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CAROLINA POWER & LIGHT COMPANY

RAIFIGH, NORTH CAROLINA 27602

July 6, 1971

Dr, Peter A. Morris

Division of Reactor Licensing
U. S, Atomic Energy Commiseion
Washington, D. C. 20545

DOCKET NO, 50-261
AC OPERATING LICENSE NO, DPR-2

Dear Dr. liorris: l‘ b
This letter is in reply to your letter of March 295 19714 re-
garding operation of the emergency dlesel generators at our H. B. Robin-
son Unit No. 2, The following information is submitted in response to
the eight questions contained in the above referenced letter:
The trip functions which will prevent startup or initiate chut-
down of the diescl gencrators, aleong with the setpoints and normal operating

parameters, are listed below:

A" Diesel "3" piasel

Trip Function Sotpoint Norual Normal
dgh Jacket Coolant Temperature, Op 205 158 160
Lo Lube 041 Prescure, paig 16 (decrcasing) 27 28
Locul Control Electrical Trip Manual - -
Starting Foilure, secconds 10 - -
Niph Crankesse Pressura, inches 1.0 -0.5 -4.0 -2.0
Low Jacket Coolant Pressure, psig 2 38 34
Gonerotor Overcurrent, amps 24,000 (instantanecous) 3,759 3,759
techoniecal Overspeed, rpn 1,010 900 900
Local Manual Trip Manual - -

Tha low lube oil pressure trip ie provided eince & complete failura
of the flow of lubriecent would result in metal-to-metal contact betveen the
bearings ond eronlt and rod journals, as well aus the pistons ond rings with
the cylinler walls, Since the ofll also serves as a cooling fluld for the
engine (pistonsa in particular), foillurs of the oil supply adds to the heat

b%/ ¢5h%j/ produced by tho lack of the lubricating film betueen bearings and journals.
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If tho engine were operating under rated load and a complete loss of flow

of lube oil ceccurred, it s expected that the engine would stop in as little
as fifteen seconds or less. If, however, the loss of pressure vas very slow,
the engine might run for several hours or even days after the pressure dropped
to the low lube oil precsure trip setpoint,

The high jacket coolant tempurature trip is provided since high
jacket coolant temperatures can result in piston seizure due to failure of
tha oil film between tho piston and cylinder liner and in cavitation of the
jackat cooling pump with complete loss of flow of coolent in the cooling system,
This results in formation of steam sinca tha cooling eystem is not capable of
removing the heat rejected by thermal syphon cction alone., Ve would cstimata
that, with the diesel running at rated load, damoge to the engine could occur
within threa minutes after reaching the high jacket coolant temperature shut-
down suitch sotpoint L{f the trip was not provided. It should be noted that
a jacket coolant high temperature alarm switch is provided that actuates below
the functioning of the shut-down switch.

The low jocket coolant pressure trip is provided primarily to back
up the high jacket coolant temparature switch. On other diescls, it has been
found that with a rapid loss of coolant, the high jacket coolant temperature
switch did not function to protect tho engine im that the flow of steam result-
ing from the evaporation of the remaining water in the dicsel jackets did not
operate tha high jacket coolant temperature switch vhich subsequently resulted
in loss of pistons and liners.

The high crankcase pressure trip is provided to shut the engiuse down
in cace of severe blow-by and/or crankcase explosicnz. In this event, the exact
timo that the diceel would operate after the Jevelopment of a pressure in the
erankcase which would sctivate the high cronkcase pressure ewitch would vary
over a vide tima range. In one case, almost fumediate ctoppage of the diesel
could result if a piston failed., On the other hand, tha diesel could operate
for many hours or even days after the detoction of a poasitive prossure in the
diesel crunkcasa i{f the bloweby from several cylinders increased at a slow
rate over a period of time or if the cr:unkcase ejector operated improperly.

The local control electrical trip and the local manual trips provide
a manual tripping capability for the oparator's observance of a condition of
diesel operation roquiring a dicsel stop.

The starting failure trip is a mechanicm to pravent the diesel from
completely consuning all its starting air supply 4{f the diesel fails to start
and {5 in reality a cignal to terminate the starting attempt until the starting
difficulty can be corrected.

The generator overcurrent trip is provided to otop the dicesel Lif a
condition exists in the generator circuit roquiring the genorator to trip,
In this event, the operation of the diesel vould not be usaful ond might cauae
additional damoage to the generator., If this trip were removed :mnd a serious
bus fault wvere to oceur, extensive ponarator damaga could be expected vithin
poconds, If only the generator field were tripped and the diecsel were to con-
tinue to operate, extensive mechonical dawuge to the genearator could occur
due to rubbing of the gcmerator internale.
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The dicsel mechanical overspeed trip is a conventional weight operated
device set at 1010 rpm and 18 provided to stop the diesel {f the governing wuech-
anism were to malfunction causing an uncontrolled incresse in speed. Such a
failure could result in the deatruction of the diesel in secondn,

The following list ccntains all alarm and trip function {ndications
assoclated with operation of the emergency diesel generators includipg annunciator
window nama and the sources which will give the i{ndication on either the Conctrol
Room Board or at the diesel locations:

