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Engine Data

Mode!

DSRV~-16~-4 K swtonery [0 marine K ::ﬁ:" B o [ ?:,‘ 0 r:.,“ K viee [intine

Gerial Nols)
76021-2871, 76022-2872
76023-28B73, 76024-2874

No Cylinders ISvoke Duoiscement/Cylinder ots! Dmplacement

16 . 21 IN. M 766.6 CU-IN.|76266 CU-IN.

bmes Crenkshett Rowtion
CLOCKWISE, WHEN VIEWED
p23.7 PSI1 FROM FLYWHEEL END

—
Controls Swrting System

PILOT AIR, GEAR
RIGHT HAND DRIVEN DISTRIBUTOR

Firing Order

1L-BR~4L-SR-7TL-2R-3L-6R~-BL-1R~-5L~-4R~-2L~-7TR-6L~-3R

Fuel Injection V'MR‘ :
RIGHT BANK 22° (13.05 IN.), LEFT BANK 21° (12.46 IN.) BEFORE
TOP DEAD CENTER ON A 68 IN. DIAMETER FLYWHEEL

P;—ul Injection Pump Rack ot Full Losd
76021: 38 MM, 76022: 37 MM, 760231 37 MM, T6024: 37.5 MM
(REFER TO ENGINE NAMEPLATE)

sty p—
Vaive Clasrance - Cold Engine

INTAKE: 0.040 1IN, EXHAUST: 0.040 1IN,

Always incluge se el numbers when communicating with Transamerica Deleva! inc . Engine sr 4 Comprassor Division concerning engine

parformance. or when 0raering spars of replacement parts Refer 10 Appendix | X for copies of the Factory Tent Logs, and & summary of
factory teet resuin

Form CAYT 108 Y 1) 3Im
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Section 6§ — Overhaul and Repair (Continued)
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“ Section 6 — Overhaul and Repair (Continued)
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GUARANTEE

Unless otherwise specifically stated, all machinery and equipment purchased hereunder is subject to the following
warranty  Transamerica Delaval Inc., Engine and Compressor Division (hereinafter called Company) warrants that
machinery and equipment manufactured by Company snd fumnished and delivered to the Purchaser hereunder shall
be of the kind and quality described in the Company's specifications, snd no other warranty or gusranty except of
title is made or shall be implied. If any part of said machinery and equipment thus manufactured by the Company fails
because of defective workmanship or material within one year from the date of starting the engine sfter delivery, but
not exceed'ng fifteen months from the date of shipment, the Company will, provided such machinery and equipment
has been used for the purpose and in the manner intended and the Company’s examination shall disclose to its satis
faction that such parts sre defective, replace such defective parts free of charge, f.0.b. cars at its warehouse in Oakland
California, but the Company will not be liable for repairs or * ‘terations uniess the same are made with its written con
sent or approval. The Company will not be liable for damages or delays caused by such defective material or work
manship, and it is agreed that the Company's Liability under all guaranties or warranties, either express or implied, is
expressly limited to the replacing of parts failing through defective workmanship or material within the times and in
the manner aforesaid. Parts claimed to be defective are 10 be returned 1o the Company at its option, transportation
prepaid. The Company makes no guaranties or warranties whatsoever in respect to products other than that manu
factured by the Company as they are sold under the regular warranties of the respective manufacturers, copies of
which will be furnished if requested. All warranties and guaranties as to efficiency and capacity are based upon shop
tests when operating under specified conditions, but do not apply to any condition varying from the foregoing The
hability of the Company (except as to title) arising out of the supplying of said machinery or equipment or its use,
whether on warranties or otherwise, shall not in any case exceed the cost of correcting defects in the machinery or

equipment as herein provided, and upon the expiration of said warranty, as herein provided, all such liability shall
terminate

PRODUCT IMPROVEMENTS

The Company reserves the right, where possible, 1o include changes in design or material which are improvements
Also reserved 1s the right 1o furnish equipment of design modifications best suited to a particular installation, location
or operating condiuon, as long as such modification exceeds Purchaser’s design specifications. The Company cannot
be responsible tor including improvements made after start of production on Purchaser’s equipment
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SECTION 1
INTRODUCTION

PURPOSE.

The purpose of this Instruction Manual 1S 10 assist the owner and opeiating personnel in the operation
mainte¢nance, adjustment, overhaul and repair of the equipment described on the data sheet in the front of the
manual Theinstruchons given herein cover generaliy the operation and maintenance of this equipment. Should
any questions arise which are not answered specifically by these instructions, they should be referred to
Customer Service Department, Transamerica Delaval Inc., Engine and Compressor Division for further detailed
information and technical assistance The name Transamerica Delaval, as used inthis manual shall be takento
mean the Engine and Compressor Division uniess another Transamerica Delaval division is specifically named

SCOPE OF MANUAL.

This manual cannot possibly cover every situation connected with the operation, adjustment, inspection. test
overhau! and maintenance of the equipment furmshed Every effort is madeto prepare the text of the manu 3l s¢
that engineering and design data is transformed to the most easily understood wording Transamerica Delava

in furnishing this equipment, must presume that the operating and maintenance personnel assigned thereto
have sutficient technical knowiedge 10 apply sound safety and operational practices which may not be other

~vise covered herein In applications where Transamerica Delaval equipment is to be integrated with a process
or other machinery, these instructions should be thoroughly reviewed 10 determine the proper integration of the
equipment into the overall plant operational procedures

RELATED MANUALS.

1he netrs
INnsi

uchion Manual, a Parts Manual and an Associated Publications Manual are normally
ntents of these manuals 1s as follows

Parts Manual contains engine specifications, assembly parts lists and assembly drawings

are proviged to assist in the orgering of spare and replacement parts The assembly drawings are
tended 1o assist in the identification of parts. however, it is recommended that the pan numbers appearing on
these drawings not be used when oruering parts  Rather, use the part numbers shown onthe appropriate groug

Manual 1s a compilation of manufacturer's bulietins, forms, instructions
components and equipment which is furnished with the engine, hut not
1d Compressor Division The contents are indexed. both alphabetically by

Jrer s name, and numencally by Transamerica Delava! part number Complete instructions tor using
nual are contained in the manua 1

]

CUSTOMER ASSISTANCE.

nerca Delaval mamntains a stat! of 1actory trained customer service personnel who are availat
rates to assist or advise in the instaliation, ove’ or repair of Enterprise machinery It 1s rec
d that one of these cusiomer service representa s be requesied when extensive repairs are being

e equipment |f assistance s required write or wire the Engine and Compressor Division, Customer

pa ent. furnishing complete information, including all sena! numbers

AXuhKO1-50°
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NOTES, CAUTIONS AND WARNINGS.
Notes, cautions and warnings, as used in this manual are intended to convey the following meanings

a NOTES — operating procedures, conditions, etc., which it is essential 10 emphasize or highlight
because of their importance to the proper operation of the machinery

b CAUTIONS — Operating procedures, practices, etc., which, if not strictly observed, could result in
damage to, or destruction of equipment

¢  WARNINGS — Operating procedures, practices, elc., which couldresult in injury or possible loss of life
if not followed correctly

SAFETY PRECAUTIONS.

Although the design features of the Transamerica Delaval engine include considerations for the safe operation
of the machine, all operating and mantenance personnel should be fully aware of the potential hazards that are
present during the operation and maintenance of any large, medium speed, internal combustion engine. These
hazards encompass many areas — rotating machinery, temperatures, pressures, handling of heavy weights,
flammable liquids, slippery surfaces, and an environment of high nose levels. This Instruction Manual should not
be considered all inclusive in the area of safety, but rather as but one source of information for the formulation of
a comprehensive plant safety program Specific safety precautions in the form of cautions and warnings are
given throughout this manual for speciic conditions and situations. In addition, general precautions are
provided in Section 4 for operation of the equipment, and in the beginning of Section 6 for overhaul and repair
activiies Satety programs, to be effective, must be the concern of all levels of management a: well as the
individual worker  Transamerica Delaval will be pleased to advise on any specific situations which are not
considered to be adequately covered by these instructions

‘ WORKING PRINCIPLE.

Transamerca Delaval Enterprnise engines operate on the four stroke cycle principle The complete cycle for
each cylinder consists of the intake, compression, power (or expansion) and exhaust strokes, and requires two
complete revolutions of the crankshaft

[ 1 3
INTARE STROXE COMPR( E3108 STRORE FOWER SYROKE
T e o LA R PUL PRATES A TS

Figure 1-1. Diagram of Working Principle

a INTAKE STROKE — During the downward movement of the piston on the intake stroke. the intake

valve 1s open and combustion air enters the cylinder The exhaust valve remains open during the early part of the

. mﬁwge the cylinger of any unburned gases from the previous power stroke Combustion ar enters
the cylinger 1fom the turbocharger under pressure
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b COMPRESSION STROKE — Shortly after the piston passes bottom center and starts upward. the
intake valve closes and the air i1s compressed, raising the temperature of the air 10 well above the ignition
temperature of the diesel fuel Just before the piston reaches top center, diesel fuel is injected into the combus-
tion chamber by a nozzie which atomizes the fuel and sprays it in a pattern that will achieve optimum combustion
efficiency The heat of compression ignites the fuel.

¢ POWER STROKE — The burning fuel-air mixture expands and forces the piston downward This
downward thrust transmits power through the connecting rod to the crankshaft, causing ittorotate Towardsthe
end of the power stroke the exhaust valve opens and exhaus! gases start 10 leave the cylinder

d EXHAUST STROKE — As the piston moves upward, past bottom center, exhaust gases are forced out
of the cylinder through the open exhaust valves. During the last half of the exhaust stroke the intake valve opens
to admit combustion air into the cylinder for scavenging purposes

GENERAL ENGINE DESCRIPTION.

The Model RV diesel engine is a four-stroke-cycle, turbocharged. aftercooled, V-type engine The angle of the
Vee is 45 degrees Trunk-type piston, removable wet-type Cylinder iners, pressure lubrication and mechanical
fuel injection are features of the engine Individual fuel injection pumps are provided for each cylinger and, as
they are of standard design, are interchangeable The fuel ines are of equal length and are relatively shon
reducing line surge to a minimum. Fuel pumps, nozzies anc orifice size and angle are all carefully matchedtothe
engine and the fuel to be used to give a maximum thermal efficiency Engine rotation and cylinder bank
gesignations are determined while facing the engine at the fiywheel end Number one Cylinders are always the
parr farthest from the flywheel end
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Figure 1-2 Cross Section, Typical Model RV Diesel Engine
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SECTION 2
INSTALLATION

GENERAL.

As the installation requirements for an engine may vary from site to site, the instructions contained in this section of
the manual are representative of a typical installation and not necessarily the exact procedure for a specitic site
Certified installation and foundation drawings are furnished to each customer which detail the dimensions and
installation requirements for that particular unit.

FOUNDATION DRAWING.

The foundation drawing will be accurately dimensioned and must be carefully observed. Carelessness in locating
foundation bolts, pipes, conduits and drains will cause difficulty during installation and alignment of the unit. It s
essential that the foundation be constructed to the highest standards of accuracy

INSTALLATION DRAWING.

The installation drawing details the measurements for machinery location, distances required for normal maintenance
tasks and the overhead clearances necessary for piston removal. In addition, the drawing will indicate the location and
size of connection points for pipes and the electrical requirements for alarm and control mechanisms

SYSTEM SCHEMATIC DRAWINGS.
Electrical and flow diagrams are furnished for the various systems. Fiow diagrams describe graphically the recommended
system for interconnecting the various items of equipment in that particular circuit, as well as the minimum pipe sizes

HANDLING AND SHIPMENT.

Care must be exercised 10 avoid damage during the handling of the engine and associated equipment during shipment
and installation. The unit should be lifted only from the lift pads on the side of the engine base (where provided) as
indicated on the installation drawing When securing the engine during shipment or other movement, make sure no
binding stresses are imposed on the engine base or crankshat

» AX4AKOI-509-1)
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FOUNDATION.

Make a foundation bolt template, using the certified foundation drawing 10 determine the location of the equipment
mounting bolts. See figure 2-1 for a suggested method of building the template. Exercise care in locating bolt centers.
Place and support the template from the foundation forms. Anchor securely to prevent movement of the template.
Thread foundation bolt into lower nut in pipe sieeve being careful not to damage cap at bottom of nut. Insert
foundation bolts and sleeves in holes provided in the templa‘e then tighten the upper r Jts. Sleeves must be securely
held in correct position o prevent any movement when pouring concrete. A suggested method is to use reinforcing
rods welded to each sleeve or on top of each anchor plate in both rows of bolts, running the length of the engine,
and adding “X" bracing between the two rows of bolts. Another suggestion is 1o tie the bolt assemblies to other
reinforcing rods already in the foundation. Recheck template pasition, slignment and elevation before pouring con
crete It 1s recommended that a Transamerica Delaval Engine and Compressor Division service representative be present
to check bolt layout. The foundation is to be poured monolithic and must be suitably renforced with reinforcing steel.
Let concrete set for 10 days before installing equipment, and 30 days before running equipment

MATERIAL WOODEN PLANKS SECURELY NAILED TOGETHER

- . —on— 1 L. )

]
| |
: ' /a-o'mmuo TOGETHER

—-— y .~ ¢. 1 x 6 CROSS BRACING
WZ NOTCH TOP OF 21 6 AT CORNERS TO SU'T
W /‘/:.um €0GE P
\
') /

NS

4
Al f‘

|

i

i

PLAN VIEW SECTION A-A

ALLOW 1732" CLEARANCE
ON DIAMETER

Figure 2-1. Suggested Foundation Bolt Template

FOUNDATION BOLT ASSEMBLIES

The foundation bolts are so designed that the anchor studs can be removed from the anchors after the foundation
has been poured This permits the engine to be placed over the foundation without any interference or danger of
damage to the studs Once the engine is in place, the studs are installed and screwed into the anchor assemblies

'y AX4hkU1I-509-1
22
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PREPARATION FOR INSTALLATION.

Before landing the unit on the foundation, the surfaces of the foundation must be roughened wherever yrout is to be
applied. Chip and clean as necessary to remove all laitance and foreign matter so that the clean, dry, sharp aggregate
required for a good bond to epoxy grout is exposed. The machined surfaces of the sole plates and chocks must be
thoroughly cleaned and the leveling screws waxed to prevent their sticking to the grout. The machined bottom faces
of the engine base must also be cleaned thoroughly. Remove engine foundation bolts. Place steel plates at ;.cking screw
locations, level plates and grout in place

PLACING ENGINE OVER FOUNDATION.

Position engine over foundation and insert four toe jacks, one at each corer of the engine, inboard of the shipping
skids. If engine is rolled into position, the ends of the jacking screw shields and foundation bolt shields must be
protected to avoid damaging shield ends with the rollers. Do not place jacks in the center of the engine as this could
cause damage 10 the engine base. Insure that the combined capacity of the jacks is at least fifty percent greater than
the total weight of the engine. See Installation Drawing for weights.

o Remove shipping skids, thoroughly clean mounting rails and then lower engine to grade Be sure the
foundation bolt holes in the engine base are correctly aligned with the foundation bolt sleeves in the foundation for
easy installation of the foundation bolts

b Clean sole plates and chocks with a degreasing type solvent. It is recommended that after the sole plates
are washed, they be primed with a primer recommended by a grout manufacturer. Lubricate the threads of the jacking
screws with a mixture of powdered graphite and engine lubricating oil. The lower end of the jack ing screws should be
coated with wax 10 prevent the epoxy grout material from binding to the screws.

c Place sole plates and chocks in position under the engine as shown in the foundation drawing Install sole
plate retainers on the front and rear sole plates, making sure the sole plates are forced tightly against the shoulder at
the inner edge of the engine mounting rails

d Lubricate lower threads of the foundation bolts with standard graphite and oil mixture, install bolts in
sleeves and screw firmly into the threads at the bottom of the sleeve. Lubricate threads at the upper end of foundation
bolts with oil and graphite powder then place washers and nuts on bolts.

v Level and align the engine. Refer to Section 6, Part D of this manual for the method of taking crankshatt
web deflection measurements Record web deflection measurements on Form D-1063. Insure that all sole plate jacking
screws are s0 acjusted as to distribute the weight evenly on all sole plates. When leveling and alignment is satisfactory,

snug down the foundation bolt nuts to prevent movement of the engine during installation of the driven equipment
and grouting

pXLbu’1-509-1
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MOUNTING FLYWHEEL AND CONNECTING SHAFT.

Carefully clean and de-burr the bores and mating surfaces of the flywheel, the crankshaft flange and the connecting
flange. Dirt or burrs will cause misalignment between the crankshaft and the connecting shaft.

a Apply @ thin coat of preservative 10 the mating surfaces of the flywhee' and the fiange, then mount the flywhee!
on the engine crankshatt flange Make sure no dirt 1s allowed between the mating surfaces while the fly whee! is bemng
mounted Install three retaining plates (see figure 2-2) and draw the fiywheel up on the flange until it is sealed

b. Bring the connecting shaft into position,
lubricate the mating surfaces with anti-seize lubricant,
align the half-inch locating hole in the connecting shaft
flange with the locating hole in the flywheel and move
the connecting shaft into engagement with the flywheel.
Keep dirt from entering the mating area. 'Jse two long
one or one and one-quarter inch diameter temporary
bolts with washers and nuts to draw the connecting
shaft to the flywheel until it is seated. Check with feeler
gauges between face of connecting shaft flange and fly-
wheel to be sure the flange is fully seated and square
with the flywheel

c Special tapered aligning dowels and a flywhee!
bolt reamer are available from the Transamerica Delaval
Engine and Compressor Division Service Department for
use in aligning and fitting the filywheel bolts. Lubricate
the two aligning dowels with a thin coat of anti-seize
lubricant then tap them into two opposite flywheel
bolt holes, aligning the bolt holes with those of the
shatt tlanges. Do not drive dowels up hard. Ream two

flywheel bolt holes with the special reamer and measure e i
diameter of reamed hole to the nearest 0.0005 inch, ) )
and compare diameter of reamed hole with diameter of Figwe 22 Fiywhes! Mounting

bolt. Reamed holes should be approximately 0.00056
inch larger than the bolts to allow for an easy tap fit. Do not drive the bolts in with a skedge, hydraulic ram or jack.
Coat bo s with an anti-seize lubricant and fit into reamed holes. Lubricate threads with powdered graphite and engine

0i1, assemble nuts on bolts and draw up tight. Remove two temporary bo!ts and aligning dowels and fit remaining
bolts. Torque all bolts to the torque specified in Appendix IV,

« AYiLtun)-509-1
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GROUTING.

Check alignment of crankshatt, then align driven equipment. Tighten foundation bolts on driven equipment moderately
with jacking screws in place, then recheck entire alignment including crankshaft. Record crankshaft deflections on
Form D-1063, Crankshatt Alignment Record. Engine and Compressor Division service representative must be present
1o supervise alignment procedures.

s Pour and vibrate the grout under the engine and driven equipment. It is recommended that a representative
of the grout supplier be present #t the installation to be sure that grout is prepared and placed in accordance with
specifications. Do not fill bolt shield holes with grout.

b.  After grout has cured, back off the sole plate jacking screws one turn sach and torque the foundation bolts

10 the specified value. Snug all bolts in a criss-cross pattern, then apply a light toraue to each, using the same criss-cross
pattern. Continue applying torque in increments and in the same pattern until the final torque value is reached

25
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JACKET WATER SYSTEM.

The jacket water system is individual for each engine, and provides the cooling medium for the engine. ol
cooler, turbochargers, exhaust manifold jackets, the governor and the ar coolers. The recommended
water treatment is sodium dichromate and boiler compound. Refer to Section 6, Pant J of this manual for
the recommended method of treatment The jacket water system Consists of an engine-driven jacket water
pump 1o circulate the coolant, a temperature control vaive 1o regulate the temperature of the water, passages
within the engine through which the water flows, and where heat is absorbed from the engine. a cooler to coo!
the water and a standpipe 10 maintain a constant head on the pump and 1o allow for expansion and bleeding
of entrained ar  The standpipe is fitted with a heater for warming the water and a "keep warm’ pump for
circulating warm water through the system to keep the engine warmed while in a standby status The pump.
engine and cooler are connected in a seres Circui, and drains must be instalied at all low points and vents
al all high points  All piping must be properly supporied 1o minimize pipe vibration and flange loading
Flexible couplings are not recommended at Customer connections because of potential failure hazard dunng
operation Refer to the jacket water piping schematic drawing in Section 9 of the manual for the relative
jocation of system components, recommended pipe sizes and direction of fiow

. AXLbu()-509-.
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COOLING WATER SYSTEM.
Transamerica Delaval does not provide the Cooling waler system for this installation. Nuclear service cooling

water from the owner's systems is provided at connected 276 and returned at connection 277 after being
circulated through the jacket water cooler Part No 76021-104

AXahp(Ui-509-1
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FUEL OIL SYSTEM.

The fue! system provides the means for storing fuel in the day tank, removal from the day tank and delivery to the fuel
injection pumps at the cylinders. The fuel oil system piping schematic drawing in the “Drawings” section of this manual
show the pipe sizes, connections, direction of flow and relative locstion of all major components. Fuel injection
squipment on the engine is hand lapped to extremely close tolerances, therefore, fuel cleanliness is of the utmost
importance. The fuel system must be kept clean as possible during installation and assembly, and should be cleaned
internally and blown clean before initisl start up. All piping must be properly supported to minimize pipe vibration
and tlange loading Flexible connections are not recommended at customer connect ions because of the potential failure
hazard during operation. All piping must be mechanically cleaned after welding and preserved to prevent rust The
day tank shouid be mounted high enough to provide sdequate suction at the enginedriven fuel oil booster pump.
Drains should be provided a. all low points and vents st all high points.

29 AXuhpGi-509-1
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LUBRICATING OIL SYSTEM.

The lubnicating oil system is of the dry sump type which has a sump tank for holding the oil supply Oil is
circulated through the system by an engine-driven pump. Refer to the lubricating oil piping schematic drawing
in the "Drawings section of this manual for the specific details of the system, relative location of major
components, direction of flow, and notes relative 10 instaliation of the system

FLOW PRINCIPLE.

Pump s iction draws the lubricating oil from the sump tank and discharges it 10 the lubricating ol cooler Flow
from the cooler 1s through a lubricating oil filter and pressure strainer to the engine main headers A branch
ine from the strainer lakes oil 10 the turbochargers Return is by gravity flow from the engine base 1o the sump
tank Separate ines direct return flow from the turbochargers from the sump tank. A relief vaive. set at 70 ps.,
provides protection 10 the system. and pressure regulating vaives regulate the system pressure

KEEP WARM CIRCUIT.

A “keep warm circuit 1s provided 1o maintain the lubnicating oil charge and thereby the engine. in a warmed
and lubncated condition when in the standby status. Heaters at the sump tank warm the oil which is then
pumped by the keep-warm pump 1o the keep-warm filter and strainer and then 10 the main engine lubricating
ol header To prevent flooding of the turbochargers, there is no supply 10 the turbochargers in this circuit The
lubricating oil heater thermostat should be set at 150° F

PLACING LUBRICATING OIL SYSTEM IN SERVICE.

Betore the engine 1s first started the assembied lubricating o1l piping system must be thoroughly flushed with
ol Disconnect the pipe at the pressure strainer iniet and arrange a temporary bypass from this pipe 10 the
sump tank The bypass will permit ol circulation through the pipes without filkng the internal lubricating o1l
system of the engine Several thickness of cloth sack should be secured 10 the outiet of the bypass to catch
debris as 1118 flushed out  The sump tank and engine base must be thoroughly cleaned before being filled The
auxiiary lubricating o1l pump, or any other continuous duty pump of sufficient capacity, can be used 10 pump o1l
dunng flushing operations  Flushing should continue for at least eight hours if care was exercised dunng
fabnication of the system As much as 24 hours of flushing may be required for a dirty system When ol 1s
circulating through the system the pipes should be thoroughly pounded several imes with a heavy hammer
10 loosen airt and debris Mot flushing o1l will clean better than coid il Piping around the oil cooler requires
special attention 10 insure that the pipes and oil cooler are properly flushed Precautions must be taken 10
insure the complete removal of testing fiuwids. water or other iquids before attempting to flush the cooler

Note
Engines may be received with the strainer mounted on the engine and connected to the
engine lubricating ol header It it1s certain that the connections between the strainer and

the engine oIl header have not been disconnected since the engine left the factory, the
following paragraph may be omitted

Disconnected umper tubes between the engine lubricating oil header and the main bearings, and between main
headers and auxihary heagers Secure a ine screen such as a nylon stocking over each main header hting 1o
calch debns that may be washed through as the system s flushed Cover main bearing fittings and open ends
of auxihary header leeders 10 prevent the entry of dirt Engine o1l should be pumped through the open system
for at least four hours 10 be sure tha! any foreign matenal remaining in the headers is removed Reassembie
internal tubes and brackets as required
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INTAKE SYSTEM.

Each engine has an independent intake system, the combustion air being piped from outside the engine room
through a remotely installed air filter. An inline silencer is fitted in the pipe just ahead of the turbocharger air
inlet. The air filter protects the working parts of the engine from the entry of dust. Filters shouid be cleaned a!
reguiar intervals 10 maintain adequate protection against abrasion and wear. Refer 10 the piping schemalic ir
the “Drawings’ section for connections, pipe sizes and relative locations of components
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EXHAUST SYSTEM.

Each engine 1s provided with an indiwdual independent exhaust system. The water jacketed, multi-pmpe
passage manifold discharges directly into the engine mounted turbocharger(s), and the gas then discharges
from the turbocharger(s) through exhaust piping and a silencer to atmosphere As few bends as possiie
should be used when laying oul exhaust piping Necessary bends should be of long radius it three 10 six
bends are used, the entire pipe should be increased to the next nominal size If more than six bends are
necessary, pipe size should be increased two nominal sizes. The length of exhaust piping is not cnucal
however, if an unusually long pipe is used, the pipe size should be increased 10 reduce back pressure A
length of fiexible metal tubing should be insteled in the exhaust ine as near the engine as possible 1o allow
for movement. hea! expansion, and for isolation of vibration The exhaust ine should be lagged to minimae
heat radiation in the engine room. A separate support should be provided so the weight of the exhaust silencer
and line is not borne by the engine  Refer 10 the piping schematic in the “Drawings™ section for connechions
pipe sizes and relative locations of components
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STARTING AIR SYSTEM

The required redundancy of the starting air system is accomplished by utilizing two separate systems Each consist
of a motor-driven @it compressor, an ai« dryer, an aftercooler and a storage tank Each storage supply is then piped
1o solencid valves two for each system, which block air flow until a starting signal is applied. Check valves downstream
of the solenoid valves prevent back flow from one system to the other When a start signal is applied, the solenod
valves open, admitting starting air to the interconnected headers on the engine The two starting air distributors ther
send timed pilot signals to the starting air valves in the cylinder heads in the correct sequence and, as each startuing
air valve opens. starting air is sdmitted to the combustion chamber of that cylinder, forcing the piston downward
and rotating the crankshaft. This system permits the engine 1o be cranked even though one supply system fails 1«
operate. or if three of the four solenoid valves fail to function. Reference should be made to the starting air piping
schematic drawing in the “Drawings ' section of this manual for complete details of the system
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SECTION 3
ENGINE CONTROLS

GENERAL

The following is a description of the local engine control system and its operations The system will start. stop
protect, operate and monitor the integrity of the diesel generator in the various modes of operation

REFERENCES

The Associaled Publications Manual contains the manufacturer's literature covering the varous components
of the system Of special significance are the ARO Corporation’s publications which give a clear. concise
explanation of the functions of the pneumatic logic elements used in the pneumatic control circuits  When
ordering spare or replacement pars for the system, refer to the Parts Manual tor the correct part numbers

DRAWINGS

The drawinys provided with these instructions include system schematics, layouts pertaining to the pneumatic
logic assemblies drawings detiling the engine-mounted equipment. and interface drawings for the vendor
equipment Refer 10 the DRAWINGS section of this manual for the drawings applicabie 10 the control system

SYSTEM OVERVIEW

The control system provides the means for starting, stopping, running and loading the diesel generator. as well
as controlling auxiiary devices Control operations are normally carned out from the owner § remote contro!
panel The unit starts automatically in response 10 remote contact closure. and generator agjustment and
loaging operations are controlied from the remote location In addition, controls provided at the local engine
control panel and the local generator control panel permit local control of all engine-generator operations

a There are \wo base modes incorporated imo the system, the OPERATIONAL mode and the
MAINTENANCE mode Selection of MAINTENANCE mode at the local engine control panel disarms all starting
ana operating circuits. both remote and local MAINTENANCE mode is intended for repair and maintenance
operatons with the lockout of the start circuitry atfording complete safety for maintenance personne
Return of the unit 1o OPERATIONAL mode from the local engine control panel arms all start circuns

b The LOCAL/REMOTE SWITCH (LRS) located at the local generator control panel, permits selection
of control locaton Under normal conditions. the switch is placed in the REMOTE position, enabiing all
staring and operating controls at the remote control location. If the LRS is placed in the LOCAL position, the
unit may be controlied from the local control panel, with remote control isolated. Note that selection of
MAINTENANCE mode 18 possible only when LOCAL operation is selected.

¢ There are two basic types of start, the Emergency Start and the Normal Start. During Normal Starts
the automalic sately shutdown system. a network of malfunction sensing devices. is activated If a malfunction
exists when a Normal Start signal s apphed the unit will not start until the maltunction is repaired If a malfunction
occurs when the unit 1§ running. the automatic safety shutdown system will bring the unit 10 a stop Normal slarts
may be apyled manually from the remole location. provided the Local/Remote Switch is in the REMOTE
position Conversely Noriial Starts may be applied from the local control panel manual start pushbutton ifine
Local/Remote Switch is ir the LOCAL position A Normal Start with full automatic safety shutdown protection s
also inhated by closure of the owner's LOOPS (Loss of Offsite Power Start) contacts. provided the Loca
Remote Switch 1s in the REMOTE position
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d Dunng Emergency Starts. most of the automatic safety shutdown system is disarmed  Only certain
major malfunction sensors remain active for tnpping during the emergency condition. Two-out-of-three logic
is employed for certain vital trip parameters An emergency start 1s initiated upon closure of the owner's
remote SIAS contacts, provided the Local/Remote Switch is in the REMOTE position. A breakglass station 1s
also provided at the local panel for application of alocal emergency stan. A Test Bypass pushbution 1s provided
al the local panel 1o allow the operator 10 insure that the shutdown system is properly disarmed dunng
emergency operations Note that the emergency stan condition remains in effect after application untila manua
reset signal is iniiated from the local control panel It such a rese! signal is applied, the engine may remain
running. with shutdown protection reinstated

e The unit may be stopped after a Normal Start from either the local or remote location, whichever has
been selected for control at the Local/Remote Switch During emergency start operations, these normai slop
controls are disarmed However, emergency slop controls are provided at both the local and remote stalons

DESCRIPTION OF OPERATIONS

The control system i1s divided into two subsystems, the pneumatic subsystem and the electrical subsystem
The pneumatic portion of the system is used in the control of the fue! supply permissive. in conjunction with the
monitoring of varous engine environment parameters. such as pressures and temperatures Pneumatic contro!
devices and sensors are mounted at the engine. and a pneumatic logic system at the local control pane!
coordinales pneumatic operations The electrical portion of the system controls most other functions. including
the start and stop inputs alarm functions, generator interface and control of auxiliaries. Devices such as
pressure switches and solenocid vaives, which tunction both electrically and pneumatically. are used 10
interface the two subsystems The following instructions begin with a consideration of the elecirncal circuns
for staring These circuits accept start inputs lrom the controlling station. and produce signals for starting
air agmission and also signals used by the pneumatic system for the alarm and shutdown equipment A detaled
aiscussion of the pneumatic circuitry follows The arous other electrical circuit functions are covered after
the pneumatic circutry  These funclions include post-stant operations. generator control interconnectons.
the alarm system and control of the auxiharies

ELECTRICAL START CIRCUITRY (See Drawing 09-500-76021)

There are two separate 1€ start circuits, the “A” circuit on sheet 3 of the referenced drawing and the B
circut shown on sheet 4 The redundant Circuits are physically spaced as far apart as possibie within the
pane! and each may be connectedtoa separate dc power source Each stan circuit controls a par o! solenoid
valves which are mounted on the engine i the staring air piping When a start signal is applied each starl
circut acts independently 10 energize two starting air solenoid valves 10 Crank the engine In adaition, each
circuit generates signals which are ransmitted 10 the pneumatic circuitry 1o control the alarm and shutdown
equipment Note that the redundar.cy of the starn circuis permits either circuit alone to start the unit in the
event of the 1088 of the other circu.l  The start circuits function as follows

a The A circurt 1s shown on sheet 3 of the referenced drawing Since the “A” and "B circuits are
vitually identical in starn circuitry, only the A’ circuit will be referenced here Note that the same even's occu’
inthe ‘B circut at the same ime  An Emergency Start is initiated due 10 Closure of the owner s remote SIAS
contacts (ine 7) Upon closure of the contacts, solenoid vaives SOL-1A, SOL-2A and SOL-202 2A are
energized. on ines 7 8 and 9 respectively Solenoid valves SOL-1A and SOL-2A, located on the engine aomit
a charge of starting air 10 the engine  Solenoid valve SOL-202-2A acts to de-energize the automatic sately
shutdown system Since this operation occurs in the pneumatic portion of the system. it will be described in a
subsequent section In addiion 1o these solenod valves. me delay relay TOD1A on ine 11 is energized by
closure o the SIAS contacts on ine 11 After one second. the TO1A contact on line 19 closes 10 energize
solenoid valve SOL-202-5A This solenoid vaive transmits a signal 1o the generator control circuitry for helo
st Note that there are various permissives in the SIAS stant circuit Pressure switch PS-40A must be closed
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indicating that the unit 1s in the OPERATIONAL mode The LRS (Local/Remote Switch) at the generator control
panel must be in the REMOTE position, arming the remote control panel  Also, the staring air pressure swilch
PS-4A must be closed, indicating at least 150 psi starting air present in the receivers. Note that dc power must
be avallable to the circuit for all of the above 10 take place.

b A Local Emergency Star is generated upon closure of pressure switch PS-45A on line 11, shee! 3
of the referenced drawing Referring 10 sheet 2 of the same drawing. note that pressure switch PS-45A (ano
PS-458 tor the "B circun) is controlied by the manual emergency start valve, which is located at a breakglass
station at the local control panel Pressure switch PS-45A energizes the tame emergency stan circuil as
described above That is, the starting air solenoid vaives at the engine are energized 10 admit starting ar 1o
the engine. and the shutdown de-activate solenoid valve, SOL-202-2A is energized o transmit the shutdown
de-activate signal 1o the pneumatic portion of the system Time delay relay TD1A is also energized for field
flash Permissives for the local emergency start include the OPERA TIONAL mode pressure switch, PS-40A.
and the starting air pressure switch, PS-4A, which was noted above. Note that there is no contact of the LRS
in the local emergency star circuit

