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california Edison's failure analysis report
tachment 1, examination of the broken dowel bolt
lectrorn Microscope has revealed that it contained
large and long sulphide inclusions. The analys.s
broken dowel bolt was a unique failure due to
AS .

the engine manufacturer's (EMD's) evaluation
n the past success of the camshaft dowel
expected nature of resuvlphurized steel, it is
the reported material defect would not have
‘ failure under normal engine service A
which exists in Unit #3B due to the 5th
near gear train vibration, is necessatl;
which contains the previously
Note that the dowel bolt failures
bank camshaft; they were all found on
1 18 wheve tlie 5th order vibration
the reported bo't condition and a
jear force must co-exist to cause the subject

1 &

el bolt failure is not a generic
nofre diesel generators because
ain vibration.

rates that
nlted to the

induced

oW

dowel bolts on the San Onofre diesel
harmonic vibration problem. All
! be replaced.
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ivegear end

Systems re ' notification, upon
Unit #3 ¢ | engine that one |
locatin studs (EMD #8034672) was
sther studs found cracked.

-
.
«©

amshaft flange v'iich contains the studs is located at

of “.e left bank camshaft.

tion by Southern California Edison reveals that the
were caused by fatigue loading. It was also found

he bolt material contained a concentration of sulfur
s whick mav have reduced the bolt's mechanical

' e

es nspection of the rig bank camshaft studs

no evidence of cracking.

nary evaluation of the SCE report (attached) by EMD

ied the belief that the cracks were the result of

narmonic
on 5/10/8

contrary

e

T8

:

torsional vibration (previously reported by
€) translated to the left bank camshaft.
tn the conclusion of the SCE report.

been marufactured using thr ame mechanical
without any known fatigue cracking

: weé belisve that this failure 1s
E ~ San Onofre diesel generator units and
e S5th harmonic¢ preoblem wnich 1s currently

-
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From: BILL STRUM at ROOFJ 10/3/91 6:07PM (7787 bytes: 147 1n)

RRY KUNZ at AWS2

Y at NEOLA, MOSTAFA MOSTARA, BILL STRCM HOWARD SCHUTTER at AWS
HIRS at. AWSS

~t: 36003 JCO - final vorsion for NCR disposition

CHONG CHIU, BR1AJ{ KATZ, ROBERT PLAPPERT at AWS, MIKE SHORT at AWS,
CH
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JUSTIFICATION FOR CONTINUTD OPERATICON FOR 3GOQJ

TDENTIVIED DEFICIENCIES

g an inspection of 3GOO3 cam shuftt, one of the four cam shaft
hl‘

* broken (. d the other three bolts wvere
crackud. The cam shaft tlange that contains degraded dowel
is lo&dted at the drive yeur end of the left camshaft,

AND FVIDENCE

a result of the identified deficiencies, the following facts and
widerce were collaected:

The total run time for the dwgracded dowel bolts is about 164.5 hours
since thuir original inrtallation The total rumber of staris
ha degraded dowel bolts have @ ienced is Approximatsly 95.

The material of all the degraded dowel bolts is AISI 1144
TR (high temperatuve drawn) steel which is manganese
carbon steal.

Thera are no other deficiencies identified in 3GO03. All the
bearing cap bolts avr: tight (pre'cad greater than 28 ft-1btf with a
original 32 ft-1ibf preload). All the anchor olts on the “pork chop"
bracket (provides support between che camsh. 't and drive jear) ar:
tight. No cracks vere found orn the dowel belts in a flange next to
the flunge vontainin, degraded bolts

Based on past operating experierce, hoth 2G003 and 36003 (not

2GO02 and 3G002) have experienced several "pork chop" bracket
failures Tha cause of the faiiluves vas dlagnosed by the Diesel
enerator vendor to »e S5th order tcorsional harmonics which only exist
in the 20 cylinder angine. The brackets in all four diesel
genzrators were improved in 1988 and 1989%. The improved

brackets have nit failed since the modification,

e SEk harmondo torsional vi
with appropriaty design modift
. ’ 3

g Ye

A

refuel. ng outage (¥

bration problea will be corrected
cations for 3GCO3 1 e
TUaAry, 1992).

1
-
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The flange bolts in the flangs near the gear on the right hand
il an shaft (n-taea that the flange that contains broken and
crachked bolts is un tha left hand s'de cam shaft) were

e ined by dya penetrant, No cracks were detected,
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EGRADED BOLTS
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e cracked
The resul

fatigue crack followed by
20% of the total
1n1.¢ striaticn marks that are
fracture. 508 of the fracture
vered by a fatigue relatec failure, consisting of
sulfide rtringers in the longitudenal direction
tatigue in the transveyse direction. This fact
Lhat the bolt materia)l was severely degraded with a high
sulfur stringers, whith in turn had reduced the transverse

cal properties. The remaining 30% of the fraciure surface was
‘1‘e ovelrload.

The failure mode of the three cracked bolts was pure fatigue. When
tne tolts were removed, the break-away torque had been reduced from a
nominad 32 fi-lbs to 12 ft-1lbs on the two bolts which exhibited
gsubstantial fatiguy cracks. The third bolt had a fatigue crack about
$«10% tihirough the diameter, and had a break-away; torque of 30 ft-lbs.
The number nf heach narks (which indicate huw many interruptions -f
spectrum loading occurred) on the fracture surface wera counted.