ALARM AND TRIP FUNCYTION INDICATIONS

Location

Control Room Local Diese"
Annunciator Window Name & Sources Board Alarm Lights

1. Diesel Trouble X

Starting Failure Pressure
High Crankcase Pressure
Low Lube 011 Pressure
Local Control

Low Raw Water Pressure
cingine Overspeed Warning
Low Coolant Pressure
Expansion Tank Low Level

2. Diesel Lube 041 Hieh Temnerature X
Lube 011 Hlligh Temperature X

3. Diesel Coolant Temperature I/L X
Coolant Temperaturc Low X
Coolant Temperature High X

4. Diesel Start Air Prescure Low X
Starting Air Pressure Low X

5. Diescl Control Power Last X

6. Diesel Day Tank Level Low X
Day Tank Level Loew X

7. Emerpency Cenervator Cround X
Jube 011 Temporature Low® X
Day Tank Level Hiph# X

* Local Diesel Alarms Only,
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Control Room Local Diesel

Annunciator Vindow S.ma & Sources Ponrd Alarm Lishts
8. Emorpensy Cenerntor A/B Auto Trin X
9. Dionel A/B Adr Compressor 011 X
19, Diesel Fuel 041 Pumn A/B 041 X
11, 041 Storsse Tonk Lovel Low X

A separsate set of Control Room Board annunciator windows (Items 1-7 above)
ere provided for each diesel gencrator with windows 8«11 common to both
diesel generators., Local diesel alarm lights are located at thelr respective
Yocal dicsel contrel panels,

Mo protective dovicas ave capable of being bypassed during manual,
tert, or cmergency operation of the diesel generators.

We have attached the following materfal in rosjonse to your request
for Zfotailed descriptions of tae dicsel cooling system, dicsel lubriccting
oil systca, and capressed ajcs start system:

1. Description titled "Lubricating Sy:tem" .

2. Deseription titled “Cooling Systex"

3. Description titled "Air Start Systea"

4. Lube 011 Systea Schematie

5. Jackat Cooling System Schezatie

6. Starting Alr Schematic

™ha above listed materfal should proviie you with the requested deseription
of these three systens,

tle hope that the information provided szbove, with attachments, will
perait your Staff to complete thelr roview of this matter.

.. - / -
SU/aL les /?{/\/ >

A .. ) - -
Attachzconts “E. BT e v-z;\
Manaser ~
ce: M., J. A, Jones Cencration & System Operations
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P. LUBRICATING SYSTEM

Piping System

The lubricatir< oil piping systermn is shown
in lllus. Pl, The arrangement shown is a typi-
cal installation.

The built-in lubricating oil pump draws oil
from the oil pan or subbase through a coarse
mesh intake screen and forces it through the
cooler and strainer and into the engine. The
pump is protected by a bailt-in relicf valve, A
small part of the oil from the pump is by-p ssed
through the filter and back into the engine oil
The lubricating oil tempera-
turcis regulated by means of a temperature regu-
lator which by-passes more or less oil around

pan or subbasc,

the cooler, In the cooler, the oil passes around
the tubes which are mounted in a bundle,

An auxiliary lubricatingoil pump is used to
provide lubrication in case the built-in pump
fails. The auxiliary lubricating oil pump may
also be used as a prelubricating oil pump.

Some installations will be furnished with a
prelubricating oil pump instead of the auxiliary
lubricating oil purnp.

~FILTERS
ORIFICE
—~~CHECK VALVE

FILL CONNECT
RELIEF VALVE

TC

THERMOMETER ™

Gasans]

Hius., P,

RATURE REGULATOR

- LUBE O

Refer to Section B for operating data re-
garding lubricating oil pressure and tempera-
ture.

Engine Pressurce System

The engine is equipped with a pressure lu-
brication and piston cooling system which sup-
plies a continuous flow of oil to all surfaces
requiring lubrication ¢nd to the pistons for
cooling.

Lubricating oil ¢nters the lower lubricat-
ing oil header from the inlet near the control
end, the oil flows through the lower header
toward the blower end. There a vertical piping
carrics the oil to the upper header.

Through supply pipes from both lower and
upper headers, oil is forced to each main bear -
ing, and tnence, through tubes swedged into the
crankshaft, to cach crankpin bearing. From
each crankpin bearing, oil passes through the
drilled passage in the connecting rod to the pis-
ton pin bearings, and to the pistons,

The surfaces betwgen the thrust bearing

LOW PRTSSURE CONTACT
| MAKER (ON UFPER
HEADER)

TN
INLET TO ENGINE

(OPPOSITE CONTROL SIDE) REVERSING VALVE

REVERSIBLE
ENGINE

COOLER

Lubricating Oil System
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shells and the crankshaft flanges are lubricated
through openings in the thrust bearing shells.

An opening through the upper crankshaft
lubricates the timing chain, the sprockets over
which this chain passes, and the bearings of the
timing sprockets and the tightener sprocket.

The cooling o0il from cach lower piston is
discharged through a hole in the insert. Oil
from cach upper piston is discharged through a
hole in the insert into the compartment around
the upper ends of the cylinders. This oil then
drains cither toward the blower or the control
end and down to the oil pan or subbase.

The two camshafts receive lubrication from
the upper oil header. The camshafts are hollow
and small openings at each bearing allow oil to
reach the bearing surfaces. An opening in the
end of each camshaft supplies oil to the cam-
shaft sprockets and to the overspeed governor.

