. It can be concluded that these four pins were
experiencing higher than normal friction but not enough to cause the
pins to turn blue. At least one piston pin has been annealed
(approximately 1200'F) in situ since its hardness went from a Rc of
50 to 20. The metallurgical sections of this report contain more
detail'bout the specific pins and their property changes. Note:
Insufficient bearing contact area on the A-3R bushing would Wa so
cause higher than normal friction.
The high friction in the piston pin joint will inhibit the toggling
of the piston relative to its connecting rod. This condition will
cause the top edge of the non-thrust side of the piston to try to
scrape the oil from the liner on the upward strokes. The torque
developed by the piston pin will be reacted by a couple.

A couple is two equal forces producing rotation by acting in
parallel but opposite directions. One side of the couple will be
made by the liner pushing on the top of the piston on the non-thrust
side. Note: This will occur just under the bottom of the middle
oil ring since this is where the piston is at its largest diameter;
see Attachment 13. The other half of the couple will be made up of
possibly two forces. One is the normal thrust load on the piston
acting at the piston pin. The second force would be produced on the
lower skirt on the thrust side. This latter force has not produced
any signs of piston wear for a couple of reasons:

1. This force. is only going to reach a magnitude to satisfy the
unbalanced torque. Note: The length of the moment arm here is
long compared to the~irst part of the couple's moment arm.

2. The angle of the piston would mate with the liner due to the
piston pin torque trapping the oil on the liner and the piston
would "hydroplane." This is not the case for the top of the
piston on the non-thrust side where the sharp corner of the
piston would remove the oil film.
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With the protective oil film removed from the non-thrust side of the
liner surface, it is possible for cold welding to take place between
the liner surface and the piston surface. Relative motion then can
transfer tin and iron to the liner and conversely chrome can be
transferred to the piston. This makes the mating surfaces rough and
produces added friction,, increasing the wear rate and eventually
leading to an overheated piston. This failure scenario is supported
by the fact that an inspection in July 1987 of the "C" diesel
revealed loss of tin on the 5R piston; see Attachment 14. Since
adequate inspection criteria was not in place at that time, the
piston was returned to service. Cylinder 5R is the cylinder which
caused the crankcase explosion on the "C" engine.

The previous inspection report for the "B" engine was reviewed and
no tin loss was noted for the 7L cylinder. It should be noted that
the type of inspection performed was an underside inspection. The
inspection doors are removed and the pistons brought to top dead
center; hence, only the lower half of the cylinder liner can be
viewed in this type of inspection.

Correlation of Running Time and Starts to Explosion

The data from Attachment 15 has revealed that the "B" engine
suffered a crankcase explosion after 547 starts but if this number
is corrected for the 300 start, tests on "B" (actually about
320 starts), it would approach 870 starts. Our start log does not
include start-up testing starts. The "B" engine ran 1,033 hours
before the explosion, and this represents the total engine run time
including shop tests.

The similar data for the "A," "B," "C," and "D" engines are as
follows:

,

Hours Run
Starts

A
mr'11 Tm3

1870

C D3T9'E
555 549

One can see that "A" engine has more run time than "C" and "D"
engines but has not had a crankcase explosion at SSES. The start
data (date and start number) is not currently available prior to
December 1986. However, a straight line estimate using available
start data of number of starts that "D" accumulated before its
crankcase explosion of January 14, 1984 is 381 starts. This would
have crankcase explosions at:

En ine Starts

555
381
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"B" engine has had approximately twice the starts as "D" before it
experienced an explosion and about 50 percent more starts than "C"
would if it had a crankcase explosion. Therefore, we have concluded
from this scatter there is no correlation of the number of starts to
the crankcase explosions.

End Cap Migration

The piston pin end caps are installed in the piston to prevent ring
blow-by gases from entering the pin/bushing interface and
interfering with proper lubrication of the pin. The end caps are
held in place by an interference fit of 1/2 to 2 1/2 mils. These
caps are driven into place by tapping them in with a hammer until
they seat against the piston bushing hole.

The outer portion of the end caps are radiused so they match the OD

contour of the piston.. On the interior, they have two intersecting
ribs. These ribs have been a subject of concern since some are
machined flush with the plane of the seating surface and others are
cast so that the top of the rib is below the plane of the seating
surface. C-B has the same part number for each style and contends
that their difference is only in foundry technique. This difference
is not a factor in the function of this part. It was initially
thought that the relief built into the end cap was for piston pin
thermal growth. However, measurements of the pin length and bushing
length showed that there is a 1/4" difference; the pin being
shorter. It would be virtually impossible for the pin to move that
distance by thermal growth alone to push the- end caps out forcibly.
Combinations of thermal growth of the bushing and mechanical
movement may be possible to put a force on the end caps, but this
has not been pursued adequately at this point.

There is one benefit of having the relief on the inside of the end
cap and that is in the assembly of the piston and rod into the
engine. There is enough room between the bushing cut out in the
interior of the piston to allow the pin and connecting rod to slide
in the piston pin bushing more than 1/8" in either direction.
Hence, the relief would allow more movement than without the relief
in the end cap. From a practical view point, this stated benefit is
of little use since the pistons and rods are handled slowly and
carefully during their insertion into the engine.

The end cap migration or unseating of the end caps from the bushing
has caused some problems. The liners have been burnished by these
caps and one was replaced due to burnishing and metal loss caused by
end cap migration.

What are some of the mechanisms of end cap movement outwards to the
liner? The following list sums up our thinking on this subject and
a brief explanation as to why the mechanism is acting.
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Too much or too little force fit clearance between the OD of the
cap and the hole into which it fits. The cap is manufactured to
specifications that require it to be 0.0005 to 0.0025" bigger
than the hole. The cap has to be tapped into place with a soft
hammer. If the clearance is not tight enough, the cap would be
loose and vibration may cause it to "walk" out of the hole as
the engine is running.

A cap too much oversized would be difficult to install and would
be easily discovered by the mechanic performing the
installation. If he could force fit a large cap in the hole, it
may be possible that it would not go all the way in to bottom
out as it should. This would be easily noticed. We have not
made a systematic investigation of cap sizes and hole sizes to
determine if a gC problem exists here. It has been noticed,
however, that all caps removed manually required a significant
amount of force to remove and in some cases, a hydraulic press
had to be used to remove them. Hence, we do not believe that
size is a problem.

Thermal and or mechanical ratcheting. The idea here is that the
easy direction. of movement of the cap is outwards. Any force
acting outwards on the cap will more likely move it out, whereas
inward forces would be less likely to move it in. This is
because the outer surface of the piston and cap is more elastic
(i.e., can expand more easily) than material below the surface.
That is, the piston is stiffer in areas where there is more
material surrounding it. The outer surface of the cap is
stiffer because it is solid metal. Whereas the inner surface is
ribbed and hence more elastic. Thus, after the cap is inserted
into the perfectly cylindrical hole, the cap and the hole will
become slightly conical. If the cap is moved outwards for any
reason, the hole and cap will be even more conical. Therefore,if the cap is in an intermediate position more force would be
required to move the cap inwards than outwards. The conclusion
one can come to, after realizing the above, is that any thermal
or mechanical vibrational forces acting on the cap will
gradually move the cap outwards over a period of many cycles, if
the forces are sufficiently large.

Thermal expansion of the bushing. The bushing is shrink fit
into the machined hole in the piston and is held there by an
interference fit. The bushing material, being bronze, has a
higher thermal expansion coefficient than the cast iron material
of the piston. We know from the bluing by oxidation on the
piston pin (which is in intimate contact with the bushing) that
temperatures of 1200'F or more are present. This would
certainly raise the temperature of the bushing up to its initial
melting point of 360'F. At this temperature, the bushing would
have expanded some 0.022" over its entire length. Since the end
cap is in contact with the end of the bushing, one of the caps
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could be rationalized to be moved outwards this distance at one
time. This is not enough distance to cause contact between the
end cap and the liner since the caps are recessed from the liner
some 0.063" or more. Furthermore, we have not noticed the ends
of the bushings sticking out beyond the edge of the bottom of
the cap recess. More inspections are needed to make a definite
statement that this is not actually happening. We do know that
severe blackening (oxidation, oil decomposition) of the bushing
material takes place and therefore high temperatures have been
experienced by the bushings.

4. Physical movement of the engine crank shaft. By design, the
connections of the crank to the rod to the piston pins should
hold the pin roughly centered in the pin bushing length leaving
a gap of about I/8" on either end of the pin before the end cap
is reached. On a crank that is some 20'ong, it is possible
that machining tolerances, thermal expansion and material
instability could make this I/8" tolerance vary considerably
from one end of the engine to the other. It is therefore
possible that one or more piston pins may contact and push
against an end cap forcing it against a liner. C-B has told us
that this is physically not possible by design, but we feel that
this is an open item to be proven one way or another.

1.8 Tin/Metal Transfer to Linings

In the chapters of this report discussing the B-7L and C-5R cylinder
failures, there was considerable discussion of metal transfer
between the piston surface and liner surface. During the final
stages of degradation leading up to the crankcase explosions, a lot
of tin, iron, and chrome is transferred back and forth between the
piston and the liner. The beginning of metal transfer, however,
appears to occur far ahead of the final failure in time. We have
noticed in our recent inspections that tin transfer is found in all
of our engines, but not necessarily in all cylinders of a given
engine. Attachment 11 shows a table of observations made on various
cylinders of engines "A," "B," "C," and "D" and reveals that tin
smear is common.

The importance of tin or metal transfer to the cylinder liners is
that the normal lubrication process is degraded by this process. As
tin or iron from the piston collects in the pores of the chrome
plating on the liner, it displaces the oil that should be retained
there for lubricating the interface between the liner and
compression ring mating surfaces. If no oil is present in some
areas, the rings will run dry and friction will increase. This
raises the temperature of the rings and causes additional wear. In
addition, the tin can pick up wear particles produced by the
friction and retain them. This makes the tin surface even more
abrasive, accelerating the wear of the rings.
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Discussions with C-B representatives informed us that the transfer
of tin to the liner is a normal, expected process during the
break-in cycle of the engine early in life. Ariy tin transferred to
the liner usually sloughs off during running and eventually
disappears entirely. The reason the tin is put on the piston OD

surface in the first place is to provide a soft bearing type surface
which will slip easily over the surface of the liner and pick up any
abrasive particles trapped between the liner and the piston. This
essentially is supposed to prevent these particles from further
abrading either surface. This, in theory, is what happens in any
sliding bearing, such as a Babbitt or bronze bearing running against
a steel surface.

We have observed (after many inspections of our engines) that this
tin layer transferred to the linings can be found in various stages
of. appearance from some very localized thinly smeared layer, to
heavier deposits covering larger areas, but which are still very
thin with no evident roughness. Heavier areas have been observed on
other linings which are thick enough to catch a fingernail rubbed
over it and which may contain scoring marks of some depth. In all
cases, the tin has been transferred only from the non-thrust side of
the piston (the side not in contact with the liner during the power
stroke of the cylinder).

In cases where tin wear and transfer has been high, it was found
that the tin had been completely removed from the surface and the
underlying iron had been exposed and worn down. At this point in
the life cycle, iron is being transferred to the liner and is
probably causing more than acceptable wear on all the parts. If
inspections can determine when this stage is occurring, the pistons
should be removed and refurbished or replaced along with the liners
to prevent subsequent damage.

Failure of Head Gaskets

During the removal of the heads from the engines after the
B-7L cylinder failure, it was noticed that the head gaskets had
disintegrated. This has never been observed in the past so an
investigation followed which quickly determined the reason. The
original engine gaskets supplied by C-B were manufactured with
asbestos filler material and it was discovered that recent shipments
of replacement gaskets were actually composed of a graphite basedfiller material. It was the graphite material that was found to
have disintegrated. It is not known if the disintegration particles
actually made it down to the piston head or if they were in any way
involved in the failure of the "B" engine. Contact was made with
C-B after this was discovered and it was agreed that all future
purchases of gaskets will be of asbestos composition until this
issue can be resolved.



SEA-CM-037
Page 138

2.0 Consultants

PPSL hired two consultants, Ricardo (O.K.) and Southwest Research
Institute, to assess the damaged parts, operation and maintenance of the
diesels and to make a recommendation. on what needs to be pursued to
determine the root cause of the failures. Both consultants'eports are
attached as Attachments 16 and 17.

The salient points from each report are as follows:

2.1 Southwest Research Institute (SRI)

o SRI believed the problem to be the way in which we operated the
engines, full load in 90 seconds after starting. They feel that
the rapid load appl-ication causes the top of the piston to expand
at a rate higher than that of the liner. This expansion causes
an interference between the piston and liner; hence, the scoring
and crankcase explosions.

o SRI did not have the benefit of seeing a piston which had lost
its tin plating on the non-thrust side. This information was
communicated to them by telephone, but it did not change their
initial impression.

o SRI submitted a quotation in their letter report to install RTDs
to the inside of a piston. Their signal would be transmitted by
a device attached to the interior of the piston. Mith this
arrangement, SRI would be able to measure the temperature of
piston. This data would then be inputted to a computer model
which would predict the size and shape of the piston during
transient.

It should be emphasized that these extreme temperature excursions
will only occur in the top section of the piston, the area of the
crown and down to the compression rings. The pistons that have been
pulled due to tin loss have not shown any initial signs of the top
contacting the liner. It has been observed in some pistons that the
deposit layer on the vertical area above the top compression ring
scraped the liner, but we believe this is secondary to the tin
removal and wear of the piston.

PP&L has discounted SRI's theory of piston swell causing the
crankcase explosions for the reason cited above because this
scenario should affect all pistons equally and all KSV engines in
other utilities equally. This has not been the case.

2.2 Ricardo

Ricardo Consulting Engineers, Ltd., from'ngland were also hired to
assist in the investigation. They reviewed the failed parts from
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the "B" and "C" crankcase explosion and also saw a piston which had
lost its tin on the non-thrust side.

Ricardo's initial impression of the blued piston pin from the
"C" engine failure was that it was secondary to the piston skirt
seizure. After the discovery of the blued pins and piston tin loss
on the "A" engine, they agreed with PP&L that higher than normal
friction in the piston pin/bushing area could cause the tin loss and
ultimately the crankcase explosions.

Ricardo proposed to construct a model of the piston and rods to
determine the sensitivity of the piston side loads from high pin
friction. PPIIL plans to investigate the need for this model.

Ricardo noted that the relief on the piston top (smaller diameter
than=the skirt) seems generous and they would not expect the rapid
loading of the engine to cause the crankcase explosions.

Ricardo suggested that more investigation should be conducted into
the piston pin bushing area, i.e., manufacturing lot, dimensions and
oil quality. These areas are being pursued by PPINL.
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Hours
I oad ( Kw)
Cylinder lr

2r
3r
4r
5r
6r
7r
8rll
21
31
41
51
61
71
81

4,000.00

1,630.00
1,538.00
1,606.00
1,580.00
1)616.00
1)612.00
1,548.00
1,584.00
1,594.00
l,o72.00
1)622.00
1,648.00
1,592.00
1)688.00
1,662.00
1)624.00

573.00
4,250.00

1,684.00
1,668.00
1,783.00
1,731.00
1,731.00
1,796.00
1,739.00
1)836.00
1,663.00
1,680.00
1,676.00
1,691.00
1,678.00
1,723.00
1,815.00
1,650.00

671.30
4,000.00

1,598.00
1,570.00
1,715.00
1,637.00
1,586.00
1,638.00
1,571.00
1,586.00
1,575.00
1,743.00
1,777.00
1)730.00
1,625.00
1,721.00
1,712.00
1,665.00

9 734.80
4,100.00 4,100.00 4

PEAK FIRING PRESSURES
1,891.00 1,370.00 1

1,824.00 1,342.00 1

1,966.00 1,459.00 1

1)916.00 1,419,00 1

1,912.00 1,380.00 1

1,866.00 1)390.00 1

1,880.00 1)357.00 1

1,909.00 1,436.00 1

1,681.00 1,473.00 1

1,814.00 1,535.00 1
1,795.00 1,545.00 1

1,736.00 1)518.00 1

1,769.00 1,462.00 1

1,828.00 1,540.00 1

1,853.00 1,521.00 1

1)729.00 1,488.00 1

,100.00
(PSI)
,457.00
,436.00
,560.00
)521.00
,513.00
,506.00
,475.00
)536.00
,504.00
1542 F 00
,521.00
,486.00
,461.00
,548.00
,549.00
,526.00

Average 1,607.25 1,721.50 1,653.06 1,835.56 1,452.19 1,508.81
l

F. J. Czysz
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B" Diesel
Date
Hours
Load (Kw)
Cvlinder

1r
2r
3r
4r
5r
6r
7r
8r
11
21
31
41
51
6l
71
81

Generator
5/17/83

460.00
4,000.00

1,546.00
l,o78.00
1,580.00
1)604.00
1i638.00
1,648.00
1,690.00
1,466.00
1)540.00
1)542.00
1,520.00
1,604.00
1,626.00
1,586.00
1,458.00
1)652.00

Peak Firi
12/20/84

604.00
3,800.00

Peak Firi
1)621.00
1,725.00
1,672.00
1,682.00
1,704.00
1,725.00
1,757.00
1)473.00
1,754.00
1,805.00
1,914.00
11711 F 00
1,727.00
1,706.00
1,617.00
1,769.00

ng Presure
10/3/85

706.90
3,800.00

ng Presure
1,654.00
1) I 18 ~ 00
1,700.00
1",768.00
1",761.00
1',757.00
1,766.00
1,481.00
1,688.00
1,712.00
1',772.00
1)797 00
1,743.00
1,774.00
1,712.00
1,774.00

s (47158)
12/11/85

731.00
4,000.00

s (psi)
1,667.00
1,645.00
1,641.00
1,692.00
1,669.00
1,714.00
1,717.00
1,494.00
1,635.00
1,642.00
1,672.00
1,578.00
1,694.00
1,713.00
1,457.00
1,707.00

5/3/86
751.20

4,000.00

1,505.00
1)624 F 00
1,558.00
1)652.00
1,635.00
1,683.00
1,671.00
1,487.00
1,519.00
1,554.00
1)618 F 00
1)630.00
1,628.00
1,631.00
1)725.00
1,640.00

11/16/87

1,547.00
1,606.00
l,o52.00
1,656.00
1)654.00
1)651.00
1 $ 771. 00
1,450.00
1,547.00
1)5o2.00
1)709.00
1,615.00
11658 F 00
1,616.00
1,580.00
1,673.00

Average 1,579.88 1,710.13 1,723.56 1,646.06 1,610.00 1,614.81

B D/G Peak Firing Pressures

1/1/88

441.00
612.00
522.00
665.00
635.00
647.00
663.00
464.00
557.00
406.00 .

671.00
655.00
682.00
651.00
577.00
674.00

B" Diesel
Date
Hours
Load (Kw)
Cylinder

1r
2r
3r
4r
5r
6r
7r
8r
11
21
3l
41
51
6l
71
81

1r
2r
3r
4r
5r
6r
7r
Sr
11
2l
3l
4l
51
61
71
81

508.00
612.00
516.00
652.00
606.00
589.00
684.00
439.00
603.00
470.00
688.00
727.00
774.00
676.00
623.00
643.00

1/23/89

Average 1,595.13 1,613.13

F. J. Czysz
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C" Diesel Generator
Date o/19/83
Hours 312.00
load (Kw) 4,000.00
Cylinder

1r 1,738.00
2r 1,770.00
3r 1,714.00
4r 1,736.00
5r 1,778.00
6r 1,750.00
7r 1,670.00
8r 1,630.00ll 1>478.00
21 1,620.00
31 1>596 F 00
41 1,658.00
5l 1)684 F 00
61 1,624.00
71 1,602.00
81 1,648.00

Peak Firing Presures (47159)
12/18/84 10/2/85 12/12/85

482.'00 566.40 586.00
3,900.00 2,900.00 4,085.00

PEAK FIRING PRESSURES,(PSI),
1,723.00 1,829.00 1,760.00
1,837.00 1,860.00 1,839.00
1>785 F 00 1>765 F 00 1>696 F 00
1,822.00 1,834.00 1,762.00
1)860.00 1>856.00 1)776.00
1,848.00 1>857.00 1,805.00
1,848.00 1)756.00 1>696.00
1,754.00 1,749.00 1>709.00
1,566.00 1,506.00 1)492.00
1,718.00. 1,627.00 1,637.00
1,591.00 1>721.00 1,606.00
1,757.00 1,785.00 1,738.00
1,826.00 1,822.00 1,755.00

,.1,724.00 1,788 F 00 1,749.00
1>724.00 1,660.00 1,559.00
1,728.00 1,757.00 1,658.00

1,678.00
1>747.00
1,636.00
1,694.00
1>734 00
1,591.00
1,610.00
1)652.00
1,443.00
1,592.00
1)604.00
1,667.00
10702.00
1,681.00
1)502.00
1,597.00

',661.00
1,629.00
1>654.00
1,685.00
1)673.00
1,675.00
1>632.00
1,657.00
1,360.00
1>526.00
1>513.00
1,628.00
1>643.00
1)590.00
1>501.00
l,o36.00

5/10/86 7/8/87
613.70 705.00

4,1o0:00 4,200.00

Average 1,668.50 1,756.94 1,760.75 1,702.31 1,633.13 1,597.69

F. J. Czysz
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a D" Diesel
Date
Hours
Load (Kw)
Cvlinder

Average

Generator Peak
o/18/83

413.00
4,000.00

5r 1,656.00
2r 1,636.00
3r 1,622.00
7r 1,616.00
Sr 1,SOO.OO
4r 1,598.00
71 1,59S.OO

¹Sr 1,590.00
81 l,o66.00
51 1,558.00

021 1,556.00lr 1,546.00
11 1,542.00
61 1)540.00
41 1,530.00
31 1,518.00

1,579.38

Firing Presures (¹7
2/6/84 1

536.00
4,000.00

Peak Firing Pres
5r 1,810.00 2r
3r 1,784.00 5r
6r 1,778.00 , lr
2r 1,772.00 6r
7r 1,760.00 7r
4r 1,728.00 48r
71 1,726.00 81

¹Sr 1,724.00 3rlr 1,708.00 4r
11 1,704.00 71
51 1,692.00 61
61 1,692.00 ol
81 1,680.00 21
41 1,650.00 ll
31 1',632.00 41
21 1,618.00 31

1,716.13

160 )

2/21/84
627.00

4,100.00
sures (psi
1,855.00
1,766.00
1,762.00
1,746.00
1,731.00
1,730.00
1,701.00
1,696.00
1,686.00
1,680.00
1,653.00
1,640.00
1,635.00
1,632.00
1,579.00
1)560.00

1,690.75

10/

)
5r 1,
21 1,
11 1,
3r 1,
6r 1,
81 1,
2r 1,
7r 1,
51 1,lr 1,
71 1,
61 1,

¹Sr 1,
31 1,
4r 1,
41 1,

4/85
712.30
000.00

784.00
772.00
739.00
738.00
738.00
733.00
726.00
723.00
709.00
707.00
707 "00
706.00
69o.'00
687.00
678.00
678.00

11720 F 00

Piston with tin loss
Piston involved crankcase ezplosion 1/14/84

D D/G Sorted By Peak Firing Pressures

D" Diesel
Date
Hours
Load (Kw)
Cvlinder

Average

12/12/85
737.80

4,085.00

5r 1,740.00
71 1,717.00
6r 1,707.00
2r 1,706.00

¹Sr 1,701.00
3r 1,699.00
7r 1,694.00
81 1,691.00
21 1)671.00ll 1,665.00
4r 1,661.00lr 1,652.00
61 1,6o2.00
31 1,647.00
51 1,647 F 00
41 1,607.00

1,678.56

o/17/8S
761.40

4,000.00

5r 1,614.00
6r 1,575.00
81 1,573.00
7r 1,552.00
3r 1,549.00
2r 1,545.00
61 1,537.00
51 1,534.00
71 1,530.00lr l,o23.00
21 1,517.00
11 1,516.00
4r 1,513.00
31 1,506.00

¹Sr ?
41 ?