¢ The three remaining start types. Remote Manual Start, Local Manual Start and the Loss of Otfsite
Power Start (LOOPS) are classified as Normal Starts  As distinct from Emergency Stans, these starts activate
the automatc safety shutdown system The automatic safety shutdown system will prevent a Normal Start
from taking place i a malfunction is present when the starting signal is received |f a malfunction occurs while
the engine i1s operating in the Normal Stant mode. the automatic safety shutdown system will cause the engine
10 shut down The Remote Manual Start contact is shown on line 14 for the “A’ circuit. Note that the contact 1s
wired in senes with pressure switch PS-40A for OPERATIONAL moge. and with contacts of the LRS switch
The unit must be in OPERATIONAL mode and the LRS must be in REMOTE for a Remote Manual Start 1o occur
Closure of the Remote Manual Start contact energizes relay R4A on line 15, ime delay relay TD2A on line 16
and solenoid valve SOL-202-1A on ine 17 Contact R4A-1 isolates the Emergency Star circuits on hne 11,
contact R4A.2 energizes the staring air solenoid valves on line 14, and contact R4A-3 latches the Circuit on
ine 17 These contacts change state again atter five seconds maximum for starting air admission Note that
solenoid valve SOL-202-1A i1s energized and a signal is sent to the pneumatic circuitry 1o arm the automatic
satety shutgown syslem

¢ The Local Manual Start circun 1s identical to the Remote Manual Start circuit, except that the source
of the inihating signal and the LRS switch are LOCAL Note that the LRS switch mus! be in Local position for a
Local Manua! Start  The Local Start pushbution is shown on sheet 2 of the referenced drawing When
depressed the pushbution causes activation of pressure switch PS-12A (and PS-128B for the "B circut)
Online 15 sheet 3 closure of PS-12A causes relay R4A time delay relay TD2A and solenoid vaive SOL-202- 1A
10 become energized Contacts of relay R4A connect the starting air solenoids with the circuit for five seconds

e The owners LOOPS contacts are shown on line 21  Note that the LRS contacts shown in sernes
with the LOOPS contacts indicate that the switch must be inthe REMOTE position Solenoid valve SOL-202-7A
energized on ine 21 by closure of the LOOPS contacts. is shown on sheet 2 of the referenced drawing
Thie valve activates the PS5-44 pressure switch group. and pressure switch PS-44A on line 12 closes 10
iniate @ Normal Start  As with Normal Starts previously described. solenoid valve SOL-202-1A 1s energized
10 transmit the shutdown activation signal 1o the pneumatic circuilry, and relay R4A energizes the air star
solenoid valves for hive seconds

t  The redundant tachometer relays (item 49, hne 30 in circuit “A”) play an important role in the starting
crcuts  Each tachometer relay monitors a magnetic pick-up mounted on the engine The relay contacts
shown at the tachometer relay are shown with the system in the de-energized state When power is made
avalable to the circuit the contacts transfer 10 a state opposite 1o that shown The contacts will transler to
the states shown when they reach their rpm setpoints Contacts SS1A and SG2A transter at 200 rpm 8S14
s connected at ine 18.1n the "A circuil, where it energizes the field flash solenoid valve, SOL-202-7A Note
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that the tachometer relay contact and the contact of relay TU1A both perform the same function in energizing
the hield flash solenoid valve Al the tachometer relay. contact SS2A energizes solenoid valve SOL-202-3A
on ine 34 at 200 rtpm_ This solenoid vaive transmits the “running signal throughout the electrical circuitry
Tachometer relay contacts SS3A and SS4A transfer at 440 rpm  Contact SS3A acts in conjunction with a
contact of the undervoliage relay to energize relay R11A on line 35 This relay transmits the “Ready To Load

signal through the various electrcal circuits

h In summary, the varous start circuits function 1o admit starting ar 10 the engine, and also send
signals 10 the pneumatic portion of the system for control of the fuel permissive and the automatic salely
shutdown system Emergency starts isolate the automatic safety shutdown system for the most pan, while
Normal starts arm the shutdown system Basic permissives include selection of OPERATIONAL mode and
selection of the appropnate control station at the Local/Remote Switch For Emergency Starts, 150 ps
starting ar must be available Note that examples given for the “A" circuit above apply tothe "B circuit as well
Belore covering the various post-start functions in the electrical circuitry, the following section will survey the
functions of the p neumatc portion of the system

PNLUMATIC CONTROL CIRCUITRY ( See Drawing -09-500-76021)

The pneumatic portion of the control system attords malfunction protection for the unit, by means of the
automatic safety shutdown system The system is compnsed of varous sensors mounted on the engine and
other equipment These sensors are monitored by a senes of pneumatic logic circuits mounted inside the
local control pane! If a sensor tnps due 1o @ maltunction during Normal stan operations, the logiC Circulry
generates a shutdown signal  This signal 1s used to extend the tuel racks 10 the NO FUEL position. and the
engine stops due 10 fuel starvation Durning Emergency Start operations, the pneumatic 10gic system locks out
most of the malfunction sensors. and will permit fuel operation except when certain major malfunctions occur
Note that the pneumatic portion of the control system also controls Normal and Emergency Stop functions
by cutting off fuel supply In agdition to the above referenced drawing which shows the panel mounted log.c
circuits. refer aiso 10 drawing 09-695-76021. which shows the engine mounted components  The following
section detals the operations of the pneumatic portion of the control system. and its interface with the
electnical circuntry

a The pneumatic logic system 1s shown on sheet 1 of Drawing 09-500-76021. All components shown
are mounted inside the Local Engine Control Panel  The core of the system is a series of pneumatic 10gic
boards which are mounted on a pneumatic mother board Each distinct logic board assembly 1s comprised of
pneumatic logic elements which are miniature vaives The logic elements perform digital logic tunctions
such as AND OR and NOT The logic elements are connected by pasages cut in gasket material. and inpuls
and outputs of the boards are through numbered ports The heavy ines on the drawing indicate gaske!
cuts in the mother board which interconnects the vanous l0gic boards At the left of the drawing are a series
of numbered terminals. which are labeled as 10 ther function These terminals represent pneumatic tubing
connections which exit the panel  Referring 1o Drawing 09-695-76021. note that the pneumalic connections
10 the engine mounted devices are labeied in a similar manner The panel mounted logic system communicates
with the engine mounted equipment through pneumatic tubing ines  The logic system is interfaced witn the
electrical portion of the system by means of solenod valves and pressure switches Solenoid valves
represent INputs rom the electrical system which generate pneumatic signals for use inthe pneumatic system
Pressure swilches are outpuls Irom the pneumatc system whicn are used as status and control inputs 1o
the elecirical portion of the system The pneumatic Control medium is air at 60 psi, symbolized by Don the
arawings

b The sysiem is shown al rest with control arr available at all points marked (ZJp Pressure enters
the logic system ai Port 10 of iogic board 1A-6926 shown inthe lower Center of the drawing Pressure atPort 10
enters 10gic board 1A-6926 ana pressurizes the ‘B ports of elements MEM 10 DEL-3 MEM 11 and AND 12
Since all o these elements require secondary signals 10r activation there is no further signal propagatior a'
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assembly 1A-6926 at this ime  Note that a control air pressure at Port 10 of logic b. ard 1A-6926 also ravels
through a mother board gasket cut to Port 9 of logic board 1A-7055 and aiso to Poii 4 of the two redundant
1A-6943 logic assemblies

¢ Pressure at Port 9 of logic board 1A-7055 acts as follows The “B" ports of elements NOT-1,
MEM-23 AND-24 and AND-19 are pressurized Pressure at port “B" of NOT-1 passes through that element
and pressurizes port "B of elements MEM-10 and AND-9. In addition, the output of element NOT-1 is apphed
1o orfice 5 The pressures at the "B ports of elements MEM-10 and AND-9 have no further effect at this ime
Pressure at the onfice is metered through to Port 2 of logic board 1A-7055 This nising pressure feeds the Group |
sensors. on lines E-18 and E-18 As shown on the engine pneumatic drawing, 09-695-76021. the sensors
on these ines will be in the blocking position uniess a matfunction exists. Assuming that the lube o1l and main
bearing temperatures are not in trip range at this ime, the sensors will block pressure flow and the sensor ines
will il with @it At the panel, pressure will back up to Port 2 of logic board 1A-7055 Note that a pressure gauge
s instalied in the line adjacent to the logic board. As rising pressure fills the lines. pressure will equalize across
the orfice and fiow will stop Note that port “A” of element NOT-13 and port “8" of AND-14 are pressurized

d Pressure at Port 4 of each redundant 1A-6943 logic assembly acts 10 operate the shutdown
circuitry when control air 1s first made available At both boards, Port 4 pressure is apphied to the "B ports of
elements NOT-8 MEM-7. MEM-6 and MEM-5 Pressure flows through NOT-8 and is apphed 1o the ‘B pons
of elements NOT-11. NOT-10 and NOT-9 These elements transmit, resulting in oulputs from elements
AND-15 AND-14 and AND-13 These oulputs result in a pressure from element OR-20 The output of OR-20
pressurizes Port 6 of 1A-6943 and also pressurizes por “8" of NOT-12 and orifice/check 16 Note that the
pressure at orfice/check 16 1s passed 10 two accumulators at Port 11 After approximately two minutles these
accumulators il up. and pon “A” of element NOT-12 is pressurized During this two minute period. element
NOT-12 has an output The NOT-12 output passes through element OR-4 and pressurizes Port 12 Atthe upper
board the Port 12 output is apphied to Port 7 of the lower board, and this pressure passes through element
OR-4 to produce an output from Port 12 The net result, therefore, is an output from Pe~ 12 of the lower board
This pressure passes through a shuttie valve and is applied 1o Port 4 of logic board 1A-7055 Note that this
signal also actuates the PS-40 pressure swilches and pressure switch PS-23N after a gelay Al logic board
1A.7055 the Port 4 input passes through element OR-16 1o produce a retained output from the memory circunt
consisting of elements S/R-20 and MEM-23  This output causes element AND-24 1o transmit  The AND-24
output pressurizes Port 7 of 1A-7055 Note that the AND-24 output lasts for approximately two minutes This
1« because of one output @t AND-24 is metered through orifice 12 10 @ pair of accumulators at Port 8. when
ihe accumulators are hiled, an output from element AND- 19 resets element S/R-20 and terminales the memory
signal 10 AND 24 Pressure at Port 7 of 1A-7055 passes through vaive P« and solenoid vaive SOL-3B1ocharge
ine £ 89 On the engine preumatic drawing (09-695-76021). pressure in line E-89 pilots a three-way valve
(ter 11) causing control @i at 60 psi from ine E-53 10 pass through the vaive to ineE-90 This pressure causes
ihe Fuel Rack Shuldown Cylinger (item 8) 10 exiend, which moves the engine fuel racks 10 the NO FUEL
position This prevents agmission of fuel 10 the engine  Note that pressure switches at the panel on hne E-90
wil ingicate the shuldown condition 10 the electrical circuitry

e As previously noted timing circuits within the logic system will reset the shutdown cylinger signal and
the fue! rack shutdown cylinder will retract after two minutes At this ime, the logic system will be tully pres-
surzea and i the Group | shuldown sensors do not indicate a maltunction, the engine will accep! a start signa'

PNEUMATIC FUNCTIONS AT START (See Drawing 09-500-76021)

As described earier. a start signal is applied through the elecinical system, where contact closure results in o
signal 10 the pneumatc portion of the system During Normal Stans, solenoid valves SOL-202-1A ano
80 20218 are energizea and during Emergency Starts, solenoid vaives SOL-202-2A ano SOL-202-28
are ene'gzed  The following instructions will detall the results of both types of start signal starting with Normal
Starte
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a The Normal Start sulenoid valves, SOL-202-1A and SOL-202-1B, are shown adjacent to logic
assembly 1A-6926 When energ.zed, the valves admit 60 psi control air to Port 12 of logic board 1A-6926 In
addition, control air passes through a gasket passage to Port 10 of logic board 1A-7055 Pressure at Port 12
of logic board 1A-6926 is directed through element OR-8 and exits from Port B 1o activate the PS-32 group of
pressure switches These pressure switches transm.t the “Starting” signal 1o the electrical Circuitry Pressure
at Port 10 of logic board 1A-7055 arms the shutdown system, as follows Port 10 pressure passes through
element OR-2 and is appled 10 port “C" of element S/R-6 This results in @ maintained output from element
MEM-10 which produces a maintained output from element AND-8 The output of AND-9 is applied to port
"8 of element NOT-13, 1o port "B of element T/N-11, and to orfice/check 15 Each of these outputs are
very significant for an understanding of the system

b The AND-9 output which is applied to port “B" of element NOT-13 arms the shutdown system Atthis
point in the start sequence, only the Group | shutdowns are active 10 trip the unit. It will be recalled that the
Group | sensors are fed by orifice 5 through Port 2. Assuming that the sensors are blocking. a pressure is present
at port “A” of element NOT-13 This pressure acts 10 inhibit the output of elenent NOT-13 If one of the Group |
sensors delects a malfunction at the lime a stant sigral 's applied, pressure at port “A" of element NOT-13
exhausts through the venting sensor  This allows the AND-9 output to pass through element NOT-13, through
elements NOT-17 and NOT-18, and through element OR-1€ (0 trigger elements S/R-20 This results in a
maintained output from element MEM-23, and a consequent outpul from element AND-24 The AND-24 output
pressurizes Port 7 and ine E-83 which causes the fuel rack shutdown cylinder at the engine 1o extend This
moves the fuel racks 10 the NO FUEL position. and prevents the engine from starting Note that loss of a Group |
sensor at any ime will move the fuel racks 10 the NO FUEL position As noted earlier, the shuldown signal 1s
terminated after a delay of approximately two minutes to aliow restaring the engine

¢ Assuming that the Group | sensors are good. the AND-9 output is applied 1o both port "B’ of element
AND-11 and 1o oriice/check 15 Note that orifice/check 15 feeds an accumulator at Port 3. The time required
for the metered signal 1o hill the accumulator — approximately 90 seconds — is known as Group Il lockout
timing When the iming period is completed, accumulalor pressure is applied 10 port “A” of element T/N-11.
which causes T/N-11 1o stop transmitung  Note, however, that element T/N-11 has an output throughout
Group |l lockout iming

d The output of element T/N-11 pressurizes Port 12 of logic board 1A-7055, and is also metered
through onfice B and OR-7 1o feed Port 11 The Port 12 signal pilots valve Pa and is also applied to Por 2 of each
of the redundant 1A-6943 logic assemblies Al the upper assembly, note that Port 2 pressure also feeds ne
£-24 Atthe engine (drawing 09-695-76021) line E-24 prassure locks out the vibration switches for the engine
and turbocharger duning start up At the panel pressure at Port 2 of the 1a-6943 logic boards is applied 10
port “A of element NOT-8. and is also metered through orifice/checks 1, 3 and 5 Pressure at the NOT-8
elements a! each board vents the downstream pressure which flowed to element NOT-12 while the engine
was at res! Pressure metered through the orifice/ checks feeds Ports 1. 3 and 5 at each of the 1A-6943 logic
boards At the upper board these ines monitor the engine mounted Low Pressure Lubricating Oil sensors At
the lower board, the same ports monitor the High Temperature Jacke! Water sensors  Referring to the engine
pneumatic schematic drawing momentanly (drawing 09-695-76021), note that the Jacket Water Temperature
sensors are held in the blocking position by spring pressure Unless a malfunction is present The metered
pressure from the lower logic board fils the ines leading 10 the sensors  The Lubricating Oil Pressure sensors
will be in the venting position at a start until lube oil pressure builds 10 30 psi. As the engine starts and pressure
builds the sensors close 10 block flow of the metered pressure irom the logic system Assuming that conditions
are normal the lubricating oil pressure and jacket water lemperature sensors will be permissive and pressure
will il the lines leading to Ports 1. 3 and 5 of the 1A-6943 logic boards These signals pressurize the A’ ports of
elements MEM.-5 MEM-6 and MEM.7 at each board As a result. the memory elements produce oulpuls
which are apphed 1o the "A ports of elements NOT-9 NCT-10 and NOT-11. These signals act to inhibit ihe
outputs of the NOT elements
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e Note that there is a metered output from Port 11 of logic board 1A-7055 during Group !l lockout
uming This pressure feeds Port 4 of logic board 1A-6926. where it is applied 10 port “B" of element AND-7,
1o port “A" of element S/R-6 and to port “B" of element OR-5. The OR-5 signal pressurizes Port 1 ol 1A-6926
Port 1 pressure is applied 10 the pilot of valve Pa and is also metered 10 the Group |l sensor ines E-68 E-92
E-14 and E-23 The sensors monitored by these lines are shown on the engine pneumatic schematic drawing
As operating parameters reach normal levels after a stan, the sensors close to block the flow of ar By thetime
the Group |l lockout iming period is completed, the lines are filled with air

! Group |l lockout timing is compieted when the output of element AND-9 fills the accumulator at Pont 3
of logic board 1A-7055 through orfice/check 15. At that ime, the accumulated pressure is apphed to port A
of element T/N-11 and 1o port “A” of element AND-14. The signal at port “A" of T/N-11 causes tha! element
10 stop transmitting after a short delay. and the downsiream pressure ted through Port 12 exhausts through
T/N-11 Note that pressure downstream of Port 11 1s retained however, as the teed 1o Port 11 1s maintainea by
element AND-14 Significantly. element AND-14 is aiso supplied by pressure from orifice 5 at ns ‘B port
This 18 the same orifice which teeds the Group | sensor ines through Port 2 The net effect is that the Group |
and Group || sensor networks are joined Note that the loss of the Port 12 output from board 1A-7055 causes a
pressure drop at Port 2 of each of the 1A-6943 logic boards This stops the input pressure 1o onfice /ghecks 1 3
and 5 and the input 1o port “A  of the NOT-8 elements  The NOT-8 elements are thus free 1o iransmit but since
the integral checks maintain pressure in the sensor lines. elements NOT-9, NOT-10 and NOT-11 inhibit the
NOT-8 outputs Note that loss of Port 2 of the upper board resuls in a 108s of the vibration switch lockout signa)
in hine E-24 This reinstates vibration protection At this ime the engine is runfing normally with full shutgown
protection after a Normal Start

AUTOMATIC SAFETY SHUTDOWN (See Drawing 09-500-76021)

it the engine 1s operating in response 10 a Normal Start signal. & malfunction detected by one of the shutdown
sensors will cause the engine 10 shut down When a safety sensor vents due 10 detected malfunction, a control
ar pressure extends the fuel rack shutdown cylinder at the engine The cylinder moves the fuel racks 10 the
NO FUEL position and the engine stops due 10 fuel starvation. Note that two out of three 10giC 1§ provided for the
jow pressure lubncating ol and high temperature jacket water sensors In addtion. the overspeed tnp has
special features which insure dependable tnpping under any circumstances These shutgown leatures are
giscussed in the following paragraphs

a As an example of the functions of the iogic system during a trip consider the operation of the Jacket
Water Low Pressure sensor shown on the engine pneumatic schematic drawing 09-695-76021 It Jacke!
Water pressure falls below 10 psi the sensor shifts 10 the venting position, 8nd air in hne E-14 exhausts from
the syslem through the sensor At the panel. a pressure switch on line E-14 indicates 10 the elecirical system
inat @ maltunchion has occurred in the jacket water system Note that check valves are instalied in all sensing
ines 10 nsure first oul alarm indications  When the sensor inps, all pressure downstream of onfice 5 at logic
board 1A-7065 exnausts through the sensor  The vent path is from orifice 5, through elements AND 14 and
OR-7 and Port 11 of 1A-7055 through Port 4 element OR-5 and Port 1 of logic board 1A-6926 and out lne E14
through the venting sensor  The criical result is a loss of pressure at pon “A" of element NOT-13 at logic
boars 1A-7085 This permits passage of the AND-9 output through NOT-13, through elements NOT-17 and
NOT. 18 andthrough element OR-1610 set gate S/R-20 This results in a memory output irom element AND- 24
The oulput of element AND-24 1s applied 10 both Port 7 and 1o orifice/check 12. Port 7 pressure i the $ignal 1o
the fuel rack shutdown Cylinder. and the signal a! the orifice/check will terminate the stop signal and reset
the cylinder after a two minute delay Port 7 pressure passes through vaive P+ and solenod valve SOL 38 10
charge ine E-89 Al the engine. ine E-89 pressure pilols a three way vaive which aomits ine E-53 control ar
pressure 10 ine E-90 This pressure extends the fuel rack shutdown Cylinder, moving the fuel racks 10 the NO
FUEL position The engine stops due 10 fuel starvation
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b The circultry for overspeed tnpping is located on the engine itsell  Relernng to drawing
09-695-76021. note that the overspeed tnp valve (ilem 22) 1s shown in the blocking position Pressure from
line E-53 is fed through an 0.014 inch orifice 10 the vaive, and as pressure rises in the blocked hine it piots a
\hree-way valve It an overspeed tnp occurs, pilot pressure at this three-way vaive exhausts through the
overspeed trip vaive Pressure from kine E-53then passes through the vaive to pressurize ine E-20 Pressure in
line E-20 passes through the Stop/Run Valve (item 13) and through @ shuttie valve 10 pressurize neE-90 This
pressure extends the fuel rack shutdown cylinder, which cuts off the fuel supply 10 the engine Note tha! ine
£-20 pressure also extends the Ar Snutoft Cylinder (item 7) when an overspeed trip occurs  This Cylinder
controls a buttertly vaive in the intake manifold Closure of the butterfly vaive cuts off the supply of combustion
ar 10 the engine  Note that the engine shuts down due 10 poth fuel and air strangulation at an overspeed Inp

¢ Sensors for High Temperature Jacke! Water and Low Pressure Lubricating Oil tnps provige
wo-0ut-0f-three logic for engine shutdown Since these sensors remain active dunng both Normal Start and
Emergency Stant operations. their functioning will be discussed in the following section on Emergency Stars

EMERGENCY STARTS (See Drawing 09-500-76021)

When an emergency start signal is apphied 10 the system, contact closures in the electnical porton of the syste n
energize solenoid vaives SOL-202-2A anc SOL-202-28 These solenoid valves are shown adjacent 10 logic
board 1A-6926 on sheet 1 of the referenced drawing The system responds as follows

a Pressure from the emergency start solenoid valves is apphed 10 Port 7 of logic board 1A-6926 Pon 7
pressure produces a mantained output trom element MEM- 11 in conjunction with element S/R -4 which results
in an output from element AND-12 This oulput pressurizes Port 11 of logic board 1A-6926 and also passes
through element OR-8 10 pressurize Port 8 o that board Port 8 pressure activates the PS-32 group of pressure
switches The PS.32 group transmits the “Staring” signal to the electrical circuitry @s in Normal Starts Note
ihat pressure switch PS. 3582 is activated 30 seconds afier the engine reaches 200 rpm at Emergency slans
Pressure swich PS- 3582 acts 10 delay the protective devices at the generator control equipment The output
trom Port 11 of logic boara 1A-6926 s apphed 1o Port 6 of logic board 1A-70585 Note that the PS-10 group o
pressure swilches are activated by Pon 6 pressure  These pressure switches transmit the "Emergency
Start’ signal 10 the electncal Circultry

b Pressure at Port 6 of logic board 1A- 7055 performs two functions. First. the Port 6 signal s apphed 1o
port ‘B of element NOT-4 10 charge the malfunction sensor system Second the Port 6 signal pressurizes the
A pons of elements NOT-17 and NOT-18 10 inhibit the shutdown line The NOT-4 inpuyt 1§ transmitted 10
element OF-2 where it produces a mamtained oulput irom the Memory circult comprised of elements S/H-6
and MEM-10 This results in an output from element AND-9, which arms the shutdown hine at port ‘B of element
NOT-13 intates Group Il loCkout liming Dy meterng pressure 10 the accumulator at Port 3 and charges the
Group || l0ckou! sensors through Ports 1) and 12 For a complete survey of the Group |l lockout Circuitry refer
10 the previous section on Normal Starts  Note that the safety sensor network is charged during Emergency
glarts in the same manne: as durng Normal Starts  HMowever since the shutdown hne 1s inhibited in the
emergency conanion @ detected maltunchion will ot cause & shutdown The shutdown network is charged so
tnat the pressure swiches in the sensor ines will remain available 1o iransmil maltunctions 10 the electrcal
sysiem The signal at Port 6 of 1A-7055 acts 1o inhibi the shutdown ine Dy pressurzing the A’ ports of elements
NOT- 17 and NOT-18 As explained previously 8 vening sensor has the effec! of venting pressure downsirea™
of orfice 5 of 1A-7055 through the sensor  This removes the inhibiting signal from port A" of element NOT 13
and a shutdown signal 1s sent through elements NOT-17 and NOT 1810 the trip circuit Since the Emergency
Stant signal inhibits NOT-17 and NOT-18, 8 shutdown 8ighal is not produced
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¢ The High Temperature Jacket Water and Low Pressure Lubncating Oil sersors remain active for
tripping dunng the Emergency operation As shown on drawing 09-695-76021. three sensors are used 10
monitor @ach of these parameters Al least two of these sensors must trip before a shutdown occurs For
example. if only the Low Pressure Lubricating Oil sensor on line 10A trips, there is a loss of pressure at Port 1 of
the upper 1A-6943 assembly This causes element MEM-5 to stop transmitting, which, in turn, causes element
NOT-9 10 have an output  The NOT-§ output is apphed to port “A” of element AND-13. and is aiso apphed 10
Port B of the assembly. through elements OR-17 and OR-18 Pressure at Port B activates pressure swich
PS-48N. which.indicates to the electrical system that one of the lube oil sensors has malfunctioned |f a second
lube ol sensor were 10 Indicate a maltunction condition, the engine would shut down For example if the sensor
on ine E-108 vents, in addmion 10 the sensor on line E-10A, then the loss of pressure at Port 3 of the upper
1A-6943 board would result in an output from element AND-13  The AND-13 output pressurizes Port 6 of the
assembly, and is also apphed 10 both port “B" of element NOT-12, and to an accumulator pair at Port 11 through
orifice/check 16 Port 6 pressure causes pressure switch PS-42N (o transmit the trip indication o the alarm
system NOT-12 has an output for approximately two minutes, until terminated by the accumulator imer The
NOT-12 output pressurizes Port 12 of the upper assembly, and is transmitted through the lower assembly 10
pressurize Port 4 of logic board 1A-7055 Note that the Port 4 stop signal bypasses the NOT-17 and NOT-18
elements which inhibit @ normal safety shutdown The Port 4 signal produces a memorized output from element
AND 24 which extends the fuel rack shutdown cylinder through Port 7 of 1A-7055 This shuldown signal i1s
termirated after approximately two minutes 10 allow the engine 1o be restarted if the problem is correcled

d When an emergency stan signal is apphed 1o the unit, a TEST BYPASS circuit may be employed 1o
tes! whether the system is functioning normally  The Test Bypass signal must be applied manually at the loca'
pane! This signal tests the circuitry simulating the action of a venting sensor  The Test Bypass button is shown
adjacen! 10 logic board 1A-6926 Whun depressed. the valve admits air to Port 5 of the logic board The Port 5
signal pressurzes port ‘B of element OR-2 and port “A” of element DEL-3 The signa! at element DEL-3
pressurizes element AND-7 atter a 1 second delay The AND-7 output vents to atmosphere. simulating the
tnpping of @ shutoown sensor  That is. pressure downstream from orifice 5 at logic board 1A-7055 exhausts
through AND-14 OR-7 Port 11 0f 1A-7055. then through Port 4 and element AND-7 at 1A-6926 With the sensor
ine vented element NOT-13 al board 1A-7055 i1s free 10 transmit  If the shutdown deactivate crrcult 1s
functioning properly during Emergency Stan operation, however, the shutdown signal produced by NOT 13 will
be inhibited by elements NOT-17 and NOT-18 It a talure occurs in the Emergency circuitry, these elements
will not iInhibit the shutdown signal and the NOT-13 signal will produce a shutdown signal at Port 7 of 1A-7055
The Port 7 signal will ordinanly pressunze the fuel rack shutdown cylinder at the engine 1o cut off the fuel supply
Trus signal 1s intercepted by the Tes! Bypass signal however Note that the Test Bypass input to Port § of
14.6926 passes through element OR—2 to produce a maintained output from the memory circuit of elements
§/R-6 ana MEM- 10 This signal i1s apphed to pont "B of element AND-1, 1o Port 2, and 10 Port 1 through
element OR—5 The outpy! from Port 2 pilots valve P4 which will then block any shutdown signal produced a!
Port 7 of logic board 1A-7055 The output from Por 1 of 1A-6926 pilots vaive P3 and maintains pressure in the
sately sensor monitoring hnes  Note that it a shutdown signal is actually produced from board 1A-7055 at
Port 7 this pressure 1s directed to Pont 9§ of logic board 1A-6826 In conjunction with the Tes! Bypass signa
this produces an output from element AND-1 The AND-1 signal latches in the memory Circuil 1o maintain the
Tes! Bypass signal and also pressunzes pressure switch PS.32N  This pressure switch indicates 1o the
electnical circuitry that the emergency bypass system is not functioning properly Note that in the event of such a
maituncticn the signal at valve P4 s maintained until the shutdown signal resets itsel! atter approximately two
minutes Il the shutdown deactivate circuit is functioning properly. no shitdown signal is produced from Port 7 of
logic board 1A 7055 Inhat case when the Test Bypass pushbutton is released, the vent at AND 7 ot 1A-6626
closes As aresult pressure metered from orfice 5 at 1A-7055 passes from Port 11 of that board to Por 4 of
logic board 1A-6926 Al the same time the rising pressure resets element S/R-6 1o terminate the Tes! Bypass
outpuls the supply 1o Port 1 of 1A-6926 i1s taken over through element OR-5 This maintaing pressure in the
Group |l sensors Al this ime the tes! of the shutdown deactivate system is completed and the engine is running
in the emergency state with shutgowns inhibited
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e When the emergency condition is completed, the safety shutdown sysiem may be reactivaled with
the engine running using the Reset From Loca pushbutton. The pushbutton is shown schematically adjacent 10
logic board 1A-6926 When depressed. the pushbution causes air admission 10 Port 6 of logic board 1A-6926
This signal resets element S/R-4, terminating the output of element MEM-11 This stops the outputs from Ports
11 and 8 of 1A-6926 Loss of Port 8 causes the PS-32 group of pressure switches and pressure switch PS-478
10 become deactivated Loss of pressure switch PS-47B reinstates normal generator proteciive Circuits Loss
of the Port 11 output terminates the input 1o Port 6 of logic board 1A-7055 This removes the inhibiting signal from
elements NOT-17 and NOT-18, which permits a shutdown signal 1o pass through these elements This has the
effect of reinstating normal shutdown protection

OTHER PNEUMATIC FUNCTIONS (See Drawing 09-500-76021)

Certain control functions not yet discussed are aiso performed pneumatically, of In a pneumatic combination
with the electrical system Selection of MAINTENANCE and OPERATIONAL modes for instance. is performed
by the pneumatic circuitry the Stop circuits also act through the pneumatic logic system In adaiion certan
design features are included for special situations which should be noted

a The MAINTENANCE mode feature permits routine maintenance or repair to the engine with all starting
crrcunts locked out  This allows maintenance personnel 1o work in and around the engine without the hazard of
moving parts Refernng 1o sheet 4 of the referenced drawing. note that the MAINTENANCE mode pushbutton s
shown on ine 175 When depressed. the contact closure energizes solenoid valve SOL-201-18 Note that the
LRS contact on line 177 must be closed. ingicating that the local station has been selected at the Local/ Remote
Switch and relay contacts RSB-3 and R10B-3 on line 175 must also be closed Relay contact R5B-3 indicates
that a LOCA signal is not present. and relay contact R108-3 indicates that the engine is not running Assuming
tha! these permissives are satished solenoid SOL-201-18 1s energized by selection of MAINTENANCE mode
in the preumatic portion of the system on sheet 1 of the referenced drawing. solenoid vaive SOL-201-18s
shown in the upper nght When energized. the vaive piiots valve P2, which has a self feeding pilot lo mantan
1s position ater the MAINTENANCE pushbution is released The output of valve P2 pressurizes Port 1 of
logic board 1A-7085 This pressure inhibits the output of element NOT-1, thereby preventing pressurization of
1he shutdown sensor system The oulput of vaive P2 aiso activates pressure switches PS-46N PS-40A PS-408
and PS-23N Line E-89 and the pilot of valve P are also pressurized Pressure switches PS-40A and PS-408
isolate the start signals in the electrical system (see sheet 3 line 9 for the “A” circuit) The other switches are
for status and annunciation purposes Pressure in ine E-89 1s directed 10 the fuel rack shutdown cylinder at the
engine as discussed previously This prevents fuel admission during MAINTENANCE mode Vaive P1 vents
the barrng device interiock. which permits operation of the barring device dunng MAINTENANCE mode
Pressure from ine E-85 exhausts from valve P1 Al the engine (drawing 09-695-76021) the barring device
lockou! Cylinger retracts aliowing the interlock vaive 1o shift. which frees the barring device Note that pressure
in ine E-48 activates pressure swiches PS-138 and PS-13N on sheet 2 of the pane! drawing On ine 174
shee! 4 of the pane! drawing note that pressure switch PS-138 latches in the MAINTENANCE mode solenoid
vaive This mantans the unit 1in MAINTENANCE mode until the barring device is locked out again. Another
signihicant teature of MAINTENANCE mode 1s shown on sheet 3 of the panel drawing ine & Pressure switch
PS.40A opens a! MAINTENANCE mode seiection. enabling the engine roll circut. This allows the engine 10 be
cranked on staring & without starting. a useful maintenance feature

b Assuming that the barnng device 1§ disengaged and locked out the unit may be returned 10
OPERATIONAL modge pushbution al the local pane! As shown on line 173, shee! 3 of the pane! schematic this
causes solenod valve SOL-201-3B to become energized Al the pneumatic logic system, solenoid valve
8OL-201-38 vents pressure from the piot of vaive P2 which exhausts pressure from the MAINTENANCE
lockout Circuits
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¢ Another significant design feature is shown on sheet 2 of the panel schematic drawing Note that hines
E-31R and E-31F monitor the starting air pressure at front and rear headers. If pressure in these lines falls below
150 psi. valves Ps and Pé will admit passage of a 60 ps: control air signal.  This signal activates pressure
switches PS-4A and PS-4B. and is also applied directly to Port 5 of logic board 1A-7055, as shown on shee! !
The PS-4 switches are instalied in the electrncal emergency start Circuits in both the “A" and "B" circuits In
the "A" circuil, pressuie switch PS-4A is shown on line 11. Note that the emergency start signal to the starting
air valves ut«mmtodomybythoomdprmwnwnehrs-monmtmchmmnmnngme
starts running I a failure 10 start occurs, the starting air valves would crank until the air supply were exhausted
unless the PS-4 switches were present in the circuit. I such a stan failure were due 10 @ minor problem — a
valve closed in the fuel supply hine, for instance — the action of the PS-4 swilches insures that enough air
remains in the recewers for several manual start attempts Note that the pneumatic signal at logic board
1A-7055 resets the shutdown system 1o allow such a manual start attempt after a LOCA start failure  The use
of this teature 1s not expected under normal circumstances, but it is present if the need anses

d There are two types of intentional Stop signals, Normal stops and Emergency Stops The sources
of these signals will be discussed in a subsequent section dealing with the electrical system The eftec! o' a
Normal Stop signal is energization of solenoid valve SOL-201-28 This valve admits pressure to Port 4 of logic
board 1A-7055 Port 4 pressure tnggers a shutdown signal, as the memory Circuit produces a imed outpu!
from Port 7 of 1A-7055 which pressurizes line E-89 This ine extends the fuel rack shutdown cylinder to cut
off the fuel supply The Emergency Stop signal energizes solenoid valve SOL-3B, which admits control air
directly to line E-89 1o cut off the fuel supply 10 the engine In both cases, the engine stops due 1o fuel
starvation