The drive bushings of the pump flexible
drive (on the control end of the lower crank-
shaft) receive lubrication through an opening in
the lower crankshaft from the control end main
bearing.

Oil from the upper engine compartment en-
ters the tappet housing and lubricates the tappet
assembly. The excess oil is drained through a
return header,

The blower drive gears arc lubricated by a
stream of oil from a nozzle which branches
from the pipe connecting the upper and lower
headers. Qil tubes supply oil to the inner and
outer blower bearings.

The blower clutch drive and clutch control
(intermittant blowers) is supplied lubricating
oil from the engine upper header,

The turbocharger is supplied oil frorm: the
‘nlet header. The oil gravity drains to the en-
gine crankcase.

The oil spray from the timing chain pro-
vides adequate lubrication for the control mech-
anism,

The flexible pump drive receives lubrica-
tion through a hole inthe crankshaft and through
grooves in the damper spider or spacer. The
governor drive is amply lubricated.

The torsional dampers (when used) receive
lubrication through drilled holcs in the spider
which arc connected to a passage in the crank-
shaft.

The vertical drive gears and pinions are
lubricated by sprays of oil from nozzles ontubes
from the upper and lower oil headers. Other
tubes supply oil to the vertical drive pinion
shaft seller and thrust bearings.

l.ubricating Gil

A ncutral attitude is maintained by the com -

Fairbanks iorlc Opposcd Piston Engines

pany toward the selection or recommendation of
particular brands of lubricating oil for use in
Fairbanks Morse diesel engines. The major
oil companies have had sufficient experience
with the selection of proper lubricants for
Fairbanks -Morse dicscls of various types under
various operating conditions to be in a position
to recommend the proper grade and juality of
lubricating oil for the specific installation.
Many reputable oil companics are willing toas-
sume complete res ponsibility for the successful
and ececnomical lubrication of a particular diesel
engine installation, but before making any such
arrangement, a careful effort should be made
to establish the standing of the oil company.

Lubricating Oil Gage Marking

The bayonet gages for stationary engines
are marked at the factory at 19-7/8" below the
underside of knob or 3-3/16" below lowest point
of lowest connecting rod for "FULL" level
mark with "LOW" oil level mark 6" below
"FULL" oil level mark.

The gages for marine engines are to be
marked at installation of engine at 4" below
lowest point of lowest connecting rod at outer
dead center for "HIGH" or "FULL" level mark
with "ADD" oil level mark 4" below "HIGH" oil
level mark. :

Lubricating Oil Pump
Description

The lubricating oil pumps are shown on Il-
lus. P2 and P3. The impellers are of the her-
ringbone gear type. The pump is mounted on
the pump mounting plate at the control end of
the engine, and is driven through gears and a
flexible drive by the lower crankshaft.

The pumps for the 6 and 9 cylinder engines
have ball bearings on the driver impeller and a
sleeve bearing in the driven impeller. The 12
cylinder pumps have roller bearing at the ends
of both impellers. The driver impeller bear-
ings and the driven impeller bushing are lubri-
cated by oil passing through an opening in the
bearing plate and by holes through the driven
impeller to the bearing (6and 9 cylinder
engincs), The bearings on the impellers of the
12 cylinder pump are lubricated by a line from
the lower oil header,

Maintenance

The impellers may be examined by remov-
ing the discharge pipe and barring the engine.
The outer bearings may be examined by remov -
ing the cover,
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BACKLASH  CLEARANCE
IMPELLERS _l 005

DRIVEN IMPELLER SHAFT TO BUSHING 005 10 0065
DRIVEN IMPELLER BUSHING TO IMPELLER 001 10 0025 |
MPELLER 10 HOUSING 008 10 o4

REULF VALVE SPRING

DRIVEN IMPELLER ——

OIL DRAIN

GASKET

Hlus. P2. Lubricating Oil Pump - 6-9 Cyl. Engines

The lubricating oil pump should be removed 5. Remove the snap ring from the ends o1
and disasscmbled for inspection of parts. the driven impeller.
Disconnect the piping and remove the pump 6. Usc the puller tool to remove the drive
from the enginc. coupling.
The following procedure should be used 7. Remove the inner bearing plate to body
depending on the pump in service, capscrews and dowels.
8. Block the pump body and drive the im-
Applicable to 6 and g peller shaft from the outer end plate.
Cylinder Enginces (Protect the shaft before driving. )
9. Reverse the procedure to tap the im-
The lubricating oil pressurce pump should : peller from the inner bearing plate.
be removed and disassembled for inspection of 10. Remove the end plates and separaie the
parts, driver impeller from the shaft.
11. The bearings can be tapped out of the
1. Disconnect the suction and discharge end plates,
pipes from the pump, 12. Inspect the impellers, shafts and shaft
2. Remove the dowels and nuts from the bushings.
pump to mounting plate, 13. Replace the bearings in the end plates.
5. Remove the pump from the mounting 14. Install the pump body to the inmer bear -
plate. ing plate.