There ave 20 to 25 beasch marks, indicating that there have baen 20 to
25 st of spectr'i. loading after crack initiatioen,

AISI 1144 dowve) bolts have been used in the EMD diesel generators
since 1939 wit'i a very good track record. Moreover, in tho pist,

tLe e heve bern several bracket failures, and nene of the dowel bolts
fractured., 'I'is fact indicates this broken bolt is a unigue failure.
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llected above, the mest likely fallure
low

>0
18 stated e

of the flange bolts installed in 1989 contained a high
nsity of large, lon¢ sulfide inclusions. This is mainly a result of
nadeguate mixing of the molten steel during the fabrication
‘ocess. This results in an anisotropic material condition which
roduces substancial decreases in transversa mechanical properties,
ich as ductility, fatique life, and fracture toughnesg. The cracked
lange bolts also contained sulfide inclusions to a lesser extent.
The problem bolt

pe

fatigue fractured as a result of vibration

- e
ormally encountered by the cam shaft gear. EMD (DG vendor)
elieves that the level of vibration is very low because the

bearing is very rigid and it reduces tha gear
v;.:a*‘;n to a very low maqni:ude at the location of th
preoklem flange. EMD also believes that the AISI 1144
bolts are adeqguate for their application

dowel

Jrnce the problem b ‘t

-

o ac yd, the flange co
0 longer symmetric ul

ng in a larger

‘

vipratil

™~ thrvyrpe




of the failure is inadequate material of the
many large sullur stringers that tend to produce
es in fatigue life and fracture toughness.

ORRECTIVE ACTIONS

contain small and low density of sulfur
ctions taken are stated below:

5

1144 bolts were ordered.

wo bolts were taken from the same shipment. Metallographic analysis
“:.r*ei that the material contains small uniforuly distributed
fur stringers and an absence of large, long sulphur inclusions.

New bolts from the same shipment were installed.

After installing the new bolts, DG 3GO03 was run for cne hour,
Torque checks cenfirmed there was no loss of preload.

OPERABILITY ASSESSMENT

The above stated corrective actions will eliminate recurrence of
the .dentified failure.

recver, the past operation experience has shown that in many past
acket fracture events, these AISI 1144 bolts sustained the high

ibration (much higher than that with an intact new design bracket)
ux:hout fatigue or overload fracture. This fact suggeats that AISI

1144 material (if fabricated properly) is adequate as dowel bolt
material.
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tLEC TP O MmOtV E DIYIsIiODON GINMER AL MmMOTOY CORRPORA!'ION

P.L No B2
CAMSHAFTS AND CAMSHAFT COUNTERWLIGHTS
Camshalt Asseimbly
20045 Logines
PLATE B2E4
Ref Part Qty
No. Number Reg Desciiption AT .. L it
| Al < | < | 2064584 85 E7.89 :
|| 8] « | 2064SE4BETBEIC.E9BEIOD | Lt Hhard Rotation
|| | 204645E4 848 ,ES E7,E7B.EC - Right Hand Rotation
|
| 8361017 | 2| < | - | CAMSHAFT ASM. .. Right and left banks
| 8433603 | - | 2| - | CAMSHAFT ASM. .. Right and left banks
| 9319336 | | 2] CAMSHAFT ASM. .. Right and left banks - Replaces 8374312
T 8361012 211 = SEGMENT .. Camshaft ' Accessory drive end - Right bank
7 8433618 | - | 2] 2 SEGMENT .. Camshaft Camshaft drive end - Left bank
3 8361013 | 2 . SEGMENT .. Camshaft ‘ Accessory drive end - Left bank
3 8433602 | -] 2] 2 SEGMENT .. Camshaft Camshaft dnve end - Right bank
4 8028482 | 4| 4| - STUBSHAFT .. Both ends
S 8241972 | - | - | 2 STUBSHAFT .. Accessory drive end - Left bank
Camshaft drive end - Right bank
6 8253382 2 STUBSHAFT .. Accessory drive end - Right bank
Camshaft drive end - Left bank
7 8028637 | 2 21 - SPACER .. Segment
7 8374313 | - 2 SPACER .. Segment
8 sog%?; 8! 8 ting 3/8-24 x 2.3/8
3 (2412424 .. degmen ~ -
10 H035550 |64 |64 |64 WASHER .. Special ovt 4
11 8032717 |64 |64 |64 NUT .. Lock 3/8-24 hex. TMeroe®
Left Bark
Camshaft Driv: Accessory Dri
Ena Ref. No. | End
Right Bank Ref. No. |

All Left Hand Rotating 20 Cylinder Engines

7 B2
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ELECTRO-MOTIVE

Lo Grange. Ninois 8¢

L& . In 4 %R N.G4t . ar
spection of Unit 3B, 20-64%5 engine 30}
3

yvered that the four camghaft dowel bolte
rear stubshaft to the left rear camshaft
One of the four dowel bolte was found
three were found eracked According to

ana.iyels report, examination o¢f the broken
Scanning EBlectron Mlcroscope hag revealed

3 high density of large and long sulphide
report further states that material defect

y caure of the broken dowel bolt and that
n the remalning three bolts subsequent t

Lo

lte are made from AISI 1144 steel Theoe
ed in commercial engines which have
perating houre than nuclear engines
hen applied properly, thie camshaft
roven to be highly reliable roper
28 6Pacing the two nutse and waeshers
on both ends of the dowel bolt to {nsure
sher doeg not advauce onte the dowel bolt
shaped washer to avoid
Taking these precaution
to maintain the prope
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