OTHER ELECTRICAL FUNCTIONS (See Drawing 09-500-78021)

Thus far only the stan circuits have been discussed in the electrical portion of the circuitry  In agdition to
performing a start input functions. the electrical circuits accept Inputs for MAINTENANCE and OPERATIONAL
modes and aiso accep! Normal and Emergency Stop inputs The electrical system also provides control of
ihe Lube O and Jacket Water Circulat ng Pumps and the Crankcase Fans The various alarm and stalus
1unclions are performed electnically. Of in combination with pressure switches which monitor the pneumatic
system Generator status and control interface 1s also elecinically handled Aiso. vanous internal control
relays are providged in the electncal circuitry 1o propagate control and status signals as the unit goes through
starting stopping and shutdown sequences

a Control inputs for Slopping and Mode Selection are shown in the "B circuit, on shee! 4 of the
reterenced drawing The local normal stop pushbution is shown on line 177 and the remote normal S10p
contact 1s wired in paraliel on ine 179 Note thut contacts of the Local/Remote Switch are placed as permis
sives in these circuits arming the normal stop circuit at the selected station  The contact of relay 1868 on ine
178 will cause a tnip f centain generator faults are detected Note that contact R5B-2 on line 177 will 'solate the
normal stop circuits when relay RSB is energzed The relay coll is shown on line 123, where it is energzed
when pressure swich PS.108 indicates that a LOCA condition exists In the absence of a LOCA signal
appiication of a Stoo signal from the appropriate station energizes solenoid valve SOL-201-2B which generales
a pneumatc slop signal as previously discussed The MAINTENANCE and OPERATIONAL pushbutions
and the solenoid valves they control are shown in the same area of the "B” circuit as the normal stop contro's
The Emergency Stop controls are shown in the "B circuit also  The various emergency stop contacts ac! 1o
energize relay R238 on line 139, and contacts of R23 energize both the normal and emergency $1op solenoids
The action of these solenoid valves 18 described in the pneumatic section above The R23 relay 1s latched
trom the following sources The local Emergency Stup pushbutton, at a breakglass station a! the local pane!
shown on hine 136 A contact of relay R6B on the following line 1s energized when an Overspeed trip is detected
The remote emergency slop contact on hne 138 the generator differential contact of relay 186A on the follow"g
ine and pressure swich PS-508 on line 141 all act 10 energize the emargency stop relay Pressure switch
PS 508 15 energized when ether the Jacke! Water Temperature or Lube Oil Low pressure sensors indicate a
two-out-of-three log/c maltunction
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b When the engine start signal is apphed. centain operations are performed automatically. as the stan
and run signals are propagated through the electrical system Sheet 5 of the referenced drawing shows the
11 and R1 Auxiliary relays, which are latched in by pressure switch PS-32N1 when the engine starts Contacts
of relay R1 are used in the automatic circuits of the lube oil and Jacket! water circulating pumps 10 stop the
pumps at a stat. An R1 contact starts the engine hourmeter, and another R1 contact on line 221 energizes
relay R8 and imer TD3 Relay RB controls the crankcase fans and the generator space heater shutoff Timer
TD3 gelays the activation of certain Group |l status and alarm indications which do not reach normal levels
until after the unit has startec and warmed up

¢ Status lamps are provided which inform the operator of the condition of various parameters during the
operating sequence Of significance i1s the “Unit Available” circuit on ine 263 Moniored sources include
pressure switch PS-29 for Overspeed, pressure switch PS-31N for DC power availability, pressure switch
PS-23N for MAINTENANCE lockout. and a contact for availability of starting air at 150 psi

d The annunciator circuitry is shown on sheets 7 and 8 of the referenced drawing The annunciator
monitors field contacts for engine parameters, relay contacts for pyrometers, optical isolator contacts for
generator faults and other alarm or lailure contacts The annunciator included both audible and visual alarm
functions Alarm functions test pushbutions are included in the system to check the operations of the
annunciator Refer to the manufacturer's bulletins in the Associated Publications Manual for details on
annunciator winng

e Drawing 09-688-76021 shows the winng details for the engine and skid mounted electrical
components Components are shown schematically on sheet 1 of that drawing. including wire numbers and
junction box connections Sheets 2 and 3 of the drawing show the physical locations of the components in
relation 1o the engine and skid  For turther details on the location and relationships of various sensors and other
devices 10 ther respective systems, refer 10 the piping schematics for the various fluid subsystems A hst of
these reference drawings 1s included on sheet 1 of the 688 drawing

GENERATOR INTERCONNECTIONS (See Drawing 09-500-78021, 52440)

varnous signals are sent 1o the generator control panel from the engine control panel for control and status
purposes The generalor control panel also generates signals for use at the engine control panel Refer 10 sheet
9 of the control pane! drawing lor the lerminal designation legends which differentiate between circuns used
in the respective locations

a Connectons and contacts from the “A circurt which connect with the generator control equipment
are shown on shee! 3 of drawing 09-50C-76021 Beginming on line 43, the governor is connected with the
generator panel for speed and frequency control  On line 49, pressure switch PS-9A opens at an engine stop
or shutdown locking out the exciter regulator  Pressure switch PS-30A is used for field flash and enabling the
exciter reguiator  Pressure switch PS-10A places the voltage reguiator and governor in iSOChIONOUS
mode in the LOCA condition, and permits unit paraliel operation in normal start mode The undervoltage relay a!
the local pane! monitors generator leads for developing the “Ready To Load" signal Note that various contacts
from the protective relays at the generator are used in conjunction with an optical isolator 1o yield trouble
alarms and annunciations at the local pane!

b Similar contacts are present in the "B circunt  Starting on line 143, the PS-9B2 pressure switch s
used in the pre-postion circuit 1or the governor and voltage reguiator. The PS-9 and PS-30 switches act in the
excier lockout and hield flash crcults as in the “A" circut  The R6B relay contact and the pressure switch
PS-981 contact act to tnp the generator breaker 1o disconnect the unit from load whenever an overspeeda rip
or engine shutdown signal is generated
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¢ Drawing 52440 shows how these contacts interconnect with the equipment at the generator control
panel Sheet 1 shows the automauc voltage regulator adjust circuit and the unit paraliel and pre-position
circuits  Note that the TCX relay in the pre-position circuit will place the voltage regulator and governor at
their prese! settings any time a stop or LOCA signal occurs. The TD relay stops the preset signal afier 15
seconds 10 allow the operator 10 adjust load thereafter Sheet 2 of 52440 shows the manual voltage adjus!
circuit and the hield flash and exciter shutdown circuits  Note tha' the field flash coil is energized by operation
of the PS-30 pressure switches Sheet 3 of 52440 shows the auto/ manual selector for voltage regulation Sheet
4 shows the alarm and tnp circuits and the governor controls Refer to the generator control pane!
manufacturer s documentation for further details on the equipment mounted at the generator control pane!
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SECTION 4
ENGINE OPERATION

GENERAL.

It the engine is being started for the first ime, remove any preservative materals that may have been apphed
to the control and extenor surfaces of the engine. Rust preventive which has been sprayed inside the engine
will mix with the lubricating oil without causing contamination. To reduce the amount of preservative
absorbed by the oil charge, however, it may be desirable 10 wash and clean the intenior surfaces of the engine
before circulating oil for the first time Do not attempt 1o wash connacting rods. crankshatt or pistons as this
may deposit dirt between the bearing surfaces The following inspections and checks are recommenaded
prior to starting the engine for the first ime, or aher a long shutdown or major overhaul

a Check bolts, nuts and capscrews, both inside and outside the engine 10 insure that all locking wires
clips and cotter pins are n place and secure

b Inspect all piping systems Trace out each system 10 insure that all connect:ons are secure and that
all valves and other control gevices are properly positioned for engine operation

¢ Check lubnicating oil strainers and filters for cleanliness and proper assembly
d Check that lubncating ol and cooling water systems are clean and filled 1o the proper leve!
e Check starting air system for cleaniness and absence of moisture

{  Check all control knkages for proper adjusiment and freedom of movement Verity that all tasteners
are properly wghtened

g Check crankshatt web deflections and thrust clearance (See Section 6. Part D)
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CLEAR CYLINDER CHECK

An essential pan of the pre-stan procedure is 1o check for the presence of water in the combustion chambers
and the intake air manifold In any water cooled engine there is some possibility of internal water leaxage This
may be from the internal passages In the engine. the intercooler(s). or from the turbocharger(s) Other possible
causes of water leaks include improper maintenance or repair procedures, ftaulty installation. or improper
handling during shipment and storage Although the presence of water in 8 combustion chamber. or the intake

It the engine is cranked with full staring air pressure, and with water in one or more combustion chambers.. of
in the intake air manitold. the result may well be senous damage to the cylinder head and/or block Theretore
it i1s essential that the cylinders and intake manifolds be checked and determined 10 be free of hquids prior 1o
a start This check may be considered mandatory when starting the engine for the first ime after installation
or after a long shutdown of major overhaul. of whenever the engine has been shut down and aliowed 10 00!
for eight hours or more For maximum protection, ft is strongly recommended that the check be performed
pefore each engine start 111§ recognized that this may not be practical in installations where remote cr
unattended operation are a part of the design therefore in these cases the status of fluid systems andpressure
vessels should be regularly monitored to minimize the risks of water leakage problems The engine should
not be rolied on full starting air pressure until such time that it has been determined that there IS no hquid
in any of the combustion chambers Barring the engine over to determine this IS satistactory Bnetly the
procedure for checking 10 geterming {hat the combustion chamber and the intake maniold(s) are free of
moisture involves the following sequence of actions

a Open ingicator cocks on all cylinders

b Check for presence of water in the intake aif manitold(s) Striking the sides of the manifolg with
a maliet and hstening 10 the sound IS one method of doing this I water 1s detected, the source must be
found and the conaition corrected before proceeding

¢ Piace Stop/Run valve on the engine in the STOP position This will prevent fuel admission 10 the
engine durng the subsequent steps

¢ Bar the engine over siowly with the barring device for two complete revolutions of the crankshaft
Caution
it any resistance o free turning 18 encountered, stop cranking and determine cause
betore proceeding
e Check al ingicator cocks for presence of mosture It any liquid has been ejected from any COCkS
the source must be found and the defect corrected pefore proceeding

{ Roli engine 1wl complete revolutions on staring air then again check all indicator cocks for presence
of moisture I all Clear proceed

g Ciose all indicator COCkS

n Place Stop/Run valve in RUN

51-509-]
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SAFETY PRECAUTIONS.

Of all the rules of safety. common sense is foremost One mus! admit the frailty of body and senses, and respect
mowwmmwowummmncmmwmmmmmlwmm The following
mnangrumammummwmmmmm.unuutmmwoa
by the owner and operator, governmental regulatory agencies, and the dictates of good common sense

o a 0o o w

o -

0

P

Keep area around engine and associated components clean and unclutiered at all imes

Do not store 100ls or parts on platforms or engine

Always monitor instrumentation often enough 1o be aware of the condition of the running engine
Never start an engine without knowing exactly how the engine can he stopped in an emergency
Never start an engine without visually checking for personnel in dangerous positions

On intial startup ater an overhaul. always stalion a man near the goverr.or

Never run a generator set with the switchgear doors open

Always wait 10 1o 15 minutes atter shutting down before removing engine covers

Know the tnp turbocharger speed. and observe il

Never look directly into an air flow nozzie from close proximity Use a mirror

Never take finng pressure on a detonating engine

Never run with the ol system pressure over 90 ps:

Use guards around all rotating wheels and shafs

Never expose the hands 10 injector pop spray

Never run an engine if a dangerous condition i1s suspected Stop first. then consult a supervisor

The use of salety glasses and ear protection while the engine is running should be in accorgance with

the owner § regulations

q

Do not weld next to crankcase relie! doors when engine is running

4-2A ‘l“[O].,o,.l
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R

Operation STANDBY MODE STATUS CHECK

Location
e Control/ Indicator !} 8 Position Remarks
CONTROL PANEL CHECKS
1 | ANNUNCIATOR TEST PUSHBUTTONS | x DEPRESS Denress pushbutions in
a TEST sequence 10 test bulbs and
b SILENCE annunciator functions
¢ ACKNOWLEDGE Replace bulbs I necessary
g RESET ‘
2 | ANNUNCIATOR LAMP INDICATIONS | x All lamps should be out I
a ALL ANNUNCIATOR LAMPS EXTINGUISHED |any lamp 18 iluminated. stop
status check until defect
corrected
3| TURBOCHARGER OIL PRESSURE
GAUGE
. | | a RED POINTER x ZERO PSI | Not pressurized in
t BLACK POINTER X ZERO PSI standby mode
4| JACKET WATER PRESSURE GAUGE | x 10 = 20 PSI | Normal range
; 65| STARTING AIR PRESSURE GAUGE —~ | x 220 — 240 PS! | Normal range ‘
, LEFT BANK ‘
| 6| STARTING AIR PRESSURE GAUGE — | x 220 — 240 PSI | Normal range '
RIGHT BANK !
| 7| CONTROL AIR PRESSURE GAUGE | x 60 PS|
8 | LUBRICATING Ol PRESSURE GAUGE | x 10 — 20 PSI | Normal range
| 9 | LUBRICATING Ol FILTER X ZERO PSI | Not pressurized in
DIFFERENTIAL PRESSURE GAUGE standby mode
10 | COMBUSTION AIR PRESSURE GAUGE
8 LEFT BANK x ZERO PSI Not pressunzed n
b RIGHT BANK x ZERO PSI slandby mode
11 | FUEL OIL FILTER DIFFERENTIAL x Z2ERO PSI Not pressurized in
PRESSURE GAUGE standby mode
12 | FUEL OIL PRESSURE GAUGE X ZERO PSI Not pressurized in
standby mode
13 | CRANKCASE PRESSURE x ZERO INCHES | Not pressurized in
| MANOMETER standby mode
‘ 14 | ENGINE TACHOMETER x 0 RPM
| J

o8, e

"0

4-3
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Operation STANDBY MODE STATUS CHECK (Continued)

Location
e Control/ Indicator , .” l Position Remarks
15 | ENGINE HOURMETER x VARIABLE As occurring
16 | “UNIT AVAILABLE INDICATOR LAMP | x ILLUMINATED
17 | "EMERGENCY STOP" INDICATOR x EXTINGUISHED
LAMP ,
18 | “LOSS OF OFFSITE POWER . EXTINGUISHED |
INDICATOR LAMP l
19 | “SHUTDOWN SYSTEM ACTIVE X EXTINGUISHED .
INDICATOR LAMP
20 | “SAFETY INJECTION SIGNAL" x EXTINGUISHED
INDICATOR LAMP |
21 | "IN TEST SEQUENCE " INDICATOR  |x EXTINGUISHED ;
. i |
22 | “82G CLOSED" INDICATOR LAMP  |x EXTINGUISHED |
23 | “TEST BYPASS INDICATOR LAMP |« EXTINGUISHED
24 | "READY TO LOAD" INDICATOR LAMP | x EXTINGUISHED
f 25 | "STOPPING INDICATOR LAMP X EXTINGUISHED
|26 | "BYPASS TEST FAILURE . EXTINGUISHED
| INDICATOR LAMP
|27 | “STARTING INDICATOR LAMP . EXTINGUISHED
- |28 | EMERGENCY START BREAKGLASS |« PO NOT DISTURB| For manual emergency
STATION stan only
29 | START PUSHBUTTON X PO NOT DISTURB For local manual start only
30 | MODE SELECT PUSHBUTTONS System in OPERATIONAL
8 MAINTENANCE X NOT DIST Mode during Standby
b OPERATIONAL x NOT DIST Operste pushbuttons only
when change of mode
desired
31 | FUEL OIL DAY TANK LEVEL x PUSH TO READ | Check level Record
INDICATOR reading Add fuel f below
. minimum leve! l
‘9 |
Ll
4 -

DA 100 Mol
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Operation STANDBY MODE STATUS CHECK (Continued)
Location
e Control/ Ingicator ' !] ‘ Position Remarks
|
| 32 | LUBRICATING OIL SUMP TANK . PUSH TO READ | Check level Record v
LEVEL INDICATOR reading Add oil if below
minimum level
o I POWER AVAILABLE INDICATOR |« ON
34 "B POWER AVAILABLE INDICATOR |x ON
a5 | “C POWER AVAILABLE INDICATOR |x ON ‘
3% | THERMOCOUPLE SELECTOR SWITCH | x Rotate and observe
a CYLINDERS 1.8 LEFT BANK Ambient lemperature readings
b CYLINDERS 1.8 RIGHT BANK x Ampient
' ¢ STACK RIGHT BANK Ambient
@ STACK LEFT BANK Ambient
e LUBRICATING OIL IN 145 — 165° F
| |1 LUBRICATING OIL OUT 145 — 168° F
g JACKET WATER IN 145 — 165 F
h JACKET WATER OUT 145 — 165 F
| AT ENGINE CHECKS |
| 37 | JACKET WATER STANDPIPE L CHECK LEVEL | Add Jacke! Water if requiret
[ NOTE It abnormaily large
amount of jacke wate’ has
been consumed nveshgale
| cause before proceed g
0f $81I0US OAMAgE May
| oceur
|38 | BARRING DEVICE v DISENGAGED | verity
& LOCKED OUTY
139 | GOVERNOR DIAL SETTINGS CHECK | [
‘ 8 LOAD LIMIT KNOB MAXIMUM | Verty that heid
b SPL.D DROOP KNOB 5 established settngs
¢ SPEED SETTING KNOB A% NOTED IN | reman in eftec!
TEST RUNS
MOTOR CONTROL CENTER
CHECKS
40 | AFTERCOOLER FAN #1 SWITCH X AUTO AUTO lamp iumnated
‘ ON LAMP fiyminated

Kl
wm, 0r eare 45 $ ““'g\-‘,(
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Operation STANDBY MODE STATUS CHECK (Continued)
Location
e Control / Indicator l ,l l Position Remarks
4 | AFTERCOOLER FAN #2 SWITCH x AUTO AUTO lamp Muminated
ON LAMP illuminated
42 | AIR COMPRESSOR #1 SWITCH x AUTO AUTO lamp illurminated
ON Lamp llluminated
compressor operating ‘
43 AR COMPRESSOR #2 SWITCH x AUTO AUTO lamp dluminated
ON lamp iluminated /f
compressor operating
44 | JACKET WATER KEEPWARM PUMP x AUTO AUTO lamp illuminated
SWITCH ON lamp iuminated
45 | JACKET WATER KEEPWARM HEATER X AUTO Lamp iuminated
SWITCH Heater operating —
1 thermostat contro!
46 | LUBRICATING OlL KEEPWARM . AUTO AUTO lamp iluminated
PUMP SWITCH ON lamp illuminaled
|47 | LUBRICATING OIL KEEPWARM X AUTO Lamp iluminated if
| | MEATER SWITCH Heater operating - |
thermostat contro! :
48| GENERATOR SPACE MEATER SWITCH x| auTO Lamp iluminated |
| | Healer operating —
thermostat control
i
|
|
|
!
[Fempresppe—, 4.6
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Operation TEST START PROCEDURE

e Control/ Ingicator Position Remarks
1 | PRE-START PROCEDURE
A PERFORM "STANDBY MODE See checklis!
STATUS CHEC
B REMOTE/LOCAL SWITCH LOCAL At Generator Pane!
C "ENGINE CONTHOL IN LOCAL' ILLUMINATED | venty "LOCAL " contro!
' ndicator lamp selected
‘ 0  MAINTENANCE moge pushbutton DEPRESS
. E "MAINTENANCE LOCKOUT" ILLUMINATED | Verity MAINTENANCE
! annunciator mode selected
i F “UNIT AVAILABLE ingicator EXTINGUISHED | Note start circuitry solated
lamp in MAINTENANTF mode
; G CYLINDER INDICATOR COCKS x OPEN Al cylinders
| M BARRING DEVICE x UNLOCK
| |1 "BARRING DEVICE ENGAGED" x ILLUMINATED | verity annunciator
| ngicator lamp operation
J BARRING DEVICE x ENGAGE Bar engine over slowly W
| there 1s any resistance 1o
1 free turning, stop barnng
| immediately and check
cylinder indicator Cocks
for ejection of hquid
\ If no resistance is
| encountered continue
\ barring engine over for
| two complete revolutions |
| Then check INAICAIOr COCKS
for eection of hqud
CAUTION IF LIQUID 1S
EJECTED FROM INDICA-
TOR COCKS TERMINATE
TEST PROCEDURE THE
CAUSE OF LIQUID
| EJECTION MUST BE
. FOUND AND THE DEFECT
! CORRECTED BEFORE
PROCEEDING
o iR '

LAsy ' e

47
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Operation TEST START PROCEDURE (Continued) }
Location ]
i
ner Control/ Ingicator l . Position Remarks .
K ENGINE ROLL pushbutton x DEPRESS Roll engine on starting !
air for at least two ,
revolutions then |
‘e . release pushbutton
L INDICATOR COCKS X INSPECT, Recheck cocks for iquid
| then CLOSE ejection Then close
indicator cocks a! all \
cylinders |
M BARRING DEVICE " DISENGAGED | venty barnng device |
' & LOCKED OUT | locked out !
N BARRING DEVICE ENGAGED . EXTINGUISHED |
E annunciator !
! O RETURN TO OPERATION x DEPRESS |
‘ Pushbunon ‘
| 1P "MAINTENANCE LOCKOUT x EXTINGUISHED
! annuUNSIao’
, Q “UNIT AVAILABLE mnacator lamp | x ILLUMINATED | Unit 1s now ready for
| | fest start Note 2 min |
| Oelay between step 'O
| | and step Q' |
| 2 | TEST START APPLICATION FROM ILLUMINATED | Verty that local |
| LOCAL PANEL control selected
A “LOCAL CONTROL' indicator lamp | x DEPRESS Release pushbutton
after momentary actuation
B MANUAL START Pushbution x Note engine staning
ILLUMINATED
ILLUMINATED
C STARTING Ingicator iamp X ILLUMINATED
D  RUNNING Indicator lamp X
E SHUTDOWN SYSTEM ACTIVE x ILLUMINATED | Lamp goes on when rated
ingicator lamp atter delay speed and voltage
reached after star

F  HEADY TO LOAD ingicator lamp

DWny 1800 Teie
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Operation TEST START PROCEDURE (Continued)
m

Contro!/Ingicator , ﬂ

APPLICATION OF TEST START FROM
REMOTE PANEL

A REMOTE/LOCAL SWITCH REMOTE Control station selected a!
generator control pane

B8 “LOCAL CONTROL indicator lamp EXTINGUISHED | Verily local control
1solated

C REMOTE START Pushbutton DEPRESS Release pushbution atter
momentary actuation Note
engine stans and builds
vollage automatically

D REMOTE INSTRUMENTATION Note engine start ano
acceleration
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Operation EMERGENCY STARTS

nerr Control/ Ingicator

1 | AUTOMATIC EMERGENCY START
A REMOTE CONTACT CLOSURE

2 | MANUAL EMERGENCY STARTS

A LOCAL MANUAL EMERGENCY
START BREAKGLASS STATION

3 | TEST BYPASS PROCEDURE
A  TEST BYPASS Pyshbutton

BREAK GLASS.
USING HAMMER
AT PANEL

DEPRESS

An emergency start is iniia
ted automatically in
response 1o closure of
owner's remote start
contacts Unit will start and
come up 10 rated speed &
voltage with no operator
acton required

An emergency stan is
Initiated automatica'ly

when glass is broken Unit
will come up 10 rated speec
& voitage with no operator
action required

NOTE UNIT WILL NOT
RESPOND TO A NORMAL
STOP SIGNAL AFTER
APPLICATION OF MANUAL
EMERGENCY START
EMERGENCY STOP
BREAKGLASS STATION
ONLY ACTIVE IN

THIS CONDITION

With engine runming in the
LOCA condition. depressing
pushbution momentarity will
tes! the bypass circuit If
test unsuccessiul note
TEST BYPASS FAILURE
INGICator lamp comes on
N lamp illumingtes it

les! ok

DRy 18001 Y8
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Operation. STOPPING ENGINE

Location
ner Control/ Indicator } }‘ ! Position Remarks
1 | NORMAL STOP
A LOCAL STOP Pushbutton x DEPRESS Note Stop signal 1s appked ‘
from the station selected
B REMOTE STOP Pushbution X for control at the LOCAL/ |
REMOTE SWITCH |
|
» | EMERGENCY STOP |
| | A EMERGENCY STOP BREAXGLASS | x BREAK GLASS.
STATION PUSH BUTTON e
It engine fails 10 stop upon apphcation
| of Emergency Stop signal. perform
' one of the following i
B OVERSPEED TRIP x TRIP Manually trip the ’
| overspeed device i
|| € STOPRUN VALVE X sTOP Manually push the Stop/
& Run Valve 10 the '
} Stop position
| |D FUEL RACKS x PUSH MANUALLY PUSH the fue!

—— ————

racks 10 the no fue! posimon
Hold rack until engine |
slops |

Oy Ry M8l

41
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PART A — PREVENTIVE MAINTENANCE (Continued)

OPERATING REPORTS

A record should be maintained of the conditions of engine operation. and in the case of an engine /generator set
the generator as well This record may be kept in any form which proves 10 be suitable 10 the owner 1or his
purposes however it 1s recommended that as a minimum the following conditions be recorded

Load (%)

Engine Speed

Crankcase vacuum readings

Fuel pump rack posmions (Mm setings)

®a a o o e

Temperatures

(1) Ambent ar

(2) Intake ar mantold
(3) Lubncating o/

(4) Cooling water

(5 Exhaust! (cyhinger and stack)
t  Pressures

(1)  Ambient ar

(2) Intake ar mandolo
(3 Lubncatng o

(4 Fue!

Transamerca Delava Forms E-276 and E:277 copies of which follow. are available for this purpose and May
be orgered from the Parts Deparniment Form E-276 provided tor a daily recording of data and Form E-277 18
gesigned 10 provioe s penodic summary of the daily reports Due 10 the normally hmited operating hours of an

ergne In NUCIeAr S1andby service the frequency of observations will of course depend upon the requency of
opergton

5-A-4
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Figure 5-A-1  Davy Operating Report Form E-276

‘lb‘lut‘so’.‘

:




i

LR ERE)

Figure 5:A.2 Penodic Operating Report, Ferm E.277




Instruction Manual 5-B-1

PART B — SUGGESTED MAINTENANCE SCHEDULES

The maintenance schedules outlined on ihe following pages are those recommended as an acceptable means
for maintaining the engine in peak operating condition Operating experience and the particular needs of the
owner may indicale the need for addiional Inspections INSpection intervals used are considered 10 be gene: akly
ideal. but operating expernence mus! be used to decide the ultimate suitabilty of the suggested schedules
Where experience indicales more frequent inspection of a particular part or system is needed. the time interval
between inspections should be shortened

Unless otherwise stated on the Inspection Guides, the following inspection intervals are recommaended for use

& DAILY — Operations which are 10 be performed on a daily basis, independent of engine operatmg
hours

b WEEKLY — Operations which are 1o be performed weekly, regardiess of engine operating hours

€ MONTHLY/EXERCISE TEST — Operations which should be performed each ime the unit undergoes
s penodic exercise lest but In NO case less frequently than once & month

g ANNUAL/EACH PLANT SHUTDOWN — Inspections that should be performed on an annual bass
or at plant shutdown for reactor refueing  The interval may be adjusted 1o mee! plant shutdown schedules

e BIANNUAL/ALTERNATE PLANT SHUTDOWNS — To be performed a! alternate reactor refusting
shutdowns of bi-annually

t FIVE YEARS — To be performed al the neares! plant shutdown pernod prior 10 & five year interval

INSPECTIONS GUIDES.

The recommended maintenance actions are hsied on inspection Guides, divided INto INSPECHOn Ntervals
The guides are lurther separaled by component groups such as the diesel engine. elecincal componems
aunhary equipment etc  Relerences are provided 10 drect the user 10 the sources of information needed 10
assistin performing the maintenance actions In addition to those maintenance actions listed on the individua!
guaes all external parts of the engine should be frequently felt by hand. particularly during the first few hundred
houts of operation 1o detect any excessive lemperatures on heads and Crankcase side covers

P 5-8-1 ‘leuC\"’o”‘
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PART B — SUGGESTED MAINTENANCE SCHEDULES (Continued)

[INSPECTION GU.DE

Frequency DAILY

Component Group Diesel Engine

Special Conditions: Unit in STANDBY

Observe and record lubncating o and jacke! water
lemperalures (Keep warm pumps runming)

Drain all low point water collectors. Y™ strainers and air
receiver tanks in starting air sy: tem

mmwmmwmw.mmm
ol leaks

Check level of lubncating ol in Sump tank Add o/l as needed

Check leve! of lubncating o in governor and pedestal bearnng
Add o/l as needed

Check tuel o pump rack tor freedom of movement through
tull kit of trave! Do not disconnect from Qovernor

Check turbocharger bearng lubncating sysiem sight glass for
ol low

Drain water from crankcase vent piping anp legs
verity all controls in proper position 1or standdy
Check all governor knob settings

Instruction Manual. Section 6 Par |

Instruction Manual Section 6 Part K
Associated Publications Manual

See assembly drawings n Parts Manual

Instruction Manual Section 6 Pan K

Instruction Manual Section 4
Associated Publications Manual

! Load Maximym
| Droop Mid- point
| Speed To provide mechanical governor
' control at 470 rpm
|
!
LR U .-.'3
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PART B — SUGGESTED MAINTENANCE SCHEDULES (Continued)

INSPECTION GUIDE Frequency WEEKLY
Component Group Desel Engine
Special Conditions. None

ner  Reterence

TmeMdebommw
circulate fuel through system Check strainers for clean fuel

e e S ———

—— o —————————————————— —— —
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PART B — SUGGESTED MAINTENANCE SCHEDULES (Continued)

INSPECTION GUIDE Frequency: MONTHLY or EACH EXERCISE TEST

Component Group  Diesel Engine

Special Conditions MONTHLY or sach test, whichever comes first

replace straner screens n fuel on and lubricating ol
pressure straners

Check lubnicating ol with a viscosimeter for fuel o dilution
Send a sample of oil 10 laboratory 10f analysis

Check pH tactor of jacket water Correct as recommended
by chemica supplier Recommended pH 1s 825 or 975

‘ " Check ar buttertly vaive(s) in intake manitold for freedom of
movement Lubncale as necessary with automotive type

whee! bearing grease Check may be done manually by

disconnecting knkage o by applying 60 ps: ar 10 the

| acluating cyhnder

| Check tube and shell sides of intercoolers and
| hea! exchangers

. Record all operating parameters  Compare with basehne
Aala 10 INSUre ENGINE 1§ ODETANNG Properly

"o Aeterence
Clean and inspect "Y' sirainers in starting air system Instruction Manual, Section 6 Part |
Check lubncating ol fiter pressure differential It 15 psi or Associated Publications Manual
more clean or replace eslement
Inspect and clean air filter in slaring air AistrNbutor Associated Publications Manual
Drain water and/or sluage from lubncating ol full flow filter Associated Publcations Manual
It gtterential pressure indicates (15 psi or greater) clean or | Associated Publications Manual

Instruction Manual, Section 6 Part K
Section 8, Appendix V!
Instruction Manual, Sec 6 Pan J

Inst Manual, Sec 6 Pan L

Associated Publications Manual

" 5-8-4
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PART B — SUGGESTED MAINTENANCE SCHEDULES (Continued)

- 5-B-5

INSPECTION GUIDE

Frequency: ANNUAL/EACH PLANT SHUTDOWN

Component Group: Diesel Engine

Special Conditions. Annual or each shutdown, whichever comes first

ftem

Referance

Drain lubricating oil system Refill with new oil

Remove alternate left side doors and examine inside of

present, drain crankcase Determine cause and take
necessary corrective action

Check valve lash. (If equipped with hydraulic valve lifters,
perform leak down test, reinstall and adjust)

Remove fuel injector nozzies, clean, reset and reinstall

Check connecting rod and link rod bearing ciearances

Visually inspect foundation for breaks in bond between
sole plates and grout

| Check foundation bolts for correct torque Retorque as
' necessary Check and record crankshaft web defiections

' Check lubricating oil jets for plugged or broken lines

Remove cam covers and cylinder head covers. Inspect
cams, tappets, rollers, rocker arms, push rods and sprnngs

Drain governor ol Clean and flush, then refill with new oil

Replace governor drive coupling element

Check cold compression pressures and maximum finng
pressures |f so indicated, remove Cylinder heads, gring
valves and reseat. Check nngs and liners

Remove end plates from heat exchangers and intercoolers
Examine and clean as necessary

Inspect intake ar filter, ana service as recommended by
manufacturer

engine for any abnormal condition Check with a good light
for evidence of babbitt flakes |If excessive water or sludge is

Inst. Manual, Sec 6, Part K,
Section 8, Appendix VI

Instruction Manual data sheet,
and Section 6, Part B

Instruction Manual, Sect 6 Pan F
Asso Publications Manual — Bendix

|
|

Instruction Manual, Section 6, Pant C and |

Section 8, Appendix Il|

Instruction Manual, Section 6,
Part D and Section 2

Irst Manual. Sec 6 Parts B& E
Instruction Manual, Sec 6, Part K
Asso Publications Manua! - Woodward
Inst. Manual Sec 6 Parts B & C

Agsociated Publications Manual

Associated Publications Manual

- 5-8-8
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PART B — SUGGESTED MAINTENANCE SCHEDULES (Continued)

INSPECTION GUIDE Frequency: BI-ANNUAL/ALTERNATE PLANT SHUTDOWNS
Component Group: Diwesel Engine
Special Conditions: Whichever frequency point comes first

fom Retersnce

inspect gears for general condtion Check backlash and Instr. Manual, Sec. 8, Appendix I
replace worn gears exceeding maximum clearance

Remove fuel ijjection pumpe  Disassemble, clean. repair Instruction Manual, Sec. 8, Fant F and

and adjus! as necessary Ase) Publications Manual, Bendix
instructions

Check main pearing shell thickness Inst. Manual, Sec 6. Part D and
Section 8, Appendix VI

Inspect main bearing crank journals Instruction Manual, Sec 6 Part D,
Section 8, Appendix 1|

Check crankshaft bearings and idler gear bushings Inst. Manual, Sec 6 Pan E,

Section 8, Appendix Il|

"Ry 8 5-B-6 “.‘.vﬁ‘-‘,q.\.
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PART B — SUGGESTED MAINTENANCE SCHEDULES (Continued)

5-B-7

INSPECTION GUIDE Frequency: EVERY FIVE YEARS

Component Group: Diesel Engine

Special Conditions: Neares! plant shutdown 10 five year point

Item

Reterence

Remove turbocharger(s) Disassembie clean. inspect,
repair and reassemble

Associated Publications Manual,

manufacturer s instructions

"N B 5‘8‘7
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PART C — PRESERVATION AND STORAGE

PREPARATION FOR SHIPMENT AND/OR STORAGE.