1,541.71

8/3/87
847.00

4,000.00

3r 1,631.00
6r 1)568 F 00
Gr 1,565 F 00
2r 1,564.00
41 1,529.00

¹Sr 1,525.00
71 1,523.00
7r 1,521.00
11 1 520.00
81 1,517 F 00
61 1,510.00lr 1,509.00
ol 1,507.00
4r 1,505.00
31 1 482.00
21 1)477 00

1,528.31

1/23/89

71 11776 F 00
3r 1,728.00
2r 1,726.00
6r 1,714.00
81 1)706.00
5r 1,694.00
51 1,684 F 00
4r 1,675.00
61 1,673.00

¹Sr 1,669.00
7r 1,655.00
31 1,625.00
41 1)609.00
11 19587.00lr 1,469.00
21 1)432.00

1,651.38

F. J. Czysz
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Diesel
Date
Hours
Load (Kw)
Cvlinder

Average

Generator Pea
5/20/83

4)000.00

61 1,688.00
71 1,662 F 00
41 1,648.00¹lr 1,630.00
Sl 1,624.00
3l 1>622.00
5r 1,616.00
6r 1,612.00
3r 1,606.00ll 1,594.00
51 1,592.00
Sr 1,584.00
4r 1,580.00
21 1,572.00
¹7r 1,548.00
¹2r 1,538.00

1,607.25,

k Firing Presures (¹7157)
12/17/84 10/1/85

573.00 671.30
49250.00 4,000.00

PEAK FIRING PRESSURES (PSI)
Sr 1,836.00 31 1,777.00
7l 1,815.00 21 1,743 F 00
6r 1,796.00 4l 1,730.00
3r 1,783.00 6l 1,721.00

¹7r 1,739.00 3r 1,715.00
4r 1,731.00 7l 1,712.00
5r 1,731.00 81 1,665.00
61 1,723.00 6r 1,638.00
41 1,691.00 4r 1,637.00¹lr 1,684.00 51 1,625.00
21 1,680.00 ¹lr 1,598.00
5l 1,678.00 5r 1,586.00
31',676.00 Sr 1,586.00

¹2r 1,668.00 ll 1,575.00
11 1,663.00 ¹7r 1,571.00
Sl 1,650.00 ¹2r 1,570.00

1,721.50 1,653.06

12/10/
7

4,100

85

F 00

3r 1

4r 1

5r 1

Sr 1¹lr 1

¹7r 1

6r 1

71 1
61 1

¹2r 1

21 1

3l 1

51 1

41 1

Sl 1

11 1

1

)966
,916
,912
,909
,891
,880
,866
,853
)828
,824
,814
,795
,769
,736
1729
,681

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

)835.56

Piston with tin loss
Piston involved in crankcase explosion

A D/G Sorted By Firing Pressures

A" Diesel
Date
Hours
Load (Kw)
Cylinder

erage

6/26/86
734.80

41100 F 00

31 1,545.00
61 1,540.00
2l 1)535.00
71 1,521.00
41 1,518.00
Sl 1,488.00
11 1,473.00
51 1,462.00
3r 1,459.00
Sr 1,436.00
4r 1,419.00
6r 1,390.00
5r 1,380.00¹lr 1,370.00

¹7r 1,357.00
¹2r 1,342.00

1,452.19

7/31/86

4,100.00

3r 1,560.00
71 1,549.00
61 1,548.00
2l 1,542.00
Sr 1,536.00
81 1,526.00
4r 1,521.00
3l 1,521.00
5r 1,513.00
6r 1,506.00
11 1,504.00
4l 1,486.00

¹7r 1,475.00
51 1,461.00¹lr 1,457.00

¹2r 1,436.00

1,508.81

F. J. Czysz
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B" Diesel Generator Peak
Date 5/17/83
Hours 460 F 00
Load (Kw) 4,000.00
Cylinder

Firing Presures (¹SORTED BY,FIRlNG PRESSURE
12/20/84 10/3/85 12/11/85

604.00 706.90 731.00
3,800.00 35800.00 4,000.00

7r 1,690.00
81 1,652.00
6r 1,648.00
5r 1,638.00
51 1)626.00
4r 1,604.00
41 1)604.00
61 11586 F 00
3r 1,580.00
2r 1,578.00¹lr 1,546.00
21 1)542.00
11 1)540.00
31 1,520."00
8r 1,466.00

071 1,458.00

Average 1)579.88

31 1,914.00
21 1)805.00
Sl 1,769.00
7r 1,757.00
11 1,754.00
51 1,727.00
2r 1,725.00
6r 1,725.00
41 1,711.00
61 1,706.00
5r 1,704.00
4r 1,682.00
3r 1,672.00¹lr 1,621.00

*71 1,617.00
Sr 1,473.00

1,710.13

41 1,797.00
61 1,774.00
81 1,774.00
31 1,772.00
4r 1,768.00
7r 1,766.00
5r 1,761.00
6r 1,757.00
51 1,743.00
2r 1,718.00
21 1,712.00
71 1,'712.00
3r 1,700.00
11 1,688.00lr 1,654.00
Sr 1,481.00

1)723.56

7r 1,717.00
6r 1,714.00
61 1,713.00
81 1)™(07.00
51 1,694.00
4r 1,692.00
31 1,672.00
5r 1,669.00¹lr 1,667.00
2r 1,645.00
21 1,642.00
3r 1,641.00
11 1,635.00
41 1,578.00
Sr 1,494.00

471 1,457.00

1,646.06

¹ Piston with tin loss
Piston involved in crankcase explosion.

B" Diesel
Date
Hours
Load (Kw)
Cylinder

Average

5/3/86
751.20

4)000.00

071 1,725.00
6r 1,683,00
7r 1,671.00
4r 1,652.00
81 1,640.00
5r 1,635.00
61 1,631.00
41 1,630.00
51 1,628.00
2r 1,624.00
31 15618.00
3r 1,558.00
21 1,554.00ll 1,519.00¹lr 1,505.00
Sr 1,487.00

1,610.00

11/16/87

7r 1,771.00
31 1,709.00
81 1,673.00
51 1,658.00
4r 1,656.00
5r 1,654.00
6r 1,651.00
61 1,616.00
41 1,615.00
2r 1,606.00

071 1,580.00
3r 1,552.00
21 1,552.00¹lr 1,547.00ll 1,547.00
Sr 1,450.00

1,614.81

1/1/88

51 1,682.00
Sl 1,674.00
31 1,671.00
4r 1,665.00
7r 1,663.00
41 1,655.00
61 1,651.00
6r 1,647.00
5r 1,635.00
2r 1,612.00

071 1,577.00
11 1,557 F 00
3r 1,522.00
8r 1,464.00¹lr 1,441.00
21 1,406.00

1,595.13

1/23/89

51 1)774.00
41 1,727.00
31 1,688.00
7r 1,684.00
61 1,676.00
4r 1,652.00
81 1,643.00

071 1,623.00
2r 1,612.00
5r 1,606.00
11 1,603.00
6r 1,589.00
3r 1,516.00¹lr 1,508.00
21 1)470.00
Sr 1,439.00

1,613.13

F. J. Czysz
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C" Diesel
Date
Hours
Load (Kw)
Cvlinder

Average

+5r
2r
6r
1r
4r
3r
51
71
41
Sl
Sr

4'61
21
71
31
1l

1,778.00
1)770 F 00
1,750.00
1)738.00
1,736.00
1,714.00
1,684.00
1,670.00
1)658 F 00
1)648.00
1)630.00
1,624.00
1,620.00
1,602.00
1,596.00
1,478.00

1,668.50

Generator-So
5/19/83

312.00
4,000.00

rted By Peak Firing Presures (0
12/18/84 10/2/85

482.00 566.40
3,900.00 2)900.00

*5r 1,860.00 2r 1,860.00
6r 1)848.00 6r 1,857.00
7r 1,848.00 *5r 1,856,00
2r 1,837.00 4r 1,834.00
5l 1,826.00 1r 1,829.00
4r 1,822.00 51 1,822.00
3r 1,785.00 461 1,788.00
41 1,757.00 4l 1,785.00
Sr 1,754.00 3r 1,765.00
81 1,728.00 81 1,757.00

461 1,724.00 7r 1,756.00
71 1,724.00 8r 1,749.00
1r 1,723.00 31 1,721.00
2l 1,718.00 71 1,660.00
3l 1,591.00 21 1,627.00
11 1,566.00 ll 1,506.00

1,756.94 1,760.75

2r 1,
6r 1,

*5r 1,
4r 1,
1r 1,
51 1,

461 1,
4l 1,
Sr 1,
3r 1$
7r 1,
81 1,
21 1,
3l 1,
71 1,
11 1,

839.00
805.00
776.00
762.00
760.00
755.00
749.00
738.00
709.00
696.00
696.00
658.00
637.00
606.00
559.00
492.00

1,702.31

7159)
12/12/85

586.00
4,085.00

Piston with tin loss
Piston involved in crankcase explosion

C" Diesel
Date
Hours
Load (Kw)
Cylinder

Average

5/10/86
613.70

4,150.00

2r 1,747.00
+5r 1)734.00

51 1)702.00
4r 1,694.00

461 1,681.00
1r 1,678.00
41 1,667.00
8r 1,652.00
3r 1,636.00
7r 1,610.00
31 1,604.00
81 1,597.00
21 1,592.00
6r 1,591.00
71 15502.00
11 1,443.00

1,633.13

7/8/87
705.00

4,200.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00
,00
.00

.69

4r 1,685
6r 1,675

+5r 1,673
1r 1,661
Sr 1,657
3r 1,654
5l 1)643
7r 1,632
2r 1,629
41 1,628

461 1,590
Sl 1,536
2l 1,526
31 1,513
71 1,501ll 1,360

1,597

F. J. Czysz
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'D" Diesel
Date
Hours
Load (Ew)
Cvlinder

Average

Generator 'Peak
5/18/83

413.00
4%000.00

5r 1,656.00
2r 1,636.00
3r 1,622.00
7r 1,616.00
6r 1,600.00
4r 1,598.00
71 1,596.00

-".'8r 1,590.00
81 1,566.00
51 1,558.00

*,21 1,556.00lr 1,546.00ll 1,542.00
61 1,540.00
41 11530. 00
31 1,518.00

1,579.38

Firing Presures
2/6/84

536.00
4,000.00

Peak
Firing'r

1,810.00
3r 1,784.00
6r 1,778.00
2r 1,772.00
7r 1,760.00
4r 1,728.00
71 1,726.00

¹8r 1,724.00lr 1,708.00
11 1)704.00
51 1,S92.00
61 1,692.00
81 1,680.00
41 1,,650.00
31 1,632.00
21 1,618.00

1,716.13

( ¹7160 )

12/21/84
627.00

4,100.00
Pressures (psi
2r 1,855.00
5r 1,766.00lr 1,762.00
6r 1,746.00
7r 1,731.00

¹8r 1,730.00
81 1,701.00
3r 1,696.00
4r 1,68S.OO
/1 1,680.00
61 1,653.00
51 1,640.00
21 1,635.00ll 1,632.00
41 1,579.00
31 1,560.00

1,690.75

)

5r
21
11
3r
6r
81
2r
7r
51lril
61

¹Sr
31
4r
41

10/4/85
712.30

4,000.00

1,784.00
1,772.00
1%739.00
1,738.00
1,738.00
1,733.00
1,726.00
1,723.00
1)709.00
1,707.00
1,707.00
1,706.00
1,695.00
1,687.00
1,678.00
1%678.00

1)720.00

Piston with tin loss
Piston involved crankcase ezplosion 1/14/84

D D/G Sorted By Peak Firing Pressures

D" Diesel
Date
Hours

-.Load (Kw)
Cvlinder

Average

12/12/85
737.80

4,085.00

5r 1,740.00
71 1,717.00
6r 1,707.00
2r 1,706.00

¹8r 1,701.00
3r 1,699:00
7r 1,694.00
81 1,691.00
21 1,671.00li 1,665.00
4r 1,661.00lr 1,652.00
61 1,652.00
31 1,647.00
51 1,647.00
41 1,607.00

1)678.56

5/17/86
761.40

4,000.00

5r 1,614.00
6r 1,575.00
81 1,573.00
7r 1,552.00
3r 1,549.00
2r 1,545.00
61 1,537.00
51 1,534.00
,71 1,530.00lr 1,523.00
21 1,517.00ll 1,516.00
4r 1,513.00
31 1,506.00

¹Sr ?
41 ?

1,541.71

31
6r
Gr
2r
41

¹8r
71
7r
11
81
61lr
51
4r
31
21

8/3/87
847.00

4,000.00

1)631.00
1,568.00
1 565.00
1,564.00
1,529.00
1,525.00
1,523.00
1,521.00
1,520.00
1,517.00
1,510.00
1,509.00
1,507.00
1%505.00
1,482.00
1%477.00

1,528.31

1/23/89

71 1,776 00
3r 1,728.00
2'r 1,726.00
6r 1,714.00
81 1,706.00
5r 1,694.00
51 1)684.00
4r 1,675.00
61 1%673.00

¹Sr 1,669.00
7r 1,655.00
31 1,625.00
41 1)609.00ll 1,587.00lr 1,469.00
21 1,432.00

1,651.38

F. J. Czysz
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COOPER BESSEMER RECIPROCATING
COOPER
IIIOV5r1IC$

October 9, 1989

Our Ref: QCG-6392

Nr. Frank Czysz
~ Pennsylvania Power and Light

2 North Ninth Street
Nailstop Bldg. A6-3
Allentown, PA 18101

Oear Nr. Czysz:

This is further to our telephone discussion regarding a possible relationship
between the recent problems and the engine rating. Although many aspects of
the engine are .load sensitive, it is our considered opinion, based upon
experience with diesel engines. that there is no direct relationship between
load and piston problems as it relates to the root cause. The following is
provided for your information:

1. For continuous operation (24 hours per day) the engine would
be rated at 200 BNEP or 4130 KW.

2. The basic engine rating as sold to P. P. h L. is 210 BMEP at
4300 KW, however:

3. The actual rating as sold allows the engine to run two hours
every twenty-four at 227 BMEP or 4700 KW, and we consider
this to be well within the design limits of the engines.
Please note that we have successfully run a similar engine.
but of older design, continuously for 500 hours at 250 BMEP
or 5176 KW.

Very truly yours,

Manager, Q.C.

cc: N. J. Helmich
T. W. Kearns
R. A. Miklos
N. A. Schleigh
File: SO-0188/P2

WHAL/kll

Uncoln Avenue
Grave City, Pennsylvania 16127
(412) 458.8000 Telex: 4997257 AIB CBCORPGRCT

INTEGRAL ENGINE COMPRESSORS ~ MOlOR.DRIVEN COMPRESSORS ~ POWER ENGINES

C)
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COOPER-BESSEMER RECIPROCATING

ZÃHK —OFFICE MEMO

DATE 11/7/89

TO A. E. Bice
D. T. BU.zzard
W. O. Ferguson
B. C. Guntrum —C-E
B. K. Hall
M. J. Helmich
J. M. Horne

T. W. Kearns
T. Leishman —MT
R. A. Miklos
M. A. Schleigh
B. R. Sede1myer
F. B. Stolba

FROM W. H. A. ~rt
SUB3ECZ "Pennsylvania'Power and Light Carpany

Standby Diesel Generators
Cmments an Recent Crankcase Explosions

Our Ref: QCG-6487

Interim "caraents" regarding events at the Susequehana Steam Electric Statian
(SSES) have been requested and they are being transmitted herewLth in report
form (ref. QCG-6420) . It should be clearly understood these caments reflect
observations pertinent at the time of writing and do not represent canclusians
wLth respect to the root causes of recent crankcase explosians. ~ examples
will serve to illustrate the point:

o Event No.1 (see para. 3.1 of QCG-6420) — Probable cause was dirt in
the piston pin. Looseness of the piston pin bolts most likely
cccurred when the'iston assembly seized and the bolts subsequently
stretched.

o Event No. 3 (see para. 3.1 of QCG-6420) — At the time of writing a
casting defect was cansidered to be the initiation of the piston/liner
seizure. Subsequent observation revealed excessive ~ of the
caapressor rings. Thi.s unusual wear is now the focus of the
root cause investigation.

Never-the-less, the dicussion regarding engine loading is appropriate and
requires serious consideratian by all parties involved.
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A meeting was held in Grove City on November 3, 1989 with P. P. 6 L.
representatives to discuss the evaluation of prcblems at SSES and their
resolution.

W. H. A. Lxribert
Nanager, ~ty Assurance
and Nuclear Operations

WHAL/b)b

Enclosure

cc: F. J. Czyzs — PPGL.
W. Haass —NRC
E. TmQ.inson —NRC
File: 5-1

SO-0188/P2
K5fa17
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pennsylvania ~ and Light Ccayany
Standby Diesel/Generator
Ccaaents on Recent Crankcase Explosions

1. 0 Introduction

TWo recent crankcase explosions, one September 16, 1989 and the other
on October 7, 1989, have been regarded by the Operator as a common
mode failure. Consequently, serious questions have ari'sen concerning
the engines load carrying capability with an adequate margin of
safety.

1.2 These recent, and earlier events as well as various ~ts of KSV
engine operati.on and maintenance were discussed both with P. P. & L.
and NRC personnel on October 12 and 13, 1989 in particular, and on
previous occasions. Therefore, to the extent that is appropriate
these "caanents" may be regarded as a trip report. The "ccnrnents"
contained herein represent an overview of specific happenings at
P. P.a L. and the operation of the KSV engine in general.

1.3 The ccmpliment of emergency standby di.esel/generators installed at
the Susquehanna Steam Electric Station (SSES) are as follows:

Initial Up to October 17, 1989
~En ine Unit ~S Start Total Hours No. of Starts

KSV-16 r
KSV-16 T
KSV-16 T
KSV-16 Z
KSV-20 7

A
B
C
D
E

7158 1981
7159 J811/82
7160 1981
7161 July/81
7218 Hay/87

981. 6
1033.1
796.9
965.5

86.7

542
537
526
531

76

1.4 Attached as Appendix "A" is a copy of a handwritten ccoaentary
regarding the October 7, 1989 event and left at SSES on Octcber 13,
1989.

1.5 It should be clearly understood that this document is by no means a
final sugary or conclusion as to the cause or causes of recent
events at SSES. The reviewing and analysis of various facets is an
on-going process. A final report will be prepared at the appropriate
tive.

2. 0 philoso cal Caanents

2.1 Any engine applied to the emergency standby requirements of a nuclear
power plant is sub)ect to unique operation parameters. Industry
experience is based upon base load operational (approx. 8000 hours
operation per year) or Wak lopping (daily or frequent stM~ and
stopping during which an engine will be required to run for several
hours) .
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2.2 Whereas the KSV engine has been appropriately applied to the nuc1ear
industry, the long term effects on major ccrryonents resulting frcm
frequent starts, fast loading and short runs are not known.
Cansequently, there has to be a very close relationship between
operator and manufacturer (industry wide) in order to keep abreast of
lessans learned.

2. 3 Zt is well understood that in order to meet the specified
requirements of ZCCA or IQOP events, an emergency diese1/generator
must be capable of a rapid start and rapid acceptance of load. The
KSV has demonstrated such capability. There are, however, technical
specificatian requirements (see para. 9.0) which, in the interest
of demonstrated reliability, take an urQcnawn element of langevity out
of the engine.

2.4 Of concern to Cooper Bessemer (C-B) is not the fast start, but the
rapid loading, again with respect to longevity. Of paramount
cansideration are the ther?tel stresses induced in the canbustion zone
caapammts during a transient engine load candition. Consequent1y,
C-B reccrtrnends an evaluation of surveillance procedures with respect
to rapid loading, sequence of loading, duration of tests, and
in particular, the "Break-Zn" of an engine follcwiu?g replacement of
running gear camponents.

2.5 With respect to operational experience in general and recent events
at P. P. and L., it is clearly understood that positive measures?ttust
be taken to increase the reliability of the diesel/generator system-
a continuous process.

3.0 Crankcase losions at P.P & L.

3.1 The following five events have occurred:

Event
No. Unit

1 B Lcose piston pin bolt 5L.
Due to looseness of pin on rod
oi1 "spilled" through pin to
rod clearance thereby precluding
adequate pistan cooling.

Date

Jan. 18, 1986

Pistan skirt distress 7L.
Unknown source of material
"rolled" between piston and
liner.

Sept. 16, 1989

Piston skirt distress 5R.
Defect in piston skirt —uniqae.

Lube oil pump bearing fai1ure
on initial start-up.

Oct. 7, 1989

Nov. 29, 1981

Fuel oil dilution of lube oil in
cy1inder 2L caused high friction
between piston and liner.

Ja?1. 14, 1984
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3.2 The only similarity between events 2, 3, and 5 (piston/liner
failures) is in fact that the piston in each case ultimately "seized"
in its liner. The prinm~, or root cause, in each event was
different.

3.3 Lubrication, particularly during a load transient, is very important
to successful engine operation. If lubricatian, for any reason is
"removed", then heat will be generated, and if the condition causing
loss of lubricatian is not corrected (se1f corrected), then heat
generated wQ1 lead to a point of incandescence. This, of course,
beccaes the source of ignition for a crankcase explosion.

3.4 As a consequence of the observations made we currently see no
cmaan thread between the root causes of these events. Ccmonality

, is only present in the manifestation of the effects of these events.

3.5 It should be clearly understood that for each of the circumstances
which led to the five crankcase explosians, engine load per se and,
therefore, the engine load bearing capabiU.ty was not a factor. In
the case of the three piston/liner failures, therefore, motion
aggravated by load was the significant element.

4.0 En

4.1

4.2

For the ~se of discussing ncrrdinal engine rating BNEP (brake mean
effective pressure) as a measure of engine pmar output only wiU. be
considered. The actual rating willbe discussed in paragraph 5.0.

As sold to P. P. and L. the continuous rating is 194.9 BNEP
10t Overload 214.4 BNEP
18t Overload (4700KN) 227.0 BNEP
Naxilltum safe load 250.0 BNEP

Cantinuous rating is 77.96t of max. safe load.
10t Overload is 85.76t of max. safe load.
118t Overload is 90.80t of max. safe load.

4.3

4.4

4.5

The maximum safe load is based upan not exceeding a peak firing
pressure of 1600 PSI.

The maxilmw safe load has been canfirmed by actual engine testing up
to the limit of 250 BNEP. Approximately 500 hours of rmstly
continuous running was ~formed on one of the Caamnmalth Edison,
Zion engines. Subsequent to this testing and actual field
experience it was deterndzmd that the original "gas/diesel" cylinder
head was not suitable for a straight di.esel ~lication (heads
cracked an the fire deme side). Consequently, a new "diesel" head
was designed.

Five engines with the gas/diesel head were supplied to CECo, Zion and
two to Nebraska Public Power District, Cooper Nuclear Station. 'Ihese
may be reg~ as the "first" generation nuclear service diese1
engines.
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4.6

4.7

A "second" generatian was developed. Whereas the first generation,
were built prior to the impositian of 10 CFR 50 App. "B", the second
generation ccmplied fully with it. In addition to the new design of
head, the can@haft was redesigned increasing its dianeter to 3-1/2"
fran 3". Other than changes made to accamedate the new camshaft
and changes interral to the cylinder head, no other structural
changes were made betray the first and secand generation engines.
No changes were made in the running gear and no changes made in
significant clearances such as pistan to 1iner, piston and
articulated pin to bushing and crankshaft bearings.

The P. P. and L. "A" engine was the first of the secand generation
engines to be built and was extensively tested prior to shignent.
'Ibis engine was tested up to 250 BNEP in order to confirm stnx~al
integrity, to cbtain heat rejection data, air flaws, and to determine
fuel system characteristics to establish caapatibility between fuel
consumption and peak firing pressures. In addition, ccmpatibility of
data obtained was cross~ked with a test engine (KSV) in the C-B

''and D Laboratory.

4.8 It should be noted that the limiting factor to load carrying ability
of the engines installed at P. P. and L. is heat re)ection of the
jacket water cooling system. As designed, this system has rmre than
adequate capacity for the P. P. and L. rated condition.

5.0 Rain —P.P. a L. KSV-16-T En es

5.1 In relation to other installations, the 4700K'oad, which is 1St
over the continuous rating, appears to be an arxmaly. Usually the
specified and designed overload is 10%. The effect of the 4700K'as
evaluated and the engine and its supporting systems ~ designed to
acccmtcdate it.

5.2 Paragraph 5. 3 lists various dccuments attached as Appendix "B".
They are sunmarized as follows:

5.2.1 The original specification called for 4000K'ontinuous
rating load and left the overload "open".

5.2.2 System characteristics would create a peak load
requirement of 4700K¹

5.2.3 Initially, it appeared that an increase of WR of the
flywheel would prohibit start in 10 seconds — ultimately not
a prcblem.

5.2.4

5.2.5

5.2.6

'Ihe generator design acccnaedates the 4700KN load.

Exhaust and cooling systems resized for the 4700KN load.

Revisian 5 of specification issued to cover
4700K'equirement.
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5.2.7 Diesel/generator supplied in ccmpliance with the
specification.

5.3. Appendix "B" caaprises:

5.3.1 Pages 1 and 11 of Specification 8856~30 Rev. 0.

5.3.2 Letter dated Octaber 15, 1973 fran C-B to Bechtel.

5.3.3 Letter dated Octaber 19, 1973 fran E.P. Portec, Inc., to
C-B.

5.3.4 Letter dated February 5, 1974 frctn C-B to Bechtel.

5.3.5 Fheting notes of 7/12/74.-

5.3.6 Letter dated July 30, 1974 frcm Bechtel to C-B with Pages 1
and 10 of attachment. See "Ccmrents —General" on Page 10.

5.3.7 Pages 1 and 11 of Specification 8856~30 Rev. 1.

5.3.8 Pages 1, 10, and 11 of specification 8856~30 Rev. 5.

5.4 The diesel/generator rating is, therefore, canfirmed to be
4000K'ontinuousat 105 F ambient-temperature with a 2000-hour overload

rating of 4700KN also at 105 F ambient temperature.

6.0 En Runnin — Post Maintenance

6.1

6.2

6.3

Whenever items in the running gear such as pistan rings, bushings,
bearing, etc. are replaced it is necessary to gradually expose them
to the operational environment in order to ensure optimum conformity
of mating canponents.

The practice at SSES, following such maintenance, has been to start
the engine, and shortly thereafter load to 100% or higher. Such
operation is not canducive to establishing conformity (break-in) to
ensure long term reliable operatian and consequently availability.
This matter was the subject of a great deal of discussion which was
concluded by 'issuance of an internal P.P. S L. memorandum dated
Octaber 13, 1989, a copy of which is attached as Appendix "C".

It should be noted that the 4-hour run at 600 REM unloaded has been
shortened due to the heat generated in the H.P. fuel pumps because of
by-passing (internally) a large quantity of fue1,oil at no load
operation. It was agreed that the balance of the 4 hour no load run
would be added to the 25% load run.

7.0 and tion —Unit "B"

7.1 Following the rebuild of Unit "C" it was agreed to run the engine in
accordance with the "break-in" schedule per Paragraph 6.2 and 6.3
above. This break-in would preceed a 24-hour smwaillance run as
required by SSES technical speci,f ication.
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7.2 Upon ccmpletian of this 36-hour (plus) run, it was agreed that a
vLsual inspection within the crarQccase would be made in order to
primarily assess the canditians of pistan skirts, liners and pins
insofar as they could be seen without disassembly.

7.3

7.4

Acceptance criteria was developed and is outlined in P.P. a L.
internal memo dated Qctcber 15, 1989, a copy of which is attached as
Appendix "D"" This criteria is understood to be a guideline subject
to change based upon subsequent experience.

'Ihe inspection of Unit "C" indicated acceptable engine canditian.

8.0 tian —Unit "B"

8.1 The inspection of Unit /"B" ccmrenced on Octciber 23, 1989 and four
piston/liners did not meet the Appends "D" criteria. The
piston/liner which wag,~the furthest outside the referenced criteria

'was reneved fran the (4 right locatian and has been received at the
Cooper Bessemer, Grove City facility for further evaluation. In
addition, it was deteradned that a visual abservatian of piston pin
"color" was misleading due to the reflectivity of the polished pin
surface.

8.2 During the inspection it was abserved that in 12 cylinders the pistan
pin caps had contacted the liner surface. The same phencmena had
previously been witnessed, but not to the extent seen in the "B"

unit; and also has not been kncan to be destructive, although it may
have been a contributory factor with respect to events at SSES. (See
also Paragraph 11.2) .