4. Remove the cover, locknut and washer 15, Install the dowels and securce the cap-
from the ends of the driver impeller, SCrews,
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| |
W

16. Install the impellers and replace the | B
outer bearing plates.
17. Install the dowels and secure the cap- 2.
screws. 3.
18. Replace the drive coupling, lockwashers
and locknuts to the ends of the driver 4.
impeller,
19. In reassembling the parts, refer to Il- -
lus. P2, for the clecarances between
parts., Clearances given are maximum
and minimum. When assembling the 6.
pump, minimum clearancesarc desired i
and mustbe held as close as practically
possible by fitting insuch a manner that 8.
parts still come within limits.
20. In replacing the pump on the mounting 9.
plate, the dowels should relocate the
pump so that the drive gear has the cor-
rect backlash.
21. Before pulling nuts up tight, check 10.
alignment and free movement of the
drive. 11.
22. Tighten the nuts to torgue limit speci-
fied in Sec. B. 12.
23. Install piping connections and oil lines.
Applicable to 12 Cyl. Engines 33
The pump should be removed and disas- 14.
sembled for inspection of parts. Refer to Il-
las; P3,
VALVE BOOY CAP RELISF VALVE
ADJUSTING SCREW SPRING RE TAINE R OUTER SPRING
sva -t o
| ”.: I
\\\ k\, | —
INNER BEARING PLATE e '
_— VALVE BOGY n;‘n SPRING
s . QUTER BEARING
m&{ N L GASKE T
LU § L\ stmred.
R
RACE)
INNER /
BEARNG SPACER - 1 S ek
o ¥y A 3 Tl E‘l}_ "';muc COVER
RACE ) SN BF ARING RE TAINER
.. (OUTER RAGE)

.. BEARING NETAINER

Ilus., P3,

Disconnecct suction and discharge pipes
from the pump.

Remove the dcwels and stud nuts,
Remove the _ump from the mounting
plate.

Remove capscrews and outer bearing
plate cover.

Remove the capscrews and retainer
plate at the drive end of the impeller
shaft,

Pull the drive gear using the puller tool,
Pu!l the dowels and remove the cap-
screws from the outer bearing plate.
Remove the bearing retainers (inner and
outer bearing races).

Tap the outer bearing plate from the
pump body. The bearings remain in the
end plate as they are removed from the
impeller shafts.

Remove the bearing retainer from the
drive end of the pump.

Tap the impeller shafts from the bear-
ings.

Pull the dowels and remove the cap-
screws from the inner bearing plate.
Tap the bearings from the inner bear-
ing plate. '

Check the parts for wear and damage
especially the bearings and impellers.

e GEAR RETAINER PLATE
Ul//l{ BLIND 'U.Nc.[>

( J

( Ul

J

= -

.

-

~

-,

-

o
i ( 1,//fﬁ-
/ e T

QH T (INNER RACE )
N g : BLIND FLANGE BUIND FLANGE
N/ /'/,/ p //i /, s / GASKET
110 1w o e v | | s Hoan g
Ly_u,z.-.u.‘?u = - TORSIOGRAPH COVER o
\ MPELLER | e
PUMP BODY OUTER BLAKNG QUTER BEARING PLATE [soarsnes )

Lubricating Oil Pump - 12 Cyl. Engines
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15.

16,

17,

19.

Install bearings into inner bearing plate
and inner bearing plate to pump body.
Locate in position and inetall dowels
and capscrews,

Install impeller shafte with spacers in-
to inner bearing plate. Secure with
bearing retainers,

Install outer bearing plate to pump body,
align withdowels and secure capscrews,
Install outer bearing spacer and bear-
ing on each impeller shaft and tap into
end plate and onto shaft. Secure with
bearing retainers,

Install the drive gear and retainer plate,
Secure with capscrews

20,

21,

22.

23,
24,

@
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In reassembling the parts, refer to Sec,
B for the clearances between parts,
Clearances given are maximum and
minimum. When assembling the pump,
minimum clearances are desired and
must be held as close as practical,

In replacing the pump on the mounting
plate, the dowels should relocate the
pump so that the drive gear has the
correct backlash,

Before pulling nuts up tight, checkalign-
ment and free movement of the drive.
Tighten the nuts to 60-801t, 1bs. torque.
Install piping connections.
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Lube Oil Reversing Valve - Marine Engines The reversing valve will require very little ser- |
vicing except the replacement of gaskets and \
The lubricating cil reversing valve, lllus. springs. The valves and springs should be in-

P4, isinstalled in the piping onmarine inatalla- spected when the pressure of the lubricating oil
tions to maintain the direction of flow of the lu-  atthe engine header is less than 17 psipressure.
bricating oil when the engine rotation changes.

Ol TRAVEL ONE ROTATION
----- OIL TRAVEL OPPOSITE ROTATION
® OIL SUCTION REVERSIBLE LUBRICATING OIL
X Ol DISCHARGE PUMP ATTACHED TO ENGINE
SHAFT TO COVER GASKET
ma(;&(;vu HOUSING COVER DISCHARGE TO METAL E0GE

SPRING (UPPER) STRAINER FILTER AND COOLE RS (38 a8 39ev 7]

it

rﬁuom‘
1

\

®
e Al 5

I
|
-

3

1

DISCHARGE OR SUCTION VALVE GUIDE SUCTION FROM ENGINE
o b o HAFT SUCTION OR DISCHARGE
wg': ENGINE PRESSURE S Sump FROM ENGINE PRESSURE
SUCTION VALVE KOUSING COVER P
(LOWER)

Illue. P4, Lubricating Oil Reversing Valve
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Q. COOLING SYSTEM

Description of External System

The engine is cooled by circulating soft wa-
ter through the engine passages. This water
circulates inaclosed system, That is, the same
water is used repeatedly, being piped out of the
engine, cooled and then returned to the engine.