The diesel engine/generator set is prepared for shipment in conformance with contractural requirements, and consistent
with the provisions of ANS| N45.2.2-1978. “Peckaging, Shipping, Receiving, Storage and Handling of Items For
Nuciear Power Plants (During The Construction Stage Phase).” The degree of preservation will depend upon customer
requirements, and the anticipated term of storage. Uniess otherwise provided for by contractural arrangement, the
following preservation methads and requirements are the normal standard for Transamerica Delaval Inc.

PRESERVATION MATERIALS.

In addition to the tapes, barrier materials, desiccants etc. specified in Section 3 of ANSI N45.2 21978, two preserva-
tion materials are normally used These are Tectyl 502-C and Tecty! 890, both manufactured by, and available from
Ashland Petroleum Company. The characteristics of these two preservatives are as follows.

a Tecty! 502-C (US Government specification MIL-C-16173, Grade |1, and MIL-P-116G preservative type
P.2) is a soft, amber, transparent film preservative which may be applied by spraying, dipping of brushing It provides
extended undercover or indoor protection for the interior or exterior surfaces of machinery, instruments, bearings. e1c
and provides limited periods of outdoor protection where metal temperatures do not produce a flow cf the film It may
be removed with petroleum solvent, lubricating oil, hot alkali wash, or with a vapor degreaser. Tecty! 502-C should
provide adequate protection for six months outdoors, and for 18 months when indoors, or interior surtaces which are
sealed oft from the elements

b Tecty! 890 (U.S Government specification MIL-C-16173, Grade |, and MIL-P-116G preservative type P-1 15
a firm, black, opaque film preservative which may be applied by spraying, dipping or brushing It provides for preserva-
tion of items stored indoors or outdoors, with or without cover where a firm film is required It may be removed with
petroleum solvents, or with a vapor degreaser Tectyl B0 will provide protection for up to 30 months when outdoors,
and in excess of tive years when stored indoors, of under cover

DESICCANTS.

When the use of a desiccant is specified, a silica gel type product such as PROTEK-SORB 121 manufactured by
Davison Chemical Division, W R Grace & Co. is normally used for this type protection. PROTEK-SORE 121 silica
gel is a pure, chemically inert amorphous silica. The action is purely physical, with no change in size or shape of the
particles as they become saturated Even when saturated, the material looks and feels perfectly dry Desiccants are
packaged by “units’ rather than by weight, @ unit being defined as that weight of desiccant which will absorb at least
three grams of water vapor at 20% relative humidity, and at least six grams of water vapor at 40% relative humidity at a
temperature of 25°C Silica ge! can be regenerated in a vented oven, following the manufacturer’s instructions Although
silica gel provides no wisible indications as 1o the condition of the gel, humidity indicators, or TEL-TALE indicating
gel may be used for this purpose These indicators will gradually change color from a deep biue towards a pale pink ac
the gel becomes saturated with water vapor

GENERAL PRESERVATION PROCEDURES.

The following depicts the general procedures used prior 1o shipment for the preservation of diesel engines and. wher
appropriate, other appurtances furnished by Transamerica Delaval, Engine and Compressor Division, and for the
maintenance of this preservation protection during storage

a With the engine running, disconnect the fue! line ahead of engine fuel booster pump and allow the eng ne
10 burn about five 1o ten gallons of pure tecty! 502-C betore shutting down. Cap fuel line to engine

r Seal all openings 1o the interior of the engine

- Remove fuel injectors and spray Tectyl 502-C inside the combustion chamber, coating the cylinder liners
piston crowns, and cylinder head faces Replace injectors

At buL)-5091
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PART C — PRESERVATION AND STORAGE (Continued)

d. Plug all openings to each fuel pump. Disconnect the drain line and pump Tectyl 502-C through the connec-
tion until Tecty! is observed leaking past the fuel rack. The pump is then reversed and all excess Tectyl removed

e Drain jacket water and cooling water systems, especially the water pump, thermostatic valves and inter-
coolers.

f Remove cylinder head covers and coat all areas inside sub-cover with Tectyl 502-C. Replace covers

8 Remove cam gallery side doors and thoroughly coat the entire camshaft and housing with Tecty! 502.C
Replace doors.

h Remove cover plates and inspection doors on gearcase covers. Coat gears with Tecty! 502-C. Replace cover
plates and doors

i Remove engine side doors and spray all accessible machined interior surfaces within the cranccase with
Tectyl 502-C. Replace side doors

J Remove upper half of rear oil seal and spray Tectyl 502-C on the shaft and throughout the area Reinstall
upper ha!t of rear oIl seal.

K Carefully examine all g  sts and equipment removed from engine for damage prior to reinstallation
Replace all gaskets that show sign. of damage

| Wrap rear crankshatt oil seal with duct tape.
m  Coat all machined and unpainted surfaces on the exterior of the engine with Tecty! 890
n Fill governor to top with oil. Any good 40 weight automotive type oil will be sutficient

o Check that all openings to interior of engine are closed. Replace all covers, plates, blind flanges, etc that
were removed

LONG TERM STORAGE.

in addition to those procedures outlined in the previous paragraphs, the following procedures can be used prior 10
shipment of diesel engines and their appurtenances to prepare them for long term (six months or longer) storage
Although each of these procedures is strongly recommended, they must be specified by contract if they are 10 be per-
formed by Transamerica Delaval

a Remove liquid filled gauges from the engine and store them separately 10 protect them from accidenta!
breakage or damage

b.  Place one B0-unit bag of desiccant per cylinder on 8 1 x 3 inch board in the bottom of the crankcase A
blank plate with a wwpped hole should be bolted over the crankcase vent opening and a probe type humidity indicator
installed in the tapped hole

c Place one B0-unit bag of desiccant at either end of the intake manifold One 16-unit L of desiccant should
be placed within the ntake port of ecch cylinder head and either taped in place, or secured 1o some kind of wooden
block

d Place one 4-unit bag under each cylinder head cover,

;a&n0t'5c9-l
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PART C — PRESERVATION AND STORAGE (Continued)
€ Grease all gaskets on both sides during reassemoly, and bolt all surfaces tightly together

{ Remove all lines from fuel pumps end iNjECIOrs. Wrap in plastic bags together with desiccant and tape
closed. Store in @ box. Cap all injector and pump openings. Tape a 4-unit bag 10 each pump, staple an indicator to each
bag of desiccant and wrap the pump in a piastic bag Tape shut with duct tape. Make sure all fuel racks and linkages
are thoroughly greased, or coated with Tecty! 502-C.

[} The barring device, air distributors, air solenoid valves, governor and overspeed trip should each have a
4.unit bag of desiccant taped 10 it, together with an indicator and then wrapped in plastic and sealed with duct 1ape

h Each junction box on the engine should have a 4-unit bag of desiccant placed inside and the cover sealed
with duct tape

i One 16-unit bag of desiccant should be placed within the turbocharger (s) outiet port. Seal all turbocharger
openings with biind flanges and duct tape

) High'y visible warning placards should be placed on each piece of equipment, or 8t wach access 10 areas
which contain desiccant to warn of the presence of the desiccant, and 10 serve as a reminder 10 remove the desiccant
petore the engine is started

LEVELS OF STORAGE.

I the engine and z.sociated equipment 15 10 be placed in storage prior to installation, the preservation procedures
applied prior to the shipment must be maintained For long term storage (six months or longer), the following levels
of storage, as defined by ANSI N45.2.2.1978 are recommended

4 Level B ~ Storage within a fire resistent, tear resistent, weathertight and well ventilated building, of equ!
valent enclosure, not subject to fiooding and with a paved of otherwise surfaced floor with good drainage |tems should
be piaced on pallets or shoring to permit air circulation Temperature control and uniform heating 1o prevent conden-
sation and corrosion, and 10 provide temperatures between the ranges of 40°F minimum to 140°F maximum. The
foliowing types of equipment provided by Transamerica Delaval should be stored in Level B facilities

1 Motor control centers
2 Generators
3 Switchgear
4 Control Panels
] Air filters
b Level C = All provisions and requirements of Level B except for heat and temperature control
1 Engines and attached equipment
2 Pumps and Valves
3 Auxiliary skids
“ Lubricating oil filters and strainers

c Transamerica Delaval recommends that items listed for Level C storage have heat and temperature contro
as well

Information concerning storage levels extracted from American National Standard Packing, Shipping. Receiving. Storage
and Handling of Items for Nuclear Power Plants {During the Construction Phase) ANS/ N24.2.2.1978, with the permis
sion of the publisher, The American Society of Mechanical Engineers, United Engineering Center 345 East 47th Street,
New York, NY 10017
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PART C — PRESERVATION AND STORAGE (Continued)

RECEIVING INSPECTION.

A visual examination of the engine and other equipment should be made before off-loading to determine if any damage
was incurred during shipment This inspection should be made in accordance with ANSI N45.2.2-1978. Thetollowing
areas of inspection should be conducted

P Fire — Charred wood, naper or paint, indicating exposure to fire or extremely high temperatures

b Excessive exposure — Weatherbeaten, frayed, rusted, or stained containers indicating prolonged exposure
during transit

c Environmental damage — Water or oil marks, damp conditions, dirty areas, or salt film (indicating exposure
10 sea water or winter road salt chemicals)

d Tiedown failure — Shifted, broken, loose or twisted shipping ties, and worn material under ties, indicating
improper block ing and tiedown during shipment

. Rough handliing — Splintered, torn or crushed containers indicating improper handling Review of impact
recording instrument readings

f Item inspection — Unless the package marking prohibits unpacking, the contents of all shipments should be
visually inspected tc verify that the specified packaging and shipping requirements have been complied with When
items are contained in transparent, separate moisture proof bags or envelopes, 8 visual inspection without unpacking is
preferred. Statistical sampling methods may be used for groups of similar items. Care shall be taken 1o avoid contamina
uon of the items during inspection. The inspections shall be performed in an area equivalent to the leve! of storage
required for the item. These inspections are examinations shall include the following, as appropriate

! Identification and Marking Verification that identification and markings are in accordance with
apphicabie codes, specifications, purchase orders, drawings, and these instructions

2 Complete Shipments Verify that the contents match packing lists |f there are discrepancies, contact
Transamerica Delaval, Engine and Compressor Division, Customer Service Department immediately

3 Manufacturing Documentation  Assurance that the document certifying that the item received was
fabricated, tested and inspected prior 1o shipment in accordance with applicable code, specification, purchase orde:
and/or drawings is included in shipment if applicable

4 Protective Covers and Seals Visual inspection 10 assure that covers and seals are secure

-] Coatings and Preservatives Verification that coatings and preservatives are applied in accordance with
specifications, purchase orders or manufacturer’s instructions.

6 Inert Gas Blanket Verification that the inert gas blanket pressure is within the acceptable imits if
7. Desiccant Verification that the desiccant s not saturated, determined by the use of humidity indica
tors Desiccants shall be regenerated or replaced as necessary in accordance with manufacturer’s instructions

B Physical Damage Visual inspection to assure that parts of items are not broken, cracked missing
geformed or misaligned and rotating parts turn withou! binding. Accessible internal and external areas shal! be free of
detrimental gouges, dents, scratches and burns

1
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PART C — PRESERVATION AND STORAGE (Continued)

9 Cleanliness Visual inspection to assure that sccessible internal and external areas are within the
specification requirements for dirt, soi!, mill scale, weld splatter, oil, grease, or stains. Inspection for cleanliness i1s per
formed prior to sealing and shipping, therefore, if receiving inspection indicates that there has been no penetration ot
the sealer boundry, then inspection for internal cleaniiness is optional.

] Contformance Inspection — Unless the completed item was inspected or examined at the source, it should
be inspected or examined at the point of receiving to verity that the following characteristics conform to the specified
requirements These inspections or examinations should include such items as the following

1 Physical Properties Nondestructive examination to assure that physical properties conform 1o the
specified requirements and the chemical and physical test reports, if required, meet the requirements.

2 Dimensions Random visua! inspection to assure that important dimensions conform with drawings
and specifications. Examples Base plate mounting holes, overall external size, configuration and orientation of parts

3 Weld Preparations Random verification that weld preparations are in accordance with aspplicable
drawings and specifications

4 Workmanship  Visual inspection of accessible areas to assure that the workmanship s satisfactory 10
meet the intent of the requirements

5 Lubricants and Oils  Verification of presence of proper lubricants and oils, If required, by enther
specification, purchase order or manufacturer’s instructions

6 Electrical Insulation Performance of insulation "esistence tests for motors, generators, contro! and
power cable, 10 ensure contormance with specifications

h Special Inspection — Where receiving inspection in addition to that described above i1s required. the “Special
Inspection’’ procedure, complete with documentation instructions, shall be attached to the item or container this s m
addition 1o the imzection, and the results of the inspection shall be documented
ON-SITE PREPARATION FOR STORAGE.

It the engine and other components are 10 be placed in storage prior 1o installation, the engine should be offlosded and
moved 1o its storage location Place engine onto Tecty! coated hardwood blocks The mounting flanges must be sup
ported by 50% of therr area. equally spaced The engine should be completely covered by a tarpaulin, and the tarpaulm
securely fastened 1o the skid. |f the storage i1s to be long term, the preservation procedures applied prior 1o the shiprment
must be maintained The engine should be stored in the level of storage specified in preceeding paragraphs

STORAGE INSPECTIONS.

Six month inspections of the unit should be conducted to the following criteria, witnessed by a Transamerica Delava!
service representative (upon receipt of a8 purchase order), or documented by 8 formal report by the owner s INSPeCIOT

el Do not rotate the engine

b Examine all engine cover plates for ughtness and sealing ability. Do not open the engine unless i1 1$ @bl
Iutely necessary

(3 E xamine gaskets for any covers removed and replaced if any damage exists

d  Examine all humigity indicators for 60% saturation. Replace or regenerate the saturated silica ge' as neces
sa'y |1 the interior of the engine is exposed for any reason, reapply Tecty! as needed
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e Inspect the hardwood supports for any indication of settling. If settling has occurred during storage, supports
should be replaced or adjusted as necessary .

f. Examine intake manifolds and turbocharger(s) for deterioration. Clean and preserve as necessary

[} Replace tarpaulins and secure

RECOATING OF PRESERVED SURFACES.

In view of the finite life of the preservative material, it is recommended that the surfaces be recoated as follows during
the term of storage

a Every six months, or less if inspection indicates need, all outside surfaces of the ergine which have been
coated with Tectyl 502-C should be recoated

b Every 18 months all interior surfaces of the engine and other equipment must be recoated

¢ I:very 30 months all exterior surfaces which were coated with Tecty! 890 should be recoated

GENERATOR,

Large, one bearing generators are shipped disassembled, and are preserved for shipment and storage by the manufacture:
In addition 1o those requirements specified for engines and associated equipment, the following conditions apply to all
generators. Additional requirements may be specified by the manufacture

B Inspect Shipment — Inspect stator, rotor and bearing pedestal 1o determine condition as received Damage
10 skid timbers s evidence of humping or rough handiing Damage to tarpaulins and piastic covers could expose equip
ment 10 moisture Inspect leads and accessories Check bearing and shaft surface for moisture and rust Inspect stator
and rotor windings and test insulation resistance, a low value indicating presence of moisture or contaminant on coils
It generator is shipped as a sealed unit, 0o not open for inspection unless there is evidence of external damage 1o the
packing

b Insulation Resistance — Take insulation resistance tests on stator and rotor windings every three 10 Six
months Take a one minute reading with a 500 volt megger Recommended minimum values are wau.l .
x megohm on stator and one megehm on rotor. A dry, clean winding will test much higher A more thorough test of
insulation 1s 10 continue megger test for one 10 10 minutes The 10 minute reading should be much higher than the one
minute reading For dryout procedure, refer 1o generator instruction manual. This paragraph applies only it generator
15 not completely sealed

c Storage — Should be in @ Level B storage facility as defined by ANSI N45.2.2-1978.

d Bearing and Shatt — Pedestal bearing should be stored in 3 clean, dry area and covered or boxed The sieeve
bearing surface is greased or coated with Tectyl for shipment For long term storage, @ desiccant placed inside the

covering 1s recommended

Some desiccants may be corrosive on contact.

Leve' C storage is recommended Bearing and pedestal parts should be inspected after the first month and every three
months thereatter They should be cleaned and regreased if necessary. Unpainted surfaces on bearing housings should
be kept covered with grease or Tectyl 502.C. Unpainted parts of the shafts are covered with a rust preventitive such as
Cosmoline, or with Tecty! 502.C, and should be inspected every three months. If bearings and shafts are not assembled,
then set both parts on a block of wood. preserve with Tectyl 502-C and cover

“ All generator equipment must be inspected at six month intervals by the manufacturer's service represen
tative The windings must be megged at this time, and accurate reports sent 1o Transamerica Delaval, and 10 the many
facturer of the generator.
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PART D — INSPECTION AND MAINTENANCE RECORDS

GENERAL.

In addition 1o operating records, and any other record which may be kept by the owner or operator, # s
recommended thal a permanent record be kep! of essential inspection and maintenance observations A senes
of “Inspection and Maintenance Record” forms, Transamerica Form E-267 (Figures 5-D-1 through 5-D-16)are
available for this purpose These are used by Customer Service Representatives to record clearances. torques.
and other vital inspection observations and conditions These records will be of great value in the future
planning of maintenance and overhaul requirements, and 10 assess the wear trends and performance
charactenstics of the engine

INSTRUCTIONS FOR USE.

To be of value in helping to determine both present and future repair and replacement needs. i is essential that
all information be accurately recorded The following should be observed when using the forms

a Torque values should be recorded in foot pounds (fi-Ibs) uniess otherwise noted

b Cilearances should be recorded in thousandths of an inch, ie 4=0004 in. 2=0002in  25=0025mn
12=1002in 125=1025in. etc If other than inches is used, specily on each sheet the unit of measurement
used

c  Where significant. dial indicator readings should be recorded as + or - (plus or minus) A reading not so
specified will be assumed 10 be a plus (+) reading

d The heading of each form is filled out as follows

1 Component Group Titie Pre-printed with name of major component which i1s covered by that
shee!

2 Pans Group No The three digit parts group number 1o which the component group belongs. and
in which it may be found in the Parts Manual

3 Shee! The dentity of the record within a pars group
4 Page The page number for a particular pars group/sheet
§ Customer Fill n name of owner/operator of equipment

6 Equipment Location Physical location of equipment, specified by name. position number, of
other descriptive term which may be appropriate 10 clearly igentity the location

7 Engine Mode! Complete model as appearing on nameplate

8 Senal Number The number appearnng on the engine MM"C U'U‘“Y consists of a five gign
group a dash anc a four digit group

9 Customer s designation When an owner or operator has a specified designation for the engine
within his system which serves 10 igentity it 10 him, enter this designation

10  Total Engine Hours Hours since hirst startup

9-}
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PART D —INSPECTION AND MAINTENANCE RECORDS (Continued)

11 Hours Since Last Inspection The time between the present Total Engine Hours reading and the
last inspection

12 Date This Inspection Self explanatory

13 References Preprninted Indicates sources of instructions that should be used in conjunction
with the inspection being performed

e Ensure that the proper designation is entered on all sheets where the position of the component
being inspected serves to identity it For instance, a separate sheet is needed for each bearng, each cylinder
head. each piston and rod. etc. Identity these items
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CONNECTING ROD — Model RV.3 & RV 4 Engine 340 2 2

L P et Bsh g

Mousore it Gwmele Of hnk i Dushing with mecr ormerter Take memmwaments i ver el (AA) and horironl (8.8)
ihares. 90° apert Musss 78 On both ends igaercase and fiywhes! ). ane inch from end of bushing Mensr ¢ Outde dameter Of
Lok e wath mucromet s _nmm-‘.-mnbﬂﬂdmn.m-l‘wm“'-uﬂm.

W
Tink P Bushing | D Link Pin Bushing O D
Step 2 A A 8.6 A-A 3
Guarcaw End
Flywhet Eng
Connectung Rod Basr wg Bore

Moy M e g 100 Bux 10 messure 10 Gul 0! OoUnd CONdihIoNs 8t Connecting rod bew ng bore Do not install bes
ven Toro it 10 1ol 1orgue value 8 Shown in Insiruction Manusl Messure Connecting 1od Des ing Dore inside thame e
e Both ends e ok o Trom ouler eoges Messure i verical (A-A) and horzonisl (B-B) plenes Toke memsurement (A A)

e Lt e e apposite wdes of shl hine 8 Shown On shelch
Connecting Rod Bee ing Bore | D
s“ J AA ._.
Goarcase Eno

Filywhe! [ no

Non Destructive Tests
Poatin o non gestut i st wch @8 dye check on connecting 1od box end ol festeners  Record results below

Step 4

Boit Torques

Recwr 0 0aetsembly (Dress away! 8nd assembly 1orgues 'or connecting rod and hink 10d bolts  identity bolts by number (we
Sustraton)  Torgue DO i seguence Shown S0 ying torgue » 200 Lifts until finel torgue o resched  Reter 10 Instruction
Manoe' 1or cormet 1oruue velues

Link Rod To Pin Bolt Torgue (f1dbs)
Step 5A T 3 ‘,_ 3
Dosassemb ¢
Aty
AT T CLCL TN 1 S R T L T —
Step 58 1 7 3 e ry %
Dnasswmoiy
Assernpl
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Figure 5-D-7  Inspection and Mantenance Recora,
Connecting Rod (Continued,
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inspection and Maintenance Record

00 82

Com onen: Growe Tie O
PISTONS - Two Piece o ! I !
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Figure 5-D-8 Inspection and Mantenance Record,
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'm Inspection and Maintenance Record

Comumner: Giawe T.oe
PISTON RINGS 2 !
e
1 rge Maoe e
Totws §ngne Hows PP p e —— Bure Tha rmeses o
LT 'Y
Instruction Manues'  Sectvon 6 Pert C
Cylinder No /Bank
A Cc
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B
o e et e

el R AL
1 MeaSLTE DISION g 10 CHIMANGE 1 roove with fesler gauge  Massure eech 1ing in theee locations 120 degrees sper !
Recoro res/ts Deiow

2 Hemowe 1ings 11om palon for Cleaning and messurement of end gap clesrence  Reter 10 Intruction Menus! and INIpection
00 Mantenance Record Sneet 315 ) for the proper procedure  Record gep end peraent ring fece contac!

3 new ng e alatied note raasons 0 Remerks below
4 new g e NSNe0 TeUDrd 80D gD 8N e CHINNCE I Jrooves

l " Did (Removed)
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Figure 5:0-9 Inspection anag Mantenance Recora
Piston Rings
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'm Inspection and Maintenance Record
Delaval
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CAMS and TAPPET ASSEMBLIES 1 1
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Tm Inspection and Maintenance Record
Delaval

Componen ' Growe ¥ e
CAMSHAFT BEARING SHELLS - Model RV Engine

e
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THRUST CLEARANCE L0 Clmance
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ana thrust bearing

BEARING CLEARANCE /THICKNESS
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Tm Inspection and Maintenance Record
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l|r====rl- Inspection and Maintenance Record
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5-D-16

TE- Inspection and Maintenance Record

e
INTAKE and EXHAUST VALVES 360 2 I 1

ot —

Cytinder No Bans

Fgure | Fapon d

Veive ToGuude Chaarenos

Maas. e Dy noting defiect on on valve hes! whiie rocking valve in its guide  Remove retaioens
tor rotators) and springs  Lay cylinder hasd on 115 woe with valve axis in the horizontal Laave o
wedge On vaive stem and push valve out until S10pPed by wedge hitting guide (we Figure 2)

Postion  del indicator a8 shown i Figures 1 and 2 50 that spindie of indiGator 15 DEATING Sgans! wde
of vaive head On the A-A axs (we Figure 3 Zero the indiaator | then apply sutficent pressure by
hand 8! 8 PONT Glamet ically OPPOsITe the IRndie 10 Move the valve 0 the guide  Record this oeliectior
Repaa the process «n the BB axis ond record 8! resdings in the &pace provided beiow  See Figure !
for vaive wentification (EX.1, INY etc )

COTTE N (T X w3
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Vaive Head Thickness
Measu e vaive haad 1hickness (Figure 4) with a micrometsr end record i space below
Vew i (LF] ™ w7
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1Pt valve 0/ gane gl CONITION Bnd NOt 8l BbNOIMEH e 0 Other Bgn i hiant information below
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femit '

Figure 5014 Inspechon and Mantenance Necorg
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TW Inspection and Maintenance Record
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Transamenca tion and Maintenance Record
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Instruction Manual ..

SECTION6
OVERHAUL AND REPAIR

PART A —~ GENERAL

ROTATION AND CYLINDER DESIGNATION.

Crankshaft rotation and cylinder bank designations are determined while viewing the engine from the fiywheel end
Number one cylinder on each bank is that nearest the gearcase, or suxiliary end, on the opposite end of the engine from
the fiywhee! (see figure 6-A.1). Engines are designated as either right hand or left hand sccording to the side of the
engine on which the controls sre mounted

RIGHT BANK

CW ROTATION
(VIEWED FROM
FLYWMEEL END)

/ s \
GEARCASE END (FRONT) FLYWHERL END (REAR)

Figure 6.A-1. Engine Kotation snd Cylinder Designation

ASSEMBLY OF PARTS.

Betore starting any disassembly of the angine, observe that many parts are match-marked and dentified by part or
assembly number Engine parts which have been in service should be returned 1o the same position in the same engine
from which they were removed. This applies principally to cylinder liners, pistons, connecting rods and bearing caps
New parts should be marked in the same way 8 the parts which they replaced. Safety clips, cotter pins and safety
wire where specified, must be re-installed correctly to insure that the parts remain secure in use

USE OF ASSEMBLY DRAWINGS.

Reference may be made 1o the assembly drawings in the Parts Manua/ 10 sssist in the disassembly and assembly of
various engine components

Note

Do not use the part numbers on these drawings for ordering replacemant parts The Parts Manua/
should always be used for this purpose

‘lh"“‘
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Instruction Manual 6.A2

PART A — GENERAL (Continued)

CLEANLINESS.

Cleaniiness is essential 10 the proper operation of an engine Care must be exercised to keep dirt, grit, and other debris
trom entering any of the lubricating oil, fuel or cooling water systems as well as from the bearing surfaces of moving
parts

TORQUING.

All toraue values stated in this manual, uniess otherwise specified, are based on the use of a thread lubricant composed
of equal parts by volume of engine lubricating oil and Dixon number two medium powdered flake graphite, or equal
They do not apply 1o dry threads, o 1o threads lubricated with so-calied ‘Super Lubricants” Dry threads can result in
toraue readings as much as fitty percent in error  The following procedure should be used when torquing fasteners

o Lubricate threads with @ mixture of oil and graphite and assemble threads Tighten hand tight

L Tighten all fasteners by snugging the first one, then moving 10 the one farthest removed and continue in a
Criss-Cross pattern unti! all fasteners are snug

¢ Unless otherwise specitied, apply 20 percent of the required torque to each fastener in the sequence de
scribed above. then repeat procedure in increments of 40, 60, 80 and 100 percent of the prescribed torque value

d Active nuts which are secured with cotter pins must be brought 1o the specitied torque value before
attempting 10 align the cotter pin holes |f the hole in the bolt is haltway between the slots in the nut, or beyond,
the nut should be tightened to make alignment If the hole is short of the halfway points, nuts on bolts larger than
one inch in dameter may be backed off to the nearest point where it will align

TORQUE TABLES

Reter to the Torgue Tables Appendix |V, Page B:5 to find the torque value to be used when tightening fasteners on the
engne The tables are divided in1o two parts. the first being for those fasteners for which specific torque value has beer
assgned The seccnd part contans general torque values 1or use when no special torque value 1s assigned Because of
ther si2e, location and high torque requirements, main bearing cap studs are pre-stressed when the stud nuts are in
stalled. rather than beng torqued with a wrench This is accomplished by stretching the studs with 8 hydraulic 100/,
ther Lightening the stud nuts When the 100l is removed, the stress in the stud provides the clamping force 10 hold the
$tud Nyt In plgce

Ahebuyi=509=1
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PART A — GENERAL (Continued)

ADMHESIVES AND SEALANTS.

The Ashland Oil Company produces a series of useful adhesives and seslants under the trade name “Locktite”
Transamerica Delaval recommends the use of these products, and in certain instances specifies their use. Most Locktite
adhesives are anaerobic, that is, they cure or set when denied oxygen They utilize oxygean to keep the adhesive n &
liquid state while in its container, and during application. When the parts are assembled, however, Oxygen 15 excluded
and the anaerobic resin hardens into @ tough thermoset plastic. The curing mechanism, then, is a com* nation of
contact with metal and the exclusion of oxygen. Copper and brass provide a very fast cure, whereas iron and stee!
provide a slightly siower rate of cure. Aluminum, cadmium end Zinc platings are very siow curing. Nonmetallic surfaces
do not initiate a cure, and a special Locktite primer must be used. The following paragraphs and tables are provided 10
assist maintenance personnel in selecting the best sealants or adhesives for @ particular job. It should be notec that
some instances a specific product is recommended for a specific use. For additional information, it is suggested that the
product manutacturer be consulted, or that inquiries be directed 1o the Transamerica Delaval Customer Service Deoert:
ment

o THREADLOCKER SEALANTS ~ An anaerobic adhesive used 1o prevent a fastener from loosening, corro
won and leakage Although not essential, the use of a primer will clean off oil, and accelerate curing

1 Apply to thread engagement area, filling the thread root Assembie parts
) For blind holes, put a few drops into the hold and onto the fastener Assemble parts

3 For already assembled parts, clean fastener or nut parting line. Apply Locktite 200 at the imerface
area and allow the capillary action to carry the adhesive into the threads

a Threadiocker sealants act 8s liguid lockwashers

CAUTION

Do not use Locktite on any fastener for which 8 specific torque value is assigned, and which
utilizes @ lubnicant consisting of @ 5050 mixture of powdered graphite and lubricating ol

locxvive emopycT 242 a il 222 %0
Nuts boits & serevws Fartanens & studh Fontaners & stuch Brmall serews Prasset o
ApEcaton N Durpow wpto ' die over 1\ a No B beiow favtanes (e
(Threadiock ng med U st ength) (high strangt) (high strength) (low strer gth ) 10 Nigh st eng™ )
Gep Yiling
me inehes 00t 007 010 008 008
Viscosity
P} eon 1000 800 4800 1000 1“2
Yoraue n/lp
Sanawey 60 3% 180/22% 100145 4020 00/200
Teveiing
S s 1800 2800 800 900 1800
Temperature 45 1o 200 45 10 300 45 1o 300 48 10 300 45 1o 400
enge OF (OC, (88 10 149 (88 10 140 (88 10 149) (88 10 149 (88 10 204
Cure soeeas
W thout Primer 20 min/g n 20 min/% W 30 min/8 hr 20 min/ ne 10 min /i e
Fianrurartun
W speedy
w1 e [ LG S min/m ot 10 min/g he Smin/ 2w Naot Requiree
1ML GBIV
Racommaroed
0 i es Y (ontions) T optione') T (optiona!) Y toprions') None

Table 6 A1 Threadiocker Adhesives

Axehu01-509-1
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Instruction Manual 6A4

PART A — GENERAL (Continued)
b.  THREAD SEALANTS — Used to stop leaks in threaded pipes and fittings
] Wipe threads with a clean cloth to remove any contamination

2 Apply sealant behind leading thread, avoiding filling the first thread. Apply 10 only three-quarters of
a thread turn  Assemble parts. Fittings will seal at any angle without heavy wrenching

3 For pipes grester than two-inch diameter, apply seslant to both male and female thread surfaces.
4 For laaking castings, isolate laak area, heat 1o drive out oils, then apply Locktite 290

6 Pipe Sealant with Tetion (PST) sesls moderate pressures instantly and is supe 0f 10 tape It can be
used anywhere teflon tape is used

Pooe Senant Mydraviic

T80 I  SunTeties : %0
Applicatior Geners purpose Fiuig powe: system Swiniess stee & Porovity lsakage
(Seaiing i ead see NG connections :o'ad threaded pipe (pinhoie isass!

L1
Gep fitiing >
bty inehes 020 008 020 00%
Viseosty
(eP) Maan 200 000 400 400 000 12
Temperature 45 10 400 48 10 300 48 10 500 4% 10 300
range, 9% (OC, (88 10 204 (88 10 148 (88 10 200/ (88 10 149/
Cure speeas carbon ses!
without primer L LG a8 min/2 hr 30 min/4mn 10O min/t @™
finture/full i stee
Ine/24

Cure soeeas
with primaer 18 min/S ne Not Reauired . aree Not Reguired
fimturetun min/2 ne
Recommaendea
primer NE None N (Options!! None

" Teble 6A-2 Thresd Seslants

GASKETING (Anaerobic) ~ For sealing tlanges For gaps over 0.010 inch primer should be used Clean
contamination from flange surfaces, apply continuous bead to one surface |1 primer is 8pplied 10 speed the curing rate,
or 10 cure through larger gaps. both fiange surfaces should be primed. Allow one to two minutes for primer 10 dry, then

assemble parts with minimal interface movement Torque fasteners to metal-to-metal firmness Aliow sealant 10 cure
betore pressurizing

Gaseet Gasnet " - Piantic
€iminetor € mineter limingtor Master Himinetor .
AQEKTITE PAOOUCT o 8 S
Appiicetion Genen High Large gaon Maintmnence o coating  Migh sahesion
(Gasketing purpose Tompernture 1PNt see & repeir ”M srructurel srengey
Ger ! -
iy
L..m; m:nn 010/ 080 010/ 020 0% - -~/ 080 010/.080 010/ 020
wApImed/ Bt imed
Visconty 200 000 1o 700 000 1o 1 ! L] ! 10 %0 . o te
(e, mesn 800 000 1,200 000 .gz uz .u w
Bren, oy
Lu.' e 20001900 13806/2000 1300/1380 2000/ 1900 2000/1 900 /8000
A ue 4% 10 300 4% 10 400 45 10 300 4% 0 zuﬂ 48 10 300
renge OF (°C) (88 10 140 (88 10 204) (88 10 140! (88 10 149 (88t V49! (ELECRLLE
Cure soenay
| without primer 1 W/ e angm 30 min/ 12 W YRR e 12 he /24 e
fimture/tul
Cure soencs
with grimer LG LE 20 min/d Not Reauires YB min/2 w 18 min/d he [T L
fimture/tyul
Mo ommendec Marier Gasner
primer N (Qptonel) N (Optene Nore Ly N (Options Y

Tabie 6 A 3 Gasketing Materisl

Axehu0i=809°1
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Instruction Manual

PART A - GENERAL (Coniinued)

d

RETAINING COMPOUNDS (Anaerobic) ~ Used to improve cylindrical part assembly

1

2

Clean both surfaces with Locktite Safety Solvent, or equivalent

If faster cure is required, or if surfaces are inactive, apply Locguic Primer T to both surfaces Allow

Primer T 10 visibly dry (two 10 five minutes) before applying retaining compound

”C-A-S

3 Apply retaining compound to both surfaces If Primer T has been used, parts must be joined within
four minutes atter retaining compound is applied
'
MOCKTITE PAODYCT AC/0! nc/080 ng/820
Appiication
(Meteining or Mounting Geners High Hign
Cylingrical Parts) Durpose rangth e atue
Geo filiing
ity inches 008 018 o
Vistosty
(o) musr 100 2000 7000
Bhesr strength pe
weel i 3000/600 4000800 3000 /600
Tempnrature 4% 10 300 45 0 300 45 10 480
range OF (OC, (85 10 149) (88 10 149) (88 w0 232
Cure soseds (siee |
without primer 10 min/V @ he 30 min /48 N 20 min/B Y0 N
fimture/tyll
Curm someas (vree
Witk primer 8 min/30 min B min/a8 h S min/® 10 N
fimrure/tull
e pmmended
o me Y toptione!) T toprions!) T (options')

Tabie 6 A 4 Retmining Compounds

3 SUPERFLEX SILICONE ADMESIVE SEALANT « Forms & cured silicone rubber for use in gasketing,
sealing. bonding and caulk ing Clean surtace with Methy! Ethyl Ketone (MEK) or Locktite Satety Solvent 7855 Apply

Supertiex 10 one surface and sssembie parts
Gop Fiiing Temperature
Ability Marge Visoosity Srrength Cure Speed
LT . N . JLIRT R lennis Janiall
%0 9% 10 400 LT 400 20 min/24 w
70 10 204

Tavie 6 A 5 Supertiex Silicone Adhesive Sealent

! PRIMERS « Locauic Primers (more accurately, Activetors) 8re curing sgents for Locktite anaerobic adhe
sives and sealants

\ Locguic Promer N oassures fixture of parts within 16 10 30 munutes, and full fixture in 12 hours o less
P Locauic Pomes T assures fimture of perts withun & minutes, and full fixture in se hours of e

3 Lotauic Primer NF assures Tinturs of parts within 15.30 seconds, and full cure it 1our houwrs Of e

AXGhri1-9L0
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Instruction Manual 6A6

PART A -~ GENERAL (Continued)

SAFETY PRECAUTIONS.