9.0 En Runnin —Surveillance Testin

9.1 IEEE Std. 387-1977 defines cantinuous and short term ratings and C-B
has provided equi~t caapatible with these ratings. Specifically,it is required that the Diesel/Generator denanstrate full load
capability for an interval of not less than 24 hours of which 22
hours should be at a load equivalent to the continuous rating and 2
hours at the specified overload.

9.2 As interpretted at SSES (per Rag. Guide 1.108) the 24-hour
surveillance run reqnhms the engine to be started, loaded
+mediately for the first two hours at 4700KN and the last 22 hours
at 4000K¹ The purpose behind this test is to denanstrate the
reliability of the engine to perform in the event of an emergency.
The reality is that such a test procedure reduces the
diesel/generator reliability. This is because starting and loading
to the overload condition without first stabilizing 'ngine
temperatures (structural and running gear meakmrs) accelerates wear
rates and, therefore, reduces the engine capability to accept and
recover fran distress.
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9.3 We presume that the number of 24-hour surveillance tests at many
different utilities using different engine manufacturers equipnent
has dennnstrated a basic capability of this equi~t to respond to
an emergency. Therefore, C-B recamends that the 24 hour
surveillance test be run as follows:

Start engine
15 min. at no load
1 hour at 25t load
1/2 hour at 50% load
1/2 hour at 75t load
22 'hour at 10(R load
2 hour at overload (4700KN for SSES)

9.4 Reg. Guide 1.108 also requires a diesel/generator to demonstrate full-
load carrying capability at continuous rating for an interval of not
less than one hour with no mre than 31 days between test periods.
At SSES this test run is completed within the one hour time
period which in fact is not enhancing engine reliability. For long
term life/reliability, C-B reccaaends that a loaded engine run
should not be less than four hours. Such a duration willpermit
thermal stability within the engine ccmponents prior to shutdown.

10. 0 Lube Oil

10.1 Gulf Superduty 40 H.D. is the lube oil being used in the KSV engines
at SSES. Provided that the oil supplied camplies with tlhe data
sheets for this CD-SF type oil it meets C-B requirements. It should
be noted the B-P has acquired the Gulf Oil business and should be
issuing their own data sheets equivalent to the Gulf product.

11. 0 Further Evaluation

11.1 An enigma surrounds the application of the lower oil control ring.
The purpose for this ring is, as its description implies, oil control.
Although thi.s ring has been applied since the original design of over
thirty years ago, there is scam question as to its effectiveness in
an engine . which does not run continously. Consequently an
evaluation is being carried out to determine the advisability of
the permanent removal of the 1cwer oil control ring.
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11.2 The pistan pin end caps are assembled with an interference fit, and
ance assembled should blend with the pistan contour and therefore
should not exhibt noticeably unique liner contact. Yet such cantact
has been cbserved (see para. 8.2) at SSES and insofar as unit "B" is
concerned, is extensive. This has given rise to speculatian that
"debris" fran the rubbing of the pistan pin cap may be trapped by the1m'il cantrol ring and thereby adversly affect the pistan to
gecmetry during a load change. It shcaQd be noted that the thermal
transients which occur during a load change, "upset" the piston shape
which relaxes when load/thermal stability is achieved —a situation
which is aggravated by extxenely rapid load changes such as those
described in paragraph's 6.0 and 9.0. Therefore, and in conjunction
with evaluating the effectiveness of the lower oil control ring, the
applicatian of the piston pin end cap is being reviewed.

11.3 Transference of tin plate frcm the piston skirt to the liner surface,
most noticeably on the non-thrust side, has been abserved on both the
"C" and "B" units at SSES, (see paragraph 7.0 and 8.0) The No. 1
'right cylinder and liner fran Unit "B", which is currently at the
Grove City facility of C-B; wi11 be thoroughly examined to determine
the rcot cause of this phenanena, and willbe cansidered in relation
to the ancmalies observed with respect to the piston pin cap and
lower oil control ring. Plans for such an evaluation are currently
being formulated.

11.4 In sugary, it is necessary to complete the evaluation outlined above,
and in conjuctian with all Utilities maintain adequate ccmnunicatian
to ensure enhancement of diesel/generator reliability.

W. H. A. Lambert
Manager, guaLLty Assurance
and Nuclear Operations

CC: R. J. Brager
A. E. Bice
D. T. Blizzard
F. J. Czyzs —PP&L
W. 'O. Fm~~
B. C. Guntrum —C-E
B. K. Hall
W. Haass —NRC
M. J. Helmich
J. M. Horne
T. W. Kearns
W. Leishman —MT
R. A. Mi3Qos
M. A. Schleigh
B. R. Sedelmyer
F. B. Stolba
Ed Tanlinsan —NRC
Fi1e: 5-1

SO-0188/P2
K5fa17
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MATERIALRENDU ISITION

Page I of '9pagea

;Q.e

MATERIAL: DIESEL GENERATORS

COST CODE. 4. 095

SHOP INSPECTION 8 IS 0 IS NOT REQUIR

JOB SITE DELIVERY DATE: Aucu 1, 1975
Units l, 2

DATE REVISIONS

M/R STATUS

ORIGINATOR
I NAMEI APPROVAM T/NO

0

IT,
JI/'/0j75

S/~~(7Z

Issued for Client Approval

Issued for Bids

Wev'I'se~'~ ~J.~',aJJ, ~»», / 9,:>

fy MYB~ 1~

f. H a»rIEI

E'.Pn r,r a

BE>v 'O EEL

Job Requirihon No.

8856-M-30 Rev. I
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Revision 0
2(I

5 ~ 2

5 ~ 2 1 The standby diesel generators shall be
designed for the folloving conditions:

Number of units required: 4

Starting time to rated
speed and voltage: 10 seconds max.

Rating per unit: Continuous 4000:2% min.

5 ' 2

Overload (2000 hours)
qos'< Overload (20Q hours)

Overload {30 mins.)
Overload (10 seconds)

«Poser factor, lagging

Frequency

tloltage

Phase

Neutral connection

Overload capacity {2
hours in any 24 hours)

Service

Speed, not more than

Xargest motor HP to be
started
Elevation at site
Desi mbient em atu
G~en pa~to Room:

~ Nfg. to State
~ Nfg. to State
~ Nfg. to State
~ Nfg. to State

0 ~ 8

60 0 Hertz

4160 V

3 phase, wye

mal

10.0 percent

Standby
Emergency

1200 rpa

2000 HP

676 ft
ese

a) Engine off (Min/Max) 72O/104OP

b) Engine Running:
Max. At Generator 120oF

At Engine 160oF
c) Outside Air Tem erature

Dry- ulb a r temperature,
minimum/maximum -19 F/1QS P

Net-bulb air temperature,
minimum/maximum '13 P/82 P

-11-
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g~g 7'.rc.1(+ ~E'lv'E
(i.".ll r ]grg

Ootober l5 ~ 1973

" 'W4~F]~~
Bachte1. Corporation M f VERNANT OHj
p. 0, Box 3965
San Pranoiaco, California 94)19

Attention: Re. R. C. lU3;dna, Senior Buyer

Sub/acts Pennaylvenia Prier 5 Light/Susquehanna
Your Bid Request No+ 8856-M-30
Our VHP-4-M-M-73-3024

CentloLsnt

o( G760 Or
2000 Hr

200 OR
1"0 Oc.
o" less

4000 KQ
4700 KM
5050 KM

$)00 KQ

PRIE: SIXrREN XHOUSmD, EICOS Oo~

I~ferring to Ly Sapte~r 28, 1973 letter. pago 2, I subnitted
inps for the Hodel KSV-16 enginai It was eentioned that three
and the Exhaust Silencer must be re-siaad and re-priced to get
Listed baloM era the incraasea in price. These prices are for
Diesel Cenarotor Unite, and to be added to the contract price
31, 1973.

hi"„her rat»
(3) Coolers
those rstinge.
die four (4)
Siven husust

$16,008.00

II- 0760 Hi~ 4000 KM
3000 Hr. 4700 XM

200 'gr, 5050 KM

PRICE: FOURTEEN THOlJSAND, SIX IlÃIDRED TEN DOLLARS —«——Ol4~6LO+00

.<" ~ntioned in @y 1etter, dated October ll, 1973, next to the last
p.".ragraph, tha Lube Oil end Fuel Oil Filters are not msnuC'ectured
to ASHE Section III, Class 3, They are senufsctyrad to kSHL'.

C- 8760 IIri 4000 XQ
.OOO IIr. 4700 XM

,p<si"'
r

rent

6ciJ+
(C'

Ps'.I(X: EIGIIT NOUSAND~ HNETY-VIVE MU.MS q$ 8i095 00

~'sgo
One





rt

~ ~

Sech tel Corporatioo

APPENDIX B

SEA-CW-037
Page 163

ootobax 1$ , 1973

Addendum 1, aa tequaatad by 5oohta) Corporation;

Viva (5) Relays per Diaaol, Generator Unit, including instal-
lation fa ths psssl ss0 tourist of psssl

PRICE, psr Usftt EIUUITt-2HREB HUNDRED MILRRR 02,200.00

x+
PRICE ~ psr Pour (t) pottage UIUEPP-wo HUUDRRD MLLLRB—09.200.00

Addendum 2, pleasa refer to ay latter dated October 10, 1973p
psge 6, under PRXCXHC, 2-h, 2-B. These pecos vere for a Meodvard
Synchroniains Syataap $ N Synchronizer. Descriptive Bulletins vill
bo ottachod to this 1ekter.

Electric Products Company have given thsiz price for a Synchronizing
System. Them it~ are liated and priced on BASLER Hodel 210 as

'ollovai

k- One (1) Synehzonising Syatam to synchronize and Ienitor four (4)
engine units by Sl.octric Produrto Couyany

PIVB TROUBLED MLLLRR— $ 5,000,00

O'.- Four (4) Synchronixera, independent systefi, to utonitor oach
individual angina

ELl VQH THOUShNQ 'LVS HlQlllRRD DOLLARS-- - ala,S00.00

Cooper-Be@secor XQV-16 eASiaoa nro presently installed in the folio&up
ivory.c Plants aa emergency di¹sel generatore. Please refer to Section 4,
Pago 1, of Original ProPosal, dated August 31, 1973s

Five (5) KSV-16 Cot2:acnuraalth Edison: f.o:;pany Zion Stations 1 6 2

'hro (2) XSY-lo Nebraska public Pover

Thtf generators vere manufactured by Ideal Electric Ccnnpany
ai-ctrkc Products Company have given a listing of theiz Atomic Pleat
Irta tsllations.

Yeux'e very txulyp

ll. A. Johnson
Sf2n Francisco Manager
H.V:v)
.v/attr cl~at

ccrc llr. E. Hanna

bcc: R. L. Spetka
J. E. Taucher
H. A. LaBrun

Page TMo
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Phone (216) 481.1 600

. T. W. X. 8'll&214224

LI, Electric Products Division 172SCLARKSTONE ROAD ~ CLEVELAND,OHIO44112

October 19, 1973

Cooper Bessemer Company
Division of Cooper Industries Incorporated
111 Pine Street, Room 709
San Francisco, California

RRPLY TOt IRl PAUL ORIYS

SAK RAFAfg CAUFORKIA 9l90$
TeippLoao lls/l79.9SIO

T.WJ4 9/0<el.l259

Attention: Mr. Harris Johnson

Subject: Pennsylvania Power & Light Company
,Susquehanna Units No. 1 & 2

Emergency Generator Technical Data Supplement No, 3

Our Reference Negotiation 73-283

Gentlemen:

We are pleased to submit the following response to questions which you and
Mr. Bhudeb Lodh, Bechtel Corporation, raised during our telephone conversa-
tions earlier this week, supplementing our previous submittals dated
September 27 and October 2, 1973:

No. 1 - Reference specification 8856-M-30, data sheet 11-15,
paragraph 3.4 (q). The air temperature into the generator
should be changed. from 130o F to 120o F, and the air
temperature out of the generator should be changed from
160 to 150. This will correspond to paragraph 5.2.2 of
the subject specifications defining design ambient
temperature at the diesel generator room.

No. 2 - The computer runouts for the short circuit decrement curves
are based on generator winding temperatures of 75 C as
covered under item 8 of our October 2, 1973 supplement.
If we assume minimum room ambient temperature, with
the generator at room temperature, we would expect the
sustained short circuit value to increase by approximately
8 to 10% over that shown on the computer runouts. If we
assume maximum hot temperature conditions, where the
room and generator are at their maximum operating
temperatures, we would expect the sustained short circuit
current to be approximately 88% of the values shown on
those computer runouts.
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No. 3- The generator we have proposed willbe suitable, without
price addition, for operation at 4,000 KW continuously,
4700 KW for 2,000 hours, 5050 KW for 200 hours, and
5100 KW for 120 hours, without exceeding the temperature
limitations stated in the NEMA Standards for Class F
insulation systems, such as we would provide for these
particular units.

No. 4-

No. 5-

There willbe no increase in price for changing the current
transformers from 800/5 ratio, to 1000/5 ratio for the increased
generator output current when operating at 5100 KW for 120 hours.

1

The size of the static excitation system would be increased
slightly to accommodate the excitation requirements for the
5100 KW operation, for 120 hours, and your factory has been
notified of this nominal price adjustment.

No. Reference addendum No. 1, page 40, paragraph 7.14.1 (m).
As explained to Mr. Lodh, during our meeting last week, it
is not possible to provide a manual voltage control which
will track the automatic control such that an abrupt change
in excitation will not occur on transfer. The change in
excitation will depend upon the manual voltage rheostat
setting at the time the transfer takes place from automatic
to manual operation. It is possible for example to set the
manual voltage adjusting rheostat for rated voltage at rated
design load, which will reduce any change in excitation to
a minimum on transfer from automatic operation to manual
with design load on the equipment. This we believe would
be a satisfactory operation procedure.

There is another method that might be considered to protect
the excitation system in the event of a potential transformer
failure, and that would be to use redundant or dual voltage
regulators as part of the static exciter voltage regulator
system. This would require two sets of potential transformers,
one for each voltage regulator, with an automatic transfer from
one voltage regulator to the other taking place upon failure of
the potential transformer, initiated either by the unbalance
relay called for in the specifications, or using an overvoltage
relay such as we have discussed with Mr. Lodh. The voltage
adjusting rheostats on the two voltage regulators will be
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connected together in tandem so that the standby voltage
regulator will always be tracking the voltage regulator in
operation, and in this manner prevent an abrupt change in
excitation as stated in the specifications. This method
was employed on the static excitation system for the
Arkansas Power & Light nuclear power plant. The price
addition for this feature is relatively nominal, and your
factory has been given the proposal.

No. 7- The relays itemized under paragraph 7. 14.2. C-8, of
addendum No. 1, are included in our proposal.

No. We have been asked to comment on the thermal limit of
these generators when operating under short circuit
conditions. Since the customer <vill be furnishing a
neutral grounding device to limit line to ground fault
conditions, we are only concerned with line to line and
three phase symetrical short circuit possibilities. Assuming
that all the heat in watt-seconds is absorbed in the generator
windings, and assuming that there is no heat conduction in
the core, or cooling of the windings, the negative sequence
per unit current squared times time in seconds will have a
limit of approximately 180 to 200. The corresponding value
for the per unit positive current in a three phase symetrical
short circuit condition could go as high as twice this value.

No. Our factory has given your people in Mount Vernon a price
for a Basler model 210 synchronizer. Mr. Lodh has asked
why we have not quoted the Basler model 170 instead, since
that is a single phase sensing synchronizer, compared to the
three phase sensing for model 210. We offered the model 210
because our control personnel have experienced problems in
the past with systems employing only single phased sensing
synchronizers, however we are not adamant about this
recommendation should Bechtel prefer the single phase sensing
mode). The Basler model 170 is more expensive than the 210
since it is front panel mounted, whereas the model 210 is mounted
within the cabinet and not accessible without opening the cabinet
door ~



Cooper Bessemer Company
Division of Cooper Industries Incorporated
October 19, 1973
Page 4

APPENDIX S

SEA-Cg 037
Page 167

The price addition for model 170 over model 210 previously
quoted, each. For either model we would
include a vari-sync package, which provides a safety
backup to pre vent synchronization in the event there is
a circuit failure or malfunction within either of these two
synchronizer models.

Ne trust that we have covered all of the remaining questions which you and Bechte.
Corporation have brought to our attention and we hope that the response is satis-
factory. If you need any additional information or clarification please contact the
writer.

Sincerely,

L. C. Madison
Regional Manager

LCM:dd
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Bechtel Power Corporation
Engineers-Constructors

Fifty Beate Street

San Francisco, California

Mar wdrrrssa P.O. Box 3965. San Francisco, CA 9st t9

Cooper-Bessemer Company July 30, 1974illPine Street, Room 1011
San Francisco, California 94111

Attention: Mr. H.A. Johnson
San Francisco Manager

Subject: Susquehanna Steam Electric Station
Units 1 and 2
Job 8856
File M-30PO
Your SO-0188
P.O. 8856-M-30
Diesel Generator-Meetin Minutes

Gentlemen:

Attached for your information is a copy of the minutes of the
meeting between Cooper-Bessemer and Bechtel held on July 9 and
10, 1974, to discuss engineering aspects of the M-30, "Diesel
Generator" purchase order.

The action items are being pursued. Zf you require additional
information or have comments on any of the 'indicated items,
do not hesitate to contact us.

G. L. Parkinson
Project Engineer

CLP/JAW/sdl i~I&

gp/gji)/(i

e +e~r r
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8856 H 30 DIESEL GENERATORS 9 170

COOPER BESSEHER BECllTEL

DATEs QF NESTING: July 9 9 10, 1974 '-1 oAu. y/g
PLACE OF HEETING: Ht. Vernon, Ohio

LIST OF SUBJECTS DISCUSSED:

The purpose of this meeting was to resolve outstanding engineer-
ing problems in the mechanical, electrical/control and layout
areas.

ATTENDEES:

Bechtel

E. Elohn
J. Palmer

"C. Piette
J. Weyandt

Coo er Bessemer

K. Beightol
H. Johnson
T. Kearns
J. Rent@
J. Taucher

CB En-Tronics
J ~ Lahr"
H. Lens*

Portec (Electric Products

R. Evans*
L. Madison*

*Part Time

Documents Exchan
ed'rom

To Identification No.

Bechtel Cooper 8856-H-260 9 rev 0
Bessemer

. Bechtel Cooper 8856-H-261, rev 0
Bessemer

Tiele

"Equipment Location Units 16.
Diesel Generator Building Pl»
of Elevs. 667'-0" S 660'-0""

"Equipment Location Units 162
Diesel, Generator Building Pla
of Els. 723' 711'-6", Sects
A"A 6 B-B"

Cooper Bechtel
Bessemer

Cooper Bechtel
Bessemer

Cooper Bechtel
Bessemer

Cooper Bechtel
Bessemer

KSV-47-14
'dated7-2-74)

KSV-47-15
(dated 7-2-74)

KSV-51-12
(dated 7-2-7~)

Diagram SK-5
(dated 3-11-74)

"Cooling Water Schematic"

"Jacket Water Schematic"

"Fuel Oil Piping Schematic"

"Starting Air System"

Page 1 of 12
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Gll-6.11 Panel heater will bc manually controlled in
accordance with spec . M30 sections 7 .14 .3a(2)
and b(7) .

16. Gll-7.4 C-8 proposes to use a metal stamped impression
in an adjacent bulkhead for tubing terminal
identification.

17. Gll-7.6 C-D advise" tubing runs to panels will have
bottom entry.

18. Gll-8.1.8 C-D uses permanent wiring (instead of plug-in
bus) for 120V a-c power supply to instrumonts.

19. Gll-U.1.9 C-U uses PVC raceway for internal panel wiring.
20. Gll-8.4.1 C-0 will use CR 2940 control switches on their

panels.

21. Gll-8.4.5 Panel sizes used by C-D are based on a vertical
arrangement of indicating lights above control
switch stations.

22. G11-9.1 C-8 propos'es to use engraved lamicoid or photo
process aluminum nameplates.

23. Gll-fig 43 C-D questioned the need for states NT sliding link
termina) blocks in certain locations. Bechtel
explained that they were to bo used where ex-
ternal wiring is connected to panels to facil-
itate testing. C-8 indicated that it would be

.impractical to use them for panel-to-panel
wiring of the fuel control system. C-D draw-'ngs will be reviewed by Dechtel to determine
the extent of required usage.

24. G11-8.1.1 C-8 suggested teflon insulated wire or TklW wire
as a substitute for the panel wire specified.

Comments - General

1. The output rating of each diesel generator (see spec.
~ " sections 5.2) will be 4700 KH at 0.8 power factor. This

is a continuous rating for up to 2000 hours at which
time the unit is to be inspected and such maintenance
work as may be required, is to be done. The
2000 hours is'ncit a routine maintenance interval be-
cause it is entirely possible that no maintenance work
may be required until more than one of these intervals
has elapsed.

Page 10 of 12
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MATERIALREQUISITION

poge l of %pages

Qe
MATERIAL: DIESEL GENERATORS

COST .CODE 4 ~ 09S

SHOP INSPECTION l3 IS CI IS NOT REQU

JOB SITE DELIVERYDATE:
Units l, 2

OATE REVISIONS

M/R STATUS

ORIGINATOR
» rrAMEI APPROVALS

e;II/..
641/73

9/44 (7g

r/ss/q

Issued for Client Lpproval
Issued for Bids

Wev'I5f,.» .y DJ'f /TQPAdrrr ~ >S / SJ g
j'-ss'RA Fo Puli .e

job ecO»»rir on No

8856-M-30
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APPENDIX 8

Speci fication 8856->-30
Revision

5 ~ 1.2 The diesel generators will oe located on
the plant site and will be independent
of offsite power sources.

5. 2 Service C~oditions

5.2.1 The standby diesel generators shall be
designed for the following conditions:
Number of units required: 4

Starting time to rated
speed and voltage: 10 seconds max.

Rating per unit: Continuous 4000 KW

Overload (2000 hours)
Overload (200 hours)
Overload (30 mins.)
Overload (10 seconds)

Power factor, lagging

Frequency

Voltage

Phase

Neutral connection

= 4700 KW
= 4700 KW

4700 KW
4700 KW

0 ~ 8

60.0 Hertz

4160 V

3 phase, wye

External

Overload capacity (2
hours in any 24 hours)

Service

Speed

Largest motor HP to be
started
Elevation at site

4700 KM

Standby
Emergency

600 rpm

2000 HP

676 ft

-1 1-
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Supplies For Nuclear Powe Generating
Stations" ~ XZEE - Std. 387«1972 ~

4 ~ 3 'The selection of rating and performance
charac eristics is in accordance with AEC Safe=y
Guide No. 9< March 10, 1971 "S lection of Dies 1
Generator Set Capac'ty for Standby Power Suppl.'".

4.4 In addition, the aiz zeceivers, heat exchangers,
other pressure v ssels and the diesel fuel c.'1
system shall comply in all zespects with the la"es=-
revi,s'on including addenda of Section III Class 3,
of the ASMZ Boiler and Pzessure Vessel Code wiD
appl'cable code stamp and the Commonwealth-of

., Pennsylyani a -Re~izements,f or:~ilers.and,,Qnf i ec.. -.-..- ~;-..--" diesiuze Vessels.<'he Lube oil filter veisel sha"
be design'ed and fabrica ed i.n acccrdance v-'.h
Sect'on VIII of the ASMK Code.

u.5,The Seller shall s ate vhich sec=ions of the codes
and standards listed herein apply.

4 ~ 6 In the even of any ccnflict in the above, the
follow'ng priority sequence shall be followed," ~emoering .hat the more zes:rictive code oz
standard shall apply unless d'cted otherwise by
the Buyer.

4.6.1

u. 6.2

4 ~ 6 ~ 3

4 ~ 6 ~ 4

U.S. Department of Labor-Occupat'onal
Safety and Health S"andazds

Commonweal «h of Pennsylvaria Regula:icns

Local Agencies

Bechtel Speci.f ications

SERVICE COHDITIONS AND PKRFOHMANCK

5.1

5.1 ~ 1 The equipment specified herein vill
serve a nucleaz genezating s atior.
consisting of two nominal 1100 %Pe
turbine-generator uni.s. The diesel
genezators shall be designed to ~ovide
a reliable source of electrical power
during an incident and for safe shutdov;.
of the reactors.

«10«
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5.2

5. 1.2 The diesel generators will be loca ed o.,the plant site.and will be indeper:dentof offsite power sources.
Se vice Conditions

5 2.1 Tne s andby diesel 'genera:ors shall bedesigned foz the follow'ng conditions:
Number of units z quired:
Starting ime to ated
s peed a nd vol"age: 10 seconds max.

'at' t '&' <' ~ 'ating pe ~ugite Continuous 4000'. KW

Overlcad (2000 hours) ~ u700 KV
Overlcad (200 hours) ~ 4700 Kw
Ove load (30 mins.) ~ 4700 KV
Overload (10 seconds) ~ 0700 KM

Power factcz, lagging
Zz equency

Voltage

Phase

Neutral connection

Service

Speed

0 8

60.0 He" z

Q.160 V

3 phase, wye

External

S ar.dby
Emergency

600 rpm

La ges motor BP to bestarted 2000 HP

Elevation a. site 676 ft
5. 2.2 Desi n ambient Tem erature at DieselGeneratcr Room:

a) Engine cff (Min/Max) 724/1044F

b) Engine Running:
Max. At Genera o" 1204F

At Engine 1604F

11
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cc: E. W. Figard
S. B. Kuhn
T. C. Dalpiaz
D. F. Roth
F. J. Czysz

Gctnber 13, 1989

TO: D. J. Gandenberger

SUBJ: Diesel Piston Ring'Break-In

My original assessIIant for the time required to seat newly installed piston
rings was based on my previous experience with Fairbanks-Morse diesel engines;.
however, after lengthy discussions with ~r-Besseaar senior management, I
feel that our approach to seating piston rings must be changed.

~r-Bessemer states that the tiIIa to seat piston rings may'take upwards of
100 hours of engine operation. Cooper strongly recaaIands that the minimum
acceptable break-in for piston rings should consist of the following:

4 Hours - 600 rpn unloaded
2 Hours» loaded to 25%
2 Hours - loaded to 50%
2 Hours - loaded to 75%
2 Hours - loaded to 100%

Following the 12 hour break-in the diesel engine sh:tuld be inspected to
determine cylinder liner and piston condition.