The equipment furnished varies with differ -
ent installations. The systern shown on lilus,
Q! and described in this section is a typical
closed cooling stationary installation and will

HIGH TEMPERATURE

ALARM CONTACT mm’?

COOLING WATER HEAT
EXCHANSER

RAW WATFR

DISCHARGE — CHECK VALVES

Illus. QI.

> lLtARv

vary somewhat according to the particular ap-
plication.

The soft water leaves the engine and is
piped to the heat exchanger. The water circu-
lates through the heat exchanger where heat
is absorbed by cool raw water. A by-pass,
controlled by a temperature regulator, is pro-
vided around the heat exchanger so that the tem -
perature of the soft water may be regulated.
After being cooled in the heat exchanger, the
soft water flows back to the engine pump suction

VENT
GAGE GLASS
EXPANSION TANK

SCAVENGE AIR
COOLING WATER

RAW WATER

SOFT WATER
E3 RAW WATER

Fresh Water Piping Diagram
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and is againforced through the cooling passages
of the engine.

A vent pipe leads from the water header
outlet to an expansion tank. Another pipe leads
from the pump suction line o the expansion
tank. This arrangement enables the closed
system to accommodate variations in water
volume which result from the expansion and
contraction of heating and cooling,

The raw water pump draws water from the
raw water source of supply, and discharges it
through the lubricating oil cooler, heat ex-
changer and air cooler heat exchanger and out
of the system. The full flow of raw water is
carried through the coolers.

The scavenge air cooling system consists
of the circulating pump, air ccoler heat ex-
changer and air receiver temperature control
valve, lllus. Q2. Soft water, separate from
the engine system is circulated to cool the
scavenge air before entering the engine.

Treatment of Engine Cooling Water

It is mandatory that all cooling water be
completely treated, not only for the prevention
of scale deposits, but also for the elimination
of all corrosive characteristics of the water,
It is also imperative that the treatment be con-
tinually maintained at recommended levels,

It is the recommendation of Fairbanks
Morse that a reputable company specializing in
the treatment of diesel engine cooling water be
contacted for recommendations as to type,
amount and methods of cooling water treatment,
Actual treatment may consists of only adding
chemicals tothe cooling water, or supplemental
external treatmént may be required. The

AIR RECEIVER TEMP
CONTROLLED VALVE

SCAVENGE AIR
COOLERS

e s n e e - - ———————-— - —— -

nature of the cooling water supply will deter-
mine the exact treatment required to fulfill
Fairbanks Morse requirements,

Failure to properlytreat the engine cooling
water or failure to properly maintain treatment
can result in ecither scale formation or corro-
sion in the cooling water system. Scale impedes
the transfer of heat and can result in engine
overheating. Corrosion, if allowed to continue,
will eventually result in sufficient loss of metal
to cause a failure of the cooling water system.

Particular care should be taken when add-
ing make-up water to be sure thatanappropriate
amount of treatment is also added, or that the
make -up water has been previously treated suf-
ficiently. In addition, periodic checks (as rec-
ommended by the water treatment vendor) must
be made to determine the sufficiency of the
treatment., Any deficiency should be corrected
immediately. Samples should be taken only af-
ter it is certain that all chemicalsare dissolved
and thoroughly mixed. This may require sev-
eral hours of engine operation where chemicals
are added directly to the cooling system.

There are a number of acceptable com-
mercially available water treatment compounds
using either alkaline chromates or organic
compounds as bases. Bothtypes are acceptable
to the engine builder, .

Usual cooling water treatment compouads
will result in the treated water being sl'ight!y
alkaline (approximate pH 8.0 to 9.5). Thus
cooling water already alkaline, such as Lime-
Soda ash softened water, should not be used as
such water would have too high a resulting pH.

Some treatment compounds, chromates
particularly, cannot be used with anti-freeze
solutions having primary alcohols or glycols as

EXPANSION TANK
VENT

AIR COOLER WATER HEAT

- —

EXCHANGER -NOT REQUIRED

=7

WHERE RAW WATER IS SOFT

L 3
COOLING WATER

T CIRC PUMP

E....‘.

FlLL

Illus. Q2. Scavenging Air Cooling System
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bases, It is usually permissable to use secon-
dary alcohols (iso-propyl, ctc.), however, in
all cases, have the water treatment vendor ad-
vise on compatibility with all anti-freeze solu-
tions.

NOTE: Do not depend upon the anti-corro-
sion protection. Such protection is usually
insufficient,

Should cleaning of the water systemn be re-
quired for the removal of oil, sludge or scale,
obtain a recommendation from a reputable
chemical company for a suitable cleaner. Strong
alkalies, such as caustic soda, should not be
used. Such cleaners will vigorously attack the
non-ferrous parts of the cooling system.

If any difficulty is encountered in applying
the foregoing, contact your Fairbanks Morse
sales office.