Personnel performing maintenance, overhau! and repair work on the engine and its associated equipment must be

aware of the hazards involved in this type of work , and observe all safety precautions. In 8ddition 10 those precautions

listec in Section 4 for engine operation, the following are some of the arems in which sefety practices are indicated
o Observe all specitic Warnings listed in this manual for the operation being performed

b 11 in the course of Maintenance work, it becomes Necessary 10 crank o operate the engine, those precau
tons histed in Section 4 should be observed

¢ When handiing haavy weights, all weight handling equipment must be inspected before use

d £ xercise extreme care 10 insure that the weight of all parts being handled is under complete control at all
times

3 Unde: no circumstances should any person extend any part of his body under any suspended heavy pari

! When handiing Liguid nitrogen, or other super cold liquid, wear suitable gloves 10 protect the hands Gloves
should be of a type approved 1or protection against extremely low temperatures

9 Crankshatt should be blocked 10 prevent inadvertant movement when working in the crankcase
h Do not exceed max murr allowable hydraulic pressure on hydrostatically operated 100ls and equ pment

| Do not gisconnect any pressurized line until you have determined positively that no pressure exists in the
line

| £ xercise good housek seping practices 1o provide good footing on platforms, ladders and other areas around
the engine and associated equipment

N Under no cirrcumstances should any interlock , safety switch, or other ssfety device be bypassed blocked
Of Otherwise rendered NaCtive

sy AXuhp01-509-1
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6-A-7

COMPONENT WEIGHTS.

The component weights listed below are approximate. and are inlended 10 assis! in handiing and assembly
operations Suitable weight handing equipment of suticient weight fting capacity must always be used
when handing heavy and unwieldy parts and assemblies

Item

Cylinder head
Piston ang nings (less pin)
Piston pin

Master 100
Link rod and box
Cylinder liner

Cyhinger head sub-cover ........

Cylinder head cover .
Camsha't (less cams) Rv-12
AV-16

Cams (average) B A

Main bearing caps Front

Inlermediate .......

Front rear
Hear rear

.......

..................................

..................................

..................................

..................................

..............................

.................................

................................

.........................

Approximate Weight (1bs)

1100
600
120
624
700
600
365

30
675
750

20
370
200
300
300
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PART B - CYLINDER HEADS AND VALVES

CYLINDER HEAD REMOVAL
Each cylinder head may be removed from the block independently of the other cylinder heads. The cylinder hea

has two intake and two exhaust velves, together with their associated springs, wedges, retainers, etc. Valve ng:
may be replaced with the cylinder head installed on the engine provided the piston is a1 top dead center to prevent
the valves from falling into the cylinder. To remove a cylinder head from the engine, proceed as follows

o Drain jacket water from engine

t Remove cylinder head cover

Remove s jumpe:

d Disconnect exhaust and intake air mani
fold

v Dusconnect fuel inection hines and nozzie
drain hitting

f Remove rocker assemblies and push rods

Remove hydraulic vaive hifters if engine 1 30 eQuipped

9 Remove ftuel inection nozties and holder

assemblie

r Remove cylinder head sub-cover
Attach htting fixture 10 the fuel injectior
studs as shown in Figure B8 1 Attach an overhead
hout 10 the Lifting ning of the fixture
j Remove cylinder head stud nut andd
washers Figure 6 B 1. Cylincder Mead Litting Fixture
. Lt head Trom Dlock 1T head sticks 1t may De necessary 10 1ake o strain on the host and break the he g

0% By slik g the nides with 3 babbit! or lesd hammaer

INSPECTION

Clean inside of combustion chamber Bar engine over until piston s 8t bottom desd center and clean and inspect upi
portion of cylinder bore. Clean gasket surfaces of engine block and cylinder head Remove intake and exhaust valy

Freface and reseat ;s necessary  following the procedures outlined in subsequent paragr aphs

AXubu01-509~-1
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PART B — CYLINDER HEADS AND VALVES (Continued)

VALVES.

IMQNMMMMNMUQWM.WWN”MMumnrmm
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removed

VALVE SPRING REPLACEMENT (Cylinder Head Not Removed).

Valve springs may be replaced without removing the
cylinder head from the block Remove rocker arm assem
blies and fuel injector, then bar engine over until the
piston of the cylinder being worked on is 8t top dead
center  This is important as the valves can fall into the
combustion chamber if piston not at top center Attach
a valve spring compressor 100!, part number 005806155
(see figure 6-B-2) to the cylinder head by positioning the
100! support over the fuel injector studs. Place a washer
on each stud, then thread a spacer-nut on sach stud to
hold too! in place Siide the adapter-retainer over the
valve spring retainer (figure 6-8-3), then swing bracket 1o
POSILION COMPressing screw Over adapter retainer Turn
screw in until all slack is removed, check proper engage
ment of the adapter-retainer to the valve spring retainer,
then continue 10 turn screw in, compressing the valve
soring. When spring is compressed sutficiently to permit
removal of the two wedges (figure 6:8.3) lift valve by its
stem and remove the two wedges Slack off on compres
§ing screw and swing bracket arm clear Remove valve
spring retainer and valve springs. Tool can then be used
10 remove other valve springs on that cylinder head Note
that when too! is mounted on injector studs, all four
valves are accessible without removing cylinder head sub
cover An alternate method i 10 mount the tool on the
starting air valve studs, however, only the intake valve
springs can be removed with 100l in this position Instal
lation ¢ the reverse of removal

VALVE REMOVAL FROM CYLINDER HEAD.

With cylinder head removed from engine, install valve
spring removal 1o0ls 88 shown above, and remove valve
sorings Remove valves by pushing out of guides on the
cumbustion chamber side of the head
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Figure 6.8.2. Valve Spring Compressor Too!
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PART B — CYLINDER HEADS AND VALVES (Continued)

VALVE INSPECTION AND RECONDITIONING

The seating surface of valves, particularly exhaust valves, may have the sppearance of pitting due to small carbon
particles which may have been trapped on the seats and impressed on the metal This condition has no effect on
operation unless there is an indication of blowby, in which case the valves should be reseated. Valves may be re faced
on a standard valve re-facing machine, or on an ordinary lathe The seating should be exactly 45 degrees. |f done on
a lathe with a cutting tool, be sure to use very fine feed and a sharp tool for the final cut. If a grinding whee! s used
the whee! should be dressed for exact trueness before the tinal grinding cut is taken Remove just enough material to
eliminate pits and to make the seat run exactly true with the stem. If the valve guide is worn, & new guide should be
installed before re-facing vaive seats. Re-seat head with valve grinder. It a grinder is not available, use & 45 degree
hand reamer. Face just enough for trueness and removal of pits. Limit width of valve seat to 19/32 ! 1/64 inch
(151 L 0.04 em) with a 45 degree tool. If the engine is equipped with valve rotators, the rotators must be replaced
whenever the valves are serviced. Before removing intake velve guides from the cylinder head, match mark both the
cylinder head and the guide to insure proper alignment when guides are reinstalied in the heads. Remove, clean and
inspect valve guides as necessary. It is not practical to messure exhaust valve-inguide clearances directly Theretore,
wear is determined by measuring the diameter of the exhaust valve guide bore at two pPOINts, one at & point one halt inch
from the top of the bore and the other two inches from the bottom of the bore Refer to Appendix |11 for the proper
bore diameters

CYLINDER HEAD INSTALLATION

Use new seals when the cylinder head s instalied on the angine block Make sure all areas are clean and free of dirt
or other foreign magtter

8 Attach litting fixture to cylinder head
and hoist head in place over cylinder head studs

b Caretully lower head into place, taking
care not 10 damage stud threads or seals

¢ Lubricate cylinder head studs and nut
threads with & 5050 mixture of graphite and lu
bricating oil Assemble washers and nuts on studs
and run down on the threads

d Tighten nuts in increments, and in 8
criss-cross pattern, following the sequence shown
in tigure 684 Torque to the specified torque
value. This procedure will pull the head down
evenly

Figure 6 B4  Tightening Sequence For
Cylinder Mead Stud Nuts

Axua&un-so"‘

683 "1 e



PU - —

Instruction Manual

PART C — PISTONS AND RODS

GENERAL.

6C1

The design features of the Enterpriseg Model RV engine makes it possible 10 remove the pistons and ther attached
rods by pulling them straight out through the cylinder liners. Normal procedure is 10 remove the link rod and piston
first, 1en the master rod and its piston. [t is possible, however, 10 remove either rod without having to remove the
other, including its cylinder head. The procedure for removing the master rod without first removing the link rod s
slightly ditferent than if the link rod were removed. Connecting rod bearings may be removed without removing either

rod and piston, and without having 10 remove either cylinder head

WARNING

The procedures in the following paragraphs involve the handiing of heavy and unwieldy parts in
a contined space All weight handling equipment must be inspected before use, ang extreme
care must be exercised 10 insure that the weight of the parts being handied is under complete
control at all imes Under no circumstances should any person to axtend eny part of his body

under any suspended part
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Figure 6-C-1. Connecting Rod and Beerings
PARTS LISTS.

Refer 10 the below listed group parts lists in the Parts Menus/ 1or 8 breakdown of the parts covered in this part of the

manua!
3 340 Group Parts List, Connecting Rods
b 341 Group Parts List, Pistons
¢ 315 Group Parts List, Cylinder Block and Liners

d 600 Group Parts List, Special Tools

AXLAKGI=509°)
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PART C — PISTONS AND RODS (Continued)

SPECIAL TOOLS.

The following special tools, isted in the 580 Group Parts List in the Parts Manue/ are required 10 perform the operations
outlined in this part of the manual

Piston Pulling Fixture, Part No 00-580.01-OW
Piston Ring Guide, Part No. 18661

Piston Holder Spacer Rings, Part No 00-500.01-8M
Chain Puller Bracket, Part No 16103

Connecting Rod Seadie. Part No 00-500.01.0§
Saddie Plate. Part No 00-500-01.07

Master Rod Bar Asserbly, Assembly No 1A-3036
Chain Pulier Part No 15484

Chain Assembly Part No 16087

Locking Ring Assembly, Assembly No. 1A 18460
Liner O-ring Inswliation Ring, Part No 02 580-01-AF

- - e - ancoe

PISTON wOLDER
L) WPACER RinGy

JALRING SCNEN

CHALN PyLLin
LI

CWA LN PuLLES
JALRING SiMiw

-

CONMEC T ING ROD 3=

SALOLE & PLATE

VAL TWO CmAINS

Figure 6 C 2 Bewing Replacement Tool Arrengement

REPLACING CONNECTING ROD BEARINGS (See Figure 8C 2)

Connecting rod bew ing shells may be removed 10 INSPECTION 8NG/0f 1EDICEMent withou! heving 10 remove the piston
#nd rogs from the engine. Special 10015 positioned s shown in figure 6:C-2, are nesded 10 sccomplish the job Bemove
engine side JOOTs aiacent 10 the bearing 10 be pulled Position orenkshaft with crenk 8t the twalve o Clock Pos Lion #nd
Gloce crankshatt to prevent further movement Proceed as follows

B Loosen four connecting rod bolts and rod 1o-box bolt shightly, but do not remove

t Ingtall conne LG o saddie and Diate on mastet 108 wae of engine Adjust ’“."‘ sorew Bf ool to o t i)
saddie sug B9aINSt Maste’ 100 10 hold ro in PLECE BganEl O Bk i

Ly, Ll(«\"."‘
eC2
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PART C — PISTONS AND ROQDS (Continued)

¢ Attach chan puller bracke! 10 wide of crankcase then sttach chain pulier Attech chains 1o esch end of link
PIn with capscrews connect other end of chams 10 chan pulier ard Whe up slack with chain puller & necessary 10 hold
the Link rog firmiy ageinst the o ankpin

d  Place a pwton holder spacer ring in the lower end of esch cylinder liner . then install two jack ing ssemblies
I each cylinger Liner and DOIL in Place 10 retan the IRECE’ ings

€ Adust locking ring assembly jacking screws until SRR’ 1Ing I8 Snug sgeingt skirt 0f piston. holding it n
place in the line!

' Remove connecting 'od bolts and rod 10-box bolts 10 free connecting rod box from master rod Siack o

chan puller 10 allow DOx 10 swing clear Of besing snell Adiust 10ckIng ring MMy |80k INg SCrew 88 Necems y 10
prevent binging

9 Back 0f 00 connecting rog WOdle (8ck ing CTew UNLI Mmaster 1od 18 clee of Crankpin
] SuPDO lower bearing shell by hand remove 10cking Clips. then remove Both besring shelis

INspect Claan and repiace bear ing shells betore work ing on any other bew ings Only 0ne st 4t 8 time should
De removed

J Install Dearing she'ls and 100k ih Dlace with ¢ligy

L Ut cONNecting 100 sa0die jack ing screw 10 posihion master rod firmily aganst Deering shell Locking ring
WMDYy NG Bk NG Krews My D uaed 10 8 v e posion of rod |t May be NecesE’y 10 rolate the bearing
Shells sLightly 10 help with dowe engage™en

| Tighien chan pulier and guide Conne 1ing rod DOx INO BRGAGRMENT with Crankpin and W/ aied oM of
maste’ 10d

m IPS1a connecting (Ol DOt and 1orgue 10 the value stecitiel (v Appengis 1V

" Remave 8! o0t ang biock ing from ang e

—————

r

IS10M Fyping
v

EmAin Pupste
[ LT

Cmhin Py

Cleeh i By
SALLLE & Ay

UAE Tt Emaing

Figure 6.C 0 Took instaiied For Removing Paton and Lk Rod
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PART C —~ PISTONS AND RODS (Continued)
r “

PiRToN ULl ing
Fintuse

SARREY MATERIA

CONNECTINg B0
SADDLE 4 PaTy

Figura 6 C 4 Liting Piton and (ink Rod From Cylinger | iner

LINK ROD AND PISTON REMOVAL

WIE the oylinge: heads removed 800 the engine wde Goors removed BE' 8NgINe Over uniil Master fol DRion i 81 1op
Gead corie ther BIock claneshatt 1o prevent furthe mavement Reter 10 higure BC J tor instaliation of the e o
1o0is thst ate regured o Dslon and ol remove

4 ATae® pntor pulhing hature to crows o Lae 108 paton

3 Piace o pce of onehall inch plywood vertioally 66 iInne: sge o Outer cylnge hasd Sty 16 prevent
pton Trow cmung imo contect with sluih

¢ Buspend & one 100 cabec ity chntarl from plant crane haok eng stiech haos 10 wde iR ing hoie of puliing
finture

o Atact tham pule Bracke! and (hah pulie 16 Mmanter 1ol 1l o of 8Nk Lme

L IMste conhe tog fod salldie @ d Diste 1o mate’ roll W OF G erhaaem Adiat 10 WO 108 Wi e

ot @ e g M

‘IuluO\"".‘ 1
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PART C ~ PISTONS AND RODS (Continued)

PIATON PULL NG
AL L

CHMALN FuLiie

(LA
MALTER ROD
LI

CONNE LT e BO0 .
SARDLE & PuAT ;
AN Pyl

Vit TR0 CmAine

Figura 6C 8 Took instatied For Pumn end Mester Rod Removel

' Attach o char 10 sach #ng of ok pin with Gapscrews and connect other ends 1o chan puller ang teke up
etk 1A ghaw

9 Remove connecting ' o bolts and 1od 1000 BOIts (see figure 6-C 1) then slsck off on chain pulier, sllawing
e rod bos 10 swing Clew OF cranepy

A Use Cha pulier a8 necess’y 10 PORLION Connecting 1od while clesring box from crankshe®t Adjust until
fotvh T 4 oM e with the anig ol the Cyhnget gt

Coat walls of cylinger Lne with clasr 1t icating o/ then place o plece of 332 inch compremsed gesk ot
mater al petweer Lk tod Bas and Lner wa'l 1o prevent Bos from scoring liner well Cost side of gask et Mmateral which

CORBCTE Lined wal! with Claan lubf et ihg o

| Caretully howt popton and (o out of iner with one ton chainlall teking care NOY 10 aliow paton 16 bing
in et (e igure 6.C 4)

, Wher bottom engd of connecting rod Bos o clear of LiIner . Move Diston and rod cles of engine and lowe’ 10
fiasere of 8 wuitabie stand

6CH Ar tbulrotpse]
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PART C — PISTONS AND RODS (Continued)

PISTON AND MASTER ROD REMOVAL (Link Rod Removed).

Attach special 10015 85 shown in figure 6-C-5 and take up slack with chain puller to hold master rod in place agemst the
crankshaft

“ Loosen connecting rod saddie assembly then slack off on chain puller until master rod swings cwee of
crankshatt and 15 in Line with the cylinger liner bore. |1 may be necessary 10 adjust the position of the piston and rod
with the chainfall

b Rotate cranksha®t approximately 30° past top center, awey from master rod to permit rod 10 chemr crank
shatt journal

3 Pull piston and rod in the same manner as piston end link rod were pulled (see figure 6-C.6)

FEsTON Pyl ing
Fintysr

GALRET MATER A,

Figure 6.C6 L IMting Master Rod and Piston From Cylinder L iner

PISTON AND MASTER ROD REMOVAL (Link Rod Not Removed)
The master 1od and piston may be remaved rum the engine without having 10 remove the (ink rod. connecting 'od bor
ond piston, o the cylinder haad on the link rod ude

8 Powtion crankshatt with the crankpin for Pston 10 be removed 8t spproximately 30° past top center
Bilocr fiywhee! 1o prevent Yy ther movernment of the crankshalt

L Mamowe cylinder head on the mester 1od side, abOve the PISTON 10 be pulied

IPstel 100 and hand ng equipment s shown v Tigure 602 encapt that 8 piston holder spacer £ing need
ot be instalied on the master 1o wde Attech 8 patan pulling hieture 10 the master rod PIsLon and sttach hook of
Overhasd ofane

s09d

) -'U'
" .
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PART C ~ PISTONS AND RODS (Continued)

d  Separate connecting rod box from master rod, and slack off on chain puller until connecting rod box s
well clear of crankpin with the link rod resting against the lower end of the cylinder liner. A piece nf compressed gasket
material or leather should be used to protect the liner.

. Remove chain puller, chain and puller bracket from master rod side of engine and install on link rod side.
Connect chain to master rod as shown in figure 6-C-5 and take up slack.

f Back off on connecting rod saddle jacking screw and remove tool. Slack off on chain puller and |ift piston
and rod out through cylinder liner

REMOVAL OF PISTON FROM ROD.

Suspend piston and attached rod with the piston down from the overhead hoist. Lower until the weight of the assembly
is resting lightly on the piston crown Remcve piston pin retainer rings from grooves on ends of piston pin then shige
pin out of piston. Lift rod assembly clear of piston

REMOVAL OF A SEIZED STUD.

When it is evident that a bolt has seized in the connecting rod box, do not attempt to force it. The following procedure
1s recommended for the removal of 8 seized connecting rod bolt

a Position crankshatt 1o place connecting rod at its closest point 1o the engine side door and block crankshatt
10 prevent movement

3 Leave ot least one good bolt in position to hold master rod and connecting rod box together while seized
bolt is being removed

¢ Form a shieid of a suitable fireproo! material around master rod to catch molten metal and slag. and 1o
prevent it from falling into the engine base

d Cut off head of seized bolt with an oxy-ecetylene cutting torch Exercise grest care not 10 demage the
master rod with the cutting flame

© Clean out slag and burned metal, and remove shield material

! Install & connecting rod saddie and plate to hold master rod firmiy against crankshatt journal Install tooks
and fixtures necessary 1o remove link rod and piston. See figure 6.C.3

9 Remove remaining bolts and carefully disengage link rod and connecting rod box from master rod Carefully
guide headiess bolt stud through its hole in the master rod. Allow the link and box 10 rest against the lower edge of the
cylhinger liner

h Place » shaliow pan of water beneath the stub of the seized bolt to aatch the molten metal and siag when
the stub s cut o, then cut the stub off approximately one inch from the surface of the connecting rod box

| Clear detris from the area then remove the link rod and piston sssembly from the engine in the norma!
mann.  remove the connecting rod box from the link rod

) Set connecting rod box up on & good radial drill and drill out the remainder of the seized bolt Exercise
care 1o doll the bolt on dead center to prevent demage 1o the thraads in the tapped hole in the connecting rod box

. Try & new boit in the hole 10 be sure the threads are good and that the bolt will run free in the 1apped hole

| Reassemble the Link rod and connecting rod box and place the piston and connecting rod assembly in the
engine in the normal manner  Use new locking devices when assembling the link rod 1o the link pin

llu&-g\-5°"‘
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PART C - PISTONS AND RODS (Continued)

INSPECTING CONNECTING ROD BEARINGS.

Inspect both upper and lower bearing shells for weer and general condition Record ail information (on the appropriate
Inspection and Maintenance Record sheet) for future information

o Visually inspect all surfaces of bearing shells for scratches, nicks, burrs, evidence of heat and excessive wear

Measure with 8 ball micrometer

a1 8!l points marked X", Avoid - 1 I
crush relief area at end of shell. F
i4- 1 -
—al L L o
——L- g

> ; S i o B

Figure 6.C.7. Measuring Bearing Shell Thickness

b Measure thickness of bearing shells Use a ball micrometer and maasure aach shell at six points, as indicated
in Figure 6:C.7 Refer 10 Appendix 111 for permissible limits

¢ Perform @ non-destructive dye check on all surfaces of both shells

d Based upon the results of the above iNsper tions, Make 8 determination 8s 10 whether the bearing shells are
acceptable for further service

CHECKING PISTON PIN CLEARANCES.
An ideal Lime 10 measure DISTon Pin 10 bushing clearance is when the piston and rod are disassembled Take and record
the following measurements

o Measure ingide diameter of piston pin bushing with 8 micrometer Measure in the vertical (A-A) and the

horizontal (B-8) planes 90° apart (see Figure 6-C-8). Massure both ends (flywheel and gearcase), two inches from end
of bushing

b Measure Diston pin outside diameter in two locations, two inches in from each end, in the vertical (A Al and
hotizomtal (B-B) planes in sach location

. € Compare difterences in measurerments Consult Appendix |11 for the specified clearance limits
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PART C —~ PISTONS AND RODS (Continued)

INSPECTING CONNECTING ROD.

Make a careful and thorough inspection of the connecting
rod, the piston pin bushing and the piston Remove all
aarbon and vernish deposits from piston and accessible
areas of ring grooves |1 it is deemed Necessary 10 remove
piston rings for cleaning or replacement, or if it is neces:
sary to disassemble the piston itself, refer 1o the appro-
priate paragraphs that follow

Figure 6-C8. Measuring Piston Pin In Bushing Clesrances

CHECKING PISTON RING SIDE CLEARANCES.

Measure DISton 1ing side clearances in the groove with a feeler gauge in three positions, 120 degrees apart (see Figure
6-C9) Record measurements and consult Appendix |11 for permissible clesrances

Use a fesler and measure
nm&‘nc.

Sede Clearence

Figure 6C-9. Piston Ring Side Clearsnce

PISTON RING REPLACEMENT,

Piston rings may be removed from power cylinder pistons for cleaning, inspection and end gap clearance measurement,
provided care is exercised in the removal and handling of rings The decision as to whethe: 10 reuse the piston rings of
10 install new rings must be based on an evaluation of the condition of the rings, and the prospect of their giving ade
quate performance for an acceptable length of time A piston ring expander 100l must be used when piston rings ¢
removed from a piston The practice of using strips of leather, pieces of belting or other means 1o grasp the ends of the
PIStOn ings 10 remove them by hand s discouraged The use of such makeshift tools will usually distort the rings and
make them unfit for further use A K-D Manufacturing Company 100!, No B92 has been found 1o be an excelient ring
expanding 100! Starting with the 1op ring, expand the ring and shide it up and off the piston 1f the rings are 10 be re
used, they should be dentified and tagged as 10 the piston and groove so that they will be returned to the same relativw
position

RTCT LA A
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PART C —~ PISTONS AND RODS (Continued)

Hardened stee! scrapers, steel wire brushes or power wire bu'fers must not be used 1o clean PISION rings Rings can best
be cleaned by immersing them in a commercial claaning agent such as Twrco, Tranapo, Oskite Corbeway, Pennwe't
Clesner 45 or equal Follow the manutacturer s directions for the cleaning agent selected

CHECKING PISTON RING GAP CLEARANCES

Gap (end or britt) clearance of the piston rings is measured with the ring in the liner LUsed rings must be messured n
the liner from which they were removed. and if new rings are 10 be used, ther end cles ance Must be Measu’ed when
instalied in the liner in which they will be used The rings must be square with the surface of the bore Position ring in
one of two POSItons i the liner the preferred position being six inches from the bottom of the liner, the a'ternete
POSItioN being three inches from the top of the liner Ensure that ring 18 the same distance 1rc.n the 1op of bottom of
the liner al!l around 10 make sure i1 s square in the liner Messure gap between ends of ring with & feeier gauge and
record the measurement 1or the engine records Appendix |11, Table of Clesrances ists claarances when new . and the
replacement claarances (n the case of used rings, 1t 8 suggested that it 1§ ecoNOMICAlly unwise 10 #t1eMpt 1O feuse piston
1ings with end clearance exceeding 0 165 inch for chrome faued compression rings. 0 150 inch for taner faced compr e
son rings, and 0110 tor ol control rings

INSPECTING PISTON.

Inspect piston for wesr and other sbnormal corditions such 88 scufting, scratches eic Pistons can be clesned by
immersing them in one of the commercial clesning solutions listed for clesr ing piston rings Messure skt outhde
diameter of piston at two locations, tou: INChes below bOTom ring groove and four inches above bottom of skirt Take
four measurements (AA BB CCand DD, FighC 10) ot sach loaetion. Measure piston pin bore inside damete ol
either end in two directions. perpendicular 10 one another (A-A and CC, or BB D D)

Figure 6.C 10 Piston Messurements

DISASSEMBLING PISTON (See Figure 6C11).

1111 15 determined 10 be necessar v 10 disassemnbie the piston crown from the skirt for further inspection Of 1epiacement
proceed as tollows

" Inapect connecting rod bearing shalls for svidence of scratches nicks burrs, sxcsssive heat and wear (e
ance tables should be consuited tor the requited bearing shell wall thick ness

b Inspect pistons tor wesr of abnorma conditions Remove all carbon and varnish geposity from pistans and
accessible araas o' the 1ing grooves Unless they 8re 10 be replaced, do Aot 1emove piston Hings from grooves |1 neces
sy disssemble patons e 1ollows

1-608°1)
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PART C ~ PISTONS AND RODS (Continued)

1)
Y
|~

Figue 6.C 11 Puton Amembly
(1) Beng lok sirap tabs ol of hex nuts, remove foll s fram e Muth and remove hes Aut
(20 Mamove lob saps 8 ing collars bmiievitie apr g and thiust washers from tie stud
(3 Separate crown from ghrt and remove O ings

() Claan ports thoroughly 11 crown & 10 be repleond remove four Lie studs and spiit washers o e
S holes 1 efown

ASSEMBLING PISTON
Amembile the piaion 88 tollows

K Massure dopth o erown Slud holes Massore om (el inned 1ing towerds the center of the cramn Aol
fom the 0007 deep relaved sran Must Be within 1olerenems (A Fg 6C 1Y)

v e & Ry Mg ock washer n aach & the four Le siud hoies Use Erierprae Pact o GAOGES OB
warher (OB 1D 089 0D 0VIE" thek i Do Aet bstitute

¢ Measure 18ngth of 1o Bl 1o ook wwher end Lo center o of groov e haw (B Fg B0 1T Aceptebn
1 Sluds Mudt be w ItRin Toielgnoes

ecH
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PART C - PISTONS AND RODS (Continued)

@ Inetall e suds 0 Crown with roov-pin hole up Use Locktite Tivesdiocker 242 on thrasds and 10fue
Studs 1o 100 1110

€ Tahe o mioromete masssament of crown and st piots (C 0, Fig 6.0 11) Must be within toleance o
ontuie aase Of asebly withou! damage to Ovings

T Measure st apot fece gepth (£ Fig 6.0 111 Should be within stated tolersnom

0 et Ongs 00 skt Do not twist s during InRalietion Use no sdhesve rese of soiwent on G
Minera o0l e be used 10 aase 8010y of O Fings mo crown

" Amernbie orown 10 skt Observe that there s & dows! i i the orown whioh mus! 8o ter 1he dowe' hale
the w1 Chees O rngs bor propsr postonng

| Crmnr anch Believ (@ 4pr hg 808 the s ng CoIE By BIREiIng IR 1 olvent then haroughly & ving D @
S ngh and collers o 8 S0 B0 mirture of Gephe 8nd Sngie O MERING Kre wishe' TacE Be Eompietey welted

j 1R80P Rt Wi O aech Le Btud then inetell sxactly 13 Believiie springs on @ech Ktud conasve mde
Towards o0 1 Ingtall 11 more Beiey e 0 Agh on Byt Conaave bde Yowe dh o owr

B IR R g sl On sech L Bud then Aaiell e Ih Sraps 88 shawn i Figura 6.0 1)

| Apply Locktne Themadiocke: 227 10 siud thaads and Saembie hes Auls 1o Ml 8nd Lghten fings
1ght Do not by alte theads

B A T e e R LAy 40 Duter edge o washer sech @ even Torgue sk mut e ViAo
ther b b of Thiee Gl L

f Retorgue mech mut o 108 Ml and chees Lgnment 6f Le Bul rooy i Ralm weth ful Bets Inoteese
1l o s PECRE ¢ 10 81gR @ ooy or Rales with Closest mut B0t Do met seceed 118 s

o Cheok b prope assembly Groow pn hoie n el hould Be sven with, o & masimun gt 110 show
Bse of ot pat e R e anee T @ o B0 Re'e and it greow pn ubng Locetite  Thiasdiocew 227
11 ot Wt toleance Ehace Bebiy of 00 Por DY apet 00 Bnd correct Aumiber o' s ings

3 Bend ion ¢ 80 8B ub Weu ety SR N bl O huts

INSTALLING FISTON RINGS (Bee Figure 8001

s The DINIOR £ g Sepandsr 10] whEn feDIBONG BHIGN FINgR 0n he RIstan 11 Ihe fings B Bng feused iAere thaet
N g N Prae 10 I orgne poRtion Mings are marked et CUP or CTOR M gn thee uppe piee Rotete
FIRgE I grooves S0 Thet gan #1e RagEered B ound Croumterenes of piton TERe Wre Aot o HTERT NG e et
whle nialling thee an pator MBESGTE 80 reenrd aton fing Hile Crence A groove Take mEshremen b o thees
postinng (A BC) for amer ing

REPLACING PIBTON PIN BUSHING
Ut the fotiow ng Method 1 reniane the paton b Buthong h the 0RASE1 g fod

. e @bt gress 4 Svilahie prase the Buahing bom the vl Giherwae oEretully 0t TR Bt el
Fach e 800 B v 1 But 0 1he rol Remave 84 Bt and e 1he canhecting fod

. .
.lul-'|‘§°’ )
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PART C - PISTONS AND RODS (Continued)
3 Place the new Dushing 11 8 SuBbie contane such 88 8 Buche! 0f 8 Seep (8"

g Pl the contane win higud Aitrogen Niogen level should be Sppronimetely one inch from the top of
the Bushing 1o Blow 100 hend g

a Lty connecting rod on o8 sde on 8 sitebie spport Both ends of the piston pn Bushing bore should e
coow bie

Wear 1 tabie gloves when handling Buthing 10 Svend fjury 10 the hands Gloves should be of a
Tyon @pe owed Lo pf ote Lon SR AT BatEmE (W 18FHe Bt ee

’ What 1he Airages stops B0 NG (emove The Buthing oM (he 0oRIBNe and "aert - 1he bore 18s Ny e
10 8097 1he o hoies with the onl passages * the connecting rod (nsure thet the Buthing protrude 1he e datanie
of Bott endt The speaton Ut be Gore Guick iy BETOE 118 Buth ng SREEngs dus 10 hee! pies up

REPLACEMENT OF LINK PiN BUSMING
10 LA B g PRGu T R0 SEETen | i Geeed 8t Tolluen

= Bervove 1he Buth 0 100k B0 MR ThE Bush ng with 8§ REckalw 10 1eliove SrERE. Then OF ve Buthing ot of
CORARET g fof B

v Lieas the conam g 1ol Bos Femowing 8 Burts a0 rough st isces
Piace Ama Byt g ¢ 8 00 WhE COMIEAE Such 91 0 Buth el of § Be8p per

G F retanm Wit gt Adragen Noagen level thould Be SRDTOSIately BA8 iAeh fram the tap of the
Badhing 1o #llaw b Rgne ny

$ Ly the conmecting rod Bos B0 0 wie o0 8 setelie suppert Thvee paass of Vi inon rough s ind

BAAUE 08 8 pete 0F Meta plate Wl pFovide adeguate SpRatt far 1he Bos 80 801 08 8 NOD Yor 1 ButhiRg s that
W he Nt etk tRe e 0 the Bos wReR 1 i At ied

W s tabie g oves whe handing Buthifg to Bvel iNaty to the Rends Gioves shauid e of 8
Ty or Brpt vl Lo heE Lah RO BRITEINE [ow M 8

P When e A ager oms Bo g Femave the Bushing e the coniginer
G 1P e Buing 0 TR ceRnesiing (0l Do 1R NG 400 10 1 ub The Buthing Butouts Witk the o eene

Wtlee cortos o the Bos  Ihewre that BOIh SRl 6F 1hE Bushong a6 BHEeE with the wde of e Bos  Tha muet e
Bere gu bty betare the Buvh g eepani due 1o Mt Bob

...‘.bl"’O’.‘
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PART 5 — PISTONS AND RODS (Continued)

ASBEMELY OF MISTONS TO RODS.