My personal position is that we at least follow the minimum requirements set
by ~r-Bessemer since it is logical and because they should be considered as
the experts on this engine design.

J. R. Adams

JRA/pag

PENNSYLVANIA POWER IL LIGHT COMPANY
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oc! P, J, CRT
T. C. Dalpiax
0. J. Gandenberger
J. J. Graham
S. B. Kuhn
K. K. Mantz
T. J. Nork
K. L. Tutorow

October 15, 1969

TO: Z. N. Figard/G. J. Kuczynski

SUBJc Accept mce Criteria for Diesel Visual Inspections

%!i i I I b ~ l ~ 5»
generator. Acceptance criteria is necessary to establish a camxm dialogue and
a standard set of grcnxnd rules. ~s set of acceptance criteria was developed
in oon)unction with Allen Lambert, ~r-Besseaar Quality Assurance Manager,
and will be invoked during and following the schechQed post maintenance and
24 hour surveillance test on the "C" diesel generator.

'The acceptance criteria within this nanerandun willbe included in a futurep~ Nlh 41 ~ f
learned in the "C" diesel generator.

'The following definitions are included to establish a caste diaLcxpm among
members of the inlpection team.

o Burnishing (~) - Snoothing surfaces through frictional contact between
two parts. 'Ihis contact produces a polished effect.

o Scuffing (*) - A form of adhesive wear that prahxas superficial
scratches or a high polish on the rubbing surfaces. Zt
is observed nest often on inadequately lubricated parts.

o Scoring (*) - Marring or scratching of a ameth surface~ nest often
caused by sliding contact with a mating member havtng
a hard pro)ection or eabecMed particle on its surface.

TINNSYlYANIAtOWLR a LIGHT COMtAHY.
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o Tin Smearing - Tin that is wiped fran one location and zedeposited
onto another location.

o Inspection Team - Consists of the following members:
Maintenance Assistant Fozanan
Maintenance Mechanic trained in diesel
engine inspection.
Maintenance engineer responsible far
diesel engine.
Qual'.ty control personnel as required.

Diesel engine internal acceptance criteria is delineated below and based upon
the definitions stated abave.

a Cylinder Liner
Scar~ is not pexmLssible.
Scuffing is permissible, pzovided there is no
raised natal between cylinder wall and scuff.
Buznishing is pexmissible, pxovided there is
no discoloration evident. Discolored surface
zequires a bozo~a inspection of the upper
cylinder liner, thxough the fuel in)ection
no@ale port in the cylinder head, and an
engineex'ing evaluation.

o Piston
Outside diarater

o Casting defects are not pezmissible.
o Evidence af tin amaring requires an

engineering evaluation.
o Scoring is not pexmissible.

Inside dimeter
o No~foxm carbon build-up is not

pexmis sible.
a Evidence of crafting,is not pexmissible.
o Evidence of 3npact dunnage is not pexmissible.

o Piston pin/articulated xod pin
Discoloration of pin is not pexmissible.
Scoring of pin is not pezmissible.
Scuffing of pin is not pezmissible.
Connecting zpd

o Nicks or other fazne of surface denage
are not permissible.
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'?he following itens listed belch are required to detezmine if the diesel engine
is operating within existing guidelines.

o Oil San@les
Samples nest be taken fzan the following points and suIxnitted to the
Hasleton lab for analysis:

Obtain an unfiltered sample fran the engine
exrp prior to engine operation.

Obtain a ample of oil upstream of oil filter
prior to shutting down diesel following post
maintenance testing.

o Diesel generator logs shall be taken in accordance with OI-024-004 and
evaluated by maintenance at the conclusion of post maintenance testing.

o During diesel operation a through walIa5awn of the diesel, its auxiliary
skid, and observation of crankcase ventilation exhaust vent in the CST
buzm area is required as a madman whenever logs are taken. Special
erphasis shall be placed on engine noise, leaks or any snake enanating
fran engine. Additionally any vapor issuing fran the crankcase
ventilation exhaust piping that is grey to black in color should result
in operations stopping the engine.

Any iten found to he not pezmissible during the internal inspection excluding
the cote~ting zod wi11 require the piston to be mcmved fran its cylinder
liner to deteanine cause.

HXKs
(*) in definitions indicates that the ASM Metals Reference Book, seoond edition,

was used to deter|nine the correct definition.

J. R. Adams M. M. Beidozn





SEA-CW-037
Page 181

THIS PAGE INTENTIONALLYLEFT BLANK.



t.c
'ef



Ch'apter VI
Attachment 5

REVIEW OF RING SET SD-94-KSV-9

SEA-CW-037
Page 182

COOPER

TOP COMPRESSION RING g@ wv
2ND COMPRESSION RING

TYPE: TAPER FACE/TWISTED

PART NO: 2-20R-005-001
WIDTH: .2465/.2480
RADIAL THICKNESS: 0 '30/0.450
END GAP: 0 ~ 080/0. 105
DIA. TENSION: 50-60 LBS (Ti c4W
MATERIAL: K-28, PARCO
BACK CL. IN

GROOVE: 0.020/0.050
MIN. GROOVE

DEPTH: 0.470
MIN. SIDE

CLEAEUQlCE: 0 '07
3RD COMPRESSION RING
4TH COMPRESSION RING

KAYDON

|-I~gt oa <

A5701
.2475/.2490

. 0 '55/0 '70
0.054 MIN.
50-60 LBS
K-28, PARCO

0.054 MZN.

0.524

0.008

TYPE: TAPER FACE/TWISTED

PART NO:
WIDTH:
RADIAL THICKNESS:
END GAP:
DIA. TENSION:
MATERIAL:
BACK CL. IN

GROOVE:
MIN. GROOVE

.DEPTH
MIN. SIDE

CLEARANCE:

5TH OIL RING
6TH OIL RING
7TH OIL RING

2-20R-354-001
.2465/.2480
0 445/0 '65
0 080/0.105
34-44 LBS.
K-IRON, PARCO

0.005/0 '35
0.470

0 '04

80731
~ 2475/ ~ 2490
0 '55/0.470
0.054 MIN.
34-44 LBS.
K-IRON, PARCO

0.054 MZN.

0.524

0.008

CONFORMABLE DOUBLE HOOK SCRAPER, VENTILATED

PART NO:

WIDTH:
RADIAL THICKNESS:
END GAP
UNIT PRESSURE:
MATERIAL:
BACK CL. IN

GROOVE:
MIN. GROOVE

DEPTH
MZN. SIDE

CLEARANCE

2-20R-652-001

0.372/0.3735
0 '90/0 '10
0.040/0.065
188 PSI
K6E PARCO

NA

0.544

0 '035/0.0065

86188 RING
86139 SPRING
0.3715/0.373
NO INFO
0.03375 MZN.
188 PSZ
K6E PARCO

NA

NA

0.0025 MIN.
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PISTON RING DIMENSIONAL DATA

0/G PISTON

7L

5R

8R

A
Exact Piston

Location Unknown

B

Exact Piston
Location Unknown

1R

2R

7R

1R

RING P

1

2

3.

RADIAL WIDTHS
INCHES

.450
.454-.460

.437

.448
.449-.450

.429

.429

.445

.454

.455-.460

.453-.455

.450-.456

.458-.463

.428-.432

.455».460
(.435>)-.458

.451-.459

.425-.428

.428-.432
:448-.454
.450-.450

.424-.430

.422-.430

.442-.450

.450«.455

.440-.446

.443-.452

.458-.460

.458-.461

.449-.456

.462-.464

.451-.456

.455-.458

CONNENT

Missing
Wrong Ring

OK

Missing

Missing
OK

OK

OK

OK
OK
OK

OK

Wrong Ring
Wrong Ring

OK
OK

OK

.,prong Ring
OK
OK

OK
OK

OK
OK

OK

OK
OK
OK

May Be Wrong Ring
Wrong Ring

OK
OK

Wrong Ring
Wrong Ring

OK
OK
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PISTON RING DIMENSIONAL DATA

0/G PISTON

5L

3R

RING P

RADIAL WIDTHS
INCHES

.436-.437

.437-.438

.456-.459

.459-.460

.429-.434

.432-.433

.464-.466

.457-.460

COMMENT

OK
OK
OK
OK

OK

OK
OK
OK

New (from stock) 1
2
3
4

.436-.437

.437-.438

.457-.462

.459-.460

OK
OK

OK

OK

fjc/mskll4$ (32)
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TABLE SHOWING THE VERIFICATION OF THE MATERIAL PROPERTIES OF THE VARIOUS
RINGS EXAMINED FROM SSES PISTON

SETS'ARDNESS

READINGS

RING NUM ~ 'B'L r Bw 'C'R 'D'R NEW SET

1

2
3
4
5
6
7

40 s40 s42 Rc
41,40.5,42,41
77,76,79,79 Rg
85,78,81,80

41 s41 s40 Rc

78,79 Rg

MICROSTRUCTURE

1

2
3
4
5

7

D IMENSI ONS

NODULAR FE
NODULAR FE
FLAKE GRAPHI
FLAKE GRAPHI FLAKE GRAPHI

FLAKE GRAPHI

NODULAR FE
NODULAR FE
FLAKE GRAPHI
FLAKE GRAPHI

0.450"
0.454-0.460"

0.437"
0.448"
0.450"

0 '298
0.429"
0.445"
0.454"

0. 437-0. 436"
0.438-0.437"
0.45?-0.462"
0e459-Oo460"

NOTE I ~

NOTE I I .
NOTE I I I
NOTE IV.
NOTE V.
NOTE VI e

NOTE VI I

RINGS 1,2,3,AND 4 ARE THE COMPRESSION RINGS
RINGS 4,5,AND 6 ARE THE OIL RINGS

" GRAPHI " I S GRAPHITE
RANGE OF DIMENSION FOR RINGS 1 AND 2 IS 0.430 TO 0 ~ 450"
RANGE OF DIMENSION FOR RINGS 3 AND 4 IS 0 ~ 445 TO 0.465"
RANGE OF HARDNESS FOR RINGS 1 AND 2 I S 40-46 Rc

RANGE OF HARDNESS FOR RINGS 3 AND 4 IS 72-88 Rg
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COOPER-BESSEMER RECIPROCATING (412) 458-8000 EXT. 4184

GROVE CZIY, PRSSYLVANTA 16127

DATE: Novenber 14 1989

TO: L. Willertz

COMPANY: P.P. 6 L.

FAX N). 215-770-7830

SUBJECT: Piston

I SEN1'Y BQZie Jean

i FBM: W. H. A. Lambert

I Kl. OF PAGES: 5

I OUR REF. NO. Our Ref;

ECZ: 3395
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Me are sending you herewith copies of various pages fran the eextbcok
"Engineers Handbcclc of Piston R1ngs...." by KcgZers. A second set is in the
mail in case the FAX reproduction of the photatd.crographs is not adequate.~ information covers "K" iron used in the third and fourth cavpression rings
and "K28" used in the first and seam We do not have any ~shed data on
actual chemistry used.

W. H, A. Lambert

WHAL/5)b

oc: Fi1e: 5-1
S0-0188/P2
K-5af17

l4 '89 l3:35 PAGE.Gal
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CHAPTER VII
MATERIALS

This, chapter provides detailed information for use in selecting a
material for a specific piston ring sppfication. For the most part, the
materials have been grouped into famiHss where their characteristics are
slmQar. First, each material, or famfiy of matczials, is defined as Co the
method of manufacture - sand cast, centrihgafiy cast, pot cast or
sintezed. Next, further insight hto the material is gained under the
heading of Characteristics." Here, In descriptive language the
characteristics of the material from a metallurgical point of view are
explained as they affect wear and mechanical pmpertics. This
information is augmented by a set of photomicrographs of the material at
100X and 600X and a set of mechanical property data Indudhg strength,
elastic modulus. hazdness, maximum allowable stress and Impact
strength. General fields of suitable usage for each material are given
under the heading "Types of Service."

Many material, including some highly speclaHxed types, are required
to cover the entire breadth of piston ring appHcatlons. The more popular
types are described here.

K-Iroiis
K Irons are a family of staticaHy cast grey irons which are used more

widely than any other material for phton rings and seal rings.
ClOss.boctfoM vary greaCly with ring diameters ranging lip Co a
maxhnum of ten feet. Because the mechanical properties of grey Iron
generaQy decrease with increasing cross section, the chemlstzy of the
iron is modified as cross sectional area hcreases, to help to compensate
for this change.

Characteristics
K.Irons are closely controlled, unalloyed, grey cast Irons. These

materiahi possess fialze type graphite evenly distributed throughout a
matrix of pearHte, a eutectic of iron and iron carbide. This combhation
of pearlite and fake.type graphite provides an excellent wearing
material. The graphite acts as an hternal lubricant for the ring as it
wipes against a mating surface, lceeping scuffing and wear to a
minhnum.

K-Iron rings possess properties tending Co promote conformabQlty,
pezznitting the rings zo fofiow sHght out of zoundness or taper in a
cylinder, thus promoting a good seal.

For chromium phted oQ control rhgs, K.Iron is modlfied sHghtly to
produce a tighter type structure. This modification is an aid In produchig
smooth chromium phited ralh associated with oil rings.

Types of Scrvke
K.Irons sze used for compression rings and oil rings in many types of

internal combustion engines, steam enghes, pumps, compressors and
misceQaneous appHcatlons. The self lubricatin properties of K Irons
permit rings of these materials to be used unplsted, even when
Iubricatlon is bordezfine. However, these materiahi also form good base
metals for plated rings.

Diameter: Up to 120" f&Niiiin).

z>hi> I'< '9 l,3i34'""

'F <rg ~''

~ < + "i ~ .

'h'c~=.'r 'i f -.'



11/'l4/'89 14:39 ,C. B. REClP.
SEA-CW-037
Page 188

K IRONS
MECHANICALAND PHYSICAL PhOPEhTIES

FOR COMPRESSION. CH itOME CON PRESS ION ANDUN PLATED OILCONTROL IrINO5

MINIMU14DIMENSION OF FINISHED RIND WIDTHOR WAIL

PROPERTY UNIT

IN. METRIC

.062$ .1260
IlA47 3,1151

IN. SIETRIC

OVER.1260TO
3437 INC(

(3,1764.73(h
H& METRIC

OVER .Sa31
,662$ INCL.

($ ,7Ã IMMI
IN. METRIC

.Tdo INCI
(14,267 I9,0601

IN. METRIC

119,0601

IN. METRIC

Tessde Strendth. mfn.

Transverse Rupture
Strength. m(n.

Max(muss AUowabfe
Transverse Stress

pal

kg/mm 6

kg/nun s

kg/mrna

70,000 49.2l

dd,ooo 3&6T

3$ .000 24.61 32.0(O

45,00 66AXO

60.000 3$ .15 44.000

I9 69 25.000 I7AS 2S.000

3&id SOAYO 35.15

IT.SS

2&ll 40.000 2$ , ll

Tmnaverse Modulus of
23sstic(ty at Stress
Shown

pe(a lo s kg/nuna
psi kg/mrna

I I ~ 1$
40ANO

7134 10546
2$ .12

» 16 7734 Iod(6» 1$ '7734 (0646
SSAXO 24.dl 3&000 23.20

I I Id
30,000

7734 1054d» IS 7734 10646
21,09 30.000 21Axr

lsod impact Strength
(mts.l .140 x .260
Vsnatched Ber

Imlbs 1.$ ITA ITA Ik I.d IT+ IAi

Hardness
Rock well "0" Seal ~

Brinell, $000 kg
Load )0 mm Ball

Cue(Safest of
Espaar(oo

0
BHN

is/in/'F
(mm/nun/'CI

Sr/in s gr/cma

17.5 91
211 27$

S.l x 10'4

(II.l6 x Io+ I
&2 x$7<

(»,'Ig a IO4 i
Ted

65 ~ 64,6
152 ~ 241

dlxiOs
(ll,ids 10 e I

6441
172 226

65xloo
(».Id x 1041

60 ~ 'TS

162 ~ 210

6.2 x lou
I»,tdxlo+ I

m st

I
P

6

0
~ .

2I
'g

dl I

i3., -.

~w

ul
0

0
Z

~ Q Q ~
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K-16, K-27 aad K-28 DuctBo Irons
K-16, K 27 and K-28 are centrifugall cast ductile irons ia which free

graphite occurs in the form of tmy sphctoids. The shape and distributio
of the graphite ocauring in this form so markedly enhance the
mechanical properties that these materials are comparable to steel ia
strength whBe stBl retaining, to a great extent, the good wearing
properties ofcast iron. K-16 has a pearlitic matrix whBe K-27 and K-28
have martensitic matrice.
Clisractcristice

K-16, K-27 and K-28 are all very high streagth ductBe cast lions
having minhfium tensile strengths of 90,000 psi )IV,27 kg/mrna) for
K-16, 110,000 psi [TZ,SS kg/mm ) for K-27 aad 120,000 psi )84,38
kg/mms) for K-28. They possess elastic moduli greater than the grey
cast irons yet not as high as steel. WhBe the self tubricathig properties of
these materiab are considerably better than those of steel they are not as
good as grey cast iron and for that reason must be used with adequate
lubrication. In many applications, the major wearing surface is
chromium pblted or plasma coated to obtain optimum wear characteris-
tics.

K-16 fs simBar to KSpun and may be used in lieu of that material. For
piston rings having a wall dimension greater than 0.850 inches [9mm]
K-16 should be specified in place of KSpun. K-16 corresponds to the
ASTM Type 80-6M3 ductBe iron.

K-27 and K-28 are somewhat similar to Koppers F48 and are
recommended in heu of F48 when the ring wall dimension ~ 0.850
inches )&mm]. K.27 is equivalent to ASTM Typo 120-90412 ductile iron.
K-28 is a hardened version of K-27 having hardness of RockweB "C"
scale 40-46 as against Rockwell "C" scale 24-84 for K 27. K-28, being
much harder than K-27, hss found its best application where it bears
against another hard surface such as chromhun plate.

Types of Service
These materials are used primarily for piston rings in high output

internal combustion engines where high strength and toughness are
necessary at tributes along withwear resistance, where grey irons are too
weak, and stecb present undesirable wearing characteristics. K.28 has
found specialized service where one of the wear surfaces is hard, such as a
chromium phited, nitrided or carburixed cylinder liner.

Diameter..750" to 24" )20 ro 6IOmm)

K-16, K-27and K-28
MECHhNICALAMrlDPHYSIChL PROPERTIES
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PHOTOMICSOG!aPHS Ol'.27

!

,r. ps

r v"'-y'gy, ~ .' r',

~ e++g J$ ~, ~,,o:
Centrifugally Cast ~ l00X ~ Unetched

'pheroidaftype of graphrte.

Oi'

r f

Centrifugally Cast 000X ~ Piers! Etch
Tempered martensite matrht.

~HO'fOMICSOGRJPHS Oy Klg

y i, + e ~ ~

~ t ~
~

~ qq ~ ~ '.~ ~

non»t ~
d ..o ~ et 0 ~

II~ ~ ~ ~ ~ gO 0I
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~ e ~ ~
' ' 0

~ ~ 4
~

' f retd ~

~ e
o ~ ~ ~ ~ ~ ~ "~ .'

~ e ~ 0 ~ m ~ s~ ~

Centrifugally Cast ~ I00X ~ Unetched
Spheroidal type of graphite.

Centrifugally Cast 000X ~ Ptcraf Etch
Tempered martensrtcmatrkt.
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868 Control Senrices lao.
4 Deeelnber 26, 1989

ADW. Snyder
Pena, POTrer & Light
Chemical Laboratory
Cedar & Rvttonvood Stueate
Hailetoa8 PRD l8301-0558

"FOAMING CHARACTERISTICS"
ASTM D-892
SAMPLES RECEIVED DECLINER 23, 1989

'FRVZCEORDER 8 09357~5
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SAMREE NO. ~ MARK

24481 "k" RDC.L 0 /8927524

SBIEUENCE

I
ZX
III

INITIAL

Nil

Nil

NS1
Nil
Nil

24482 "5" HDG.L808/8927$ Z$ I
II
IZI

8
Nil
Nil

Nil
Nil
Nil

Storm bren/8927947
P/Sph 4'upaaQvfq&'il

Ni1
Nil

Dl'DG L 0 /8927 Mii
NU,
Nil

I
XI
IZZ

E I
EDGDLDQ ~ /8927528 III

III
24486 Nil

Nil
Nil

Nil
Nil
Nil

Laboratory Nsaegor

8 24483 NilII Nil
T,I? Nil

24484 Nil
Nil
Nil

24488 Nil 'il
Nil 'il

8 Nil Ni1

Chevron Dalo 400 Sea 40 I
h)F A II

8 III
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6. Mat«rhh
6.1 petrol«Csin DirriNsre, conforming to the

speciTI«ations given in Appendix X2. (Cautknu
Combustible. Vapor harmfuL Sce Annex AI.l.)

6.2 Tolisene, nitration, or equivalent. (Warn-
hstp Fhmmablc. Vapor harmful. Sec Annex
AI.2.)

63 y(«crone. ACS reagent grade, or equiva-
knt. (Danger. Extremely flammable. Vapors
may cause Rash lire. See Annex A13.)

6.4 perrolesssn Spirit, 60/80,'conforming to
thc IP specification or the Appendix X3. (Cau-
tkscu Combusuble. Vapor harmfuL Scc Annex
AI.4.)

7. Prcparadon ofApparatus

7.1 Thorough dcansing of the test cylinder
and air-inlet tube is «sscntial aller each usc to
rcmove any additive ranaining from previous
tests which would seriously interfere with re-
sults ofsubsequent tests.

7.1.1 Cylinder-Rinse the cylinder in turn
with petroleum distillate (Cautkstu Combusti-
ble. Vapor harmfuL Scc Annex Al.l), then
petroleum spirit (Cautkscu Combustible. Vapor
harmfuL Sce Annex Al.4), followed by dirc«t-
ing a «urrcnt ofdean, dty air into the cylinder.
Rinse thc cylinder in turn with distfllcd water,
then acetone (Danger. Extremely Ihmmablc.
Vapors may cause flash fire. Sce Annex A13),
and dry with a current ofdean, dky air.

7.1.2 Digssser Sron«-Clean th» di(fuser
stone by washing in turn with petroleum distil-
hte, toluene (Warnlntp Fhmmable. Vapor
harmfuL Sce Annex A12L and pctrolcum
spiYit. Immerse thc stone in about 300 mL of
petroleum distillate. Flush a portion of it back
and forth through the stone at least five times
withvacuum and air pressure. Aflercomplcting
thc final washing in thc petrol«um spirit, dry
both tube and stone thoroughly by forcing
dean air through them. Wipe thc outside of thc
air-inlet tube. first with a dean cloth moistened
with petroleum distillate, then with a clean dry
doth.

8. Pro«edurc

8.1 Seqisenee I—Without mechanical shak-
ing or stimng. decant approximately 200 mL
ofsample into a beaker. Heat to 49 a 3'C (120
k 5'F) and allow to cool to 24 N 3'C (75 a
5'F). Scc Option A for stored sample.

373

0 892 -
O~y 14$

Nor» 6-Bach step of0» procedure dacribcd in
82 and 8.4, rmpccttvcty. shatl be camcd oot withh
3 h atta completion ofIhc previous step. In 83, tbc
tat should be cnnicd out as soon as corn patibl» wiib
thc temperature specification nnd not more than 3 h
atter immersion ofthe «ylindcr in the 933k C (200'F)
bath.

82 Pour thc sample into th» 1000-mL cyl-
inder until thc liquid lcvcl is at the 190-mL
mark. Immasc the cylinder at least to thc 900-
mLmark in thc bath maintained at 24 4 03'C
(75 ~ I').When thc oil has rcachal Ihc bath
tcmperaturc, insert the diffuser stone and the
air-inlet tube with Ihc air source dis«onncacd,
and permit thc stone to soak for about 5 min.
Connect the airmutlet tube to the air volume

measuring

devi». At the end of5 min, conne«t
to Ihe air source, adjust thc air flow rate to 94
a 5 mL/min, and force Cean dry air through
thc stone for 5 min a 3 s, timed from thc first
appearance of air bubbles riYIngfrom the stone.
At the end of this period, shut offthc air Qow

by diseonncaing the hose from thc flow mctcr
and immcdiat»ty record the volume of foam;
that h, thc vohune bctwccn the oil lcvcl and
the top ofthe foam. The total air volume which
has passed through the system shall be 470 0
25 mL Allowthc cylinder to stand for IO min
a 10 s and again record thc volume of foam.

83 Sequence II-Pour a saend portion of
sample into a cleaned 1000-mL cylinder until
thc liquidkvcl is at the 180-mL mark. Immerse
the cylinder at least to the 900-mL mark in the
bath maintained at 93.5 ~ 03'C (200 N I').
When thc oil has reached a tcmperaturc of 93
a I'C (199 s 2'FL inser a «I«an diffuscr stone
and air-inlet tube and p~ as described in
83, recording thc volume offoam at the cnd of
thc blowing and setting periods.

8.4 Sequence III-Colhpsc any foam re-
maining a(tcr the test at 933'C (2004F) (8.3),
by stirring. Cool the sanple to a temperatur»
below 4334C (I IO'F) by allowing the test cyl-
inder to stand in air at room temperature, then
place the cylinder in the bath maintained at 24
a 03'C (75 0 I').Afler the oil has reached
bath tcmpcraturc,insert a clcancd air-inlet tube
and diffuscr stone and procccd as described in
8.2, re«ording the foam value at the «nd of the
blowing and settling periods.

8.5 Some lubricants with modern additives
can pass their foam requirements when blended
(with the antifoam properly dispcrscd in small
panicle sizes) but fail to meet the same rcquirc-

so. Therefore, it is inappropriate and mhlcad-
ing to apply Option A for quality control of
freshly made blends.

8.5.1 option A-Cl«an the container ofa I-
L (Ioqt), high-speed blcndcr using thc: proce-
dure gjven in 7.1.1. Place 500 mL of sample
mcasurcd from 18 to 32'C (65 to 904F) into
the container, cover, and stirat maximum speed
for I min. Because it is normal for considerable
air to be «ntraincd during this agitation, allow
to stand untilentrained bubbles have dispcrscd
and thc temperature of the oil has reached 24
~ 3'C (7$ N 5'F). Within 3 h following thc
agitation(Note 7), start with testing as spe«iYicd
in 8.2.