Cooling Water Passages through the Engine

Cooling water supplied by the engine pres-
sure pump is piped to each side of the engine
and enters the exhaust belts midway of the en-
gine. By-pass fittings connect the lower water
passages of the exhaust belts, The water flows
up through the exhaust belts, out of the top into
the outlet by-pass fittings bolted to the upper
outside of the exhaust belts. From the outlet
by-pass fitting, connection is made by the inlet

'_

elbows to the cylinder liner jacket. The water
flows up through the cylinder liner jacket. Re-
fer to Illus. DI,

Ribs on the cylinder liner direct the water
upwards to cool the liner thoroughly., Water
passages also lead to the water jackets around
the injection nozzle adapters, cylinder relief
valve adapters and air start check valve adapt-
ers.

Upon reaching the top of the liner jacket,
the water flows out of the cylinder water space
through an outlet pipe which leads to the water
header. This header, rectangular in cross-
section, extends along the opposite control side
of the cylinder block just below the air receiver.
Its outlet flange is at the governor end of the
engine.

The turbochargers are supylied cooling
water from the inletpipes. Water isdischarged
into the engine water header. Shutoff cocks are
provided in the inlet and outlet lines and must
be closed when the engine is water tested.

Suggestions to the Operator

Watch the water level in the expansion tank
If the level rises abnormally, the cause may be
a leak in the jacket water cooler. If the water
level drops, a leak in the closed system is in-
dicated. .

No restrictions should be allowed in the
closed cooling system.

FRAME . OlL RETAINER - BACKHEAD -— GASKET
LOCKWASHER | ow sEAL RING ——
WEARING
DRIVEGEAR BEARING - ’ EARYY
i ews s e A N
s ) _\_: q- _KEY
ln <$JZ/ t__~ »_j/ A\
WIS IMPELLER
‘ CEa R~ Tt = LOCKNUT
_ IMPELLER
BT T T T ST e LOCKWASHER
Ak } ,’K = SETSCREW
A w
ot 'f}‘.‘,‘:,.‘. ')53‘?:‘&‘7- . SUCTION
“IMPELLER
SPACER
SHAFT SEAL -

LOCKNUT

BCARING

GASKET

VOLUTE

Illus. Q3.

GASKET — -

Water Pump - 12 Cyl.

Engines
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The engine system should be subjected to
50 psi hydrostatic pressure after any parts have
been replaced and reconnections made. The
water test applies to the engine only and not to
the external piping and coolers. Be sure shutoff
cocks to and from the turbocharger are closed.
Use pump or hydrant pressure and block off the
inlet and outlet, Observe all connestions for
possible leakage,

WATER PUMPS
Description

The built-in circulating water pump is of
the centrifugal type as shown in lllus. Q3, Q4.

The pump is gear driven from the lower
crankshaft through the flexible drive.

A rotary mechanical scal prevents water in
the volute from leaking out along the pump
shaft. In operation, the seal assembly rotates
with the pump shaft. The seal is formed by
contact between the surface of the seal face with
the stationary seat pressed in the pump frame
bore. The spring tension holds the seal face
tightly against the stationary seal seat.

Lubricating oil rcaches the pump bearings
from the control end compartment through
openings in the pump frame. Leakage of oil to
the outside of the engine is prevented by the oil
seal.

Fairbarlbhiorsc Opposed VPiston kEngines

Maintenance - Shaft Seul

It is not considered adv.sable to recondi-
tion seal parts in the field or to replace com-
ponent parts separately. I/ the seal requires
servicing, a complete new seal should be in-
stalled.

1. To remove the seal, disassemble the
pump. Refer to Steps 1 through € under
Pump Disassembly,

2. The seal assembly is removed from the
impeller and backhead.

3. Before installing a new seal, clean the
impeller and backhead thoroughly.

4. Coat the outer surface of the seat gas-
ket with water slightly soapvy and press
seat in place into backhead.

5. Diptheseal assembly intowater, slight-
ly soipy and slide onto the impeller.

6. Instull the impeller and reassemble the
purip.

Pump Disassemnbly

1. Disconnect the piping connections to
and from the pump. -

2. Remove the stud nuts (pump to mount-
in plate) and remove the pump. ,

3. Mark the suction head and the volute so
that the head can be replaced in its or-

L J

BEARING —GASKET
LOCKWASHER SHAFTY Qil. SEAI. RING
DRIVEGEAR [ SPACER FRAME 5 e .s‘g%uou
WASHER
it
b-S - S~ MPELLER
’ LOCKNUT
Ve | | 3 >
BE ARING
RE TAINER BEAHING —
LOCKHUT OIL RETAINI R . SHAFT SEAL FASKE T

WEARING
RINGS

VOLUTE -

Nas, Q4. Water Pumyg

WEARING
RINGS

e IMPELLER

- 6 and 9 Cyl. Engincs
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10.

11.

12.

13,

14.

iginal position.

Remove the suction head. Tap lightly

with lead hammer to loosen,

Remove the nut and washer from the

shaft,

Tapped holes are provided in the im-

peller for a puller, Pull the impeller

from the shaft,

Remove the seal from the impeller and

seal seat from the backhead.

Bend the lockwasher and remove lock-

nut,

Hold the drive gear and tap on the shaft

to loosen the gear.

Remove the bearing retainer capscrews

and bearing retainer.