Asgemble pitons roth and connecting fod Bos 8 follows Make sre pistons and (ofs 8re fasssembied o the W
rHalive POLLON 88 The, Occuped betore disassembly

- 10t Lk 10l D01 R COnnecting fol Bos DOFE 8nd PERTON Link 1od on LAk pin

b ADply & bt comeatng of 8 SOB0 misture of powdered graphite and iubriaeting 01 1o the thrasis
of the nk rol 1o Boits Torgue bo'ts 1o sechied trgue end mecure with laok wire

€ Place DMOn phde Gown etng 0f I8 rows LTt connecting rod with rad furning plate ther o
end 0f conneeting (of Mo pEten Bhgning petan pin hoke i rod with that 8! pston

4 Cost pator e with molybeny ™ Siguiphade pror 10 SIemblng o Bushng Use 8 189 o 8001 Beatie brus
Mo phden s @auioh de n ave atie 1o Tignsamer s Deleve unde Pert No 86006 0

Do ot permi moldbdenum dauiphie, & ny Misture 6F i1 16 GEME M0 SOMBET Wik any
theaaded fantere s The presence of molybdeny™ Giuiphide will #iow specled tofgues 1o
overstrens the tarieners Al 1ot gue viiuee e Besed o the ute of 8 B0 B0 misiure of powde s
F oM 10 and b ut g o

. e atar Bor e ough paten and el Cleen paton roove nd the outedo end of the paton pr relene
FgE BN AL TR e CRGE A N Pooven 1 6 ther 80 of paton P ApBly LBETIE 1o endh of Telenet Hing
165 Pravent 1 age b o ratet g o the @ oves

Fapre 80 10 L Beaing Rings Figure 8.0 10 Cyhmaw | imer Wew Fattersy

THITILAR '
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PART C - PISTONS AND RODS (Continued)

The water contact tye cylinder Lners 1 mto the cylinde Block  Theee smeling fings " grooves 8t the lowe: end of the
i provent water Hrom enterng the crankass The BLoone me' goes N1 the lowe: ENg Fing groow |1 s recom
mended 1hat the liner e degiased before PIrons B (INgh Bre FEpIecRd 1 the ergine |1 The aae of New PRt TN
ey houid e R Only 0 e s o 0 ey Ihet have beer deglaren The glased wrtecom of 8 cylode e
Which R D SR Wil AT M e 0N g Guich ty OF oo e tly Rings which 8re not sorrectly eeted w !
Sliow Blowhy 0 COmBuRton g 870 (B Seoamive JBge 0 by Gating 0/ Bevere blowby @0 deet oy the o fim
R the Liner wertace 8nd amue 0g sutting 8nd POy Bver Duon Wure Chrame Teomd comp:eaeion (ings w il not
Qonterm 10 oyl liners whioh B8 out of round by mare then O 00D inch gar o of Bere demeter (0 081 ek b
Mode B & Ry Engnes) Tape feced compramon ings and contormabie 0 Conrol (ings will Aot antor ™ 1o lines
whioh s out of tound By more thae 0 001 ek g ek of bore dameter (0 017 ineh bor Mode! R/RY sngires Mo
PANOR ngn will 0 ey ok R @ ooves g @F low T 0 the wrtece of the ner bore Carbor depos 1
P the (o 0f the Lae ghio o the Paton Fing 1 ave 068 thould Neve B removed B o 10 Pulling the pators We
L TR e B By Vg ] e 80 PONE By 6F 1he cond L one (hustreted by Fgue 6 C 1D

Tre Sunnen Mode ANBIL o tabie hone with do bie engtt stane hoiders ond Bunnen WA T 10 o Wi 47 Bore
e pone hoiers Res Bees oo nd fo e efhectom by degiesng The sutting sty of the Hones @ e e oved by
Eutthg AR BO BCPom the face 0f The stones A hackiew 80 Be wIRd 10 0wt the Bate The sots ollow the haring
Pl 10 mare santy Wl e cuttings from the plones The Ronng il 600 B LerOene SRIVENt O M08y wale

Paiontsed fianng 608 98 Bva B0 Bul 80 SEEmhve d B0 S0 SREEE’ 16 G0 8y BT b then the L et iared
Dimne’ o maves 8 very pand honong Nl

a Ma g g em pramsore betwees the gtone and the sftace o the e Bere (0 Make wre the Honm o
tultting

b Mastac s atemdy Dom of Roring P 1o the Benet 1o et Beey the euttings B0d 10 prevent tone e iy
A arge g Wheet mEte bough Ao The Bethos ol the cylier nee be aerty o0 1he il and suttongs Do ret gliow e
B B L R L N o L
CATRRNET wats B0 the ma T e g ept 10 Pevent apisehed Byl fam eering the e e g §aeoe e
wher reay g the Cagh TRt (Ut Age Bo Rot tel B the Sein bae ihgs

t D ww the e w it 8 ot o Bom tuttang et @0 @800 et The surtece speed of the hane Hare
Mot e the cmege of 26 B0 e Rone spmed B0 R @ Heak g 1ate 6! apt e s ety B0 sammpiete byt e je

oo

4 AN the fug mungie o Roning Emave the Rane om the bl Bad Wt 1he e duttene 08 iy A
e PR s bace et e et e e Ihere aee Byt Wty T e SRS 990 Taund EReR The Bl ety
o e et (o e e ber Wit b umebiie o ) st B repiaced

e Comtnae honag uit @l sartece glare @ remover A propetly egleied e Wil have & unilonm aeh e ey
SR A e WT g g ottt et The e of the o ameheteh pEtIEr R ghenid Va8 80 BN 0 B ree
ity 90 ey ey

Eact st of Bunnen siares hae 80 met gk BERph e whiok Bt e the Rating B seet e
Thoo 4 @ vl ent b @t o0

' L R I e L L ]
B T B e L B L L e oL L L L e L
B L R e I L I e e R O
Roght 0 wborh Wy Rae 0tered thaes 1AL Rgh dur g Rat iy
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PART C ~ PISTONS AND RODS (Continued)

11 Beter e 10 b AEOEME’ ¢ 10 *Emave the cylinder Liner fram the block it GI0ONNEC the lubr a@ting o/ hine
o1 e Betion of the e including the sibow (na) & Cylnae Liner Pulling Finture, Part No 008580010V 10 the
Botiorm o the ner 8nd Sach & chan howt 10 the Ifing ped on the 100l Pull ine streght out of the blaes 1t may
e AEceaa’ ¢ 10 U BIGEE g 80 & Rydreu i e 10 brask the Liner free of the cylinde Block

INETALLING CYLINDER LINER

1Pt ar of the e ) the everse of remove with cerien SO HORS! FEGUITEMEnts Ut new seeling figs 80 coet
TR W it @ L d G warhong Mami O 8 1ie AIEling b (Gant BETare MOUNTInG iN LN i ooves The bottor wa' &
S lane 8 Would be Rended Geretyly 1o (Reven| 1 g OF MCK g 11 6 SRERNTA) 1hY the Lnerd De feplaced © thet
B PR e 0 e ek 8nd TRET The $01 e MEres 0N 10p OF the e e 8hgned wiih the marks an the biocs A
too! Pat No 02 880 0V AE faciiates the natetiation of the haer n the Block A Wit fing Bevies it it o the 1op
Bwe of the Bach 800 00wt The Laer with EREIAY Fngh AAtelied 1o e lowered (Mo the upper Bore biock Alter the
Fingh Rave GEsEsd T ough the Lppe BIGER BOre FMavE The CAgs 1RER COMIMUE 10 lowe [Ingr uht seeied (1 Black
Bgove L Pl g Vatyre

® Frstan B
> [ TALRY

Fago o 87 10 Pun s one Yo Pwiatieh

NETALLATION OF PIEYES AVD MABTER AOD
Fhu o B o ST B TRE RN B e Eon oo ) SV mgeter fad I The LAk ral e RO
L L e L R T R A L SR A S R LR
s & R R § W Lyt

’ : SRS LR L i R Y

: A BeT ey e e Yl LR e
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Instruction Manual

PART C - PISTONS AND RODS (Continued)

¢ Place o prace of one hall plywood vartically on inner side of outer cylinder haad studs
4 Postion crankshalt with crankpin spprowmately 307 past top cemter, away from master rod vde

© Install 8 pwton pulling fixture on the piston crown Pick up PINION 8nd rod with overhesd hoist and pos:tion
Oower cylinder line

' Lubricate one wde of & piecs of 3732 inch compressed gasket material with clean lubricating o/ Wrap
#ound lower end of connecting rod with oled side towards liner wall

[ Lowe: rod into cylnger line: (see figure 6.C.14) Mold piston rings in place 88 they enter the piston ring
Quide  INsUrE 1ing GADS Are S1agge e around the citcumierence of the piston

h Continue 10 lower piston until connecting rod bore i oppovite crankpin Remove gaske! material

Attach ghan puller bracket chan puller chains and master rod ber then ratate cranksha't towards rod
By adiusting rod and crank halt poshions ring Master 1od N0 eNgAgEMEnt with crankpin Make sure dowe! seats in
Bowe! howe Rowton of bee 1 May De NECRs’ v

. Ingtal connect ng rod sddie and plate on masier 1od ude of crankcese iwe figure B.C 5 Adiust 1o hold

MAtter fod 1ight BgaIng! Crankp ¢

Do o0t rotate crankahatt until hink rod hes been assembied and bolted 1o master rod Block
cranhatt to prevent further Mmoverment

INSTALLING PISTON AND LINK ROD

e the same procedure 1o LINng and lower ing the Daton and rod im0 the Lingr 85 witt used with the master rod I the
LA rod and pton were Aot removed Bu' were feteined 0 the Liner with 8 piston holder spacer ring. the toregoing will
not apoly The 1oliow ng procedure Rowever s 8pD1GEDIe 10 811 cawes

" Attat ghan pulier bracket 1o master 108 wde of orankoase Attach chiang in sme way 80 wan done for
master rod temove (wee Ligure 6 C 310 Draw connecting rod bos 1010 engagernent with crankpin and master ro4 Be sure
WEATEA (O ae propedly engeged (0 the case whers the Link rod i retined by the piston holder spacer 1ing. adjus!
ROt O IhE ek el SEEws 800 MR0E 1ing iy De Aecesss’ y 10 8chieve the necewa’y alignment of parts

COTYEN Pin

Fgure B0 18 Tightening Sequence For Conneeting Rod Boits And Nuts

1-509°1)
6c1? UL
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(‘ PART C — PISTONS AND RODS (Zontinued)

b.  Apply a mixture of powdered graphite and lubricating oil to the threads of the connecting rod bolts and the
rod-10-box holts. Assemble bolts, washers and nuts. install washers so that bolt head or nut rests in the counterbore of
the washer. Tighten to torque specified in the Torque Tables, Appendix |X in three steps, and in the sequence shown in
figure 6-C-15. Safety wire the bolt heads and insiall cotter pins in the siotted nuts as shown in figure 6-C-15

c Remove all installation 100ls, brackers fixtures and other installation equipment. Install cylinder heads

SEATING NEW RINGS IN LINER.

New piston rings must be seated in the liner as quickly as is practical in order to assure a good gas seal, and an acceptable
lubricating oil consumption rate. The following run in schedule should accomplish these objectives

o Replace all covers on the engine exceut cylinder head covers.

b Start engine and run on diese! fuel at one-half speed and no load for 15 minutes (Note Direct connected
marine propulsion engines driving fixed pitch propeliers will have a small amount of load). During the run inspect
rocker arms, valves, pushrods. fuel injection pumps, nozzle hoiders, high pressure fuel injection lines, and drip return
header 10 be sure all are secure, functioning properly, and that there are no fuel leaks

c Stop engine and remove crankcase side door covers. Feel connecting rod bearing boxes, main bearing caps,
crank webs, cylinder liners and pistons 1o be sure there are no indications of excessive heat. Do not overlook the areas
adjacent 10 the piston pins

d Replace all covers and run engine at 20 percent load for one hour.

turn at top center. Inspect the lower part of the liner bore Bar engine over to place each piston in turn at bottom
center and inspect piston skirt Ingpect rocker arms, rocker shatts, nozzie holders, high pressure fuel injection lines,
drip return header cornections and all other mechanisms under the cylinder head cover 10 be sure all 15 in good orger
and that there are no fuel leak :

. € Stop engine and remove side door covers and cylinder head covers. Bar engine over to place each piston in

f Replace all covers and run at 35 percen® icad for ane hour
g Increase 1047 10 50 parcert and run for two hours
k Increase 'nad 10 +5 percent anc run 10r two hours

Reduce 10ad to 25 percent and run 10r one hour
] Increase '0ac 10 100 wercent and run for two hours

k Stop engine #nd make a hot crantsnaft web oeflection check. Record on Transamerica Deave! Form

| Allow engine 1o coul, then make a thorough internal inspection as a sub-paragraph e above

m Replace all covers 51d start engine Take and record cold compression pressures. Cold compression check
should be made at 185 rpm

n Compare operating data during 100 percent load run with that of the factory test record, and with operating
records 10 be sure the engine is operating s it should.

®
N Note
l Loads tor engines not driving generators can be determined by fuel injection pump rack position,

| by referring 1o load/speed curves, or by observing the relative position of the { el contro! Hinkage
. or the governal terminal shaft lever

AXusbuCr-5c9-}
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PART D — CRANKSHAFT AND BEARINGS

MAIN BEARINGS.

Main bearings are made of aluminum alloy, the upper
and lower bearings being interchangeable. The upper
shell is held in place on the bearing cap by two lock
rings and socket head capscrews. Main bearings are
front, intermediate and rear, the number of inter-
mediate bearings being determined by the number of
cylinders. Bearing caps are secured 1o the engine base
by studs (see figure 6:D-1). Oil passages through the
bearing cap provide for bearing shell lubrication. To
prevent axial movement of the crankshaft, thrust
rings are attached to the rear bearing caps, each se
cured with button head capscrews (see figure 6-D-2)

HAana (0 - :.-uu
; @ ,

o~

Figure 6D 2 Crankshaft hrust Rings

Figure 6-D-1. Main Bearing Cap

BEARING CAP REMOVAL.

Main bearing caps are pre-stressed by means of 2
special 100!, normally furnished with the engine The
tool consists of a prestresser assembly (Part No
1A-1801), and adapter (Part No. 00-580.01-0K) and
» spacer (Part No. 00-580-01-0J)

4 Remove lubricating o1l fittings, tempera
ture sensing devices and locking plaies from stud nuts

b Attach adapters to pre stresser assemblies
and place a spacer over each ol two diagora 'v Oppo-
site stud nuts.

c. Use jacking screws on micrometer bar 1o
force piston flange against 1op of cylinder, then back
off jacking screws one-quarter inch

d Assemble a pre-stresser to each of the two main bearing cap studs, running them down on thr stud threads

until pre stressers are snug against adapters

e Attach hydreulic hose between two pre-stressers, and between one pre-stresser and a suitable hydraulic
pumping unit. Bleed air from system by opening pipe plug on second pre-stresser then operating pumping unit 10 supply
asmall pressure When all air bubbles disappear, tighten pipe plug.

6D1
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PART D — CRANKSHAFT AND BEARINGS (Continued)

f Slowly apply hydraulic pressure to pre- o
stresser assemblies until bearing cap studs have —— -
stretched sufficiently to permit stud nut to be = ,
loosened. Approximately 10,500 psi pressure will éf ‘ @ i
be required. Use a brass drift pin through the ¥ - "y /
spacer side opening to loosen nut. Do not turn nut p— 14
up tight against lower face of adapter as it will H 4 -
bind when hydraulic pressure 1s released. Do not W—— /
exceed maximum allowable pressure of 11,500 psi. N\ Y/ 7, TR

NN {:l / 7 \\\‘\ X i e

9 Relieve hydraulic pressure on pre ST % N g
stressers, remove pre-stressers, spacers and adapters % N | 7 Ay
from stud. Remove stud nuts 74 = -

7 ey

h Repeat procedure on remaining studs, v A -
following a criss-cross pattern. Remove all stud 7 7 ———
nuts and |1t bearing cap from crankshaft y asliale

! |‘ TN —
§ a
- T R
=l I |
BEARING SHELL REPLACEMENT. Figure 6 D-3. Pre-Stresser Asse nbly

11 s necessary to remove the main bear ngs, remove the *wo socket nesd capscrews and luck rings that hold the upper
bearing shell 10 the main be.ring car »nd carefully remove the shel' from the cap. in:tal 8 Learing shell removal tou!
{Part No 00 38007 -AE) in the cronkshaft journal oil hole then siowly rotate the vankshatt until the tool 1s bearing
against the beari .y shell. Slowly continue to rotate the crankshaft and roll the bearing shell out of the journal To
remove the thrust rings from the rear bearing caos, remove the button head screws and puli the thrust rings. Reverse
the procedure 10 'nstall thrust 1ings and bearing shells

BEARING CAF INSTALLATION

Install bearing cap in positio v the reverse order of removal Take care not 10 damage the bearing shells The bearmg
cap studs are hightened as i0''ows

@ Install pins to lock lower stud nuts to studs, then place wedges between lower nuts and the base cavity
bottom and side walls Check that height of stud end s 11-3/16 inch above cap mounting surface to permit proper
engagement with the pre-stresser assembly

b Lubricate threads with 50-50 mixture of oil and graphite and tighten upper stud nuts hand tight. Place
spacers (Part No 00-590-01-0K) to the pre-stresser assemblies. Use jacking screws to force piston flange tight against
top of cylinder. Back off jacking screws 1/4 inch

c Install pre stresser assemblies on two diagonally opposite studs and assemble the micrometer bar on the
unity

AluluO\-Soq.l 5

.
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PART D — CRANKSHAFT AND BEARINGS (Continued)

d. Insert micrometer head into the hole in the micrometer bar, making sure that it is fully seated Tighten
knurled knob to hold micrometer head in place.

v Attach hoses to pre-stressers and apply pressure to bleed air.

f Run micrometer spindle against the micrometer pin until the pin is snug against the end ol the bearing
cap stud. Observe and record the micrometer reading

9 Loosen knurled knob and remove micrometer head from the micrometer bar. Insure that jacking screws
on pre-stressers and backed off one-quarter inch for each stud.

CAUTION

Failure to back off on micrometer spindle will result in damage to the micrometer

h Apply 10,500 psi pressure 1o pre-stressers and hold while using brass drift pin through spacer opening to
tighten nut snugly (about 50 f1-1b). Relieve pressure

Note

This operation is necessary to insure proper seating of parts and to minimize the etffect of dirt

‘ or high spots on future readings

i Apply 10,500 ps: pressure and hold. Tighten nuts to a snug fit with drift pin (about 50 ft-1b)

WARNING

De not e ccerd maximum allowab e pressue of 11,500 psi
I Relieve hydrauhic pressure anc install micrometer head in the rmicrometer bar. Run spindle snug againsi
micrometer pin and record reading Subtract the first readine. from this reading. This is the amount the stud has

streteh - Stud should streten 0 05670 051" Repeat operation if stretch 15 net with n spec fied range

B Remove pre stres.er assernblies and repeat operation on next dair of diagonally opposite studs

Av 74
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PART D — CRANKSHAFT AND BEARINGS (Continued)

CRANKSHAFT ALIGNMENT AND THRUST CLEARANCE.

It must be emphasized that excessive crank shaft defiection can lead to an ultimate catastrophic failure of the crankshaft.
This is costly in both time and money. It is recommended that crankshaft alignment and thrust clearance be measured
immediately after grouting or chocking of the unit, the day before initial start up, after the first seven days of continuous
operation, and at six month intervals thereafter. Refer to Transamerica Delaval Engine and Compressor Division Form
D-1063 (see figure 6D4) for an outline of these procedures. Note that space is provided for recording both deflection
and thrust clearance readings. Copies of this form may be obtained from Transamerica Delaval.

CHECKING THRUST CLEARANCE.

Experience has shown that the feele: gauge method of measuring thrust clearance does not always produce satisfactory
results The dial indicator method is recommended to produce the desired accuracy of readings A Starrett No. 196,
or similar, type dial indicator with magnetic base and extension rod long enough to allow the indicator 1o be mounted
between the engine and flywheel with the spindie bearing on the flywheel. Check thrust clearances as follows:

o Start auxiliary (B&A) lubricating oil pump. Bar engine over at least one-half revolution to establish an oil
film between the main bearings and their journals. This should permit easy movement of the crankshatt

b Mount dial indicator on rear of engine frame, between frame and fiywheel Spindle of indicator must bear
on flywheel 1o measure horizontal movement of the crankshatt

c The crankshatt may be moved forward and aft in the horizontal plane with a pry bar such as a heavy, spade
type. tempered steel digging bar, approximately six feet long Make sure bar is clean enough for use inside the engine
Insert bar between rear crank web and nearest frame member inside crankcase. Do not insert bar deeply enough to
damage either the main hearing shell or the crankshaft journal

d Pry cronkshot: torward, towards the gearcase «nd as far as it will go. If the crankshaft is all the way forwad,
it should be 'mncssibie 1o insert a 0.0015 inch feeler gruge between the o ankshatt rear thiust collar and the rear thrust
ring Zero the dial indicator sllowing ‘or at least 0.050 inch movement towai ds the minus direction

Note

It cranksnatt cannot be moved 2 the limit of ity possible travel by use of the pry bar alone it
may be necessary to ha' the engine over with the barring device while a1 the same time exerting
» horizo (3 force on (he crankshalt wit' the bar 10 move it

2 Reposition pry ber to move crankshatt 10 the rear, towards the flywheel end Pry crankshatt 10 the rear
as far as it will go as indicated by the inability to insert a 0.0015 inch feeler gauge between the forward crankshah
thrust collar and the forward thrust ring

t Observe dial indicator. The number of thousandths (minus) indicated on the dial is the crankshaft thrust

clearance. Record reading in the appropriate space on Form D-1063, and compare with previous thrust clearance
readings

Note

If there 15 any doubt as to the accuracy of the reading, repeat procedure

-1
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PART D — CRANKSHAFT AND BEARINGS (Continued)

CRANKSHAFT WEB DEFLECTION

The importance of crankshaft web deflection measurements is such that the care and attention 1o detail required 1o
obtain and record these measurements cannot be overemphasized. Placement of the dial indicator is vital if accurate
readings are to be obtained. Form D-1063 (see figure 6:D4) illustrates the five positions of the crankshatt at which web
deflections are 10 be measured, and the starting position of the crankshatt for each crank web. Care must be exercised
to insure that the dial indicator is positioned in the center of the web, exactly opposite the center of the crankpin, and
one-fourth inch from the edge of the crankweb. Take deflections as follows

Remove engine side doors to gain access to the crankcase

¢ Bar engine over in direction of normal rotation with barring device until number one crank is 52 degrees
') o

after vertical bcttom cente

t dial indicator between web tor number one crank. Double check that crankshatt is properly positioned

correct position, it 15 possible that the connecting rod will knock the dial indicator out of the web as the

s barred over 10 the next position. Insure the two bearing points of the indicator are in a line exactly paralle!
f the crankshatt It indicat s not paraliel, erronecus readings will be obtained Zero the indicato

th the dial indicator in place and not disturbed, bar the engine over, stopping at each position (2.3.4 & 5)
m D 1063 Record reading at each position in mils (plus or minus) in the appropriate space for eact

edure for each crankshalt web and record readings on Form D 1063

with each other and with previous measurements Evaluate results, based on the

g paragraoh, and determine need for corrective action

DEFLECTION STANDARDS

any crank of an engine in service exceeds 3 mils (0.003 inch/0 0762 mm), corrective action is
web exceeds 6 miis (0. 006 ingh/0. 1524 mm), the engine should be . iken out of

Corrective action s also necessary 0f the total getiection 1n any pair of adjacent

e deflect on in one crank s pius two mils, and the deflectior i adjacent

mils, and correct ve action s indicated

CORRECTIVE ACTION

The nature of the corrective action needed 10 deal with excestive crankshatt deflections wil. va depending upon the
specific cause of the defect The cause may be worn main bearings, improper foundation bolt wwraue the foundatior
itself, or the grouting, misalignment of the engine and/or driven equ.pment, or a8 combination of elements F or instance
excessive deflection at positions two, three or four in the crank web adjacent to the external shafting on engines having
a solidly coupled connecting shatt usually indicates misalignment between the connecting shafting and the engine
crankshaft In some cases replacement of main bearings may correct the problem, and often the problem is correctable
by realignment of the engine ! one portion of the engine base s found 10 be lower than other parts, 1t may be neces
sary 10 jack the base wi'h jacking screws ard shim the low area. It must be emphasized that engine alignment 15 2
complex trial and error procedure which should be undertaken only by experienced and qualified personnel who are
capable of correctly interpreting the web deflection pattern, and of taking the appropriate measures 10 correct defects

nmended t! Transamerica Delava! Engine and Compressor Division Customer Service Department be

] any orrective measures invoiving a susped e O \(H“‘vmu(} Crankcase ahgnme t problery
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PART D — CRANKSHAFT AND BEARINGS (Continued)

CRANKSHAFT WEB DEFLECTION AND THRUST CLEARANCE RECORD

CUSTOMER ENGINE MODE L

SERIAL NO

Use this form to record crankshaft detlection and thrust clesrance information Thrust clesrance should be measured by the dal indicator
method Mmmumenmnmﬂwmnmonuwmmum.vnav.mn
unit start up, after 7 days (168 hours) of continuous operation. and each 6 months thersatter Detiection and thrust clearance checks
MMuumumthmmhmum.u..ummdw:wNumnuhonmam Recorg
the temperature of the oil in the engine lube 01l JMp tank or engine bese

When an engine in which the connecting shatt is solidly coupled to the fiywhee! s grouted on & concrets feundation. the desed
detiection ot crank position No 3 & 2ero 1o plus (+) 1 mil (one thoussndth) in all cranks except the crank adiscent 10 the flywhee!
which should be minus (-} 1/2 mil_ This defiection sliows for thermal distortion of the concrete foundation

When an engine 15 mounted on & steel foundation, |.e.. marine installations, appropriste compensations for thermal distortions of the
foundation will be besed on the locations and temperstures of fuel and lubricating il tanks adjacent 10 the engine foundation

It the deflection in Bny Crank in an EngINe in service exceeds 3 Mils, COMRCtive 8CTION Must be taken Also. ! the total detiection value
in any two adiacent cranks exceeds 3 muls. corrective action must be taken Example » +2 mily in any crank with 8 -2 mils in the next
adjacent crank adds up 10 & 1otal of 4 mils defiection Detween these adjacent cranks The exception 10 the above wiil bDe engines that
have & flexible coupling between the flywhee! and the connecting shaft. These engines may have i excess of 3 mils detiection o
pos.uon No 3 in the crank adjacent 10 the fiywhee! In engines with solidly coupled connecting shatting excessive defiection at positiom

No 2.3 or 4 in the crank sdjacent 10 the external shatting usually indicates misalignment between the connecting shatting angd the
engine crankshatt

Set the detiection gauge ! 2ero 8t pos/tion No 1 and turn the crankshatt in the direction of normal rotation

Position No 1 for placing the detiection gauge s 83 follows ALL INLINE ENG <5 15° AFTER BOTTOM CENTER
HV. MVA & GVB ENGINES 38° AFTER VERTICAL BOTTOM CENTER
RV ENGINES 52° AFTER VERTICAL BOTTOM CENTER
Record 0/l sump temperature and thrust clearance and sgn the form

WMOCATOR GAUGE m_:‘--& anc CRANRGmAT
- i = -
| —_r - - e | —-— L Tl TANK THRUSY
| —~ W= v = -~ T g P e - o 4ol DATE TEMP CLEAR SIGNATURE
| e - ” — g .- - * -
! t [P T J r_‘-ﬂ_‘h‘_—— _,‘-..,_,;._:.' t w=a —
| B - -
. Lo
: L e OO N BOR T ON N ) PO TION N 4 l.':.-cs
| N amey Vv T e o (Ren (omwt oo
Record readings i mils, 1 ¢ 1% rather then 0.00126 inches
|
; [ POSITION CYLINDTR NUMBER STARTING AT GLARCASE END
‘ o P —— ¥ & T W § 3 - g 1| w0 AT
0] S U S N S
| @
\ R———— d .
| = 1 1 T
i, s T e
| [ - T T —
| e o ade —
) g | 1 1
Y e 4 I L
/ : | | 1 l
(e —
, ' | 1 |
w—— | - - -
| i
—3 | ' 1 | N
- | | ‘ '
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Figure 604 Crankshatt Alignment Record. Form D 1063
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Instruction Manual 6E 1

PART E - CAMS, CAMSHAFTS AND BEARINGS

GENERAL.

The induction hardened steel cams are shrink fit on the precision ground camshaft, using hydraulic expansion of the
cam bore to position them on the camshaft. Camshaft bearings are aluminum alloy and are pressure lubricated. Lams,
camshafts and associated operating gear should be checked periodically for wear and/or damage.

CAMSHAFT BEARING REPLACEMENT.
Should it be necessary to inspect and replace camshaft bearings, do the following.

e Remove covers over camshatt,

b. Disconnect lubricating oil line from bearing cap.

3 Remove bearing cap, lock rings and upper bearing shell, then roll lower bearing shell out of its saddle
d Inspect bearings for evidence of damage or wear. Refer to Appendix Il for permissible wear himits.
e Installation is the reverse of removal

CAM REPLACEMENT.

Cams are positioned on the camshaft _t the factory by hydraulically expanding the cam bore and sliding the cam
into position on the shati. |f it ever becomes necessary to remove and replace cams in the field, the followirg
procedure s recommended

a Cams are located on the camshaft by scribe marks on the carms and the camshaft, placed there during
manufacture. Circumferential marks locate the cams longitudinally on the camshaft, and longitudinal marks locate
the cams circumferentially Cams have a radial scribe mark on the side of the cam which passes through the center of
the hoie in the side of the cam

b Make a sketch of the camshaft assembly, indicating the location of the camu and the distance between
each. Make sure the camshat' 1d all cams are scribed.

e. Clean the camshat' and place on Vee blocks on top of a clean workbench. Make sure all burrs, deni:
and other irregularities arc reduced to the common diameter of the camshalt. Irregularities will prevent remova! of
the cams

d.  Obtain a hydraulic pump unit, such as a “Porio-Power”, complete with a hose and fittings, and a pressure
gauge capable 10 reading up to 20,000 psig.

e.  Remove camshaft gear from camshaft, then connect hydraulic unit to the first thrust ring. Raise pressure
to approximately 2000 psig and shide thrust collary off camshaft. Repeat procedure to remove other thrust ring

f. Connect hydraulic unit to first cam nearest the tapered end of camshaft. Apply approximately 16,000

psig pressure (or pressure that will allow the cam to slide on the camshatt) and move the cam towards the drive end
of the shaft

AXuE¥C1-509°1
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PART E — CAMS, CAMSHAFTS AND BEARINGS (Continued)

WARNING

The camshaft has a taper near the drive end which serves as a starting ramp when installing
the cams As the cams reach the taper there is a strong tendency for them to shoot off the
shaft with considerable velocity. Arrange a stop plate at the end of the shaft to keep the cams
from shooting off the camshaft

9 Remove all cams in order

h Wash and dry the camshaft and the replacement cams. Check that scribe marks are clean, sharp and clearly
visible Lay cams out on a clean surface in the correct sequence and orientation for installation Refer 10 the skewh
and make sure the cams are f‘acing in the proper direction

i Choose the cam which will be farthest from the drive end of the camshaft and slide it up on the starting
ramp as far as it will go

} Attach the hydraulic unit 10 the cam and start raising the pressure. A vigorous effort will be required to
mov~ the cam up the starting ramp to the straight part of the shaft. Approximately 16,000 psig pressure will be
required

k Move the cam 10 its correct location on the shaft. Align the edge of the cam bore with the circumterential
scribe mark and align the radial (longitudinal) scribe mark on the shatt with the mark on the cam. Release the hydraule

pressure when the cam is correctly aligned

| Install and position the remaining cams in order, then replace the thrust rings

ARubwe?

6E2



' RV 74

Instruction Manual 6E3

PART E — CAMS, CAMSHAFTS AND BEARINGS (Continued)

TIMING GEARS.

Timing gears are enclosed in the gearcase, and are lubricated by jets of oil. Gearcase covers should be removed period-
ically, and the gears inspected for wear and for backlash. Refer to Appendix |1l for backlash clearances If the
prescribed backlash clearance is exceeded by 0.006 inch, or if damage is discovered, perform the following disassembly
steps to the degree necessary 10 accomplish the required inspection and repair. Accessories are doweled at assembly.
If it is necessary to remove a dowel 10 reposition an accessory, drill and ream another dowel hole of the proper size
in the accessory mounting flange and in the gearcase.

a Remove the governor, overspeed trip, pumps and other accessories which would interfere with gearcase
removal. As the pumps are removed, cover the shaft, arive gears and openings in the pump housing to exclude dirt
and to prevent damage Cover the open ends of connecting pipes and tubing.

b Remove gearcase from engine. The gearcase is heavy and ditficult to handle, therefore, rigging must be
done very carefully to insure that it is under control at all times

(1)  Rig chainfalls and slings tor handling gearcase.

(2] Remove bolts and capscrews, then lift gearcase from engine. Do not let it drop or swing. Set aside,
secured in such a manner that it cannot fall

c Remove the governor drive assembly, and the overspeed trip and fuel booster pump drive assembly
d Insure that the crankshaft, camshaft and idier gears are match-marked for proper positioning at reassembly.
It a new gear 1s 10 be installed, check both cylinder banks to insure that the number one fuel injection pumps are
correctly timed. Fuel injection pump timing marks will serve as a reference point when reinstalling the gears.
. Remove idier gear and bracket assemblies

(1) Rig a small chaintall and wire rope sling to lift the idier gear and bracket assembly from the engine.

(2) Straighten locking clips. Remove top bracket retaining capscrew and replace with a long capscrew
10 serve as @ guide and safety device while removing the gear and bracket assembly.

(3)  Remove remaining capscrews and taxe a strain on the chainfall,
(4) Caretully pry bracket assembly free of the aligning dowels at the top and bottom of the bracket.
(5) Slide gear teeth clear of other gears, taking care not to damage any teeth.
(6) Remove long guide capscrew, and move bracket assembly clear of engine.
f Remove camshaft gear assemblies.
(1)  Remove cotter pins from camshaft gear hub retaining nut. A gear puller may be needed to start the
gear hub off the shatt The gear assembly will usually jump when it breaks free of the taper. If the initial movement

is 100 great the ram effect may cause displacement of camshaft collars or upset thrust clearance. To prevent this
ioosen hub retaining nut only far enough to limit this initial movement to 1/16 inch.

Ly teall-509")
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PART E — CAMS, CAMSHAFTS AND BEARINGS (Continued)

{2) If the gear assembly will not come loose with a gear puller, use an oxy-acetylene torch and quickly
apply heat 1o expand the hub. Protect the front camshaft bearing from the torch flame. Do not overheat.

(3)  Remove camshaft gear hub retaining nut and slide gear off shaft.
9 Remove camshaft gear.
(1) Protect the front main bearing with a wet asbestos heat dam.

(2) Make two 3/4-inch diameter handling rods, 24 inches long with 3/4-10 threads at one end, and
screw rods into the two tapped holes in the gear

(3) Use two "Rosebud’’ type heating torches to quickly heat the gear until it can be shipped off the
crankshaft with the handling rods. Be sure the exposed end of the crankshaft is clean and free of burrs

INSPECTION.