Nor» 7-In case ofviscous oils, 3 h may not be
enough to dhpcrsc the entrained air. Ifa longer urn«
Is required, record the time as a note on Ihc rcsnttL

9. Report
9.1 Report the data ln the followingmanner.

Foamios
Tcodcncy

ASTM D S92
IP I46

Foam Stability
ASTM D 692

IP I66

Test

Ac pcccSprdp
Suiucoce I
Sept woes II
Suiwocc III

Foam Vdumc.
caL ai cnd of
6-min bloopins

period

Foam Volume,
inLai cod or
Io mio scnins

pciiod

374

ments a(tcr two or more weels'torage. (It
appears that the pohr dispersant additives have
the potency to attract and hold antifoam par-
tidcs, such that the appa»nt increased anti-
foam size r»suits in dc»ressed clfcetivencss to
control l'oam in D 892.) However, ifthe sane
stored oil is merely de«anted and poured into

- cngincs, taansmissions, or gear boxes and those
units operated for a few minuta, the oil again
mccts its foam targes. Similarly, Ceecsnrlng the
stored oil into a blender, followed by agjtation
as described for Option A below, rcdisperscs
the antifoam held in suspension and the oil
again will give good foam control in D 892.
For such olh, Option A may be used. On the
other hand, ifthe antifoam is not dispersed into
sufli«iently small parti«I»s when the oil is
blended, the oilmay not meet its foan require-
ments. Ifthis freshly blended oil werc vigor-
ously stirred according to Opflton A, it is very
possible that the oil would then mcct its foam
targets whereas the phut blend would never do

0892- 148

Foamins
7cadency

ASTM D S92
IP I66

Foam ScabpTny
ASIM D 692

IP IC6

Foam Vdumc.
mLascndnr
Sado bbytpinS

pcnud

Foam Vdumc.
ml. Cl cod cr
lhmin scninS

pcnudTest

Altar us¹ssfaa:
(Opptpn A, axr)

Scpiwocc I
Scclwocc II
Scctwocc Ift

93 For thc puqese of rcporung results,
when the bubble layer I'aih to completely cover
Qlc ofl sulfa«» and a patch or cyc of clear
Quid is viYibic, the value shall bc rcportcd as
~e+ f»am oe

10. Altauatlvc Procedure
10.1 For routine testing a simplified testing

procedure may be usaL This procedure dilfas

Thc total air volume used durmg the 5-
blowing period is not mcasurcd alter the
has passed through the diKuscr stone. Thh
eliminates thc volume measurin «quipmcnt
and the airtight connections nco»ssary to earty
the exit air from the graduated cylinder to the
volum» measurin, device, but rcquircs that the
flowmctcr be correaly calibrated and that thc
flow'ate be carefully controlled. Results ob-
hined by this procedure shall be reporte is
D 892- IP 146 (Altanativc).

11. Prccblou

avadablc.

Nor» 8-'Ibe majority of thc results in thc
operative wort that kd to Option A wert nil foam'

ee, paok Ie \ kobe I isla.
'w ' eke el

q I.I For the standard test (though 8.4), du-
plicate resuls by thc same operator for foam
volume at the cnd of the 5-min blowing paiod
should be considered suspca ifthey differ by
morc than the amount indicated on Fig. I for
"repeat» bility."

11.2 For the standard tat (though 8.4): the
results submitted by each of the two laborato-
ries for foam volume at thc cnd of thc 5-min
blowing period should not bc»onsidcrcd sus-
pect unless they differby more than the amount
indicated on Fig. 2 for "reproducibTiity."

11.3 For those oils which have been tcstcd
by Oppoo * ibp.li, ao pescaoa skksaeas is .

C+
c+ Irb

o ru
m CI

rts

e+

C2

t2 I/I
rvt

CCI
ID I

I
Pb2 O

css



OBSERVATIONS 0 OVED PISTONS

D/6 ~Ciieder

C SR

Tin Smear on Non-
Thrust Side of Liner

Piston involved in
crankcase explosion.
Non-thrust side tin
smearing noted in
previous inspection.

Blued Pin

Yes.

End Ca s

Not seated.

COMMENTS

7L

8R

Piston involved in
crankcase explosion.

Yes.

Slight bluing. Not seated.

Not blued, but
pin has a 5 mil
bend.

1R Yes. Yes. Pin needed Not seated.
to be hammered
out.

A

2R

7R

1R

Yes.

Yes.

Yes.

Yes.

Yes.

No bluing, but
pin is worn.*

Not seated.

Not seated.

c+ O
Ora'B c+
CD CD

~ M

6L

7R

8R

3R

Yes.

No tin smear. Burnishing
due to end-cap rubbing.

Yes.

Good piston pulled for
inspection. Some bur-
nishing of tin on non-
thrust side.

Scratched
parallel to
pin axis.

Showed signs
of wear. Pin
was replaced.

No, bushing
needed to be
scraped to
obtain proper
bluing.

Not seated.

Not seated. Liner replaced. Piston
replaced (non-thrust tin
removed).

U C/l
Ccl

col
CD I

O
cCD I4l O

GO

* Per Mike Schleigh of C-B.
fjc/tbk109c(9)
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TELECOPY
COOPER-BESSEMER RECIPROCATING (412) 458-8000 EXT. 4184
COOPER-BESSEMER RECIPROCATING (412) 458-8000 EXT. 4184

GROVE CITY, PENNSYLVANIA 16127

DATE: October 16 1989

TO: Frank Cz sz

COMPANY: P. P. and L.

FAX NO. 215-770-7830

SUBJECT: P. P. tE L. Re ort Draft

I SENT BY: Kath

> FROM: M. H. A. Lambert

E NO. OF PAGES: 4 (one

i OUR REF. NO. CG-6405

EXT: 3395

MESSAGE
AaAAA'%AAA%%%k%%'PJr%4*PA***A**%'****%*%AC*%**%****%%A***ATE%******%A%*%*AA*%*%A4%4k*

The following three pages are regarding the P.P. and L, crankcase explosion
Oct. 7, 1989,

t M. H. A. Lambert
Manager
Quality Assurance
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Pennsylvania Power and Light Company
Standby Diesel/Generator
KSV-16-T S/N 7160 (Unit "C")
Crankcase Explosion - October 7, 1989

1.0 Introduction

On October 7, 1989 the "C" diesel was started at 22:28 hours on a
twenty-four hour run. At 23:03 a fire alarm signal was transmitted
to the Control Room and an operator observed smoke around crankcase
doors following a crankcase explosion. The engine was shutdown. It
was noted that this crankcase explosion was more severe than
,previously experienced with a large quantity of lube oil having been
displaced and the liquid completely blown out of the
crankcase manometer.

1.2

1.3

This engine had run 26 hours since the last "eighteen month
inspection " which took place November 1988 and was restarted
November 22, 1988. Total running hours of 796.9 have accumulated,

An internal inspection of the crankcase revealed major distress to
the number 5 right piston and liner. During a site visit on October
12, 1989, the following observations were made by A. Lambert.

2.0

2.1

2.2

The liner was very heavily damaged (burned and heat checked) in the
lower half and for most of its circumference.

The piston skirt was extensively damaged with displaced skirt
material tending to close over the lower oil ring which itself had
suffered heavy wear on the "scraper" faces. Two "blow holes" towards
the bottom of the skirt and located radially closer to one end of
thepiston pin than the other end were in evidence. One hole was
fairly round and about 5/16" in diameter and somewhat larger and
irregular in shape. From the bottom of the larger hole a crack ran
straight down to the bottom of the skirt (a distance of approx,
3/4"). About 2-1/2" from the larger hole and further around the
skirt towards the piston -.in bore there was a large vertical crack.
The readily visible por'.ion of this crack ran up from the skirt
bottom for about 3". Towards the top end of the crack and for a
distance of approximately l-l/4",the piston skirt material was gouged
(burned) out leaving a canyon" with the crack in evidence at the
bottom, The piston has been cut on the horizontal center line of the
piston bore, and sectioned vertically as well so it was not possible
to see the complete piston. The rings were not inspected.
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2.3

2.4

2,5

The piston pin had seized in its bushing and the bushing had rotated
in the piston. The pin and bushing were forcibly removed from the
piston and the bushing removed by cutting (slotting) through the bale
at one end. At thei other end the bale was cracked through
indicating an area of greater distress than the opposite end. This
cracked bale was in line with the "blow" holes and cracks in the
piston skirt described in paragraph 2.2 above. Approximately 60X of
the total bushing surface was destroyed by excessive heat. The
remaining 40K was an irregular but connected area between the two
bales and in the 1'oaded part of the bushing. This area was indeed
"clear" and had sustained absolutely no damage.

I

The lower liner seal was distorted when trapped water boiled off and
turned to steam.

The piston pin end caps had no contact with the liner surface.

3.0 Oiscussion

3.1

3.2

3.3

3.4

The damage to the lower liner seal indicated that excessive heat was
generated in the lower end of the liner,

Quality Control procedures at the C-B manufacturing facility would
have required a piston skirt with "blow" holes as described in
paragraph 2.1, to be scrapped. Therefore, it is concluded that a
casting defect was present below the machined outer surface of the
piston skirt. Some of the material subsequently displaced from this
area of the skirt would have "fallen" into the crankcase and some, no
doubt, "rolled" between the liner and piston skirt. This is the most
likely explanation for the "canyon" (or gouge) observed in the
vertical crack adjacent to the large "blow" hole.

The majority of the liner distress was observed to be in the lower
portion indicating that contact with the piston was greatest at its
skirt area.

Observations of the piston pin and bushing indicate very heavy
loading in the upwards direction of the bales. This, together with
the large undamaged portion of the normally loaded (down) area, is
consistent with the rod pushing the piston upwards against a
very heavy friction load - a load generated by heavy contact of the
piston and liner.



1ez16r89 le:36 c. B. REc I p.
SEA-CM-037
Page 197

QCG-6405 3w 10/14/89

4.0 Conclusion .

4.1 The primary area of failure was that of the piston skirt. The root
cause appears to stem from a sub-surface casting defect from which
material loosened during engine operation and was trapped between the
piston skirt and liner. This material was of sufficient dimension to
roll up and down, destroy the lubrication and then generate
sufficient heat to cause the piston skirt to expand and take up all
available piston to liner clearance. Mith heavy rubbing of the
piston skirt on the liner induced a further breakdown of the oil film
occurred leading to more heat being generated to the point of
incandescence which was the source of ignition for the crankcase
explosion. (The lube oil vapor in the crankcase was the fuel which
was ignited).

,4.2 The damage to the piston pin and bushing is considered to be a

secondary failure due to the abnormal loading described in paragraph
3.4.

((/~. p. +~~~/~
M. H. A. Lambert
Manager, Quality Assurance
and Nuclear Operations

cc: R, J. Brager
A. E. Bice
0. T, Blizzard
M. 0, Ferguson
B. C. Guntrum - C-E
B. K. Hall
N. J, Helmich
J. N. Horne
M, Leishman - NV
R. A. Niklos
N. A. Schleigh
B. R. Sedelmyer
File: 5-1

SD-0188/P2
K5fal6

MHAL/kll
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13. 432 p
13.422

13 30P
13.290

.2550 - .2565

.2550 - .2565

17.6925
17.6825

12.482 0
12.472

16 ~ 12. 402
12.392

12.304 0
12.294 (3 Oil Ring

Grooves)

9/16

.2520 - .2535

.2520 - .2535

> .3770 - .3785~ ~

3

8

.3770 - .3785

:N87)

13.482 - 13.480 D Before Tinplate
13.487 - 13.484 0 After Tinplate

Liner Bore

13.512/13.513 Before Chrome Plating
13.499/13.501 After Chrome Plating

Ref Power Piston KSV-5-A
Liner-Power 818-9-12Af2

KSV P ISTPN/LINER - DETAIL

REV. NO.

ISSUE

10$ Felwllp IN LL5.A.

REVISION GATE SGALE

NPV 20>89 Q%Ef1 ISIIEETS

A COOPER-BESSEMER PROOUGT
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".;TECH SPEC:"f4A~+ELATED,fKfp„'4Ri ".'O'<:"'"-'" i »".. QL'IALITIYY')ELATED;:"6'ESM+NO

''TIME,

REQUESTED:";-", ~'~FRO ' ""':""- " '-'.' - "-""TO'''

REASON '.

PERMIT HOLDE

BLOCKING REQUESTED

WORK GROUP

BLOCKING REVIEWED BY

TECH. SPEC. NO. I CONDITION

(Electrical I IIG Slocklnp)

TECH. SPEC. LIMI

REQUIRED OPERATIONAL TESTING

REQUESTED BY
ork Group Supervlalon

DAT

" RELEASE EQUIPMENT TO WORK GROUP

ADDITIONALTESTING

8hi u rvlalon Time o Day Year

f0AM ADOAaoa i, Aov. 5, Pa~ 2 ol 2
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e ~ e"

.argue lant;e
(:OM, "rabat ng,
A acn.)

Upper L1mit on Torque

Decor>pt(on of Ctem or lo(nt Oe<ng torqoeC QIJ(~o /g(( (i c(W ~ (q'w

Piw o W .~+<gaW+~~ ~
Fastener s1ze and grade tA m~7 ~

Tool/Test [nstrument I.Q. Number
Calibration

Oue Oate

Pork Perfor~ed 3Y:
Name Oate

cc

t

( ct»;"

lc c
FORM HT-GH-015-1, Rev. 2, Page 1 of 1
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Source of
Torque Value
(:OM,drawfng,
Attach.)

general pe>on of <ten or Joint beeng eorgned Wc'eagan 4n Cd erp rew&~P~A
~ e 8y C+ rP~+O~ CA<.+~WJ

Fastener sfze and grade
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„, Requfred;Torque to Actual Torque
''e'det'ermfned by 'Appl fed

'Supenrfsfon (optfonil)

gee(red

gQ
Upper Lfmft on Toroue M~A'
(Requfred to Control Leakage, etc.

~ '

f.

Tool/Test Instrument I.O. Number
Calfbratfon

Oue Oate

p- ~~9"7
~3 ~+P

Work Performed BY:
Name

j+~p)
Date

FORM NT-GM-015-1, Rev. 2, Page 1 of 1
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Oesf red
Torque Value

Requf red Torque to 'ctual Tor oue
be determined by = . Applied
Supervision (optional)

)Aurr Q A

Torque sa'ue
(:OM,crd~<ng,
A acn.)

ld>

Upper Lkm)t on Torque
(Required to Control Leakage, etc.

4 gW~
Deecr1pt1on of ttem or joint netng torqnen 5Ã~CC MES/ oAo

/ya CTW
Fastener size and grade

Tool/Test Instrument I.O. Number

en~ /d7

Calibration
Oue Gate
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Oescri tion

Expansion seal split flange
and flange cap screws are torqued
to 60 ft. lbs.

6.6.9 6 /r1 Bearing cap studs are torqued
to 615 ft. lbs.

Bearing cap stud nuts are torqued
to stud stretch of 0.016"
to 0.018".

.r ,.

r

L.

9

f9"". 'MERGENCY OIESEL',PISTON/CONNECTING ROD/EXPANSION SEAL
~>g '. REMOVAL AND 'INSTALLATION>>—

DIESEL;~1 ~: CYLIRDER ~R.
4',~.-., -'.

equality

Hold Point

E.Y.S ~yg eo~~~~
6

1»''r

s.e.s N/R
j'J'62$

'>ER9>>r

6.9.9.6 4/jq

6.9.9 0 ~

6.9. 11

6.9. 12 D>

/
6, ~

q-u -f7

q-((p- F7

Clearance between the detector
and trip lever is 0. 100".

Piston pin bolts are tor qued
to 690 ft. lbs.

Primary half of the piston
pin drake nuts are torqued
to 30 ft. lbs.

Secondary half of the piston
pin drake nuts are torqued
to 20 ft. lbs.

S IO 6 Pu/P

S.IO.R ~/g
6. 19. 11 +/g grdce

Two expansion seal cap
screws are tor qued to 60 ft. lbs.

Rod pin bolts are torqued
to 1140 ft. lbs.

Primary half of the rod pin
drake nuts are torqued to
30 ft. lbs.

Q'0 FORM MT-024-002-1, Rev. 0, Page 1 of 2, (File No. R7-1)
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Ver)fled b
r

+o+Prptat o d, "...";;,secondary. half of the rod prn
' drake nuts are torqued to

20 ft. lbs.

;n

FORM HT-024-002-1, Rev, 0, Page 2 of 2, (File No. R7-I)
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SOUTHWEST RESEARCH INSTITUTE
POST OFFICE DRAWER 28510 ~ 8220 CULESRA ROAD ~ SAN ANTONIO, TEXAS. USA 78286 ~ (512) 884 5111 ~ TELEX 2I4866

ENGINE AND VEHICLE RESEARCH DMSION
TELECOPIER: 612I5224010

4

Mr. Frank Czysz
Senior Project Engineer
Pennsylvania Power & Light Company
Two North Ninth Street
Allentown, PA 18101

5 December 1989

Subject: SwRI Preproposal No. EVR449,
"Piston Temperature Mapping and FEA in a KSV-16 Engine"

Dear Mr. Czysz:

SwRI is pleased to respond to your request for cost and time estimates to measure
piston temperatures and perform FEA in your Cooper-Bessemer KSV-16 engine. We
are aware of the cold start-up piston seizure problem and feel that we can help solve
it as outlined below.

BACKGROUND

Pennsylvania Power and Light Company has experienced several engine failures
caused by piston and liner scuffing. Initial investigations indicate that thermal gradients
during start up may be the root of the problem. It is desirable to measure piston and
liner temperatures in order to perform thermal stress analysis of the piston and liner
assembly as well as determine if piston to cylinder wall clearance is large enough to
accommodate thermal expansion of the piston during a rapid start up.

I

Piston temperature profiles are necessary to use co'mputer models and FEA
programs for piston design analysis. The measurement of piston temperature in a
reciprocating engine has historically been a very time consuming and expensive process.
Several conditions exist in an engine that measurement equipment must be protected
against; Acceleration forces at TDC in an engine the size of the KSV-16 is near 100
G's at 600 rpm. Operating temperatures inside the crankcase can range over 200'F.
To allow complete mapping of piston temperature, several measuring locations are
required in the piston and data must be obtained under transient engine operating
conditions. The most widely used current measurement technique is to use long sensor
leads from the piston along a bar linkage arrangement to the engine block. This
method is very diKcult to install and maintain. Another type of equipment uses two
sets of coils, one of which is attached to the piston and the other to the crankcase. This
type requires careful alignment of the coils and is subject to alignment-related failures.

SwRI has developed a telemetiy-based system that withstands the harsh
environments mentioned above. The device is attached to the underside of a piston and
temperature data is transmitted to a receiving antenna in the engine oil pan. The key
element of this device is a tiny power generator which utilizes the reciprocating motion
of the piston to generate electricity thus allowing the transmitter to be self-powered.

RI
I

S A N A N T 0 N'ILl, T E X A S
DALLASVFT. WORTH. TEXAS ~ HOUSTON, TEXAS ~ DETROIT. MICHIGAN ~ WASHINQlON, OC
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Pennsylvania Power 8c Light Company
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Thick-film hybrid circuit construction techniques have been used to keep the package
size as small as possible. The weight of the device, for an engine of this size, will be
less than 100 grams. We propose to use this device to obtain the necessary data to
allow piston thermal and stress design analysis for the subject engine.

TEST PLAN

The test plan is divided into two separate tasks and cost and time estimates are
provided for each.

Task A. Piston Temperature Measurement

One piston will be instrumented with sensors placed in seven locations. A
receiving antenna willbe installed in the engine oil sump and connected to a receiver
and PC-based data logging system. A custom power generator will be constructed to
f'unction at 600 rpm in the KSV-16 engine. Sensors willbe installed in locations needed
to use our ANSYS FEA program.

The engine will be mapped during a cold start-up sequence. Each
temperature sensor is scanned once every 16 seconds. This willallow about 6 complete
scans during a 90 second start-up. Data willcontinue to be monitored until the engine
has stabilized at operating temperature.

Task B. Finite Element Analysis

Finite Element Analysis (FEA) is an approach to solving real engineering
problems which has in the last decade become an extremely powerful tool with the
advances in computers. In an FEA the geometry of a structure, part, or assembly of
parts are mathematically modelled on a computer. This geometry which may be very
complex is cut up into little finite elements" which may be in the form of lines,
rectangles, triangles, bricks, or tetrahedrons. The properties of these elements can be
very accurately predicted with mathematical equations. The resulting Qnite element
model, ifproperly constructed, can very accurately predict what is occurring in an actual
part. FEA can be used to predict, stresses, strains, deflections, heat flow, and many
other characteristics of a part.

In the case of this subject engine, FEA will be used to ter to reproduce
mathematically what takes place in the parts of concern; namely the piston, liner, and
possibly the piston pin and pin end caps; during the start-up of the engine. An FEA
model of a piston and liner willbe constructed. Initiallya two dimensional axisymmetric
model willbe constructed. This willprovide some basic insight as to the nature of the
heat flow and resulting deformation. A piston, however, is not axisymmetric because
of the wrist pin and the internal cooling Gns and sometimes the combustion bowl. If
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the results of the axisymmetric model are not conclusive, a three dimensional solid
model of the piston and liner will be constructed. It will most likely be a quarter
section model bounded by symmetric planes.

A transient thermal analysis will first be performed in which the piston and
liner starting at normal temperatures, will be subjected to a high temperature in the
area of the combustion chamber that is representative of the average actual
temperatures during the start-up process. This analysis willpredict the temperatures in
the piston and liner during this start-up process. From this temperature data, the model
willpredict the deformation and stresses of the piston and liner due to the temperatures
and loads. The loads that are applied can be any combination of combustion pressure,
side loads from the connecting rod, and inertial loads. From these results, it should
become obvious where the problem areas are as far as possible interferences, when they
occur in the start-up process, and under what loading conditions they occur.

As with any computer analysis, the results are only as good as the input data.
In this case, it is very important, for the accuracy of the model to know what the
boundary conditions are, in particular, the temperatures at the surfaces of the piston
and liner, and the physical loads on the parts. The temperatures in the combustion
chamber can be predicted by a computer model known as TRANSENG. If actual
piston temperature data is not measured, this model willbe used. It is preferable that
actual temperature data be used. The physical loads willbe estimated based upon the
engine, geometry and operating conditions.

Upon the identification of the problem area, corrective actions can be
'determined and tested with the FEA model. Several different corrections can be tested
easily and quickly on the computer without risking potentially catastrophic and expensive
failures on the actual engines. Once an acceptable correction has been tested and
identified, then they could be implerriented on the engines.

The FEA software package that willbe used is ANSYS by Swanson Analysis
Systems, Inc., Houston, Pa. This is a leading company in this field and has a
longstanding reputation of providing reliable software. This software meets the
applicable NRC quality assurance specifications.

COST AND SCHEDULE

The estimated cost to set-up the instrumentation on the subject engine, instrument
one piston, and acquire piston temperature data willbe $ 135,000. This task will take
twelve weeks to complete. The majority of this time is to design and construct the
power generator for this size engine. Task B will also require about 12 weeks to
complete and can be conducted in conjunction with task A using actual piston
temperature data or independently using the TRANSENG modeling data. The
estimated cost of this task willbe $50,000.
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The costs estimated for this project are estimates for planning purposes only.
Upon request, we will send you a formal SwRI proposal which will describe the
proposed work, the proposal contractual terms, and the project cost. For your
information, we are attaching to this letter a sample copy of the contract we will send
you in the formal proposal.

MANAGEMENTAND EXPERIENCE

Through the years of contract research, SwRI has developed a project manager
system for conducting each research project. The project manager provides one point
of contact for the sponsor. This project manager is responsible for the technical,
schedule, and cost facets of each project. The system ensures timely response to the
sponsor's needs, and simplified communications. The project manager for this program
willbe selected upon proposal acceptance.

Professional record sheets for key personnel available to assist in the
accomplishment of this project are included in the attachments. Organization charts for
the Institute and for the Engine and Vehicle Research Division and related reference
material are also included.

If you have any questions, please call me at (512) 522-3064.

Sincerely,

/jg

Robert W. Burrahm
Senior Research Scientist
Engine Evaluations
Department of Engine Research

Appr

anno Viny
Director
Department of Engine Research
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CONSULTING ENGINEERS

Ricardo Consulting Engineers pic
Bridge Works, Shoreham-by-Sea,
West Sussex BN4 5FG, England

Report by J. R. THOMAS

Approved by

S. G. DEX ER

Date 15TH DECEMBER, 1989

INVESTIGATION FOR PENNSYLVANIA POWER &
;LIGHT CO. OF CRANKCASE EXPLOSIONS IN

COOPER-BESSEMER KSV-16 STAND-BY ENGINES
AT SUSQUEHANNA STEAM ELECTRIC STATION
BERWICK, PENNSYLVANIA

DP 89/2558
RESTRICTED
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Ricardo visited the Susquehanna Steam Electric Station at the request of PP&L,
to inspect damaged components following two crankcase explosions and, if
possible, to indicate the cause(s) of failure.

As a result of the evidence seen and information supplied later by PP&L a
clear cut cause of failure has not been identified. However, Ricardo considerit likely that distress of piston pins in their bushings has led to the
failure, the increase in piston pin friction having initiated piston skirt
seizures. Poor combustion or overfuelling are not suspected, nor is piston
ring scuffing.

The report describes and discusses the evidence considered by Ricardo,
indicates possible causes of distress at piston pin bearings and then presents
conclusions and recommendations for further investigations.
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INVESTIGATION FOR PENNSYLVANIA POWER & LIGHT CO.
OF CRANKCASE EXPLOSIONS IN COOPER-BESSEMER KSV-16 STAND-BY

ENGINES AT SUS UEHANNA STEAM ELECTRIC STATION
BERWICK, PENNSYLVANIA

INTRODUCTION

At the Susquehanna Steam Electric Station there are 4 stand-by diesel
generating sets powered by Cooper-Bessemer KSV-16 engines. A fifth set
with a KSV-20 engine has been recently installed in a separate power
house.

