UNITED STATES
NUCLEAR REGULATORY CO 41 SSI ON
OFFI CE OF NUCLEAR REACTOR REGULATI ON
WASH NGTON, D.C. 20555

Decener 12, 1989

NRC INFORMAIION NOTICE NO. 8944: FAILURE OF INGERSOLL RAND AIR START MOTORS
AS A RESULT OF PINION GEAR ASSEMBLY
FITTING PROBLEMS

Addr essees:

Al holders of operating licenses or construction permits for nuclear power
reactors.

Pur pose:

This information notice i sintended to alert addressees to the potential ld
functioning of Ingersoll Rard air start notors caused by the inadequate fitting
of the pinion gear, the pinior: gear retainer and the rotor shaft. It I Sex
pected that recipients will reviewthe Inforntion for applicability to their
facilities and cons~der actions, as appropriate, to avoid simlar problens.
However, suggestions contained inthis Information notice do not constitute

NRC requirements; therefore, no specific action or witten response I srequired.

Description of G rcunstances:

On February 1, 1989, during the performance of a surveillance test at Diablo
Canyon Unit 1, the number one emrgency diesel generator failed to start.

Each diesel generator at this plant isstarted by four Ingersol-Rand air

start motors, two of which are controlled by the primary dc power source

and the other two by the baciwp dc power source. In :ccordance with the

norm test procedure, the backup dc power source was disabled during the
test. After repeated tests showed that the diesel generator could not be
started with the primary dc power source but could be started with the backup
dc power source, the two primary start motors were disassemled for inspection.
Both motors were found to have broken pinion gear retainers that allowed the
start motor rotor shaft to turn without driving the pinion gear (see Figure 1).
| naddition, both motori had broken and bent retainer bolts and cracks inthe
rotor shafts.

During normal operation, the diesel generators are startec using both dc power
sources, and i nan emrgency the number one dietal generator would have been
started by the still functional backup start motors. However, many related
problenms were found on other air start motors as a consequence of this event.
The Diablo Canyon site has a total of 20 air start motors, four on each of
its five emrgency diesel generators. All of the motors were dtsassefed and
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msPected, and a total of 10 were found to have cracks i ntheir rotor shafts.
Aarof motors had pinion ?ears or pinion gear retainers and retainer ho'tlng
that were loose. Al of the motors with cracked shafts had well-devel oped
wear patterns on the retainers and on the tangs at the ends of the rotor
shafts that engage slots i nthe ret~ainers, indicating that the oinion gears
had been loose for along time. | ntwo cases, the retainer bolts had backed
oHtfunnl the retainer was on the point of beconing disengaged fromthe rotor
shaft tang.

Di scussi on:

Wen a diesel generator receives astart signal, solenoid valves open to admt
air pressure (normelly 150 psi) to the air motor rotor, which turps the shaft
and pinion gear i nquestion. This pinion gear meshes with and turns a larger
drive ﬂear that provides torque through aclutch to aBendix drive. The rota
tion through the Bendix drive forces a second pinion gear to enga(‘;e the ring
gear on the diesel engine flywheel, causing the diesel” engine to turn. The
pinion gear retainers, which were broken during this event, consist of a disk
bolted to the end of the rotor shaft (Figure 1%. The retainer has a transverse
slot that engages both a ilat..sided tang on the end of the shaft and lugs on the
BI nion gear. Thus, the shaft cannot turn relative to the pinion gear without
reaking the retainer. However, this retainer i snot desut;ned to transmt the
min torque fromthe drive shaft to the pinion gear. The forque i sintended to
be transmtted directly fromthe shaft to the prnion by means of apress fit
between the tapered shaft and the matching tapered pinion bore. The retainer

I sonly designed to maintain the press fit by keeping a clamping force on the
outside end of the pinion.