Inspect gears for broken teeth, or other damage I gears are damaged, inspect carshatt with dial indicator to determine
if shaft is bent

a Clean camshatt tapers and check fit of drive keys in hubs

b Clean gear seat area of crankshaft

c If it is necessary 1o remove the idier gear from the bracket, cut the safety wire and remove the four bolts
that hold the idler gear stub shaft in the bracket. Remove the stub shaft then carefully slide the gear out of the bracket
When reassembling the idler gear in the bracket take care not to damage the bushings or the gear teeth.
ASSEMBLY

] install camshatt gear

(1" Lubr cate camshatt taper with white lead and lubricaung oil. I a new gear hub s being installed,
fit a new key in the key siot

(2) | a new gear and hub are being installed, position the siotted holes in the hub over the drilled holes
in the gear. Install camshaft gear 1o hub bolts, washers and nuts. Tighten to hold gear and hub together

(3] Using a chainfall and sling, lift gear assembly into position and slide onto camshaft taper. Assemble
washer and nut, tighten, and install cotter pin

b Install crankshatt gear
(1) Heat camshatt gear to 350° F :n hot oil. Do not overheat

(2) Screw two handling rods into tapped holes in gear Lift gear out of the oil with rods, and with one
smooth, continuous motion, position heated gear against the shoulder. This must be done quickly before the gear
cools. Allow gear 10 cool, then proceed

llu&KO\-Soq"
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PART E — CAMS, CAMSHAFTS AND BEARINGS (Continued)

c. Set up a one-inch travel dial indicator on the pump base for number one fuel injection pump with the
spindie of the indicator bearing on top of the tappet pin for number one fuel tappet, master rod bank, and zero the
indicator.

d. Bar the flywheel in the direction of normal rotation until the tappet roller for number one fuel injection
pump starts up the lifting ramp of its cam.

e Continue barring the fiywheel until the degree mark for fuel injection for number one master rod bank is
directly in line with the flywheel pointer. This degree mark is shown on the Engine Data Sheet in front of the manual,
and on the engine nameplate

f. Observe the dial indicator to determine the lift of the fuel tappet at this point. Lift should be 0 197 inch
If lift 15 other than 0.197 inch, camshaft timing must be corrected

(1) Loosen two fitted boits that fasten camshaft ring gear to gear hub

(2)  Loosen remaining four bolts and rotate camshaft gear within ring gear to raise or lower the tappet
as necessary

(3) If there is not enough travel in the slotted holes in the gear hub to allow the required correction, it
will be necessary 10 lift the gear end of the camshaft until the cam gear teeth disengage from the idler gear teeth, and
slip the mesh one or more teeth as judged necessary Re-engage the teeth of the cam gear and idier.

'‘4)  Observe dial indicator to find tappet lift after correction Make final correction by rotating the
camshaft gear hub within ring gear

(5]  When correct tappet lift is obtained, lock up the four bolts in the slotted holes and drill and ream
for two fitted boits. New holes for fitted bolts should be moved approximately one inch from the original holes

(6) Torgue six bolts that fasten ring gear to hub to a torque value of 70 ft-Ib, plus or ininus 20 fr-ib as
required to align cotter pin holes Tighten and lock camshaft bearing cap bolts if they were looser ed 1o slip gear
t00th mesh

9 Replace number one tuel injection pump, master rod bank

h Bar fiywhee! to place fuel injection timing point for number one, master rod bank, directly under flywhee!
pointer

i Remove number one, link rod bank tuel injection pump. Set up dial indicator in same manner as was
done for master rod bank

) Bar the fiywheel in the direction of normal rotation approximately 315 degrees to position the degree
mark tor fuel injection for number one, link rod bank cylinder directly in line with the flywheel pointer. Reter to
Engine Data Sheet or engine nameplate for the correct degree mark. This will place the timing and firing order of the
master rod bank and the link rod bank n the correct relationship.

k Time the number one, link rod bank fuel injection pump in the same manner as used 10 time the master
rod bank pump

| When both banks are umed, recheck fuel injection pump timing and cylinder head valve lash for both banks

AAGhv(01-509-1 :
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Instruction Manual 6-F-1

PART F — FUEL SYSTEM

FUEL INJECTION EQUIPMENT.

Each cylinder is fitted with an individual fuel ijection pump and injec’ion nozzie assembly Thefuel supplytothe
pumps 1s from a common header. and a separate high pressure ine conrects each pumploits respective nozzle
assembly Fuel injection equipment. particularly the injection pumps and nozzies. i1s built to extremely close
lolerances and. therefore. it is essential that the fuel be delivered in as clean a condition as 1s possible This
requires that the fuel filtration equipment be maintained in the highest possible condition of cleanliness for
efficient operating conditions

e NOZZLE HOLDER
RETANER

— UL INJECTOR

FULL WL CTION Pume

— o RS

M

Figure 6-F-1. Typical Fuel Imjection System

PARTS LISTS.

Refer to the below listed group parts hsts in the Parts Manual for a breakdown of the pars covered in this part o
the manual

365 Group Parts List, Fuel Injection Equipment
371 Group Parts List, Fuel Pump Linkage

445 Group Pans List Fuel Oil Booster Pump
450 Group Parts List, Fuel Oil Header

455 Group Parts List. Fue! Ol Filter

590 Group Parts List. Special Tools

825 Group Parts List. Fuel Oil EQuipment

o .. "an0oe
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FUEL SYSTEM (Continued) r

FUEL INJECTION NOZZLES. |

Because nozzies and Lips are thoonrmmwowmw.mw.nomtm

first sources of engine trouble Amnbmmﬂcmﬂmmﬂmwmumwmwmwmmmm.

then close completely aimost immediately mnmwonwymdmmwmu‘n

should “chatter”. that is, open and close rapidly. The spray form should be a uniform, finely atomized mis! '
pattern never a sold stream. mmcwnouandmdmam.mmm.nommdwn

follows

a Disconnect high pressure ine and drain connections.
b Remove nuts from injector studs and remove nozzie retainer

¢ Lun ovwmmnW.mM"mmcmw The use of a nozzle assembly puller 100l
(part no 00-590-01-BB) 1s recommended This 100! is available for purchase trom 1he Transamerica Delava!
parts sales department

d Plug opening in cylinger neac 10 prevent din or other foreign matter trom entering the combustion

chamber
e Tes! the nozzie holder and tip assembly on & sultable nozzle tester, checking for the following
conditions
(1) Apply pressure anc check nozzle for popping action The valve should chatter f it 15 sealng
properly

(2) Raise pressure siowly 10 delermine pressure at which valve opens The valve should open at
3000 psi (211 kg-cm¥) plus 200 psi (14.06 kg-cm?). minus zero psI The opening pressure 's agjusted Dy
means of shims in the vaive assembly. requinng disassembly of the unit See Figure 6-F-2

(3) Dry off spray ip and raise pressure 10 within 100 ps' of the opening pressure and observe Lip tor
dribbing of fue!l

(4) Check 10 see i any spray 1p nholec are plugged

(5) Piace a clean piece of paper under nozzie Lip and check spray pattern for uniform density anda
symmetrical patern

(€1 Nozzies that tail 10 perform satistactonly should be repaired or replaced Relerto manu'acturers
nstructions in the Associated Pubiicatons Manual

The penetrating power of atomized fuel under high Pressura 1§ sutticient 1o
puncture the skin and sernous injury can resull To avoid 'rus danger . the hands
must be kept away from a spraying nozzie

. “&“"‘“
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PART F — FUEL SYSTEM (Continued)

s QUI@I(C oy

’ \. - T OSTOR mATE

1RGN PRESSUNE Lt Y
* . L) ‘. 31 COMMRERMION ANG ¢ NG Suts
| : \ y 0 NOZILE SPRING
4 o Gatmge W0 APRING SEAT

| @ o o ARBEMEL Y UT
S— o t .- "o

@D . s LR

& NOZZLE VALVE ARSY

Figure 6-F-2 Fuel imection Nozzie Assembly

NOZZLE ADJUSTMENT (See Figure 6-F-2).

Nozzie opening pressure 1s adjusted by means of shims (11) located between the body (12) and the spring
seal (10) If the opening pressure does not conform to 3000 psi. plus 200 ps:, minus O psi. adjus! as follows

2 Install nozzie and holger assembly On @ pop tester then rapidly actuate pop tester handie 1our 10 six
nmes 1o allow the needie 10 set properly Pump the pressure up 10 the point where the pressure gauge needly
falls away Quickly Trhis point is the nozzie opening pressure

b I pressure 18 not correct do the following
(1) Disassembie the holger
(2) Agg stums ! opening pressure S 100 Iow. Or remove shims it opening pressure s 100 nigh

(3) Reassembie and check opening pressure |f fuel leaks around the assembly nut it ‘naiCales
poot lapped tits Re-examing the pans

(4) Always use a new gaske! (3) when installing nozzie and holder assembly on engine

CLEANING SPRAY TIPS

Bengix stresses the importance of mantaning the onginal igh polsh on Spray Yps. especially on the ose
oraer 10 redce Carbon Jepos!s asar as possibie Care' i reference should be made 10 the Bendix publicat ons
in the Assoc.ated Pubiicatons Manual 1or the recommer Jed procedures 10 be used in mananing this leve: o
cleaniness

FUEL INJECTION PUMPS.

The tuel INECHion pumps are of the constant stroke. vanabile output type  Equally imponant with clean prope’
adjusted luel nozzies are clean properly adjusted fuel inection pumps Reter 10 the Bendix instructions in the
Associated Pubications Manua' oo compiete details of the fuel injechion pumps installed on this engine

AXLAKD1-509°1
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PART F — FUEL SYSTEM (Continued)

DESCRIPTION OF OPERATION.

The folilowing is a general discussion of
the operation of the fuel injection
pumps

a The pumps are of the con-
slan! stroke gesign, but the effective
stroke Or that portion of the plunger
movement in which fuel s actually
gelivered, 1s governed by a fuel meter-
ing helx in the plunger (see hgure
6F-3) On some pumps there is a
second helix to retard the pont of
gelivery at low fue! sethings

b To pump fuel at high pres
sure i1 15 necessary 10 bring it MO a
pressure chamber through an iniel
ciose the inle! and apply pressure 1or
inection lerminate inj@ction pressure
and re-open the nlet 10 agmit more
tuel  The tyel imecluon cycie is ac

INLET PORTS

SPILL PORTY

PASSAGE

METERING
HELIX

rLunGEn

CROSSBAR

comphshegd Dy the location of nlet
and spill ports in the barrel 111§ funher

Figure 6-F-3 Pump Plunger and Barrel Arrangement

accomplished by the metenng helix and a passage in the plunger that extends from the enc of the plunger
10 the metlenng helix onthe s ge of the plunget This passage allows fuel inthe pressure chamber 10 spill nothe
ini@l chamber when the helix uncovers the spill pon

[

_'NLET PORTS CLOSED

EFFECTIVE PUMP
STROKE

FULL DELIVERY

ROTATE Cw, TO
STOP DELIVERY ™

Figure 6-F-4 Eftective Stroke

6-F-4

c  When the plunger is al s lowes! point
fuel enters the barrel through the inlet port As the
plunger nses, it closes off the inle! por, pressure
stans 1o rise anu the delivery vaive opens Fue!
injechon continues until the upper edge of the
metering helix reaches the iower edge of the spill
pont Pressure is then elease through the passage
in the niunger (0 the spill port and delivery stops
The delivery vailve closes The efiective stroke /s
the d'stance between the upper edge of the Nel
and the iower edge of the spill port at the momen!
the inlet port closes The rotation of the plunger
and its helix then, determines the duration of the
fuel injeclion
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PART F — FUEL SYSTEM (Continued)

MALFUNCTIONING PUMP.

Should a fuel pump be suspected of maltunctioning, the following checks should be made before removing the
pump from the engine for inspection and repair. uniess it is known for certain that the pump is gefective

a Check 10 insure that the fuel oil is being delivered to the pump.  With the fuel 0il system pressurized.
loosen air bleed screw on pump Fuel should How freely with complete absence of air bubbles

b It ar is present in fuel oil, loosen nuts on high pressure line connection at nozzle holder end and bar
engine over until all bubbles disappear

¢ Itfuel oil tiow is sluggish at the pump. it is @ good indication that the fuel filters are clogged Check and
clean filter

d If tuel oil does not flow. check fuel level in tank and for closed vaives in lines

e Having made cenain of fuel oil iow. operate engine and if pump still does not function properly remove
and replace with spare pump

PUMP REMOVAL.
Fuel injection pumps are removed from the engine as follows
a Disconnect high pressure ine fitting and remove high pressure line from pump
b Disconnect supply and return hnes from fuel pump
¢ Disconnect tuel control rack from inkage
a Remove holG down nuts and lit pump off mounting studs
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Figure 6-F-5 Fuel Pump
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PART F — FUEL SYSTEM (Continued)

DISASSEMBLY OF PUMP (See Figure 6-F-5)

The manufacturer's instructions contained in the Associated Publications Manual provide detailed instructions
for the overhaul and repair of fuel injection equipment, an-' should be consulted when any work is being done on
fuel injjection pumps Pumps may ve disassembied as follows

a Secure pump in the inverted position in a soft jawed vise. Depress the plunger follower and insert a
inch diameter pin in the hole in the pump Hange

b Remove lock ring by prying it out with a screwdriver. Again depress follower and remove % inch pin

¢ Remove plunger follower Take lower spring seat from plunger, then carefully remove plunger from
barrel Carefully submerge plunger in spindie oil

d Remove plunger spring. then pull control sieeve using a specially fabricated puller, or a pair of plars
whose jaws are wrapped with masking tape The upper spring plate will come out with the control sleeve

e Remove pump from vise and re-secure in an upright position
{  Remove gelivery valve flange and delivery valve holder Remove and discard preformed packing

g Remove gelivery valve stop and spring. then. using a delivery valve puller. caretully remove delivery
valve

n  Remove barrel locating screw then shige barrel from housing

Remove control rack locating screw and control rack Do not remove timing indicator or shims uniess
pump 1s 10 be re-cahbrated

PiehKkC1-509-1
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PART F — FUEL SYSTEM (Continued)

ASSEMBLY OF PUMP (See Figure 6-F-5).

Assemble the pump as follows, observing the manufacturer's instructions in the Associaled Publications
Manual

a Secure pump housing in a vise in an upright position

b Positon control rack in housing with teeth facing center of pump. Install lockwasher and control rack
locating screw, making sure the screw enters the rack locating groove

¢ Insert barrel in pump housing Locating groove must be aligned with locating screw hole Install lock-
washer and locating screw

d Invert pump and install control sleeve so that tooth directly under timing mark meshes between two
teeth indicated by timing dot on control rack

e Install upper spring plate and plunger spring then carefully start plunger into barrel. It should settie in
of ts own weight Turn plunger so marked end of crossbar will go into control sieeve slot that has a mark adjacent
ton

i  Posiion lower spring plate on end of plunger Fit plunger follower into housing Compress and insert
pin in housing flange Install lock ring and remove pin

g Install gelivery valve assembly in pump housing Lubricate and install preformed packing and install
delivery vaive spring and delivery valve stop Assemble flange in housing

h Install pressure screw and new copper gasket Install bleed screw and new gasket

I After pump 1s completely assembled. hold it horizontally with the control rack vertical The rack should
settie 1o its lower extreme Dy 1S own weight

| pump will not be '/mmediately instalied, fill inlet and outlet with clean, anti-corrosive lubricating oil and
close openings with caps

1-509-1
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PART F — FUEL SYSTEM (Continued)

PUMP INSTALLATION AND TIMING.
(S =

= . Refer 10 the Engine Data Sheet in the front of the
/ / / manual, and to page 6-A-1 for determination of
e |/
i

engine rotation, bank designation (V-type en-
gines) and cylinder numbering The flywheel 1s

marked to locate top oead center (TDC) of each
cylinder, and is laid out In one degree increments
| l for the twenty-five crankshaft degrees preceeding
==-0 =0 TDC (see figure 6-F-6) For instance, on a six

r— — cylinder inline engine. there will be marks TDC

‘ 146", “TDC 285" and "TDC 344" each pre-

' ) N ceeded by degree marks On eight cylinder iniine
k ‘ ’ | ’ engines the markings will be for cylinder pairs
(N 188,287, 386 and 485 Markings on the flywhee!

o emaree an J for V-type engines follow the same pattern except

that the banks are also designated Refer to the

Figure 6-F-6 Flywhee! Timing Marks Engine Data Sheet inthe front of the manual for the

fuel ijjection point. Install and time fuel pumps as

follows

a Before mounting pump on engine. and with the fuel tappet rolier onthe base circle of the fuel cam (see
’ figure 6-F-7). measure distance from the fuel pump mounting surface on the base assembly tothe tappet with a
gepth micrometer Ado or remove shims from the top of the base assembly to obtain a measurement of approx-

imately 0197 inch

bt Place pump on base assembly ana install nuts on studs Torque nuts as specified in Appendix IV

¢ Bar engine over in the direction of normal rotation
until the flywheel pointed 1s argned with the fuel injection point BN P e
(oegrees BTDC specitied on Engine Data Sheet or Name- .

olate ) for the cylnder ser. ed &y the fue! pmp being installed ’/
el 2l B

g Obsarve plunger fckower hming mark in pump
nming wingow [t the pluner follower imirg mark does not
ne up with the ingex mark on the iming window, remove
fump and add or remove shims detween \he pump and the

pump Hase assembiy as necessary so that the marks wil! line .
up Re nstalithe pump and bar engine through one complete el
irecuon cycle 1o insure thai marks 0o align at the fyue!
injection point
Figure 6-F-7 Pump Base To Tappe!
Agjusiment
CAUTION
The timing mark on the plunger follower must never go beyond the upper or
. lower eage of the hming window It it goes the pump may be severely
gamaged

L 6-F-8 axutv01-50971
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PART G — ENGINE CONTROLS

OVERSPEED TRIP (See Figure 6G-1).

A Woodward Model SG overspeed trip governor is mounted on the gearcase end of the engine. At a pre-set engine
speed (15% above rated speed) it will initiate positive engine shutdown by tripping a dump valve which vents the
automatic safety shutdown system Operation of the overspeed trip governor is as follows

SERVO LMY
ADJUSTING SCREW

RESET PRING

e

PEED ADASTING TERMINAL BHAFT

WiGH SPEED TERMINAL LEVER

b
<
s
§
/8
V /
Vs

lll‘n

g
]
7

RELIEF VALVE
PLUNGER

A

4

O INLET

RELIEF VALVE »"\\ N B/ e
wam :

T 0T vac v
PLUNGE R

'>m|na

Wooowe 3 Bulienn 0264

p———
Figure 6-G-1. Overspeed Trip Governor

a 01l enters the overspeed trip at the oil inlet, drops down into the cavity on the suction side of the pump
gears, then around 10 the pressure side of the pump If the supply of pressure oil is greater than required, the pump
builds up pressure until the relief valve plunger is pushed 1o the left against the force of the relie! valve spring This
uncovers the bypass hole in the relief valve sieeve and oil is recirculated through the pump. |f the overspeed 171D
requires more oil than s being recirculated, pressure will be reduced and the spring will move the relief valve 1o the

right, blocking the recirculating passage to maintain operating pressure. Additional oil, as needed, will enter the pump
through the inlet port

6G1
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PART G —~ ENGINE CONTROLS (Continued)

b. mmmmmnmdummnm-muwuun
mnmm.mmmhmmﬁummdumw.u.m--.u
mzmdmmmwnmmmmnmmm-umummm
ummmmnnmmwmmnnmmummmnw.

c. mnmnmmnmnwmmnwmmwnmmm
mmmhulMNmmmhtw.mmﬂmcn.mnMMmmtmm
lever, holds the power piston down

d l'M”rmMM“NWMMﬂN"MM&“
spring force and litts the pilot valve plunger As the plunger rises, pressure oil flows to the underside of the power
Dmon.'ovcm.m’monw.menwwumnmcwdmluwmmlm.w.m
in the speed droop bracket raises the right end of the fioating lever This decreases the downward force of the speede
spring and the fiyweights move to their extreme out position. The power piston then moves 1o the 1op of its stroke,
as allowed by the terminal lever, which rotates the terminal shaft The external lever on the terminal shaft then
actuates the trip valve

€ mmm«wmwmmnuunmwmmuwwnum
down and the area under the power PISTON is again connected 1o the sump. The reset spring rotates the termnal lever
and pushes the power piston down Oil is then recirculated through the pump s before

OVERSPEED TRIP ADJUSTMENT.

The speed at which the unit trips is determined by the position of the speed adjusting screw Turning the screw imo
the cover raises the tripping soeed, and turming it out lowers tripping speed. The overspeed set point is adjusted o
the factory. and under normal conditions should not be changed in the field. If it becomes necessary 1o reset the trg
noint, follow these steps

K Back out servo limit adjusting screw 50 that it does not Limit travel in the power piston

b Mab o tentative speed droop bracke: se1ing st epproximately one-hal! its trevel from minimum (0 Mmaximum
drooy

C Make preliminary tr 500 g soesd adiustment with speed adjusting scre v
4] Readiust speed droop Dracket 10 ODLAIN SPPFORIMAT Iy 10N parcent excess range, ther readiust 0o "
speed The speed adjusting lever can be locked i place by tLightening the high speed s100 screw agans! the e

adiusting leve:

. Reset overspeed trip at & speed shightly below the desired reset speed. The servo himit adjusting serew
attects only the reset speed. Turn in 10 raise the reset speed 1o the desired value.

ALY .,b
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PART G — ENGINE CONTROLS (Continued)

TMMndNMMMNwmmo“m,mwwmmst The
Mmmn-mnm'mdwummm.

K Check that there is proper supply pressure in the system as specified on the applicable system drawings
b Check that all operator controls are in the correct positions for the selected moade of operation

3 Check the board for the proper output signals Since the system & designed 10 Provide & predictable serws
of output mu.nonmwmwmmmunmnuwwmmumn
mt.“MmMMhthNM‘n‘.MMMbW*
boards are shown on the drawing for that bosrd Also, check 10 see if the signals come on and off sharply without
gradual Increases of decraases (n pressure uniess this is aalied 10r in the check out procedures |t the increase of decrease
15 slow, check for leaks, pinched tubes, #tc 11 the proper wignals are present, then the malfunction may be in one of the
power devices

d Chech tor proper input signals 10 the logic basrd Once the determination has been made thet the output
anommwdmnmmﬂoﬂﬂmuwnm.mmm“nnnﬂom.mmn
correct Omapm.mumtommvolm-canm.\mmeﬂ\ohmnm
are Upposed 10 be off when the problem occurs Of equal imporance is the order in which they go on and off

¢ Once the outpu! Signal cond 11ons have been checked and found 10 be incorrect, and atter the Nput wgnals
have beer checked and found 10 be correct, then and only then i the circuit bosrd 10 be consdersd for rouble
shooting Make sure the problem s in the cirouil board before proceeding

11 8 log:c bOArd s NO! pertorming proper iy the logic elements should be check ad 10r proper INgtaliation on the bosrd
Defore removing ther Then f the tunctioning of an element s SUspect, it May be removed and repleced Testing and
the reps r 0f the elemaents should be 10 BCCOrBaNce with the ManuiBCcture: s INKITUCHIONS " the Amoceted Publicetions
Manval

3 Reter 10 the layou! Gagram on the aDD oD ate Ssembly drawing end check elemant loathion on the
Circuit bosrd 1o make certar that all elemanty sre in thet proper IOGEON

b Check 'or proper rotat.on of aach slemert ©lements con be rotsted 1807 proviming two Jitte ent positom
that 1t can assume Of the Loard. The rmaton i selerted 81 The LMe e CrGuit & desgnec and must spree with i

cirout pattern layout Each slement s 80 37 0f @ BT looeted Or 118 10p COVEr BN thest iethers Bre 10 De OFen 180 08
shawn Of the assembly Jrawing Any slement that s misiouated o rowted should be changed snd the o Cuil rechecsed

AXehk01-509-1
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PART M — ENGINE BALANCING

GENERAL

The load on & diesel engine should be evenly divided between all cylinders. If it is not, one or more of the cylinders
will be forced 10 carry more than their share of the load while other cylinders loa! with & resulting loss in operating
economy end the possibility 01 experencing one or more of the following conditions.

&  Scored pistons and liners.

b Excessive vibration

¢ Excessive piston valve, bearing and arankshalt wear
d  Excessive fuel consumption

. Excmsive lubricating 01! usage

CYLINDER BALANCE

The balance berween power cylinders on Enterprise diesel engines 1s obtained by having all the fuel injection pumps
read the same millimeter of rack POSILON when the gOWerno! s in & Posiion squivalent 10 full losd In order 1o
sccomplsh this it essential that all fuel pumps be calibrated n scoordance with the fuel pump manufacturer's
specitications The fuel pump rack levers are adjusted during factory test and the lever clamps are then doweled 10 the
fuel rack shaht

This setung should not be changed in the field nor should shimming ever be used between
the fuel rack lever clamp and the fuel rack lever 1o change fuel rack settings for individus!
cylinders Ao, the female 10d end which connects the fuel rack lever 10 the fuel rack shoule
NOt e sdiustec When g varahon i oylinder exhaust temperstures indicatss on dverlosded of
an unde | adeo cylinder this condition should not be remedied by changing the indiv dual fue:
ek wtting Retner e red! cause of the malfunction shuuld be deiermined and corrected

FULL INJECTION EQUIPMENT

Clear fuel w ewsential 1o the operation of & desel engine  INECHIGN SOWIPT 11 15 N Taciin 8d with Close worl g
10 0 aroes and therelure dirt O Gther impurities 0 (he 10! GON GBUNE PUMPs OF W 8y NOTEE 1o Mmal’ netion Bmal
ARPIERLIONE I ECIOr yalve seats some w0 small they sre not viibie 10 the naked eye, may be caused by smal Lart e
of dit and will aftec! spray patterns in the combustior chamber Pumps 8nd valves must be checked and gleared
perodically  The treguency o/ clesning can Dest be determned frOm experence, NOwever Care Must be (aken NOT 10
wait 100 long before cleaning Fusl pumps should deliver exact amounts of fuel scocrding to the millimeter settings of
ther tuel pump racks It they do not obviously the balance of the cylinders will be sffected and the problem must te
corrected It recommended that whenever a fuel pump s disassembiiod 101 any reason, it be recalibiated i sccordance
with the manufacturer's specihications

ENGINE OUT OF TUNE

Soray nozzies are usually sspect if an engine w oul of tune of smoking There are other factors which may Al
coNtHibute to these conditions All of them should be consdered when evalusting engine performance

...;“;-50’.‘
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PART M ~ ENGINE BALANCING (Continued)
& lgnition timing
b $hort or long burning lag in some fuels.
¢ Cetane rating of the fuel
4 Low compression pressure due 1o leaking valves
. Worn piston rings and/or liners.
U A change i fuel 01l
9 Defective tuel injection pumpls)
h Valve or hinkage maladjustment

PREVENTIVE MAINTENANCE

Al uubﬂmumnmwmmntﬂiuwmw“mmmnono'nmow
n planning Dreventive Mantenance 8CHIONS 10 MAINTEIN the engine in pesk Opereting condition Among the cond ons
1 be conudersd pesk fring pressures and cylinder exhaust 1emperatures ore very valusble indicators of the condition
of & cylinder The pyrometer and ther mocoupies provide individusl cylinder exhaust tempersture information There
are 8 number of commercial INgtruments svailsble 10 take pesk firing DressUres and Gold COMPreION PreIUTEL ANd
the manutacturer of the mode! siected can provide detailed instructions for ity use The engine log 4 8o an excelient
1001 101 use n recording engine pertormance and making dgnOStic SvaIVATIONS TOr Preventive MaINTeNance purposes
Reacings should be taken and recorded houtly and be WEPIEMENted with wiitten observations of ali pertinent factors

TROUBLE SHOOTING

Vihen trc bl Shaotng (he egne. 8! svailable n1ormation thould be used 1o determine the cause of & maliunction
The troube shooting tabies in Section 7 can De o Sntance, 8 well 85 the Dreventive Maintenance curves and the
engine logs

-
bluhﬁu\‘,o'
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PART | - STARTING AIR SYSTEM

GENERAL

The engine s started by the timed admission of high pressure SarLng 8if 10 the power cylinders during the equ velent
of the power strokes of 1he respective cylinders The air s admitted at approximately top center of the power stroke,
and a0Mission continues until approximately the opening of the exhaust valves The pressure is then relieved. thereby
creating rotation of the engine comparable 10 the normal power stroke. As the engine scosierates on starting ar, the
hea! of compression of the combustion air plus the starting air develops sufficient temperature 10 Ignite the injected
fuel within a few revolutions and the engine then initiates NOrMal cOMbustion and begins 1o accelerate under 15 own
powe: without further aid of starting ar

AIR SUPPLY.

There are two separate. independent air supply Systems, sach consisting of @ MOtor driven &1 COMPressor . & refr gerant
drer and & storage tank  Each supply s svellable 10 the engine. independent of the other The sWarting 8 supply &
stored 81 250 pwg (17 87 wgrem¥ ) and the full 250 prig pressure s available 10 the s1arting 8 header withou! reduction
10 Provide maximum accaieration for extremely fast and reliable starting

OPERATION

The onengne porton of the starting a¢ system consists of 8 remotely controlied, piot operated daphragm vaive i the
0 Supply ine, two camshaft driven starting air distributors, one for aach cylinder bank, an air filter for sach dtry
DULOr NG & POt operated & Starting valve (figure 6:1-1) in aach cylinder haad When the S1arting #ir a0mission vaive
in the supbply line s opened. 260 pag (17 87 O"CM') LG &0 s 8dMitted N0 the Marting 8 mantold and,
therefone. 10 the slarting av vaives in the cylinder heads 85 well 83 10 the farting sir distributors Individus! OO
valves 10 the distributors (one for each cylinder of the bank servioed) are engaged Dy 8 pressure and 1ollow the profile
of the starting cam attached 10 the end of the camsha’t The cam profile s such that 8t leest One sPOO! valve 1§ Blweys
I POSILON 10 eM L 8 PO Bgnal 10 it respective Sring valve 0 the cylinder, allowing starting 8 10 enter the com
Dustion chamber 0f that cylinger  rownting the engine As the engine rotates, the SIATLING 8if cam will Chuse the spoo!
valves 10 et Limed and sequenced 0ot 8if Hgnals 10 the starting ait valves The starting process will continue unt(!
the Sgnal 10 1he $1ar1ng & 80Mss0n valve it terminated The starting air GistriDUtOrs amit & timed pilot air Bgnal the!
Star iy Live degreet Do O'e LOP O comter and ends a1 115 degrees after 1Op dead center On the DOwer §troke

‘;.g.\,\-s°‘°‘
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PART | — STARTING AIR SYSTEM (Continued!

STARTING AIR VAL VE REMOVAL &

VALVE DISASSEMALY (See Figure 811).

mmnuwa-MDWme
and/or repai s 10 0ws

. LMt velve GAD 1TOM Nous g Siwl (EMOV® DIRON

b Remove roll pin securing hex nut then, using
PN MENNET OF LT s tabie device i the two hoies inthe
vdww'ohom'ummpnon.mmm
from threaded enc 0 valve stem.

3 Siide valve out through bottom o vuive housing
Slide spacers ana guides off valve stem

d Renove Wring retaining washe: 8no Jving
washer from v us B Ve

NUNRNRNNA W

. Feme ve O rings and valve 10 Faad gask et ;‘ ' anee-

' Imsosct ol surfaces of velve, Quide, rings ano .
piston Replace Aufective parts

VALVE ASSEMBL " (See Frgurs 6.1.7) Figure 6.1 Starting Air Valve
Amembly o the sitve i the revers: o' Jaassarrhiy

a Awﬂhnw‘.wmnmmA-n"ﬂwwbmm
v £ Ay valve IMD NOuUNng frum attam, tak g e A0t 10 damage 1ings on lowe’ guide

f $1ide short spacer down dver 10p o veive Ben rauring 1! seats in the upper valve guide

o $ de retan iy vesher down over Mw.mmhmuh”dnmm Side

down the space and vl e ing washe
. wmunmmmnwomnmwmmmnmno

VALVE INSTA LATION

Assembie O 1ings 8n3 valve © heed gaske’ 0 Ihe vaive assemt Insen vaive a8S8MDly M0 valve hole in Cyknde’ nead
LUBnCEte Ihea0s of CapsCTE Mt Wit 8 80 A iyt of uBnGahng o4 8N pOwdered Qraphie and Ihread CapSCIew S
e Syinaer hesd TOg4 Capscrows 10 150 % 108 Contect e & LAe(E) T ‘naure et the CApRCrews Slay Iigh! as Ihe
COppe’ QENEE LQuesie, NC he vOIds N Ihe gasee! Ca. ty NS Capacrews L0 DR rEI0rQUea every Bigh! NOul Of 0peralo”n
Gl RO SABRGE i INE Ngh 10rQue value 1§ onsetvad Ty prevent COpACIe v laligue it 8 imponan ing! 1hey manian Ihe

pre s

glstlQ
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PART J —~ COOLING WATER SYSTEMS.

GENERAL

Nlmumﬂmmmuwummmh“oﬁu‘wﬂvdmmvum
circulated by the jacket water pump with practically no loss in quality. The water supply for the jacket water system
MH&Mmnod'umuwmm.mmmmmtmvhimvmmn
Num.TNM“tdetMMNNQQOva.Dmumwummn
usually mm.mmymnwm.mmmmwmmncm
mammuﬁu-mmmmmbrmwmM“M“uummmnb
properly trested wa«mdnwuommhwmﬁhmwuhunmmmm
air poliutants. Delaval Engine and Compressor Division does not specify any particular form of water treatment, or
the frequency of water analysis. Rather, it is recommended that & water trestment specialist be consulted The degree
and frequency of trestment, then, will be based on the water being used. It must be remembered, however, that
830 11ives 10 the cooling water supply should not alter the heat transfer istics to which the system was designed
The specitic heat of the jacket water system should be kept as close to 10 3 as possible. The following discussions
of water treatment are suggestions only. The sctual means used 1o treat ‘dm water should be determined by the
owner

OPERATION

All cooling surfaces must be kept free of scale or other deposits as any such sccumulation will degrade the coolmg
capability of the system and, therefore, cooling water temper atures will not sccurately indicate the extent of cooling
Any coating on the cooling surfaces will act as an insulating material and will prevent transfer of heat. If for any
reason thers 14 & disruption of the circulation of cooling water flow, the engine should be shut down & soon &
practicable 10 prevent & build up of temperatures and posible serious damage 10 the engine. To avoid thermal shock,
which could cause damage 10 the engine, do not admit cold water to the cooling system until the temperature of the
cooling surtaces in the engine have dropped to approximately that of the inlet water. The use of ethylene giyco!
antifreeze in the cooling water will materially atect the cooling capacity of radistors and other cooling dev.ces. 4
B0% ethylene glveol mixture will reduce radiator cooling capacity 8pproximately 12% Therefore, uniess the cooling
system was of ginally desigred for this coolant mixture, the Deiaval Engine and Compressor Division Customer Sevvice
Droartinent should oo ensuited prior to using such » cecolant

TREAMINT OF JACKET WATEN

The pH value of the jacket water should be maintained with n o renge of 8.25 end § 78, The minimum pH value
necessery 10 prevent soid attack on the metsllic surfaes, and the § 76 maximum value will prevent corroson due 10
high #ikaine content in the water A suggested water restment material for jacke water systems i sodwun gehromate
ot d @ COCme il Boler J0mPound, however, It 1§ recommended that 8 commercial water Tastment conpe y be
eongi'ted te insure that locel conditions are taken fully into sccount. Sodium dichromate is an inexpensive source of
alkaling chromate (CrO,) which has been found to form s protective film on metallic surtecsi that prevents attack by
the sorrosive slements found in the jacket water. Sodium dichromate is an acid compound which must have an alkaline
compound such as boller compound added 10 convert the dichromate to an effective alkaline chromate form. The
sikaling chromate concentration must be maintained between 700 and 1700 parts per million (ppm). Less than 700
ppm can result in accelerated corrosion while more than 1700 ppm serves no usetul purpose snd is & waste of material
The cloride content must not be allowed 1o exceed 100 ppm as the eMectiveness of alkaline chromate decreases 25 The
cloride content incraases. When initisting slkaline chromate water treatment for the first time, or after the system has
peen refilied the water should be tested daily for sikaline chromate concentration and for pM value. When the treatmeni
pecomes stable. the test interval can be extended to weekly tests. After sach sddition of chemicals, the water shou o
be circulated through the system, then tested 10 insure that the required limits are met.