Crankcase explosions have recently occurred in two of the KSV-16
engines during routine testing. Three other such explosions had

'ccurred in earlier years, one during commissioning during 1983.

Following the. two recent failures, Ricardo were contacted by PP&L and
asked to inspect the installation, examine failed parts and report on
their findings as quickly as possible. A visit was paid to the power
station and to PP&L's Laboratories at Hazleton, Pa, on 7th November
1989, Three failed pistons and two failed liners were seen and the
installation of one of the stand-by sets was examined.

This report presents Ricardo's findings based on the information
obtained during that visit, plus additional facts supplied later by
PP&L.

2. THE STAND-BY- ENGINES AND OPERATION

The engines are Cooper-Bessemer KSV-16 diesel engines, operated on
No. 2 Diesel Fuel. The following are the main details:

Bore

Stroke

13.5 ins

16.5 ins 16 cylinders at 45'ee angle

Rated Speed 600 rev/min Mean piston speed 1650 ft/min (8.38 m/s)

Continuous Rating 4000kW (electrical)

Maximum Rating (short term 2000 h max total) 4720 kW (electrical)

Bmep (continuous) 213 lbf/in (maximum) 250 lbf/in2 2

Constant Pressure Turbocharging

Intercooler water temp (out) 112'F (44.5'C)

Normal coolant temp (out) 170'F (77'C)
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Normal oil temp (from engine) 165'F (74'C)

Normal oil pressure

Oil pump capacity

Oil volume in system

50 lbf/in2

530 gall/min

1400 gall. Lube Oil: Gulf SD 40

Nominal peak firing pressure at continuous rated load 1600 lbf/in2

(110 bar)

The engine has an underderslung crankshaft; precision-type steel-backed
shell bearings; master and slave (articulated) connecting rods, palm
ended with bolted-on piston pins; cast iron one piece pistons with
bronze piston pin bushes and oil-fed crown gallery with cocktail shaker
cooling. The piston skirts are tin plated from the second oil scraper
ring groove downwards; porous chromium plated iron liners; 4 taper
faced plain 'iron compression rings and 3 iron, hooked, spring-backed
oil scraper rings (one below the piston pin); 4 valve cylinder heads;
high mounted individual fuel pumps with short high pressure pipes an)
multi-hole injector nozzles; ,nozzle opening pressure 3500 lbf/in
(240 bar).

Under stand-by conditions the engines are kept primed and warm with
continuous lube oil circulation at 50 lbf/in and 120-130'F. Coolant
is continuously circulated at 120-130'F.

A large number of safety warning and shutdown systems (18) are fitted,
including temperature sensors at every crankshaft bearing. All
shutdowns are disabled during emergency conditions except overspeed,
low engine oil pressure and generator differential.

The engines are kept in stand-by mode ready for automatic emergency
start and load application if necessary. They are capable of running
at rated speed within 10 sec of start initiation, and of carrying 4000
kW within 90 sec.

At monthly intervals each engine is given a test start and load
application; 4000 kW must be obtained within 90 seconds. The engines
are then run at this load for 1 hour, prior to unloading and shutdown.
The shutdown procedure involves a 5 minute cooldown period at no load.
During the monthly tests, the load is ramped onto the engines manually
as the engines run in parallel with the main power station output;
4000 kW is generally achieved before 90 seconds.

Every 18 months the engines receive an inspection which includes a 22
hour run at 4000 kW plus 2 hours at 4700 kW. Internal inspection does
not include the removal of any running components. ,Until recently, oil
changes were carried out at these 18 month inspections, but now a more
comprehensive oil sampling and analysis programme is carried out and
oil changes will be made only when such analysis shows it to be
necessary.
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Cylinder head replacement is scheduled at 5 yearly intervals.

Main engine operating pressures and temperatures are displayed on the
generator set control panel ad)acent to each engine. Monitoring is
carried out manually at hourly or 4-hourly intervals; individual
cylinder exhaust temperatures are logged during the 18 month trial but
not during monthly runs. Max and min accepted readings are pre-printed
on the log sheets. No formal trend monitoring is undertaken, but logs
are actually carefully scrutinised by experienced observers.

3. HISTORY OF FAILURES

Five crankcase explosions have occurred as follows:

l. 29 Nov 1981 D-unit- Bearing failure in lube oil pump during initial
start-up, causing a hot spot.

. 2. 14 Jan 1984 D-unit Severe 2L piston skirt pick-up and overheat.
Put down to inadequate lubrication bec'ause of
fuel oil dilution.

3. 18 Jan 1986 B-unit Severe 5L piston pick-up and overheat. One
piston bolt found loose. Put down to loss of
cooling oil via loose bolt.

4. 16 Sep 1989 B-unit Severe 7L piston skirt pick-up and overheat.
Mainly non-thrust side. Cause unknown.

5. 7 Oct 1989 C-unit Severe 5R piston skirt pick-up and overheat.
Initially attributed to authorised "repair" of
casting defect on skirt surface.

The crankcase explosions in cases 2 to 5 occurred at various stages
during test runs; not particularly early in the run-up and load
application sequence.

Piston breakages did not occur and the distressed pistons continued to
reciprocate intact until the engines were shut down manually following
the explosions.

The. report by PP&L on event' was shown to Ricardo. It showed the
following:

Considerable metal transfer from skirt to liner surface and build-up of
smeared and dragged oxides had occurred. Deposits inside the skirts
showed that very high temperatures had occurred. Metallurgical
examinations of the piston skirt from event No. 2 indicated that local
skirt temperatures had reached 1350'F (730'C). The piston pin had also
lost hardness in places, requiring a similar temperature. The lead
phase of the lead bronze pin bushing had melted, indicating
temperatures above. about 450'F (250'C).
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PP&L reported that in several cases of piston failure, heavy contact
and material transfer had occurred between the end caps, which close
the bore of the piston pin bushing in the piston body'nd the liner.
These cast iron end caps are pressed into the piston body and are
normally located comfortably below the piston running. surface.

Following all failures, careful crankcase-side inspections of all other
cylinders were made to ensure no other cylinders or components were
damaged. Cooper-Bessemer Reciprocating were closely involved in
ensuring the engines were returned to service correctly and safely.

A number of KSV engines are performing similar'tand-by duties at other
power stations as well as a range of other industrial and marine
duties. PP&L indicated that there has been no history of similar

~ failures, elsewhere.

4. DISCUSSION OF OBSERVATIONS MADE 7TH NOV 1989 (AND LATER INFORMATION)

4.1 Practices

Ricardo first enquired about the installation and modes of operation of
the diesel engine sets at the Susquehanna Steam Electric Station,
together with details of maintenance procedures, data logging, record
keeping etc. The history and events leading up to the crankcase
explosions were examined, together with the oil analysis information

'that is available.

PP&L showed that in October 19@ it was found that all 4 units were
running with about 1750 lbf/in Pmax at 4000 kW output. (This was
found in engine analyser tests carried out by Cooper, which form part
of the 18 month engine inspection). The injection timing was retarded
on all engines by 4-6 crank. In one case this required retiming of
the camshaft by 2'ut shimming of the pumps was carried out on the
other engines.

Engine oil analysis may not have given a true estimate of the wear
metals in the oil until late in 1989. This is because samples were
being taken after the oil filters. Since June 1989, sampling from
befog the filters has been carried out and spectrographic analysis is
being made by Gulf-Check. Ricardo agreed that the new analyses should
be suitable to guide maintenance, and advised PP&L to,monitor trends on
the major wear metals and additive elements reported rather than wait
for Gulf to announce a problem or the need for an oil change. Gulf
should be asked to explain the factors which indicate the alkalinity or
TBN of the oil, so that this important quality can be approximately
checked at a glance. Ricardo suggested that individual cylinder
exhaust temperatures should be checked during monthly test runs.
Changes in these temperatures or their scatter pattern give useful
indications . of individual cylinder condition or deteriorating
performance.
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The maintenance and record keeping by PP&L are largely governed by the
regulations and formalities of the US Nuclear Regulatory Commission.
Ricardo gained the impression that these activities are carefully and
thoughtfully carried out at the Susquehanna SES. The PP&L engineers
are, however, heavily dependent upon Cooper-Bessemer Reciprocating for
the evaluation of engine health. The identification and advice on any
rectifications or adjustments needed are generally from Cooper. This
is a satisfactory and safe situation so long as PP&L staff continue to
monitor their records and understand the implications of work proposed,
in the light of earlier work done.

4.2 Descri tion of Com onents Seen

Ricardo were able to examine the pistons, liners and some of the piston
rings from events 4 and 5, i.e. the 7L piston from B-unit and the 5R

~ piston from C-unit.

In the descriptions which follow, the identification of thrust and
non-thrust sides is that given by PP&L. Ricardo were unable to verify
these from the dismantled components.

The most significant features of the two pistons were their similarity
to each other and to the description of the piston in the PP&L report
of event 2. This is said despite the fact that the piston from event 4
was much less severely damaged than those from events 2 and 5,
particularly on the thrust side and piston pin/bearing surfaces. The
character and likely history of the damage was considered similar. The
piston skirts were heavily damaged over most of their surfaces, deeply
tom and scuffed so that the lower scraper rings were mostly trapped by
smeared material. Very little tin plating was still visible as the
skirts were blackened due to oxidation, with large areas of smeared and
tom black material re-adhered to the skirt surfaces. The lower edges
of the skirts were the most recently damaged with bright iron visible.
The insides of the skirts were also mainly blackened, with 'he
brightness of the tin plating visible only on the undersides of the
piston pin bosses. The blackening inside the skirts was at least
partially a deposit of carbonised lub oil.
There was a strong contrast between the skirts and the crown portions
of both pistons. Whilst heavy scoring and smearing damage was visible
on;the inter-ring lands and on the faces of the compression rings, this
was clearly secondary damage and there was no evidence of piston crown
overheating or initial ring distress. There was moderate carbon
build-up on the top lands, with light carbon and staining on the
intermediate lands also. Top ring carbon was moderate for the hours
run, but not excessive. The compression rings were free, except where
trapped by smeared material from the skirt. There was no evidence on
their side faces of pinching in the grooves, although there was some
wear of the top ring lower faces. The rubbing faces of the compression
rings were badly scored due to riding over debris attached to the
liners, but they did not show witness to excessive temperatures. The
oil cooling galleries in the piston crowns appeared clean, again
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showing no evidence of excessive crown temperatures.

Contact between piston-pin end caps and the liners had occurred, with
material transfer and the development of hot spots on the caps. The
end caps were not in situ during this inspection but it was reported
that some were found to be dislodged when the engine was stopped.

The Piston pin and bush from event 5 were badly distressed due to
overheating, with both oxide and carbon build-up between pins and
bushes. The 7L pin and bush from event 4 were only very slightly
marked but there was heat staining over more than half of the surfaces.

The running surfaces of the liners were badly damaged, with areas of
adhered black material covering the chromium plated surface. Again,
both liners showed a basically similar condition. Between the patches
of adhered material, the porous chromium surface appeared intact and in
good condition. There „was little sign of the chromium becoming

" detached from the main body of the liner. The patches of material
build-up covered the lower portion of the liners, from the second
scraper ring position at tdc, downwards. Above this position the
liners were relatively undamaged and the chromium surfaces showed no
evidence of primary distress. The build-up of adhered material on the
lower portions of the liner surfaces formed distinct patterns with
bands of burnt-on material less than a half-inch wide in a
"tartan-like" formation. This pattern appeared to have formed
relatively early in the failure and in many cases had been obliterated
by material later dragged and smeared over the bands.

There were differences observed amongst the basic similarities between
power cylinder components following the two failures:

The skirt and liner distress and the consequent secondary damage, had
been more severe on the 5R piston from C-unit (event 5). In this case
the damage around the full 360'f piston and liner was more or less
uniform, but with slightly, more dragging on the non-thrust side,
particularly on the compression ring interlands. In this case also,
the top rings were bedded over their full width. The piston pin had
seized so firmly into its bush that the bush was turning in the piston
body. The "tartan" pattern was evident almost all around the liner.

Part of the lower skirt of this piston from event 5 had been cut out
,for metallurgical examination of a casting defect. There were 2
"bl'dwholes" which did not pass right through the skirt wall and
examination later showed these had been initially filled with solder,
prior to tin-plating of the skirt. Coopers have confirmed that this
particular piston casting had been repaired in this way, according to
an internally approved procedure.

The 7L piston and liner from the B-unit (event 4) were not so
extensively damaged. The main piston skirt and land damage was on the
non-thrust side and the "tartan" marking in the liner was more or less
confined to the thrust and non-thrust positions. The subsequent spread
of damage had nevertheless extended around much of the liner. The
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bedding (or secondary wear) of the compression rings was not so
extensive. Piston pin and bush damage was also lighter, but there had
nevertheless been overheating, mainly towards one end, leading to heat
staining and some carbon/oxide build-up. In this case there were
possible indications of slight fretting between the pin and the palm
end of the rod,

It is apparent that during event 4 the skirt distress and overheating
produced an explosion slightly earlier in the course of the spread of
the seizure than occurred in event 5.

One other piston was seen by Ricardo. During inspection of the C-unit
following event 5, the lower portion of another liner was seen from
within the crankcase to have piston material adhering to the liner
surface on the non-thrust side. This power cylinder had then been
removed. The liner had been found to have tin smeared onto it, but
after removing this with Scotchbrite the liner was adjudged to be
suitable for further service. A new piston was fitted. The piston
removed was seen to have extensive scuffing on the non-thrust side
only. This scuffing had removed most of the tin plating from between
the lower 2 .oil scraper, rings (above and below the piston pin) leaving
a bright Corn iron surface. Below the lower ring, the skirt was

slightly scratched only. The thrust side of the skirt was very
smoothly bedded with light scratches. All rings were free and showed
no evidence of primary distress. Smeared material had scored and
marked the ring faces, however, and the rails of the sharply hooked
scraper rings were jaggedly tom. Carbon deposits around the piston

. crown were moderate with some staining down to the third inter-land.
The oil cooling gallery was clean and free from deposits. The piston
pin boss showed no heat staining on the lower sides. The pin and bush
were not seen.

PP6L had carried out some careful diagnostic metallurgical and
metallographical investigations on various portions of the failed
piston components. These portions were those subject to severe seizure
and metal transference relatively late in the course of failure, and
material identifi.cation as well as surface 'structures were clearly
seen. Together with the heat staining and carbon deposit inside the
skirts of the failed pistons, these examinations confirmed that piston
skirt temperatures had reached high enough levels to initiate crankcase
explosions. They did not, however, indicate events which might have
bee;n taking place during the early phases of the failures. Ricardo
suggested other regions which should be examined to try to discover
whether any piston oil scraper ring material (iron) was being
transferred onto the chromium liner surface prior to material from the
skirt surface (tin). Similarly, it was suggested that the smeared
material on the piston pin end caps should be examined to see if the
initial contact was with the chromium liner surface, or whether in fact
it was with tin already transferred onto the liner from just above or
below the piston pin bore.
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4.3 Discussion of Findi.n s

After the visit to the Susquehanna SES and the Hazleton Laboratories,
Ricardo considered their findings. The following two related
statements (4.3.1 and 4.3.2) are regarded as basic.. The comments made
in 4.3.3 to 4.3.15 were also derived from information gathered during
the visit but a more complete picture emerges in section 4 ' from
information later supplied by PP&L.

4.3,1 The PP&L conclusions that piston skirt distress, scuffing and
subsequent metal transfer and high friction had led to high skirt
temperatures, subsequently causing the crankcase explosions of events
2, 4 and 5, were quite justified. (Ricardo have seen no evidence from
event 3).

4'.3,2 -"The 'skirt distress originates in the skirt region itself. It does not
result from combustion-induced distress in the top land/top rings zone
of the pistons

4.3.3 The chromium plated surface of the cylinder liners appears good and
well-suited to the duty.

Note: Chromium is not an easy surface for marginally-lubricated
sliding surfaces at high temperatures. A porous (fissured) surface is
therefore essential to retain lubricant to prevent ring scuffing.
Cooper appear to achieve an excellent and consistent surface, to the
naked eye. Inadequacies in chromium surface, condition would be
expected to be evident first in scuffing of the top ring. There is no
evidence that this has occurred.

4.3.4 The ring pack appears extremely stringent in downward-scraping oil
control. The 4 compression rings are all taper-faced and then there
are a further 3 spring-backed oil scraper rings having very narrow and
sharply downward-hooked rails on each ring.

For a chromium plated liner surface, and a duty where load application
is quite rapid after initial start-up, Ricardo would not expect such a
stringent ring pack.

PP&L were asked to obtain piston and liner dimensions for examination
of basic clearances and roundness by Ricardo in the light of these
observations on oil control.

4.3.5

4.3.6

The thickness of the tin plating on the piston skirt is not known by
Ricardo. Provided it is not'oo thick, the tin plating gives good
compatibility with the liner and helps initial embedding of .debris or
particles encountered during running-in. PP&L were asked to find the
thickness used on the KSV engine.

The skirt surface produced is extremely smooth.
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4.3.7, The condition of the third piston, seen in the early stages of failure,
suggests that skirt pick-up is initiated near the top of the skirt on
the non-thrust side.

4 '.8 The design arrangements for oil escape from the scraper rings are not
very generous. There are no drain holes from 2 of the 3 grooves and
little relief below the bottom groove.

4.3.9 The condition of the piston pins and bearings after failure was
consistent with Che general temperature to which the surrounding skirt
regions had been heated by the seizures. The damage following event 5
was much worse than after event 4. It was not possible to detect any
clear pattern and it appeared Chat most of the distress and damage was
consequent upon the main skirt failure.

~ 4.3.10 The .contact between piston pin bore end caps and the cylinder liners is
reported to have occurred even where piston, skirt failure has not taken
place. Loosening of the end caps must therefore occur from time to
time, without excessive heat input to the surrounding zone. The oil
drain holes are adequate to prevent any pressure build-up between the
piston pin and the end cap. Contact between liner and end cap is
undesirable because the correct alignment'f a "slipped" end cap could
not be guaranteed, but such contact would not necessarily lead to metal
plucking and high temperatures because the caps are made of cast iron.
The ma]or hot spots and welded material on the end caps of the badly
seized pistons are most likely to be due to contact with piston skirt
material already welded onto the liner during the course of the
failure. Metallurgical examinations would confirm this if the material
welded first to the iron surface is mainly tin.

Ricardo believe that removal of the end caps would not be detrimental
to engine oil control or durability.

4.3.11 The unusual "tartan" pattern of heated and oxidised material adhering
to the liners probably occurs due to piston ring vibrations caused
after the failure is well under way, by rings passing oyer spots of
adhered tin on the liner surface, and/or when rings are trapped at some
point by smeared material.

4.3.12 Any seizures are the result of a breakdown in lubrication for'ome
reason. Therefore the lubricating oil quality must be examined to
ensure it has not contributed.

Apart from examination of oil specification and cleanliness, PP&L
should check what other KSV engines are running on the Gulf SD 40 oil
used at Susquehanna SES, and indeed what other similar medium speed
diesel engine experience there is with this oil. Ricardo recommend
discussions with users as well as with the oil manufacturer.

4.3.13 PP&L are satisfied that the fuel quality is correct, and no
fuel-related problems have been identified in these failures.-
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4.3.14 The skirt repair carried out by soldering-up blowholes on the piston
which seized in event 5 is not thought to have contributed to the
failure. Ricardo would not criticise this repair procedure, provided
that the quality control safeguards are seen to be adequate. (Location
of fault, size and frequency of fault etc., etc.).

4.3 '5 The mode of operation of the stand-by engines is not considered too
severe and hence a main cause of the crankcase explosions. The
circulation of warm oil and coolant when the engines are in stand-by
mode ensures that they are well prepared for start-up, and the quick
starting and rapid application of load cannot be considered too arduous
for the design of the engine.

The operating procedures and maintenance practices at Susquehanna SES
appeared to be well and thoughtfully carried out.

The installation of the engines and auxiliary systems gave no cause for
concern.

4.4 Information Made Available After the Visit
PP&L have provided other information to Ricardo since the visit on 7th
November. This information is discussed below:

4.4.1 Piston to Liner Clearances

Dimensions and tolerances for the piston and cylinder liner diameters
have been examined. The piston skirt is cylindrical and the nominal
cold clearance is 0.006 to 0.0085 ins radially (0;044% to 0.063% of the
cylinder bore). Ricardo would consider these clearances normal to
generous for an iron piston in an iron liner, and well suited to a duty
where full load must be applied quickly after initial start-up.

4.4.2 Thickness of Tin Platin

The tin plating thickness on the finished skirt is 0.001 to 0.0035 ins.
At its maximum, this thickness may be considered quite large, in view
of the skirt spelling that has taken place. The tin plating does,
however, make the skirt highly tolerant to dirt particles and brief
moments of marginal lubrication, such as could occur on the first
revolution or so after start-up. The pick-up of this tin coating,
which is occurring at Susquehanna, and its transfer to the liner
surface appears to be initiated by some exceptionally high loading of
the skirt onto the liner, perhaps also with marginal lubrication, over
many cycles. Once a small region of the tin coating adheres to the
liner, piston rings would be dragged over it and the distress would
spread rapidly, with high temperatures.

4,4.3 Piston Pin and Bush Distress ,

PP&L reported 3 fur'ther cases of tin-smearing seen on liners during an
underside inspection. The pistons were removed from these cylinders
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and in each case local heated spots were seen on the piston pins.
There was also a clear relationship between the degree of skirt
distress and the amount of piston pin heating (shown by "blueing" of
the piston pin surface). The tin removal had occurred on the
non-thrust side of the piston skirt, leaving a bright surface of scored
and tom iron and tinplate between the lower two,oil scraper rings.
The only other damage seen was scoring of the piston ring faces as a
result of passing over the smeared material on the liner face. This
information is regarded by Ricardo as very significant, in explaining
the earlier piston failures. High friction at the piston pin bearing
clearly results in increased side loading on tilting of the piston
within the liner bore. Two-cycle engines present particularly
difficult piston pin bearing lubrication problems because the load on
the bearing is continuous in one direction throughout the cycle. Where
piston pin/bushing distress occurs, the increase in friction usually
results in piston skirt distress also, due to very high side thrusts.
In four-cycle .engines, the load reverses at the piston pin due to
inertia forces at non-firing tdc, so lubrication is replenished each
cycle and piston pin/bearing problems are rare except during engine
development.

The damage to the piston pin and bush surfaces of those pistons which
have led to crankcase explosions was so extensively developed that it
had not been possible to identify whether it had preceded or followed
the piston skirt failure. The new evidence shows that pin distress
occurs with skirt distress and that, even where no heat build-up has
taken place in the failing skirt, there is. heat build-up occurring at
the piston pin/bushing interface. There is strong evidence, therefore,
that local breakdown of the lubrication is taking place in piston pin
bearings which gives rise to the piston skirt seizures which have
ultimately caused crankcase explosions. (It is considered unlikely
that piston skirt pick-up, which,had not been so heavy as to lead to
significant local heating of the skirt surface would lead to overload
of the piston pin bearing).

To support the suggestion that piston pin/bearing failures are the
cause of the problem, it is necessary to identify an initial cause for
such failures. Possible causes could be:

a) - inadequate design

b) - failure of lubricant supply or dirty oil
c) incorrect manufacture (dimensions, roundness, surface finish,

material specifications etc.)

d) - overload

These will be briefly discussed next.
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4 '.3a ~Desi n

The use of a palm-ended connecting rod bolted to the piston pin allows
the piston firing load to be carried by the whole length of the piston
pin. Ricardo have not analysed the design and loadings of the KSV
piston pin and bushing. The use of a piston pin which is 38% of the
bore diameter and mainly solid, with the above bushing feature,
indicates a design which is gntirely adequate for the firing pressures
of less than 2000 lbf/in occurring in the KSV engine. This
observation can be confirmed by detailed design analysis which Ricardo
are able to carry out if required. The pin hardness specification and
bushing material are believed satisfactory, but can be assessed.

It is possible that particular features of the piston design could give
rise to local distortions at the piston pin bushing under high cylinder
firing pressure loads, leading to loss of bearing clearance and local
seizures.'This has not generally been seen on these engine, but could
occur in certain pistons if the gallery core had shifted in some way,
for example. In such cases failure would have been expected earlier in
the engine lives, particularly since the Pmax was higher than intended
during the first years of operation't Susquehanna, If the design is
marginal in terms of local distortions this could be shown by detailed
Finite Element Analysis of the piston structure, under realistic engine
mechanical and thermal loads. Such analysis requires considerable
experience in the correct application of mechanical and thermal
loadings, and Ricardo have successfully carried out this type of
analysis on many occasions.

4.4.3b Lubrication

The most significant factor here is that no failed pistons have shown
any loss of oil cooling in the piston crown. Cooling galleries have
been oily and clean. Total failure of the oil supply up the connecting
rods is therefore not suspected. Some kind of intermittent and short,
term interruption of the oil supply would not cause piston crown
overheating because oil remains trapped and shaken in the cooling
gallery for several cycles, but c'ould lead to local failure of
lubrication and cooling at the piston pin/bushing interface if it
persisted for several cycles.

i'roovingof the crankshaft bearings. allows for "continuous" feed of
lubricant at engine oil pressure to the connecting rod drillings.
During engine running the feed up the rod is not truly continuous
because of the very strong inertia foices acting upon the column of oil
in the conn rod drilling. Nevertheless, the oil feed normally occurs
during part of every engine revolution.

Components seen from events 2, 4 and 5, together with the incipient
skirt failures recently reported, give no indications of any blocking
of oilways to the piston pin bearings. It is understood that there are
no check valves in the yil drillings at the large end of the connecting
rod, which have given rise to problems on some engines.
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The passage of oil into and through the piston pin bearings requires
correct running clearances and adequate drain paths. Ricardo did not
observe that the design is inadequate in these respects but a review of
the design is recommended. Blocked drain holes from the spaces at the
ends of the pin have not been reported.

Oil cleanliness is not suspect in any cases under investigation at
PP&L.

No causes for local interruption of lubrication supply to the piston
pin bearings have been discovered at present.

A review of the actual lub oil in use at Susquehanna is advised, as in
any case such as this.

4;4.3c Manufacturin Defects

PP&L have been advised to carry out careful dimensional checks on the
piston pin features in the cases where incipient failure has been
detected. These checks should be extended to include evaluation of
materials, hardnesses and surface finish. No such defects as might
have led to failure have been visually evident in components seen by
Ricardo.