Tap on the drive end of the shaft to re-

move the shaft,

Remove the bearing from the frame and

bearing from the shaft,

Inspect all parts for wear.

worn parts,

Wearing rings are provided on the mat-

ing surfaces of the suction head and the

impeller.

a. The wearing rings are held in place
by setscrews.

Replace

!. Original clearance is .060" to .067"

on the diameter,

c. Replace rings when wear increases
to about twice the original clear-
ance.

Reassembly and Installation

1.

Install bearing into frame and secure
with the thrust bearing retainer and
capscrews, '

Install shaft with bearing intoframe and
through bearing.

Install the drive gear and secure with
locknut and lockwasher.

Install the oil retainer with seal ring
over the shaft and secure with cap-
screws.

Install the shaft seal and impeller. Re-
fer to Steps under Shaft Seal,

Secure the impeller with locknut and
lockwasher.

Install the suction head and secure with
nuts,

Install the pump to the mounting plate,
Tighten and secure the stud nuts,
Check the backiash of the drive gears.
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R. AIR START SYSTEM

General

The air starting system consists of the
starting air piping and the engine starting mech-
anism.

Air for the starting system is required at
between 150 and 250 psi (250 ps1 preferred) at
the engine and is stered in suitable air tanks,

Engine stariing is accomplished by the ac-
tion of compressed air on the pistons in their
proper firing order.

The engine starting mechanism includes
the air start control valve, air start distributor,
the air header, the pilot air tubing and the air
start check valves at the individual cylinders,
Ilus. R1. The air start control valve and the
distributor are amply lubricated by the splash
of engine oil. The air start check valves re-
ceive lubricating oil with the air from the dis-
tributor.

NOTE: Thedistributoron the 6 - 9 cylinder
engines is driven from the control end of
the upper crankshaft. On 12 cylinder en-
gines, the distributor is mounted opposite
the governor drive on the pump mounting
plate and is driven from the lower crank-
shaft,

Starting Mechanism

The air start control valve is mounted near
the control or governor end of the engine on the
side opposite the controls. When the control
shaft lever is moved to "START" position, a
lever linkage opens the air start control valve.

FROM AR START DISTRIBUTOR

This is explained and illustrated in Sec. J.
With the air start control valve open, com-
pressed air passes into the header, Illus. R1,
which leads to the individual cylinder air start
check valves. Air also passes into the pilot air
supply pipe connected to the air startdistributor.
The air start distributor includes one pilot
air valve for each air start check valve. The
valves are arranged radially and in cylinder
firing order around the air start distributor
camshaft, Illus. R2. A spring holds each valve
normally out of contact with the cam, as shown
in Illus. R3. Air enters the distributor from
the air start control valve, air pressure over-
comes the spring tension and forces each valve
plunger down into contact with the cam.
Regardless of where the camshaft stopped,
one valve will be on the low point of the cam
and will therefore be open, as shown in Illus,
R4. Two other valves, one on each side of the
open valve, will be partially open. Each of the
pilot air valves, when open, admits air through
a connecting tube, Illus. R1l, to an air start
check valve. The air, under pressure, opens
the air start check valve. The actual starting
air then rushes into the cylinder from the air
header. The starting air forces the pistons
apart and thus causcs the crankshafts to rotate.
The air start distributor camshaft rotates
with the upper crankshaft on 6- 9 cylinder en-
gines andwith the lower crankshafton 12 cylinder
engines. The cam opens and cloces the valves
in sequence to the engine firing order. Soon the
enginec begins to fire. The control shaft lever
should then be mioved to "RUN" position. This
actuates linkage on the control shaft which

TO AIR START DISTRIBUTOR

L AR START
T 1 [3 conmor vave
€

Vit a

AR START CHECK VALVE

AR START HEADER AR START CHECK VAIVES--
CONNECTION 1O STARTING AID

WHEN FURNISHLD.

Illus. R1. Air Start System - 6 Cyl. Engincs
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Valve Spring

Valve Plug - PUE=——

Plug Gasket - —

Valve Stem - — ——— = — ——

Illus. R2.

closes the air start control valve shutting off
air pressure to the distributor,

Air in the starting mechanism escapes
through vents in the pilot valves and in the con-
trol valve, As the air pressure drops, the dis-
tributor valve springs raise the valves to their
normal position, out of contact with the cam, as
shown in Illus. R3.

Air Distributor Timing
(other than 12 cylinder engines)

The air distributor is timed to open the air
start check valve in the No. | cylinder (at the
control end of the engine) when the "crank lead"
mark on the crankshaft coupling comes to the

Hlus., R3. Pilot Air Valve in Nurmal Position

®

Air Inlet

___ Annular
Air Passage

Air Outlet to
No. 6 Cylinder

\ Check Valve
|
: Cam
i
——— _———-~——‘~!—— Camshaft

Air Start Distributor

pointer and the valve closes 90° later. Observ-
ing the marking, these readings indicate that
the valve opens when the upper crankshaft is on
inner dead center and closes approximately 90
past inner dead center.

The distributor is properly timmed when the
engine leaves the factory by having the air start
camshaft preverly located on the dowel in the
crankshaft. Timing consists of mating the cam-
shaft with the crankshaft so that the dowel is in
the proper hole.