The basic rause of the air start motor problens at Diablo Canyon was loss of the
pinion gear to shaft press fit as aresult of an inadequate fitting of the shaft,
pi nion ?ear, retainer, 4nd bolting. This loss allowed the pinion gear to slip on
the shaft, forcing the retainer to transnit the full torque of the motor. This
situation caused abnormal wear of the retainer and of the tang on the end of the
shaft, cracking and deformation of the tang, and the [ooseni n? and backing out

of the retainer bolts. Eventually two retainers for the starf motors on diesel
generator 1-1 failed conpletely, preventing the diesel generator from starting.

The loss of contact was attributed to a number of subsidiary problems, including
?oor fit between the pinion gear and the shaft surfaces, dirt on the surfaces,
ack of "setting" pressure on the pinion gear during assembly onto the shaft,
and incorrect torquing of the retainer bolts. However, the main problem appears
to have been i ro‘)er fit between the retainer and the pinion Pear. As shown i n
the detail on the lower half of Figure 1, there isAsharP angle at the tran
sition between the retainer inner surface and its slot wall. 0 the matin
surface of the pinion ?ear, however, there i saradius between the side o

the lug and the outer flat surface of the gear. As a consequence, the sharp
edge of the retainer slot ﬁ.resses on the curvature of the radius at the base

of the pinion lcgear lug. This smlll contact area eventually degenerates as a
result of shock loading, relieving the pinion retainer cIamBmg force. This
problem was identified on 13 of the air start motors at Diablo Canyon.
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A possi bl e contributory cause to the failure of one of the two air start motors
that failed on February 1 was the fact that the air supply to this motor was

hi gher than normal on that day. Records indicate that the pressure supplied to
this motor was 190 psi conpared to a normal value of 150 psi. The vendor i ndi
cated that a pressure i nexcess of 160 psi would begin to be of concern. it
has been suggested that the unusually high pressure caused the first motor to
fail, which left the second motor to cep'r the full load, causing it to fail
also. However, vendor tests show that only one air start motor 1srequired

to start adiesel generator within the required time linmit. Furthernore, the
clutch in the start motor drive train should have linited the torque inthe
train to the design limts.

The corrective actions for this problem included the replacement of all of the
damaged parts, using revised reassenbly procedures. The reassembly procedur es
included lapping and blueing checks t. ensure the correct fit. The procedures
al'so specified the correct retainer bolt torque and the use of |ock washers and
lock wiring to maintain the correct retainer force on the pinion gears. I nad
dition, measures were taken to ensure that the start motor air header pressures
woul d be maittained bel ow 160 psi.

This information notice requires no specific action or witten response. |f
you have any questions about the inforiation in this notice, please contact the
technical contact listed below or the appropriate NRR project manager.

Division of Qperational Events Assessnent
Office of Nuclear Reactor Regulation

Technical Contact: 0. C. Kirkpatrick, NRR
(301) 492-1152

Attachments:
1. Figure 1

2. List of Recently Issued NRC Information Notices
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a Result of aPlant Trip

Recent Safety-Related
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Suppliers of Potentially
M srepresented Fasteners
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St eam Bi ndi ng i n High-

Pressure Cool ant Injection

Pi pi ng

Degraded Coatings and
Corrosion of Steel
Cont ai nment  Vessel s

Questionable Certification

of Material Supplied to
the Defense Departnent
by Nucl ear Suppliers

OL - Operating License
CP - Construction Permt

Dat e ot
| ssuance

12/ 11/ 89

12/ 7/ 89

12/ 6/ 89

12/ 6/ 89

12/ 1/ 89

12/ 1/ 89

11/ 22/ 89

Attachment 2
| N89-84

Deceuner 12, 1989
Page 1of 1

| ssued to

Al hol ders of COLs
or CPs for nuclear
power reactors.

All NRC |icensees
authorized to

possess and use
seal ed sources at
large irradiators

Al holders of Qs

or CPs for nuclear
power reactors.

Al holders of QOLs
or CPs for nuclear
power reactors.

Al holders of OLs
or CPs for nuclear
power reactors.

Al holders of QOLs
or CPs for LWRs.

Al holders of Qs
or CPs for nuc aar
power reactors.
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