4.4.3d Overload

There are no indications that engine load was excessive just prior to
any of the failures or incipient failures. Nor have fuel pumps or
injectors shown that the individual cylinders were subject to
overloading. Absence of evidence of high piston crown temperatures
confirms that overload is not a likely cause of failure. Furthermore,
the high Pmax conditions prevailing during the early life of the
engines did not lead to a spate of such failures at that time.

It is possible that the early period of running at high Pmax could have
initiated piston pin bushing local distress which has since progressed
slowly leading to intermittent failures. If this were the case, it
would be possible now to find pins with local marking or heat staining,
but from which no skirt distress had yet developed. Ricardo recommend
some random examinations of "good" pistons.

4.4.4 Piston Rin Wear

PP&L reported that on all 3 pistons suffering incipient skirt seizure
and on one other "good" piston withdrawn for inspection, the top ring
bedding was over the full face width of the ring. The bedded area of
the lower rings was progressively narrower from the second ring
downwards.

Each of the engines has run for about 1000 hours. This would not
normally be expected to lead to'sufficient ring wear to produce full
face bedding of the top ring, It should be remembered, however, that
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each engine has also accomplished over 200 starts with rapid load
application following. This could have contributed to higher than
normal wear rates. PP&L are advised to monitor ring wear in order to
estimate the wear rate and likely replacement period. Meanwhile,
checks should be made of all air cleaner panels and intake air ducting
to ensure no unfiltered air enters the engine. In the same way, the
cleanliness of the starting air system should be 'confirmed.

Ricardo advise PP&L to discuss the ring wear with Cooper and also with
other Nuclear users of the KSV engine. However it is not considered to
be a factor directly leading to the crankcase explosions. (High piston
side loads should not result in increased 'ring loading, but abnormal
piston tilting could affect piston ring attitude to the liner face).

4.5 Further Discussions

Whereas the examinations carried out by Ricardo at Susquehanna SES and
the Hazleton'aboratories did not enable a cause of the piston skirt
failures to be identified, the information subsequently supplied by
PP&L enables Ricardo to identify piston pin/bushing distress as the
likely route to failure.

The cause of any such piston pin/bushing distress is not yet clear.

The detailed inspection by PP&L of the components where
incipient failures were discovered should identify any quality,
manufacturing or material defects. None have been apparent in
investigations so far.

Cooper should be asked to investigate any relationships which
may exist between failed pistons, pins or bushings and their
manufacturing batches or dates.

Ricardo have not been able to observe any defects in the design
of the piston pin area of the KSV engine either from components
seen or from general arrangement drawings of the engine. It is
not believed that the overall design is faulty, but
confirmatory checks of the pin stiffness and loadings and of
the design clearances and tolerances could be quickly carried
out. If further examination of incipient failures indicates
that particular local distortions of the piston pin bushing may
be occurring, a detailed analysis of the piston structural
design would be needed to confirm that the design may be
marginal, and to indicate design improvements. Ricardo have
considerable experience of such analysis, where the correct
mechanical and thermal inputs are essential.

Reasons for inadequate or intermittent lubrication of the
piston pin bushing cannot be identified at present. This
cannot be eliminated as a source of the failures however. PP&L
should carefully examine the issue of the lubricant itself as
indicated in 4,3.11. Ricardo have accepted PP&L's assurances
that so far there has been no evidence at all of crankshaft
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bearing problems on their engines. If there are any
discontinuities in the oil feel to the piston pins in these
engines, it is probable that the crankshaft bearings would also
exhibit some evidence, either in the form resulting from loss
of oil film thickness or from cavitation. PP&L are advised to
check both large end and main bearings adjacent to a failed
cylinder if there are any doubts on this matter. Ricardo would
be able to comment on any results observed.

5. CONCLUSIONS

The following conclusions are drawn by Ricardo on the basis of the
evidence seen during the visit to PP&L on 7th November 1989, and of
information subsequently supplied by PP&L.

5.1 'The crankcase. explosions have been initiated by excessively high piston
skirt temperatures which have resulted from severe piston skirt
seizures, material transfer to the liner surface and very high
friction.

5.2 The piston skirt distress has not been consequent upon overheating,
overloading or scuffing of the piston crown or of the compression rings
and ring belt. (Note: skirt failures often result secondarily from top
ring scuffing or top land carbon grabbing. This is not the case for
the PP&L failures).

5.3 Incipient skirt seizures detected and examined at PP&L have confirmed
the evidence from the badly overheated piston that the skirt distress
is initiated on the non-thrust side, probably near to the top of the
skirt portion.

5.4 It is known that high friction in the piston/piston pin bearing can
give rise to excessive piston side thrust leading to scuffing, metal
transfer and seizure of the piston skirt against the cylinder liner.
Such high friction at the piston pin bearing can result from loss of
the correct conditions of lubrication and/or geometry between the
piston pin and bearing bush. High cylinder pressures may contribute.

Overheating (blueing) of the piston pins has been seen in all cases of
incipient piston skirt seizure at PP&L. It is considered likely.that
the origin of the piston failures which have occurred, was piston
pin/bush distress leading to high friction in this'earing.
Severe piston pin and bush overheating had occurred in the pistons
which had seized and led to explosions. In these cases, the heavy
overheating and damage was considered to be secondary, and the initial
pin/bush distress condition was not detectable.

~ 5.5 The fact that many pistons operate successfully, both at PP&L and in
other installations of the KSV engine at the same rating, suggests that
piston pin/bush distress arises where some small variation in
dimensions, clearances, surface finishes or lubrication occurs. These
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critical variations, whatever they are, could have been aggravated
earlier in the lives of the PP&L engines when they were operated at
high max firing pressures. Careful examination of the piston
pin/bushing design and tolerancing is needed to discover the key
factors. In the absence of any indications from such an examination a
detailed structural analysis of the piston and pin/bushing may be
necessary.

5.6 Under abnormal conditions of high piston side loading, where spalling
of the tin-plating on the piston skirt may occur, the thickness of the
tin-coating (.001 to .0035 ins) could lead to excessive material
transfer and very rapid spread of the damage. Nevertheless, under
normal and quasi-normal operating conditions (e.g. rapid start and load
application) the tin plating provides a surface with forgiving features
of conformability and embeddability.

5.7 The casting defect and repair found on the 5R piston skirt of the
C-unit which failed (Event 5) is not thought to have contributed to
this failure.

5.8 The oil scraping features of the piston ring pack are rather stringent.It is expected that the piston would be more tolerant to high skirt
thrust forces if changes were made to allow more oil on the liner
surface. Such changes need not increase engine oil consumption,
provided that adequate oil drain features from the oil control ring

,grooves are incorporated, The existing piston skirt clearances are
generous, and probably apt for the high rate of load application which
these engines must accept.

5.9= There is evidence of higher than normal wear rates on the faces of some
upper compression rings. The reasons for this require further
investigation, but it is not thought that this factor has contributed
to the skirt failures which led to crankcase explosions.

5.10 There do not appear to be faults in the installation or the mode of
operation of the standby diesels at PP&L's Susquehanna SES which have
directly led to the crankcase explosions which have occurred.

6. RECOMMENDATIONS

6.1 Detailed measurements should be made of the piston pin and bore
dimensions on pistons which have been found with incipient skirt
failure, and on others which show no distress. Other important piston
and ring dimensions should also be checked.

6.2

~ 6.S

Checks should be made to ascertain any "batch" or "date of manufacture"
relationships amongst those pistons which have failed or in which
incipient failure is suspected.

Analyser Records should be examined to see if failed or failing pistons
are always those subject to higher than average firing pressures.
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6.4 Design analysis of the piston pin/bushing of the KSV engine should be
carried out. 2 stages would be appropriate:

a) To examine basic dimensions, clearances, finishes, tolerances
etc. and to calculate pin bending and ovalisation, plus mean
loadings and the lubrication supply and drain features.

b) Ef the findings from a) and 6.1 are quite normal, a detailed
structural analysis of the piston, bushing and pin should be
carried out to examine possible distortions leading to local
distress between pin and bushing.

6.5 Piston motion analysis would demonstrate the effect of high friction at
the piston pin bushing on piston side loadings.

6.6 For early action to reduce sensitivity to skirt side loads,
consideration should be given to increasing skirt lubrication by some
or all of the following changes, in conjunction with Cooper and other
KSV operators:

Remove the bottom scraper ring

Replace the upper two scraper rings with those of the more
conventional symmetrical rail type and improve oil drainage

Remove the end caps from the piston pin bores

Review the use of an all-taper faced compression ring pack

6.7 Confirm with Gulf Oil that there is working experience with SD 40 oil
in similar medium speed engines and duties; in particular in other KSV
engines and/or engines with Chromium plated liners, tin plated pistons
etc. Talk with other operators. Examine the oil specification more
closely.

6,8 Longer term changes to piston design, perhaps consequent upon 6.4b),
could include revision of the piston ring pack to 3 compression rings,
elimination of the bottom ring groove, smaller tin plating thickness
and the introduction of some small-scale waviness in the piston skirt
surface finish.

6.9 PP&L should further monitor and plot trends in engine data generated
during routine tests, oil analyses etc. Certain key data for such
plots can be identified so that engine health trends can be closely
tracked.
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VII. ROOT CAUSE ANALYSIS

1.0 The "B" Diesel Failure

1.1 A single root cause of the "B" diesel, 7L cylinder could not be
conclusively determined from the investigation s current findings.
Basing this discussion solely on the metallurgical, oil and
operating parameter analysis that were completed to this point, we
can chart the following "most likely" failure progression for this
cyl inder.

A. Heavy use of this engine (it has the most running hours and
starts of any engine) has caused rings to be worn, tin and iron
to be transferred to the liner and end caps to work out towards
the liner wall and freeze in place.

B. .With. the,end caps scraping the wa'll, two things happen:

(1) Heat is built up in them, causing them to expand and bow
outwards increasing the pressure against the liner.

(2) The cap scrapes oil from the liner surface reducing the
lubrication locally. Metal is transferred back and forth
between the cap and liner, roughening both surfaces which
increases friction on the rings riding over this surface.

C. The liner surface becomes so hot that remaining oil vaporizes
and all lubrication is lost in the area scraped by the end cap.

D. Debris continues to be generated by all sliding surfaces (rings,
piston, caps and liner) which either cold welds to the cooler
surfaces or is collected by the rings to make a powdery abrasive'ixture which accelerates wear on all sliding parts contacted.

E. Eventually so much extra heat is generated that the cooling oil
flow through the piston pin and into the head area cannot
extract the heat fast enough to control the temperature. The
piston begins swelling by the added heat load and eventuallyfills the normal gap designed into the piston liner assembly.

F. At this time some of the parts have become red hot by the
friction and ignition of vaporized oil/air mixtures takes place
producing the crankcase explosion. Heaviest damage and
overheating is concentrated on the lower half of the piston.

G. Continued operation of the engine for some 5 minutes after the
explosion generates additional piston heating and overloading of
the piston pin. The extra load on the pin and heat conducted
inwards from the extremely hot piston outer surface causes the
ends of the pin to become slightly oxidized. In this failure,
the pin was tight, but could be rotated by hand with the
articulating rod still attached to it.
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1.2 Although it is likely that the end caps were contributing elements
to the failure process, it is impossible to say that they were the
"root cause" with any certainty. The 7R cylinder and piston were
examined at the same time as the 7L failure and appeared to be in
the early stages of a similar failure. The end caps showed heavy
scraping on one end'and light burnishing on the other. The 7R liner
showed some burnishing and slight roughening at contact points with
the end caps.

1.3 The questions that remain to be answered are:

A. Why does metal get transferred to the liner surface if it is
covered with a layer of oil?

B. What caused the end caps to migrate out and be forcibly pinned
against the liner?

C. Why are the compression and oil rings showing what appears to be
excessive wear?

D. If oil quality is questionable, why are other bearing surfaces
not experiencing degradation like the piston/liner interfaces?
(e.g., the articulating pin, the crank bearings, etc.)

2.0 The "C" Diesel Failure

2.1 While the "C" diesel 5R piston failure appears to the casual
observer to be similar in nature to the "B" 7L failure, there are
differences that point to a different source of overheating. The
following failure progression seems to fit the observations:

A. The pin increases in temperature by frictional heating. This
could be caused by loss of clearance between pin and bushing due
to improper fit-up or loss of lubrication due to collection of
debris on oil holes or bubble entrapment.

B. As heat builds up, bushing-to-pin clearances close further,
reducing lubrication, boiling oil from the surfaces and
increasing friction further.

C. Locally, temperatures of the pin reach 1200'F or more,
~ decreasing the surface hardness to a very low annealed state and

reducing the yield strength to a very low value. Because the
heating is localized, the pin shape becomes irregular (i.e., a
distorted cylinder) which helps increase localized loading on
the bushing.

D. The bushing also sees excessive temperatures, and in fact, may
reach the melting point of the eutectic Sn-Pb phase or 361'F.
Because the bushing is confined to the space between the piston
and the pin, the bushing can only expand in the longitudinal

S

~ P~ Ar





SEA-CW-037
Page 254

direction. towards the end caps. Contact of the bushing with the
end cap inside was observed by scratches and bronze transfer to
that surface. The end caps were moved outward to a point where
the outside surface of the caps were slightly scored and
overheated locally.

E. With the expansions and overheating, the bushing and piston pin
became bound together and caused abnormal movement of the piston
against the liner. The combination of frictional heat and
scraping of piston caused additional oil film loss, further
increasing frictional heat and metal scraping.

F. The heat generated cannot be totally removed by the oil flow, so
the piston starts heating up and expands radially towards the
liner.

G. As the gap between the liner and piston goes down, the friction
'etween them goes up and more heat is generated until the piston

seizes in the liner.

H. At this point, temperatures in the piston skirt are so high that
the oil vapor/air mixture ignition temperature is reached, and
the crankcase explosion occurs.

2.2 Although the initiation of the failure in this case appears to be
related to the piston pin overheating and excessive damage in the
pin/bushing area, the reason for the overheating is not obvious, so
likely causes are:

A. Inadequate lubrication.

B. Air pockets trapped in the oil passages which prevent oil flow.

C. Poor fit-up between bushing and pin.

D. Bent pin.
4

E. Overloading of pin by excessive combustion pressures.
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VIII. INSPECTIONS/TESTING FOR RELIABILITY

The diesel generators are considered Operable when they are capable of
performing their specified functions. The diesel generators are designed to
provide backup power to safety related equipment in the event of a loss of
offsite power supplies. The worst case load demand is the DBA consisting of a
LOCA in one unit and a simultaneous forced shutdown of the other unit with a
total loss of offsite power. Four diesel generators are shared by two units.
Three of four diesel generators are sufficient for the worst case of DBA.
Susquehanna SES has increased our diesel reliability by the addition of a
fifth diesel generator (E). Since the crankcase overpressurizations, the
diesel generators have been subjected to Technical Specification Testing. The
following is summary of major testing performed since the recent overpressure
events:

o 24-Hour Load Ca abilit Test - Diesels "A," "B," "C," and "D" have been
teste to 700 KW or two, ours followed by 22 hours at 4000 KW.

o LOCA/LOOP Test - Verified capability of diesels to start and energize auto
d h h q ig i . i 1

"" b«i«d
for "D."

o LOOP Test - Verified capability of diesels to start on a LOOP signal and
energ>ze buses with permanently connected loads. Diesel "E" was
substituted for "D."

o One Hour Nonthl Surveillance Test - Verified capability of diesels to load
to wi t in secon s o star ting and operate at 4000 KW for a
minimum of one hour. Administratively, the diesels are operated up to four
hours at 4000 KW with a minimum duration of two hours. The extended run
time enables bearing "self-healing" properties to occur and provides added
assurance of load carrying capability.

The above testing has been successfully completed. The tests are more
demanding on diesel generator capability than worst case DBA loading. This
demonstrates the ability of the diesel generators to perform their specified
functions. Therefore, they are considered operable per Technical
Specifications. As an added indication of the engine ability to perform as
designed, the number of hours each engine has been run has been totaled since
the crankcase overpressurizations to December 8, 1989. The moderate number of
hours which includes several start/stop cycles provides further assurance of
diesel capability. The run times are summarized below.

Diesel
Diesel
Diesel
Diesel
Diesel

Generator A
Generator B

Generator C

Generator D

Generator E

42.5 Hour s
59.1 Hours
65.9 Hours
47.1 Hours
17.8 Hours

In order to assure reliable operation in the near term, an interim inspection
has been performed on the "A," "B," "C," and "D" engines. The inspections
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identified a number of engine components that were conservatively judged to
warrant replacement. The following is a summary of piston and liner
replacements since the piston failures on the "B" and "C" engines:

INSPECTIONS

Date Re lacements

Diesel Generator B 09/23
10/26

7L/R Piston/Liner*
1R Piston/Liner

Diesel Generator C 10/22

Diesel Generator D ll/04

Diesel Generator A 12/01

*Replaced due to "B" and "C" diesel failures.

5R Piston/Liner*
6L Piston*

8R Piston

1R, 2R, 7R Piston

With the inspections of all pistons and liners and the replacement of the
above components as well as some ring assemblies and other components related
to pistons, the engines are considered reliable. Diesel Generator "E" has
significantly less hours of operation and does not require component
inspection in the near term.

In order to look at the questions of reliability from an additional and
completely independent review our Systems Engineering Group was asked to
perform the following; identify the most limiting Design Basis Accident (DBA),
define the number of diesels required and length of time the diesels would be
required to run if the DBA were to occur, determine, based on available data,
the overall performance of the diesels, and determine, based on available
data, if a high probability of success is assured should the DBA occur.

An assessment was performed to determine the trend of diesel performance, and
to determine whether there was a high likelihood of diesel success if LOOP
were to occur. Systems Engineering Group conclusion contained in PLI-62326 is
there is no increase in total plant damage frequency.

Beginning with Diesel Generator "E" in January all diesels will undergo their
18-month inspections sequentially currently planned through August of 1990.
More extensive inspections and component replacements will assure reliable
diesel generator operation until the next inspection cycle.

Several Testing methods are being pursued to test the diesels in a less severe
manner. Testing, in this manner, will still demonstrate the engine s ability-
to perform design functions. The one hour monthly test at 4000 KW has already
been administratively changed to two/four hours as previously mentioned. The
24 hour surveillance has been changed to include a warm up period prior to
testing to the 4700 KW overload capability of the engine. Both changes are
per manufacturer recommendations to reduce engine stress. Technical
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Specification changes will be proposed to further reduce excess stress and
wear on the engines. These changes in periodic testing will extend component
lifetimes for added reliable operation.

In summary, the diesel generators have successfully completed all Technical
Specification Testing. The testing proves the ability to perform design
functions. Therefore, the diesel generators are considered operable per
Technical Specifications. To assure continued reliable operation engines "A"
through "D" have been inspected and worn piston/cylinder components have been
replaced. The upcoming 18-month inspections, combined with worn component
changeout, improved periodic tests will assure reliable operation in the
future.
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IX. APPENDICES

1.0 Ongoing Evaluations

1. 1 Piston Pin Bluing By High Temperatures Generated at the Piston
Bushing Interface - A blued pin needs to be sectioned to determine
the extent of damage to the structure of the pin, particularly the
hardened surface. Structural and hardness changes of the
microstructure can give the investigator a good idea of the
temperatures reached in all areas of the pin. Relating this to
surface coloration will give us data needed to determine if the
absence of bluing is good enough reason to believe that the pin is
not heat damaged. This is necessary because we have measured the
straightness of pins that were not showing evidence of bluing and
they were found bent a few mi ls. The theory is that overheating is
causing the bending by reducing the yield stress of the pin base
metal.

1.2 Liner/Piston Inspection Techniques

1.2.1 The "FAX" replication technique has been used by C-B as a
quality control method for determining the porosity of the
chrome liner surface. It is also able to reveal if the pores
are filling up with metal and if the liner is showing any
scoring or abnormal wear patterns. We have taken replicas of
various areas of "A" diesel liners opened for a recent
inspection. These replicas have not been analyzed yet, but
will be done prior to the upcoming "E" diesel inspection in
January 1990.

1.2.2 Determination of the elemental composition of the metal
contained in the pores is important for two reasons:

(1) It may determine if and how the pores can be cleaned andif the liner can be refurbished or if it must be
replaced.

(2) It will tell us what metal is wearing away and how far
the damage has progressed.

2.0 Anticipated Changes in:

2.1 Maintenance Procedures

A review of the C-B recommended maintenance practices and PP8L's
maintenance procedures was made. A listing of the C-B requirements
and how we address them are contained in Attachment 1. A review of
the C-B requirements and our implementation of them has not shown
anything that could lead to the crankcase explosions.
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2.2 Inspection Practices

2.2.1 Criteria for visually examining liners without removing them:

(1) Borescopes from above.

(2) Visual from below.

(3) Replication technique for wear.

2.2.2 Examinations for piston head cracking.

2.2.3 Examination of injection port head region for cracking.

2.2.4 Oil sampling practices and critical parameters.

2.2.5 Debris sampling in:

(1) Oil sump.

(2) Oil filters.
2.2.6 Running parameters:

(1) Peak pressures

(2) Temperatures of oil, cooling water.

2.3 Engine Testing

2.3.1 4700 KW Rating

There was some concern about why we have engines rated for
4700 KW. Attachment 2 contains Nemo NE-1148 which concludes
the 4700 KW rating was to be consistent with Design Guide 9,
Section C. The regulatory requirement is to have the
predicted loads not exceed the smaller of the 2,000-hour
rating or 90 percent of the 30-minute rating at the operating
license state of review.

The predicted loads at that point in time were,4057 KW.
Bechtel recommended alternate C of C-B's October 15, 1973
letter to uprate the engine's overload to 4700 KW or 4230 KW

at 90 percent of the 30-minute rating).
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PAGE I OF 3

FROM:

JOB:

FILE:

Tim Wales gbQ

NUMBER: ME ()+8 COPIES TO.". Malt Rhoades

S024 ', REPLY. NO

A6-2

SUBJECT: KSV-16 Diesel Generator Rating

CQ

C)
I

laJ

In response to your request to determine our diesel generator rating for diesels
A through D, I have located the following references:

1. Telex from Parsons Peebles (N. Monnolly) to PPSL (Barry Skoras) dated
7-13-82 stated generator ratings:

4000 kW, 0.8 PF, 5000 kVA continuous
4400 kW, 0.8 PF, 5500 kVA 2 hours/24 hr
4700 kW, 0.8 PF, 5875 kVA 2000 hrs/year

2. Letter from Portec EP (L. C. Madison) to Cooper (Harris Johnson) dated
10-19-73 states that the proposed generator will be suitable for:

4000 kM continuously
4700 kW for 2000 hours
5050 kW for 200 hours
5100 kW for 120 hours

3. Letter from Cooper (R. A. Niklos) to PPSL (G. D. Miller) dated 8-15-88
states:

4000 kW continuous
4700 kW is 2000 hour overload stated on EP outline drawing D09243.
The lOX two hour overload limit is the standard DEMA overload limit,
which EP included on all generators. Their method of conveying special
overload limits was to list them on the outline drawing.

4. Vendor drawing D09243 (FF105800, Sh. 7901) states:

4000 kW continuous
4700 kW (2000 hr)

5. BT Spec 8856-M-30, Rev. 5 for procurement of the DGs, Section 5.2. 1 states:

continuous = 4000 kW

overload (2000 hours) = 4700 kW

overload (200 hours) = 4700 kW

overload (30 mins.) = 4700 kW

overload ( 10 seconds) = 4700 kW
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NUllBER: ME"
I'.

BLP-3776 dated 4-23-74 from Bechtel (John F. West, Jr.) to PP8L
(W. A. Frederick) stated:

Per Design Guide 9 Section C - Regulatory Position states, "At the
operating license stage of review the predicted loads should not exceed
the smaller of the 2000 hour rating or 90 percent of the 30 minute
rating of the set."

The BLP noted the corresponding ratings for th'e diesels now on order
are 4000 kW and 3960 kW respectively, and as such are exceeded by the
predicted load of 4057 kW. Therefore, the letter noted that the
diesels must be uprated. It recommended accepting Alternate C of
Cooper's October 15, 1973 letter which quoted an extra of $8,095 to
uprate the four diesels to 4700 kW for 2000 hours (or 4230 kW at 90K of
the 30 minute rating). This uprating would give spare capacity for
future contingencies.

The price increase covered the supply of largercoolers for the jacket
water, air and lube oil systems as well as larger exhaust silencers for
all four engines. Neither the engines nor the generators would be
changed. However, the size of the excitation system was increased for
$ 1,450 per generator in accordance with a Cooper letter dated 10-22-73.
(This 10-22-73 letter cannot be located in SRMS.)

7. Note that with a predicted load of 4057 kW, the minimum 30 minute rating
acceptable would have been 4508 kW, per Design Guide 9.

8. Letter from Cooper (H. A. Johnson) to Bechtel (R. C. Higgins) dated 10-15-73
submitted three proposals for uprating the engines. They all included a
4700 kW overload rating. The higher cost options, which were not chosen,
included even higher upratings for shorter intervals.

9. Telex from Cooper (T. W. Kearns),to Bechtel (E. B. Poser) dated 4-19-82
states the'maximum rating of the diesel generator sets is 4700 0 .

10. Reg. Guide 1.108 section C.2.a.3 requires two hours of the 24 hour diesel
test to be at the two hour rating of the diesel generator. From the items
above, it is concluded that the two hour DG rating is 4700 kW.

ll. Reg. Guide 1.108 section C.2.c.2 requires the diesel to assume load "at the
maximum practical rate" for periodic diesel testing during normal plant
operation.

Conclusion
'he

continuous rating for diesel generators A through D is 4000 kW. The
short-term rating for any time interval 2000 hours or shorter is 4700 kW.
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NUNBER: pg-)I+

Maintenance Intervals

Per Cooper's Engineering Standard SA-77, equivalent base load operating hours
are determined by multiplying actual hours by factors related to load.