Air Distributor Timing
(12 cylinder engines)

The air distributor is timed to open the air

INlus. R4, Pilot Air Valve During Starting

\\‘/




38L0TD8-1/8 - Page R3

e G

Fairbanks Morse Owd Piston Engines

TOHNG MA NS AS
SHOWN ON e T RBUTOR
BRACRET AND CAM ARE
AS VIEWED Ty THE
PP MOUNTNG PLATE
WEPECTION OPENNG

Illus. R5. Air Start Distributor Timing

12 Cyl. Engines

start check valve in the No. 1 cylinder when the
"O'" mark on the crankshaft coupling comes to
the pointer and the valve closes when the mark
"90" reaches the pointer. Observing the mark-

Valve ————

Spring - ———

Cover - ~1

Cover Gaskel

Air Header - o=

',

ing, these readings indicate thatthe valve opens
when the lower crankshaft is on inner dead cen-
ter and closes 90° later.

The distributor is properly timed when the
engine leaves the factory by having the airstart
camshaft properly located in respect tothe lower
crankshaft, Timing consists of mating the
scribe line on the cam to the proper scribe line
on the bracket with the lower crankshaft set for
No. 1 inner dead center ("O'" coupling pointer
reading), !ilus. R5. Remove the pump mounting
plate cover to view the markings. If necessary
to re-time the distributor, remove the cam
setscrew and move the cam to the right on the
drive shaft., Line up the marks and move the
cam back into position. Slight shifting may be
required to engage the splines of the cam to the
drive shaft. Replace the setscrew.

Air Distributor Valves and Springs

The distributor valves should not require
attention other than a periodic inspection. To
service them, take off the control end cover,
(6- 9 cylinder engines). Remove the plugs,
springs andvalves., Clean andinspectthe valves
for wear. The valves and the guides are lapped
together and should always be replaced together.
Clean and inspect the springs fqr any small

Ilius. R6, Air Start Control Valve
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cracks and replace if any are found. Lubricate
the lapped surface of the valves and reassemble
in original position. Work the valve in and out
to make sure it works freely before replacing
springs and plugs.

Air Start Control Valve

The air start control valve, Illus, R6, re-
gquires practically no servicing other than the
disassembly for cleaning and inspection of the
valve scat and spring.

Air Start Check Valve
Description

The air start check valves, Illus, R7, ad-
mit starting air into the cylinder. The valve is
cooled by water from the cylinder liner jacket.
This is accomplished by water circulating
through the space between the adapter water
jacket and the check valve to liner adapter.

When air from the distributor valves reaches
the operating piston of the air start check valve.
it acts against the pressure of the check valve
spring and opens the valve a small amount against
the compression pressure. Then the main sup-
ply of starting air from the header enters the
cylinder through the holes in the adapter,

Pilot A

from Distuibutor Cover Cnvm Gasket

.. Sea ~. SRS
Pilot P

At

Inlet

Valve Body

g

Operating
Piston =
Spring
Retainer - Spring -

Spring Washer

Main At Inlet

Illus, R7. Air Start Check Valve

h R ;\f.’-'::,‘w¢sv ..
| I:!l WO B —ah Y e
- vy ..1

RN R ey .’ ol J
'

When the air distributor valve closes, air
pressure on the operating piston is stopped,
Compression of the spring is relieved allowing
both the operating and balance piston to move
towards closed position. Air from the engine
header presses against the balance piston with
greater force than it does against the check
valve. Therefore, there is not enough pressure
to keep the valve open. Thus air pressure for
starting the engine is applied to the pistons only
during the proper phase of the cycle, Any air
escaping past the two pistons is vented through
holes in the valve body.

Maintenance

1. The air start check valves may be dis-
assembled for cleaning and inspection.

2. To remove a check valve, disconnect
the pilot valve tube and remove the sup-
ply pipe from the header to the valve.
Be careful not to lose the gaskets,

3. Remove the twonuts securing the check
valve to its adapter collar.

4. Withdraw the valve assembly from its
adapter in the cylindér liner.

5. Removethe cover capscrews andcover,

6. Remove the operating piston. .

.

Balance Piston

Check Valve

o s N B

T et ————

R — .-
e R e
TS VAT e TR WA ub.m‘/

PR SRR R S 'M. —

e

S it J

Air Header Elbow
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T,

9.

10,

Bl
i2.

33
14,

Remove the retainer nut, retainer,
spring, washer and balance piston.
Remove the valve and clean all parts
thoroughly.

Inspect the spring for small cracks and
replace if necessary. Reseat the valve
seat, if necessary,

Following this operation, the valve
should be lapped to the seat in the valve
body.

Oil the parts removed.

Install the valve, balance piston, wash-
er, spring, rctainer and nut,

Replace the operating piston and cover,
Inspect the interior of cach adapter for

15.

16.
& R

18.

carbondeposits and clean if necessary,
Do not allow carbon to get into the cyl-
inders,

Clean the check valve body, especially
where it scats in the adapter.

Replace in the adapter,

Replace the collar stud nuts and tighten
to 35 to 40 ft. 1bs, torque.

Connect the pilot air tubing. Reinstall
the air supply pipe. Do not omit the
gaskets,

The removal of the air start check valve
adapter is outlined, Sec. D.
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