1
Ha2 2

... Ha f )
1 1 2 2

'''
n

where:

He = Equivalent hours ( 12,000 maximum)

Ha = Actual hours at a particular load

log f = ~P-200
'250

P ~ 200

for 16 cylinders, P = 29.24 x kW

RPM

P = Brake Mean Effective Pressure, psi

For Susquehanna, assume that in an 18 month period a diesel will receive two 24

hours tests with 2 hours at 4700 kW

22 hours at 4000 kW

and

183 four hour tests at 4000 kW (start frequency with ~ 0.96 reliability)

and

then is required to run at 4700 kW for 31 days

Total loading: Ha1 = 748 hours at 4700 kW for 148 hours
Ha = 776 hours at 4000 kW

2

Pl = 29.24 ~4700 = 229
600

P = 29.24 ~4000 = 195
600

log f = ~229-200 ~ ) f = 4.7
10 1 1250

1

f2 = 1.0 from F'ig. 1 of SA-77

He = (748)(4.7) + (776)(1.0) = 4292 hours which is << 12,000

So our 18 month inspection interval is adequate per this standard.

tgw/mel032c(32)
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2.3.2 Remote Emergency Shutdown Switch

After the "B" engine had a crankcase explosion, the need for
a remote emergency shutdown„switch arose. After this
explosion, the engine continued to run since the explosion
did not activate any of the normal shutdown trips. The
explosion filled the room with smoke making it difficult for
the operator to exit. He called the control room to shut
down the engine. The control room only has a normal
shutdown; hence, after they initiated a shutdown, the engine
ran for its 5 minutes cool down cycle. It was decided that a

remote emergency shutdown switch was needed. Operators would
like to have this switch in the control room. A study will
be initiated to determine the best place for this switch and
circuit design considering separation and Appendix R

criteria.

3.0 QA EVALUATION OF C-B

A review of Cooper's Quality Program including NQA audits of Cooper,
Bechtel audits of Cooper, and Bechtel Shop Inspection Reports was
conducted. In addition, NQA also reviewed 'all available NCRs and RDRs,
QA Manual reviews, the February 1986 SPAR activity, PPSL Source
Inspection Reports, vendor correspondence, and an NQA-Procurement report
of major problems encountered with ESQ during 1987. This review was
conducted with special interest in the physical components and processes
in the area of the piston, liner, connecting rods, and their assembly.
This review was conducted by senior members of the NQA organization.

The complete review is contained in PLI-62439, January 3, 1990. This
review generally concludes the following:

"In summary, we feel that Energy Services Group of Cooper
Industries'ESG)

QA Program is satisfactory. Past assessments of the implementation
of their QA Program has generally demonstrated a lack of attention to
detail. However, we have seen improvement in receipt inspection results
which could indicate an improvement in QA Program implementation. This
may be a result due, in part, to increased PPSL QA involvement."

The improved receipt inspection results referred to are summarized in
Figure 3.1. The "Specific Results and Conclusions" section is currently
under review in engineering. We do intend to research, with Cooper,
specific shop records that might be available on the failure of the 4R
piston of the "C" engine during shop acceptance testing. However, our
present opinion is this event was caused by improper fit-up of the piston
pin to bushing contact surface area and was corrected when the new
piston/pin assembly was installed. This event does serve to further
highlight the importance of the pin/bushing contact area. It is one we
are desirous of assuring the best possible fit. All ("A" through "0")
pistons to piston pin assemblies will be "blue" checked during the
upcoming 18-month inspections to assure ourselves that optimal conditions
exists.
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4.0 Attachments

4.1 Chemical Analysis of Diesel Parts



Attachment 4.1
Page 1 of 2
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H E N R Y J. YEA6 E R LA'BORATOR I ES
CHEMIST AND METALLVRGIST

ROSS AND MARKETSTREETS
P'o Oo bOX 405$

LANCASTER» PA, 17004
TELEPHONEt 717<97 9514

SAND CONTROL FOUNDRY CONSULTANT

FAX g 717 S974580

TENSILE TESTING

CERTIFICATE OF ANALYSIS

Received from
Identifying Mark

Penna. Power & Light
P.O. S-06182-5 Five Samples

Lab. 0
Reported

213952

10/19/89

Sample 1

B Piston
Sample 2
C Piston

Sample 3
~BOil Rin

Sample 4
~C011 Rin

Sample 5
B Compression
~Rin

Silicon

Manganese

Phosphorus

1.57

.989

1. 66

.960

1.81

.621

1.79

.630

2.51

.621

Graph. Carbon

Comb. Carbon

Total Carbon

Chromium

3.22

.079

3.18
r

.162

3.42

.320

3.47

.334

3.39

.101

Nickel

Molybdenum

Copper

Magnesium

.154

.035

;151

.422

.125

.145

. 054

.368

.062

.098

.357

.064

.082

.030

.068

Iron 93.65 93.18 92.88 92.79 92.72

Very trulyyours,

HENRY J. YEAGER LABORATORIES

Per »oooo» oooo oooo»»»oooo ooo'ooooooooooooooooo ~ »»oooo»»oooo oo

CHIEF METALL GIST
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d d d 'aaaNI 0000

HEN RY J. YEAGER LABORATORIES
CHEMIST AND METALLURGIST

ROSS AND MARKETSTREETS
P'I oa BoX 4odS

LANCASTKRa PAI i7do4
TKLKPKONKE717.SQ7 9d$ 4

SHAD C~~NTROL FOUNDRY CONSULTANT

FAX g 7$ 7 5174580

TENSILE TESTING

CERTIFICATE OF ANALYSIS

Received from
Identifying Mark

Penna. Power & Light
'.O. S-06183-5 Two Samples

Sample 6
~BEnd Ca

Sample 7

~CEnd Ca

Lab ¹ 213953
Reported lp/19/89

SQicon

Manganese

Phosphorus

2.23

.419

1. 86

.874

Sulfur

Graph. Carbon

Comb. Carbon

Total Carbon

Chromium

Nickel

Molybdenum

Copper

Magnesium

3.28

p

.051

.012

.143

~3. 19

.083

.141

.053

~ 158

Iron 93.20 93.48

Very trulyyours,

HENRY J. YEAGER LABORATORIES

Per 00000 ~ IHIII/ttN000NII~ 0000000000000 IIHI~ 0000000000HI ~ 000 ~

Stewaxt M. BeverIe
CHIEF METALLORGIST~
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4.2 Oil Analysis for All SSES Diesels
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4.2.1 June Oil Test Reports for "A," "8," "C," "D," and "E" Diesels



~ *



Hr. ~ C. 'E. u/c AC
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o Sp Lid
7-/

"N. 3 3 1989 Date
OIL TEST REPORT

Sus e. ~ ..<.5. = STATION .
47NoP Carr. Cur Wv3

Station Sam le Number

Date Taken

Date Received

e of Oil
e of E ui ment.

Su lier

f./aa 4 S -ran/f
4 /o-SV
b-PL-$$

5 pea
OIJ 40

E 0 -n Ht)8~Br
a~IF 0,t

Co.

-/43oo 5'- /2Zoa- /g 3o

4 D6-' E Dc - D. Eclat - E

( Viscosit at 100'F. S.S.U.

Viscosit at 210'F. S.S.U.

I Flash 4F. PMCC

Fire F.

9/o +Pa oO

i Acidit . KOH/GM

i Moisture 'K Des f.
Sediment, X

Steam Emulsion Number

Viscosit Index
~ Carbon Residue T

i Ash in Oil
Pour 'F ~

Interfacial Tension d nes/cm.

Color
Oxidation Inhibitor Content

Rota Bomb Oxidation Test Min.

/ Pentane Insoluble X

Benzene Soluble

/ go c

Oe

AO

aoc
n //~c/

0

o. 7C

0 0

0-

D. VC o.43 o. 9'3

-od o.o3

~ O

0 OO

J'c'c
~//cc.4~c~

Meets Manufacturer's S ecs.

Suitable for Further Use

See Conxnents Belov

Recoamendations:

giJC/„g). Qnuclec/be<peC
CoFf to- p ~ /-I//anfI J, /M. Hctfiuocn

~g. /L/yg Vi



l I
~ I

~ a

~ ~

~ i

e ~

~ I ~
~

~ ~ I

-. 5%RSR%5%555RRR

WHKPTS~HM»%

I

I ~ t
4



Lab
Sample
Number

'i bLoR

Station
Sample
Number

Date
Taken

g 0/Z

Date
Received

g/zch

Type of
E ui ment

Egg I I

PLP Comments

( ~7(

C7 CD%

60

0 /ofa I

DG'
7. I

OiL

PLP = % Large Particles = —X 100
L-S
L+S

'iVPC = Wear Particle Conc. = ~L+ Sm
Sample Size Chem Lah

M CttI
ot

ICII I
C)

Iaaf W
I'V CD
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4.2.2 July Oil Test Reports for "A," "B," "C," "D " and "E" Diesels
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~
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I
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QgP g Q> Adv

7 Lo / Lu

<>4 14 1989

OIL TEST REPORT
So ho u a 5:C. 'TATION

Station Sam le Number

Date Taken

Date Received

e of Oil

e of E ui ment

Su lier

SV /a
7 /7-

20
J «gee
D« 0

Vlf Or/ M

I//~-~r z 8's 2/4

5'Zs - C

pr-/Sa/ V ./S Z~i

Viscosit at 100'F. S.S.U.

Viscosit et 210'F. S.S.U.

I Plash 'F. l'a c.c,

Pire 'F.
/. Acidit . KOH/CM

/ Moisture X Di /
Sediment, X

Steam Emulsion Number

Viscosi Index

i Carbon Residue

c Ash in Oil
Pour 'F.
Interfacial Tension d nes/cm.

Color
Oxidation Inhibitor Content X

Rota Bomb Oxidation Test Min.
"" / Pentane Insoluble 'I.

Benzene Soluble 7.'

/-~o

/ncaa~/r

~ 0

/r /5

O. Fd

Sca 4P

ACC

a. OO

'7/4

O.

O. OO

./7

B.Oo

j
t'ai

Meets Manufacturer's S ecs.

Suitable for Further Use

See Conments Below

Recomnendations:

P. A i cd~a DiG~~le~ h~upcc.
Copy to: f

J. W. //c tli~c ce



Lab
Sample
Number

Station
Sample
Number

Date
Taken

Date
Received

Type of
E ui ment WPC PLP Comments

5<a V - ~lS

4LoR

37co C - $72 )l~(
h.s .0

. S.7

PLP = % Large Particles = —X 100
L-S
L+S

U C/l
Pl

SCI
Stl In
C) IWO

V

WPC = Wear Particle Conc. = ~L+ Sm
Sample Size Chem Lab
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4.2.3 August Oil Test Reports for "A," "8," "C," "D," and "E" Diesels
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M.. e.s A

~ t

g g~g 330

'"ttLo b t.o 't

!.A -.JP
c..

Da
OII. TEST REPORT
Su E= 4 IEE C EC . STATION

3 I Lo 3P

Station Sam le Number

Date Taken

Da te Rece ived

e of Oil
e of E ui ment

Su lier

t Viscosit at 100'F. S.S.U.

Viscosit at 210'F. S.S.U.

. l7'I'f'I

f-itE,- 1
J'vpc a
v1~ 4o

t.--/lG. A

GEI I
Qrl co

f9.i ~sf f't-izsq f't.lv ts

~gggg~ «,)G.c. COG - D

7 5 777

tE't.(a Ito

EbC-C

/ 3

E Flash 'F. P)CC

Fire, 'F.
s Acidit .' r KOH/GM

~ Moisture 'K Dis I.

Sediment, X

Steam Emulsion Number

Viscosi Index

E Carbon Residue X

rAsh in Oil X

Pour F.
Interfacial Tension d nes/cm.

Color
Oxidation Inhibitor Content T,

Rota Bomb Oxidation Test: Min.

zPentane Insoluble 7.

Benrene Soluble I.

D.s,'3

.22
d. ZP

7 0

J. DO

Tr.te

o. JD

~ 0

gC

/. og
o. 0

D-

Q.5P '

* /

XCC f

Meets Manufacturer's S ecs.

Suitable for Further Use

See CottnEents Belch

RecottnEendationst

P /~~de< J Ex oCgJ
E'oPFto' - p J IEt f/ EE7(

~J kor.k "
~pp l/s



4 4+/A



~ ~ t ~ ~



FERl<UGRAl'HY

$4$ We S.E.S.

Lab
Sample
Number

Station
Sample
Number

Date
Talc en

Date
Received

Type of
E ui ment WPC PLP Comments

9) LoR ttr 7I7

RZbLDE9

'E5 toR

972(.AS 29- ttO0

rl~h
R I /E 'R /l/8

R' ltd V/I(lt

30.'g A-

>go c

9.

PLP = 96 Large Particles = —X l00
L+S

WPC = Wear Particle Conc. = ~t. r Srn
Sample Size Chem Lab

U tA
css CII

CD I
Cl

OO I
Vl D



SEA-CW-037
Page 286

4.2.4 September Oil Test Reports for "A," "B," "C," "D," and "E" Diesels
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C.E.

2 Zn 5'3oZ

4p.Dc/ vU
O'- DF-

g5'ate

OIL TEST REPORT
QCI 5. Cr STATION

Zo '

Station Sam le Number

Date Taken

Date Received

e of Oil
e of E ui ment

Su lier

// R'-3 //4

Jc Pgw
o VO

E06 - A! %8M84
!o u/F'i/

GJ

P,.dd it . Zd /g

Viscos it at 100'F. S.S .U.

Viscosit at 210'F. S.S.U.

Flash 'F. cc
Fire 'F.
Xcidit .. KOH/GM

..r,,!oisture X D. g

'ediment, X

Steam Emulsion Number

Viscosit Index

Carbon Residue /.

ash in Oil
7.'.our

4F.

Interfacial Tension d es/cm.

Color
Oxidation Inhibitor Content

Rota Bomb Oxidation Test Min.

Pentane Insoluble X

Bentene Soluble

FcAA!o o+a

VQWce Wit~c

$
6'FArl/e6ur

oo

d. I
«Jp+% C.

0 ~ '0

P <Ace.

Meets Manufacturer's S ecs.

Suitable for Further Use

See Coexaents Below

Recoaaaendations:

P.+eadem j)./~~cad c~g em
Copy to. E.v 7. gw c i>I

~//i/o~/, 3 P j'w~s
Chem. Lab; A. W. Snyde
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FER'+GRAPHY

gl, S.E.S.

Lab
Sample
Number

Station
Sample
Number

Date
Talc en

Date
Received

Type of
E ui ment hVPC PLP Comments

Lo R -30

3ou4 W - O f, / a V/iS/C

K""L P.3 30.

Og y

3 Lotf -)0 a A a 96$ /E 3.f

9QLoR . E . o RO

PLP = % Large Particles = —X I00L-5
L+5

WPC = Wear Particle Conc. = ~L+ Sm
Sample Size Chem Lab
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4.2.5 Oil Testing Report Comparing "New" Oil and "Used" Oil - "A" Diesel
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.DEC i 8 '9 i 0: 54 PPD CMEM LAB PO2~ eV

Hr.
Data

OIL TEST RESRT
STh OS

Station S le }hmbar

Date Taken

te Received

e of Oil

~ of B ui ment

Su lier

/P e

i 4eS I IfsJ4
Cia

useo

< Viacoeit at 100'F. S..U.
Viecoei at 210~F. S.S.U.

g Plaah 'P.

,

' Pire 'P.

I heidi
oiature

(, S ed iment X 5'0

Steam Emul cion 8umbar

viecoai ex

Carbon Reeidua

hah. in Oil

~ OO

o.S

~ Oo

.49
I 00

~tc
OO

Interfacial Tane on d a cm.

Color
Oxidation nhibitor Content

Rota Bomb Oxidation Teat Kin,
Pentane Inaolubla

Benaene So ubia

Heeta Manufacturer'a S ca.

uitable for Purthar Usa

See Cocmenta Balor

Rec~ndatkona t



a" p qv"~wry

r-

A- * N
1

1



~
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o
SampIe
Number

Statics
Sample
Number

Date
Received

Type of
E ment

n(Sar

FERROGRhPHY

S'

%PC PLP

(sz 9v.s

I z

lO
tA
~I
C)

PLP ~ %Large Pertaclea - L
—

5 X 100

%PC = Wear Pwtlck Conc. = L + Sm
Samp Sze
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4.3 Fuel Oil Test Report
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Mr.

Fuel Oil Test Reporr.

/ o-SP

Date

Station

Combustion Turbine Sites
Station Sam le Number

Da te Taken

Date Received
T ne of Fuel
Su olier
Refiner

S ecific Gravit at 60'F.
De . A.P.I. at 60'F.
Water 7. b Volume
Sediment '/ b Volume V

~ oo

Distillation F.
10%

50/
90%

Cetane Number Calculated
Conradson Carbon Residue in 10% Bottoms %

Ash in Oil
Pour 'F.
Color. A.S.T.M.
Viscosit at 1004F. S.S.U.
Sulfur 7,

Flash 'F.
Heatin Value BTU/Gal.
Man anese m

a-op

8tv
CI

Meets Refiners S ecifications
See Comments Below

Comments:

Copy to:
Pin AaA/7S SS'eS

Chem. Lab.
M PS

A. W. Snyder
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4.4 DiscUssion of Findings From "D" Diesel Inspection
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Figure D-1 (a) Non-thrust side of 8R piston showing wear
between No. 1 and No. 2 compression rings. (b) tread view
of Sti. piston.
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Figure D-l. (c) Thrust (south) side of 8R piston showing
no deposits on head. (d) East (generator end) of GR piston-
note complete removal of tin coating on left side.
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Figure D-l. (e) Non-thrust (north) side of 8R piston
showing removal of tin and scoring of piston surface.
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0000 cts Q926A Partfclo,"A" in Photo 0005

TI AL
cadiz

0.0

ae uSS

2.0 8.0 10.04.0 6.0
ZlTERCY (REV)

b

Figure D-2. (a) Caked deposits from the top compression
ring of the 8R cylinder. (b) EDS analysis of deposits
from area "A."



SEA-CW-037
Page 302

3000 cts Q926A Earticla "B" in Photo 0005
CA

0.0 2.0 4.0 6.0
E'HERGY (KEV)

8.0 10.0

Figure D-2c. EDS analysis from area "B" of Figure D-2A.
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Figure D-3. (a) Debris from behind the Ho. 2 compression

ring. (b) EDS of debris (area "Y") showing presence of P,

S, Ca, and Zn.
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4000 cts Q926h hraa I fn Photo 0002
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TI
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8.0 10. 0

Figure D-3C. EDS of debris (area "X") in Figure D- a

showing the presence of K, Si, Fe, Ti, S, Al and Ng.
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Figure D-4. (a) Debris from the lower oil ring of the
"D" diesel SR cylinder. (b) EDS analysis showing the
elemental content of the debris in (a).
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2500 cts Q926A Area X in Photo 0001
P
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b

8.0 10. 0

Figure D-5. (a) Oi l deposits from the top compression ring
of the "D" diesel SR piston. (b) EDS analysis of particle " "

in picture (a) showing the presence of S, Ca, P and Zn.
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10000 cts Q926A Azaa X An Photo 0001
P CA
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FigUre D 5. (c) EDS elemental content of area. Y ln (a)

showing the presence of Zn, Ca and S. (d) EDS'lemental

content of area "Z" in (a) showing the presence of Ca, S,

P and Zn.
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4.5 Discussion of Finding From "A" Diesel Inspection
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The "A" D/G was inspected during the middle of November 1989. Three
cylinders were found to contain unacceptable levels of smeared tin on
the liner. These were 1R, 2R, and 7R cylinders. Also, another piston,
3R, was pulled from a cylinder whose liner showed no signs of tin
smearing.

The three pistons from the "tinned" liners showed areas of high buildup
of debris on the non-thrust side. The entire taper on all the
compression rings for the three pistons was worn completely.
Figures A-la, b and c show the debris buildup on the non-thrust side of
the three pistons.

The 3R piston, although from a cylinder with no indications of
"tinning," showed almost the same conditions as the other three
pistons. The top two compressions ring tapers were extensively worn,
100 percent and 60 percent, respectively. The non-thrust side of the
top of,the'iston contained large amounts of the debris seen on the
other pistons. The contents of this debris is the same as those
analyzed for the "D" D/G 8R piston - unburned lube oil deposits. In
addition, the second (middle) oil ring had a piece broken off. It was
assumed that the piece became lodged between the piston and the liner.
The liner showed no indication of any scratching or scoring. The tin
on the non-thrust side of the piston contained long scratches between
the second and bottom oil rings. Refer to Figure A-2 for the photo of
the non-thrust side of the piston. Figure A-3 is a photo showing the
deposits and scrape marks on those deposits on the non-thrust side of
the 3R piston.

The pins from the 1R and 7R pistons were found to have areas of
"bluing," indicating overheating. The pins were tested for hardness.
The areas of overheating were softer, 20-25 Rc, than the remainder of
the. pin, 50 Rc. The 1R pin was bent .002" between the bolt holes and
.004" across the length 180'rom the bolt holes. The pins were
analyzed on a Texas Nuclear Alloy Analyzer with the results of
SAE 85046 material. Photos of the discoloration on the 1R piston pin
can be seen in Figure A-4.

The compression rings of the 1R, 2R, 3R, and 7R pistons were
dimensionally checked. All were within the proper tolerances
considering the amount of wear. Attachment 7 in Chapter VI contains a
listing of these dimensions.

When Maintenance removed the heads from the 8R and 3R cylinders, they
discovered damaged gaskets. The gaskets, shown in photos on Figures 5a
and b, had disintegrated to a point where just the metal portion of the
gasket remained; no binder was left. Cooper has substituted new
gaskets that no longer deteriorate.
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Figure A-1. Closeup photos of debris on the non-thrust side of
pistons 1R. 2R and 7R (a, b and c, respectively).
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Figure A-1. Continued.
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Figure A-2. Photo of the longitudinal scratches on the non-thrust
side of the 3R piston - probably caused by the piece broken off the
middle oil ring.
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Figure A-3. Closeup photo of debris on the non-thrust side of
3R piston.
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Figure A-4. Piston pin from the 1R piston. The largest amount of
discoloration is along each of the axes 90'o either side of the
bottom of the pin.
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Figure A-5. Photos of deteriorated head gaskets found after
removing head on cylinder 3R. All the binder in the gasket
had di s integr a ted leaving the metal 'windings.
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4.6 Deposit Analysis from SR Piston - "D" Diesel
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The attached deposit analysis was obtained from the side of the top of
the "8" diesel 7L piston head after the failure. The elemental
composition shows that the solids contain Zn, Ca, Ng, Sn, P, S and Fe
as the major constituents. From EDS measurements made from various
deposits taken from the failed components and displayed in various
sections of this report, it is noted that other elements were found
occasionally. These include Ti, Si, Al, Pb, Mn, Ni and Cu.

Si and Nn are elements found in cast iron in high enough proportions
that these could show up in wear debris anywhere in the engine. Pb is
in Pb-Sn solders used occasionally to repair holes in castings per C-8
specifications, so that may be the source of this element. Cu is found
in the bronze bushing around the pin, so this element may be from wear
of this part.

Ni and Al are elements whose origin we cannot rationalize at this time.



r1QTAR3(:"~1,33"'3' Z3" AN: AH3U~".:

-ci f ~3
nc>i,-
WBxf t'ir t

a
tc,C-VB

, Z)lNUH3 T O'Z:iQA '6
u3I'FG GNA G3ZA3'r:33G

0"'lO I'r1'~ Jc. 0 t 7.-.
T IZQSDG 3r' Z Z f IONA

TUUR& f a eQ~ 3 ~ ZA'A
3H 3I -N "0"l
NAl G3NRUT T?ZG93G

YI38 >l3T".4 'rlQ '0.) Ni
33ANRUR 3HT V,, G33AJ"-.

.GOO+ TA

TJUZ38 GD
06". ~%-
PC ~ 0'-

<~t.G

~ [glJ
31U'r:c

00m) ~-

0< aO
KO.O
t''3. 0

OA.K

ee.e
tr;.0

:O.O
r,.z

tO'. 0
~.0 ~ }

~e.e
e~.c

ec.pv

:-l*l'VCS<- ti0?l~ C3 J33303 ZAW TiZO'~:-G 3<T

'«0 3'u.""" GNE 3G CT ?'r'™0'~A '"i"0'~=G "H.
~ .:-'3A~ ~ ~:-V'7 I GA "..: CNA J 0 G3N'1<J'kNU

t ~

l~
~ I

g4
~ 'I

\ ~
~ I

~ 0
A

ZTN:-Ha''



Attachment 4 6
SEA-CW-037
Page 318

LAB NUMBER
DATE RECEIVED
DATE TAKEN
LOCATXON
ORIGINATOR ID
SAMPLE DESCRIP

LEGEND FOR CD
ND = NQT DETECTED
NR = NOT RUN

LESS THAN

DEPOSIT ANALYSIS

SUSQUEHANNA SES DIESEL GENERATOR

80476-
0'1/17/89

11/14/89
~ ~ D/G PgH jl41$0

89-031 M

BLACK SOFT CHUNI<S,
DEGREASED AND DRIED
AT 1e3C PRIOR TO
ANALYSIS. THE DEPOSIT
WAS SLIGHTLY, ABOUT
10/, MAGNETXC. THE
DEPOSIT TURNED TAN
IN COLOR AFTER BEING
PLACED XN THE FURNACE
AT 900C

ANALYTICAL PROCEDURE UNXTS CD. RESULT
2327 IGN CHG 8 450C / -72.'0
2328 IGN CHG 450-9GOC / -10 34
2329 ACID INSOLUBLE / 0.10

2304
2305
2306
2398
2307
2306
".391
2311
2309
2382
2303
2315
231e
2312
231 8
2317
2743

FE203
CUO .

NIO
ZNO
MN02
CAO
MGO

AL203
CR203
NA20
I< 20
SNO
PBQ
V205
SULFATE AS S03
PHOSPHATE, P205
TOTAL FOUND

X
X
5/

//
0/
/II

////
0/

/
X/
x

0. 75
0.03
0.01
4.76
0.02
3.40
2.34
0.02
0 01
0.05
0.03

( '7 0
0.01
0.2
0.84
3.99
99.28

DEPOSIT COMMENTS THE DEPOSIT 4IAS COLLECTED FROM ABOVE THE
TOP 'RING OF THE ' 'IESEL GENERATOR.
THE DEPOSIT APPEARS TO BE INDICATIVE OF
UNBURNED OIL AND ITS ADDITIVE PACKAGE.
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