-1
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PART J — COOLING WATER SYSTEMS (Continued)

WATER SOFTENERS.
Depending on the location of the installation and the source of the cooling water supply, it may be advisable to utilize

some means of softening the water. This can best be accomplished by cons. 1ting 8 commercial water teatment company
for technical assistance so that the specific needs may be determined and the proper treatment method instituted.

CLEANING THE JACKET WATER SYSTEM.

The following methods may be used to clean rust and scale from the jecket water system. Most water treatment
companies have their own proprietary solutions snd method for cleaning engine jecket water systems which are
equally as effective. The following acid cleaning method can not be used for systems which have components con
taining aluminum

K Rust can be removed from the jacket water system by filling the system with 8 solution of 75 pounds of
ammonium citrate in enough fresh water 1o make 100 gations of solution. Make enough solution to fill the jacket
water system then operate the engine for two hours. The jacket water system must then be flushed with fresh water

and neutralized

b Seale can be removed from the system by using » scale solvent solution composed of 7 gallons of 20° Baume
muratic (hydrochloric) acid, one-half gallon of liquid inhibitor and §2% gelions of frash water at 160°F  Make enough
solution to fill the system. Circulete the scid solution through the system for one or two hours, depending on the
extent of the scale deposit. The temperature of the acid solution must be maintained at 160°F during circulation.
After circulating the acid solution, drain the jacket water system and then fill with clean fresh water and flush it
thoroughly Atter flushing, neutralize the system with & solution composed of 20 pounds of soda ash (sodium
carbonate) and enough fresh water at 160°F 1o make 100 gallons of neutralizing solution. Fill the jacket water system
with the neutralizing solution and circulate it through the system for one-hal! hour, Maintain the temperature of the
during c'rculation

ENVIRONMENTAL RESTRICTIONS.

Alkaline hromate water treatment compounds, such as sodium dichromate, may be considerad environmentally
objectionable in some locations, or may be prohibited. In these instances, nitrite compounds such as sodium nitrite
(NaNQ,) are suggested as adequate substitutes When using sodium nitrite, the concentration must be 500 ppm with 2
pH of 7.5 to B.5 10 achieve effective corrosion control. Nitrite compounds for tresting engine jacket water systems
are available from most commwercial chemical supply houses, and instructions for their use are available from the
chemical supplier

. AXuAKO1-509°1
6J2




o Instruction Manual

{

. A/AVIMO 3K 437] 78

6-K-1

PART K — LUBRICATING OIL SYSTEM

FILTERS AND STRAINERS.

The full tiow filter continuously filters all of the lubricating oil from the pump before it passes to the oil stramner,
The length of time that the lubricating oil and the filter elements may remain in service can best be determined by
carefully watching the result of oil analysis and the pressure drop across the oil filter. Change period will vary with
the operating conditions to which sach individua! engine is subjected. During the first two or three days of engine
operation after initial installation, or after a major overhaul, the strainer at the pump suction and the strainer at the
oil header inlet should be checked and cleaned as necessary to remove any debris and other foreign matter that may be
present. |f st any time the oil pressure gauge shows a low reading, the following should be done to the degree necessary
1o correct the situation.

8. Check the oil level in the sump tank.

b. Inspect strainer, filter and lubricating oil cooler. A leak in the cooler may be detected by a sudden increase
in oIl consumption, and by the presence of oil in the cooling water system. Leakage may occur in the pack ing between
the tubes and the tube sheet, or may be due 10 tube erosion, depending on the construction of the cooler

c Inspect all external and internal piping for tightness and freedom from obstructions

d Dismantle and inspect pump

{ 111
¢/ |
~N ' 4 !
£85I
£
1 ELBOW 10 SPLINE ~ EXTEANAL
2 CAPSCRAEW 11" SQUARE KEY
3 GASKETY 12 HEX NUT
4 LO rume 13 COTTER PIN
B CAPSCREW 14 LOCKING CLIP
® GASKETY 18 CAPSCAEW
7 ADAPTER 16 DOWEL
® GASKET 17 CAPSCREW
® DOWEL 18 GEARCARRIER

Figure 6 K-1. Lubricating Oil Pump and Gear Carrier Assembly
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PART K — LUBRICATING OIL SYSTEM (Continued)

LUBRICATING OIL PUMP.

A Delaval IMO. constant displacement, rotary screw type lubricating oil pump is used. Lubricating oil in the pump
is propelled axially in @ constant, uniform flow through the action of but three moving parts — a power rotor and
two idier rotors. The smooth intermeshing of these rotors propells the lubricating oil in a steady flow without any
churning, pocketing or pulsation. There are no timing gears, cams, valves, sliding vanes o reciprocating parts to wear
or become noisy. The pump is mounted on the front of the gearcase, and is coupled to a carrier assembly by a splined
coupling. The carrier assembly is mounted on the front of the engine base, and is driven by the crankshatt speedup
gear. Once the pump has been placed in service it should continue to operate satisfactorily with little attention other
than an occasional inspection. Noisy pump operation is usug'ly indicative of excessive suction |ift, air in the system,
misalignment or, in the case of an oil pump, excessive wear.

REMOVING PUMP (See Figure 6-K-1).
To remove the pump from the engine, do the following.

a Remove the inlet and discharge piping as well as any other interfering pining or accessories
b. Position a sling on the pump and attach to a chainfall and take up the slack

c. Remove the capscrews that secure the pump to the adapter and pull the pump directly away from the
engine until it is clear

PUMP CASTING 1 —— CAPSCREW
$ CAPSCREW
P .. - LOCKWASHE R
1 LOCKWASHE §
LOCKWASHE R
CAPSCREW
| PN

THAUST SHOE -~y

THRUST PLATE

- —— -

THRUST SHOE } ) ‘
MEXMEAD BOLT | oL d \‘ KEY
T — o~

SUCTION : RETAINING RING
gmm' BALL BEARING
POWER ROTOR
MO ik 437 ROTOR HOUSING ARING RETAINER
Ro—-— 0.:: :IOYOO
BUSHING BALANCE PISTON
BALANCE MSTON

Figure 6-K-2. Lubricating Oil Pump Assembly
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PART K -~ LUBRICATING OIL SYSTEM (Continued)

PUMP DISASSEMBLY (Ses Figure 6-K-2).

If it is necessary to disassemble the pump, exercise care to keep the parts clean so that no dirt, grit or other foreign
matter will be present when the pump is assembled. Disassemble as follows.

a  Set pump on suction end and remove capscrews and lockwashers holding balance piston housing in pump
casing Remove two capscrews with lock washers from opposing positions, 180 degrees apart and insert % — 13 eyebolts
into vacated holes. Lift internal assembly out of pump case and set assembly on its side. Do not set it down on thrust
plate. Remove eyebolts

b Remove bolts, lockwashers, spacers and thrust plate from suction end of rotor housing Note location of
sach spacer with respect to the rotor housing. Support and remove sach spacer as each bolt is removed. Set parts aside
in order of removal

c. Grasp thrust shoe on end of each idier rotor and unscrew idler rotors from rotor housing. Do not remove
thrust shoe from idler rotor

d Remaove capscrew with lockwashers and bearing retainer. Grasp coupling end of power rotor shatt and pull
power rotor out of rotor housing. Avoid hitting bushing with end of power rotor as it is removed. Inspect power rotor
and ball bearing

. If it is necessary to replace the ball bearing, proceed as follows. Remove retaining ring Obtain whee! or
gear puller and small piece of soft metal. Place soft metal over end of power rotor shaft and use puller to remove the
ball bearing from balance piston. Discard bearing

f Remove retaining capscrews with lock washer and separate balance piston housing from rotor housing Do
not disassembie bushing from balance piston housing uniess it requires replacement. This completes disassembly neces
sary for maintenance purposes

PUMP REASSEMBLY (See Figure 6-K-2).

8 If ball bearing was removed, pressure 8 new bearing into position on the balance piston. Replace retaining
ning It @ new bushing is required, coat outside diameter of new bushing with Locktite Retaining Compound and insert
bushing into balance piston housing

b Set rotor housing on suction end and install new O-ring. Place balance piston housing on discharge end of
rotor housing and tasten down with four capscrews and lockwashers, leaving two holes, 180 degrees apart, vacant

c Lay rotor housing on its side and insert power rotor into housing from discharge end. Fasten bearing
retainer 1o balance piston housing with capscrews and lock washers.

d Insert idier rotors imto rotor housing from suction end. Reassemble thrust plate 10 rotor housing with bofts
and washers, making sure that each spacer is assembled to the housing in its original location. Note: The four spacers
have been machined to close tolerances to assure accurate spacing between thrust plate and rotor housing. A minimum
torque of 800 in.-Ib applied to each bolt should assure proper spacing between thrust plate and rotor housing. Improper
spacing will result in accelerated wear of internals.

" Insert two %" x 13 eyebolts into vacated holes in balance piston housing and lift internal assembly into
position over pump case. Insert assembly into pump case, being cereful not to demage O-ring during process. Fasten
internal assembly 10 pump case with capscrews and lockwashers.

. ‘h‘““_g,oQ'\
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PART K — LUBRICATING OIL SYSTEM (Continued)

f. This completes pump reassembly. Before mounting 1o gearcase, make sure that pump turns freely. Do not
force piping into place as the strain on the Casing May CAuSe EXCESSive PUMp Wear.

090

: 3
+
CARRIER ASSEMBLY \“{J
BUSHING
ROLL PIN
GEan

eyt SECTION A A
COUPLING

ORIFICE

~NNARAWUN -

—

Figure 6 K-3. Gear Carrier Assembly

OIL PUMP GEAR CARRIER ASSEMBLY (See Figure 6-K.3).

The pump gear carrier assembly consists of a shaft supported by two bronze bushings, pressed into the cartier assembly
with their flanges 1o the inside The pump end of the shaft has an internally splined coupling, sttached to the shaft by
8 roll pin, which accepts the external spline adapter secured to the end of the pump power rotor shatt The drive gear
is mounted on the shaft between the two bushings and engages the speedup gear. The carrier assembly is secured 10 the
engine block by capscrews and locking clips, and is located by two dowels.

DISASSEMBLY AND ASSEMBLY OF GEAR CARRIER ASSEMBLY (See Figure 6-K.-3).
To remove the pump gear carrier assembly, the pump must be removed #s outlined above, then the gearcase removed

o Remove lubricating oil lines from carrier assembly,
b Bend back locking clips and remove capscrews. Remaove carrier assembly.

¢ To remove gear, shaft and bushings from carrier assembly, remove gear-to-shatt roll pin then press shaht
out of gear. With shatt and gear removed, press bushing out of drive bracket.

d. Assembly is the reverse of disassembly. Use new locking clips.

LULARE
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PART K — LUBRICATING OIL SYSTEM (Continued)
T he n the annular space around the spoo! valve, at 1he adiusting screw end, w leak pas! the sea
f the sD00! valve and N0 8 Cavity of the cag This cavity functions as 8 butfer chambe 1

an adiustavie needie valve control il spillage from the buffer cavity 10 the outiet-seclior

The header pressure 15 et by INCreasing or decreasing the spring force acting against the haader Dressure
in the valve sensing chamber Turning the adjusting screw In will INCreass header pressure, and Dacking i 1w

Crease pressure

Normg br pressu s 50 psi. measured between the engine lubricating
header \ § pickup point for all gauges and other instrumentatior that show Or 1n
pressu’ JOr ng O pressure shutdown devices May lake their sensing point at the oppos
set pressure will take N0 account the normal change in pressure Detweer

ns Of engine speed and lubricating
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PART K - LUBRICATING OIL SYSTEM (Continued)

SELECTION OF A LUBRICATING OIL.

The selection of @ lubricating o'l 10 be used in the engine s & complex matter, and is very imporant to the engine's
successful operation. The recommendations of both the o/l supplier and the engine manufacturer should be carefully
considered Transamerica Delaval s recommendations for & suitable lubricating oil are stated in Section B, Append x V|

Other factors 10 be considered include the price, service life, load factor and fuel sulphur content as well as the filtration
and oil purification system used

CHANGING LUBRICATING OIL.

Once an 01l has been selected the engine user, in consultation with the oil supplier should map out 8 plan for periodic
sampling and laboratory analysis of the oil. A caretul review of these results by the owner, the oil supplier and the
testing laboratory can then become the bass for deciding whether or not the oil needs 10 be changed Transame’ics
Delaval recommends that oi' be changed on the basis of condition of the used oil rather than on a ume schedu e

ANALYSIS OF OIL

Various chemical and physical tests have been developed 1o classity and identify new oil, and 1o getermine what changes
have occured in these 0ils while in service The American Society for Testing Materials (ASTM) has standardized these
tests. and certain of these tests have been approved #s an American National Standard by the American Natona
Standards Insttute Inc (ANSI Transamerica Delaval, s stated in Section 5, recommends that representative o/
samples be submitted 10 8 qualified laboratory for analysis on 8 monthly basis, or oftener | operating condition:
ndicate The following tests should be conducted

s OIL VISCOSITY ~ Tested i accordance with ASTM DBB, DA4S, ANSI 2112 and ANSI 211107 The
wsconty test will ingicate whetner the proper grade of oil (s being used, 8nd will indicate oxidation (by Incresed
Viscosity! O fuel Giluton (decressed viscosty) The oIl supplier can provide advice regerding the e ke
specitic values obtaned

t WATER/GLYCOL CONTAMINATION ~ A messure of water and/or glyco! contamination of the oil can
gve warning of potential problems Water of glycol contamination can come from liner saals, turbocharger casinigs of
fauity lubricating 0!l heat exchange’s

¢ NEUTRALIZATION VALUE = Test in sccordence with ASTM D64, DO74, ANS! 211 B8 and ANSI
211131 Engite oy are intentionally farmulsted sightly alkaline so that they are capable of neutra'izing the acid..
compounds that form trom products of combustion and of 0/l oxidation Generally this reserve alkalinity 18 depleted
and the weab Organic #Cids that attack bearing surfaces can be destructive Periodic evaluation of Total Base Numbe
(TBN) and Total Acid Number (TAN) are an imporiant messure of o/l degradation. As time goes on, TBN is depleted
and TAN begins 16 rise

a PENTANE AND BEZINE INSOLUBLES ~ ASTM DBOS This test 1s 8 measure of 0il iInsoluble materia
o1l tesinous matter from o1 o additive degradation, external contamination, fuel carbon and highly carbonized materia:
from degracation of fuel, 01, 80dIIvES, ENGING WaS and corrosive materals

v Pt CTROGRAPHIC ANALYSIS ~ This test is used 10 Measure quantitively the mineral elements in 1t

Inchudsg W B 0 corfasion metals such & pluminum, Chromium on, copper, siiver, laad and tin Also dirt conte
nants bu L ool such @8 boron, potessium and sodium
) rarsaner on Delava! Customer Service Department in Oakland, California will welcome a,
Aeice oue G g o) selecnon and/ar Wwsting Atthough Transamerica Delaval oot

o @ sowcitic it anl, NO BCCRHT BNy reSPO bty for the performance of the ‘ul
wi g by the owner , i1 will be pleased 10 discuns 1y Expefience with 8 grven ol prodg.ct
Cuut O ana! /uis and offer comments . b # ’
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PART K — LUBRICATING OIL SYSTEM (Continued)
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Figure 6-K-5. Turbocharger Bearing Drip L ubrication System

TURBOCHARGER BEARING LUBRICATION.

The turbocharger besrings are lubricated by the engine lubricating oil system during Normal engine operation On the
other hand. when the sngine is in standby status oil 18 ot circulated 10 the turbocharger. The design features of the
Eiiott BCO 90G turbocharger are such that the prolonged circulation of oil 10 the baarings while the turbocharger is at
rest will result in 0l intruding past the bearings into the turbine section. To prevent failure of the bearings during &
start. however 1t is essential that the bearings be properly lubricated during prolonged periods in stndby A drp
Iubrication system is provided to perform this function (see figure 6-K.3). Lubricating oil from the “keep warm' supo'y
is passed through @ 60 micron fiiter then through & 0 014 inch diameter orifice 10 8 sight glass. The sight glass, one for
#ach turbocharger. provides @ means for positive determination of oil flow to the beerings. This flow is sutficient 1o
provide 10r proper Iut (cation of the bearings without 1100ding the turbocharger. Little maintenance should be required
other than the possible replacement of fiiter alements
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PART L - MISCELLANEOUS

MANOMETER.

The U type manometer is a primary standsrd for the messurement of pressure. No other device offers a higher degree
of accuracy of result. The vertical distance between the two levels of fluid in the U-tube is a measurement of the dif-
ference in pressure between the two sides of the manometer. The ditference may be expressed in linear units of the
indicating fluid, such as inches of water or inches of mercury. Because the pressure being measured acts directly on the
indicating liquid in the tube rather than through any mechanical devices, the column will respond direct!y and rmme.
diately to the shightest change in applied pressure For example, if water is the indicating medium, a pressure change of
one ounce per square inch will change the indicating levels approximately one inch. As standard scales are graduated
in tenths of an inch, very accurate readings are possible.

MEASURING VACUUM.

Vacuum and pressure in the sense used here, are the same thing, vacuum
being mere'y the degree 1o which the pressure has been brought below
atmospheric pressure Vacuum s normally read in inches of mercury
1 a vacuum pump were to be connected to one leg of a U-type manom
eter while the other leg remained open 10 atmosphere (see figure 6-L-1).
the pressure on the pump side would be reduced as the pump works
Atmospheric pressure. then being the grester pressure, will force the
column of mercury down on the open side and consequently, the
column of the leg will rise. The resultant ditference in the height of
the column it the measure of vacuum in inches of mercury created
by the pump Figure 6.L-1 Manometer with
Vacuum Pump

OPERATION AND MAINTENANCE

With both legs of the manometer open to atmosphere as shown in figure 6 L2, indicating fluid is placed in the tube
until the level is 8t the center or zero graduation of the scale. If the level of the two columns is less than zero Yuid
should be sdded. 11 the reading is more than zero, Hud should
be removed Minor sdjustments may be made by moving the
scale 10 obtain an exact rero reading. Application of pressure to
the right leg will force the fluid column down in the right leg
and up in the left. The instrument is then read by notmg the
defiection from rero in both legs, then sdding the two In the
case of the manometer illustrated on the right side of figure
6.2, the ditference 15 the sum of two inches below mero and
two inches above, or four inches

foe =0 Inlwis

hobo =101 b e b

Figure 6 L 2 Reading Manometer

AXuduQ1-506-) !
6L



' RAVIICCYF) ™S

Instruction Manual 8L2

PART L ~ MISCELLANEQUS

CRANKCASE PRESSURE.

The crankcase is fully enclosed and theoretically air tight. To remove gases and vapors from the crankcase, crankcase
pressure is maintained at a level slightly below stmospheric, measured in inches of water by & standard U-type mano
meter.

CRANKCASE VENTILATION SYSTEM.

The crankcase ventilation system is designed to expel vapors from the crenkcase while the engine is running The
system will also assist in determining the general condition of the engine, particularly piston ring and cylinder liner
wear | piston ring and/or liner wear becomes excessive, piston blowby will cause » rise in crankcase pressure and,
therefore, will be evidenced by & change in the crankcase pressure towards & positive presure. Two motor-driven
blowers are used to draw directly from the crankcase through an oil separstor and discharge directly 1o atmosphere
outside the engine room. Oil particles suspended in the air are removed as the air passes through the separators, and the
0il drains back to the engine crankcase. The blower motors are started sutomatically when the engine s started. and
shut down when the engine s stopped

CRANKCASE VACUUM

A crankcase vacuum of 0.2 1o 0.6 in. M, 0 is normal when the engine is operating at rated load and speed Crankcase
vacuum resdings should be taken carefully, and compared with previous readings. In this way gradual changes can be
detected and inveitigated so that minor problems can be corrected before they reach major proportions. Should the
readings indicate a loss of crankcase vacuum, the cause should be promptly determined and corrected

AXuhv01-509-1 R |
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PART L — MISCELLANEOUS (Continued)

AIR BUTTERFLY VALVE.

Grease fitings are provided on both ends of the air butterfly valve shaft The shaft should be manually checked
for freedom of movement, and the bushings jubricated as determined to be necessary This action should be
performed at the intervals specthied in the recommended maintenance procedures (See Section 5, Part B) or
oftener if local conditions should warrant A standard automotive wheel bearing grease is acceplable, such as
Mobil Oil Mobilgrease 532, Mobilgrease MP, Mobiigrease Special, or equal The valve shaft is notched at the
jever end 10 indicate the orientation of the valve Adjust the inkage between the actuating cylinder and the
butterfly valve lever so that the butterfly valve is fully open when the cylinder rod is tully retracted
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SECTION 7
TROUBLE SHOOTING

GENERAL.

Effective maintenance trouble shooting requires # sound knowledge of the engine in both a theoretical and » practical
sense. The mechanic must analyze the cause and effect of different conditions and, where the cause is not readily
soparent, he must employ a fine sense of logic based upon the use of all the 1ools svailable fo determine that cause
Section 5 of this manual illustrates some touble shooting dets that can be obtained from the charts and curves which
are recommended. In addition, this section contains & listing of poss.ble troubles that may be encountered, their possible
causes, and the action that would appear (0 be sppropriste.

RECORDS

All possible maltunctions and their probable ceuses cannot be foressen and recorded in advance Each engine will
develop and display characteristics which may not be common to all engines of the same model or type Also the same
operator or mechanic will not always perform the trouble shooting and repair work It is, therefore, suggested that the
owner establish a detailed repair and trouble shooting record system. Each malfunction should be recorded n a read:ly
usable form, listing the indications and findings for sach mattunction encountered together with the repai action
required This record will be of assistance in determining the cause of any future malfunctions, and will be a valuable
trairing a d for all operators and mechanics
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Section 8
Appendices

The purpose of this section of the manual is to provide a $ingle location for data which, if located within the text of
the manual would be more difficult to locate As a general rule, specific values, such as pressures, clearances
torques. etc . have been omitted from the text and where appropriate, reference is made to the applicable
appendix

The following appendices are provided in this section

Appendix | Conversion Factors and Other Useful Information
Appendix !l Operating Pressures and Temperatures
Appendix || Table of Clearances
Appendix IV Torque Values
Appendix Timing Diagram
Appendix V Lubricating Oil Recommendations
Appendix V Alarms and Safety Shutdowns
Appendix Vill Fuel Ol Recommendations
. Appendix |X Torsional Stress and Critical Speeds

Appendix X Factory Test Logs and Test Results

8-1 Arbhn01=509°)
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Appendix |

Conversion Factors And Other Useful Information

The purpose of this appendix s 10 provide a ready reference for frequently used formulae. conversion factors
and other data

FORMULAE

Brake Mean Eftective Pressure (bmep)

_ bhp x 33000
bmep LxAxN

where

bhp Brake horsepower per cylinder
Stroke of piston in feet
Net piston area (8Q-in )

Number of power sirokes per cylirger per minute

.
" " " "

Crcumterence of a Circle = diameter x 31416

Radius of a Circle S Circumference x 0 159155
Area of a Circle ® Radws’ x 31416
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Conversion Factors and Other Usefu! Information
Areas of Circles
(Diameters in Inches, Area in Square Inches)
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Conversion Table
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PRESSURES

The 1olowing L1@8s 84 31 uld De prasent 'or S1aning
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APPENDIX W
TABLE OF CLEARANCES
MODEL RV-4 ENGINE
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. Fue Ov Booster Pump 'L O Pump Drwe Gep =

APPENDIX 111-1

GEAR SET AND BACKLASH CLEARANCES
MODEL RV ENGINE

loos. st

ITEM DESCRIPTION aPL INCHES CENTIMETERS
1 CAMSHAFT GEAR LEFT MAND aso A 0008 - 0010 0020 — 0025
2 IDLER GEAR LEFT MAND 355 2] 0004 —~ 0006 0010 - 0015
3 CAMSHAFT GEAR RIGHT HAND 350 c 0005 — 0008 0013 — 0025
4 IDLER GEAR RIGHT MAND %5
L} CRANKSHAFT GEAR 310
1] LUBRICATING OIL PUM LDRIVE GEAR 385
7 LUBRICATING O1 PUMH DRIVEN GEAR 20
] GOVERNOR & TACHOMETER DRIVE GEAR a
1) GOVERNOR DRIVEN AND DRIVEW GEAR a

‘ 10 | FUEL OiL PUMP & OVERSPEED TRIP DRIVE GEAR a0

' 1" ! JACKET WATER PUMP DR vE GEAR 425

AXuhu01-509-1
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APPENDIX 111-2

VALVE SPRINGS
Part Number 03-360-02-OM
Direction of coils Right hand
Active coils 10
Total coils 12
Load Rate 1635 Ibs/in
Load at maximum working length 281/310 ibs
Load at minimum working length 475/525 lps
Free length 9060 ir
Max imurm working lengtr 7.250 n
Minimum working lengtt 6C00 in
Soiid length (ref 4872 n
Inside diameter 2:15/32 n
Outsige diameter 39/32 n

Wire diamete

0409/0 403

AX&AKQ‘-5°9.l
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APPENDIX IV

TORQUE TABLES
Model RV-4 Engine

The first portion of this torque table, Special Torque Values. apphes to those nuts, bolts, capscrews and other
threaded fasteners for which a specific torque value has been assigned. If no specific torque value s listedfora
tastener, refer 10 the General Torque Values portion of the table, using the torque hsted for the thread size ofthe
item in question  All torque values are based upon the use of a thread lubricant consisting of a 50-50 mixture
by volume of powdered graphite and engine lubricating ol All torques are listed in both foot pounds and m
kilograms per meter Where applicable, bolt sizes in the special torgue section are shown in parenthesis

SPECIAL TORQUE VALUES

Torque
Item ft-Ib kg-m
NUT. Foundation Bolt (heat treated Stee!’) ........covevevnnninnavinenaes A0  isenaan 5256
NUT. Main Bearing Cap Stud (1%7)"" ..oviiriiraniiirsnnnnnnnnnannenans 00 ovironn 415
NUT. Base 10 Crankcase Thru-Boil ......ccvvviviriniiininrarssnsnnnnss o1 SR 1106
CAPSCREW, Crankcase 10 Base (17) ......ovvvvuririninnninnnnnnncnnns . PRSGANEE 588
NUT, Cylinder Block to Crankcase Thru-Bolt (2%") ......covvvvmivennenn, 800 .iveiies 622
NUT. Cylinger Block to Crankcase Thru-Bolt (27) ......ovvviivnniiinnnn. D .aesies 425
NUT, Connecting Rod BOIt (1%7) «.vvvviirinerinnssrnssssnisanannsnnes | [P 235
NUT. Connecting Rod BOM (178") ...ovvviiiirariiiensnsnssnsnsnnnsnanns o R 3595
BOLT. Link Connecting Rod 10 LIk Pin (1%") ....viviirnrnsnsninnsnnanes TR . osnilain 1452
NUT, Cylinder Head Stud (2-BNC)™™ ....coviiuiiiiiiiinniiiiriarianeins O ieevies 4977
NUT Fuel injection Nozzie Retainer™™® ... ....oovieiniannnannns Minimum 75 ........ 1037
Maximum 80 ........ 1"
NUT Fuel PUmP SIUG .. .covevvnncssenneenisssssssnnssnsncsssnsssanans B bk by 1"
CAPSCREW, Fuel Pump Base (AlleN) ........ccvvvirrresnenncsssssannss PO hrasinels 166
CAPSCREW. Camshatt Bearing Cap ........covvirrsnasnnssnnisisnnnnnns 00 csevidves 276
CAPSCREW. idler Gear Mount Bracke! ...........cevensnnnsscncnsnnses B0 i 166
NUT, Flywheel BOMl ......ccuovuersrnennssssossssnssnssssssarassssssnos B0 saesavas 6223
NUT. Crankshaft Counter Weight (137 Crankpin) ......coveennsnnnnsassns 2080 v 3387
CAPSCREW. ROCKEr Shall .....cccveivssssscssssssronnossnsnssssnasnns S ks 505
CAPSCREW. Sub-Cover to Cylinder Head ..........ccovvunnincennnnsnas Y | wbh e 166
Camshaft Gear Retainer NU! .......ccevnnsressrrsnssssrssssscsnnnnanns i AR 2489
CAPSCREW, Air Start Vaive 10 Cylinder Head™® .........ccieiievnncannas | R 2074

*Heal treatcd bolts ase .dentified by the figure "4" stamped on end of bolt

**Not applicable if pre-stressing method 1s used

***Retorque this item every 8 hours of operation after instaling new copper gaskets until no change in ght
torque 1S observed

AXLAKO1-509-1
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APPENDIX V

TIMING DIAGRAM

ENGINE MODEL: R/RV

ENGINE TYPE: STATIONARY — MECHANICAL LIFTERS
FUEL: DIESEL

ROTATION CLOCKWISE

INTAKE CAM 02-350-06-AK

EXHAUST CAM: 02-350-06-AJ

BDC

TDC TOP DEAD CENTER
BDC BOTTOM DEAD CENTER
lo INTAKE VALVE OPENS
| INTAKE VALVE CLOSES NOTES 1 Diagram is in crankshaft degrees
E‘o EXHAUST VALVE OPENS 2. See engine data sheet in front of manual,
E. EXMAUST VALVE CLOSES or engine nameplate for firing order
A, AIRSTARTING VALVE OPENS 3. See engine nameplate for cylinder and
A, AIR STARTING VALVE CLOSES bank designation
4. See engine data sheet for diesel fuel
INjeCtion Point

AXLbel1-509-1

il it e S (R-1) 1.
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APPENDIX VI
LUBRICATING OIL RECOMMENDATIONS

The Transamerica Delaval Engine and Compressnr Division “oes not recommend lubricants by brand name. The fina!
measure of the quality of an oil is its performance in service. The i ibricant supplier must work with the fuel oil supplier
to insure the use of the proper lubricant. The consistent quality and performance of a suitable heavy duty oil must,
therefore, be the responsibility of the company making the lubricant.

CAUTION

It must be the concern of the operator to consult with the oil supplier concerning the proper
selection of a lubricant which will perform compatibly with the type of fuel to be used in
order to insure the most satisfactory performance and life with overal! economical operation
In the case of unresolved questions, the Transamerica Delaval Engine and Compressor Division
should be consulted

To determine the condemning limits for oil in seivice, have the oil supplier take representative samples at regular
intervals for oil analysis. His ‘ecommendations, then, for either further service or for condemnation will be based on
qualitative factors. The following applies to new oil only

(. RECOMMENDED LUBRICATING OIL CHARACTERISTICS

SAE GRADE 40 OIL

Maximum inimum
Viscosity Index (ASTM D567} - 70
Gravity, A.P.1. at 60°F (25.6°C) (ASTM D287) 0 20
Flash Point OF (ASTM D92) - 425 (218° C)
Pour Point °F (ASTM D97) - 10 (5.6° C)
below coldest
oil starting
temperature

OIL RECOMMENDATIONS
DIESEL ENGINES (Using fue! oil with less than 1.05% sulfur):
Engines rated 205 bmep and below — API/SAE Classification “CC” or better.

Engines rated 206 bmep and above — API/SAE Classification “CD" or better.

R/AVIO/SAE 40| 78

ARrckuCi-S0c
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APPENDIX VI

ALARMS AND SAFETY SHUTDOWNS

mwmmdmmm/mamuumwmwmmm
mmmuchmmmumm. When a sensed condition reaches a pre-determined
m,mmm%mwmdovnm. There are other conditions which are

m«w.wmawmnmrmnwmm

but which will not shut the engine down. If

lhounnisowmmvmmmmmuﬂ“km“m‘.wwmmmms
MMMMM(')MNMW"M.W. All other shutdowns will alarm while
mummonmmwﬂwm.amm. The following conditions are

moniored by the system's protective network

FUNCTION ALARM (Setting] SHUTDOWN ([Seiting]

Tomporstures:
Lubricating Ol in (JOW) ....ooriiiriiniiiiriiiiiariraaiaes 140°F falling
Lubricating ol OUt (IOW) ....covvvirmornirnssnsranansnnss 140°F talling
Lubricating ol in (AIGN) ....cviiiiiaririinsisiaiaisiaains 175°F rising .-
Lubricating ol out (MIGR)  ...ovvvviririiiiiiiriisiiiianes 190°F rising 200°F nising
ENQINe MAIN DEAMNNGS . ....ocvvrirrrrnrsrssrasnsiisnsnns .- 228°F rising
Jacket water N (IOW) .....ovviirisnssssnssssssssnnsrans 140°F falling .-
Jacket Water out (JOW) .....vvvvrirsrsrnsinisssanssnsnss 140°F faling .
Jacket water in (MGN) ....ovvivrrrrrrasrsssisrarnsrsrnss 190°F rising 200°F rising
PBRBE o ivvisecrbnersadansssbessnatsss vt sooseRee s BaNS 130°F nising .-
Generator COMrol PANE! . .......vv vovirsiiarriasrarans Field Set
Generator DeANNG ....ovvvrenerssssrssssasasassnnssnsns Field set
Pressures
JACKE! WBIBI .. ....ocosivnsonisrsrsnssssssssssssasssass 8 psi falling .
CrankCase DI@SSUN® .......ocovvssresrssssnssssssscanns .- 3 psi rsing
LUDNCANNG Ol ..uvvvervrsesssrsrsnssnsnss saosnnsnssnnns 40 psi falling 30 psi faling
Turbocharger, NGt DaNK . ...oovrvrvnviirrrransnssnnsnns 20 psi falling 15 psi faling
Turbocharger. 16t DANK ... .ouvuvirvierinirarsannsnnes 20 psi falling 15 psi faling
Lubnicating oil filter L P ... 0. ciiiiiiiiiiiiiinniinnnies 20 psi rising .-
FUBI Ol vovvverrevrnrssssssesssssnesssrssssvnsssnssons 15 psi falling
Fuel Ol BN AP ..vovvrrrssrssrssnnssrsssssssssanssnes 20 psi nsing .
COMIOI BIf ..vvvvrsssssssnsssssssssssssrasasesssssssssh 55 psi falling
SIBMING BIF . ..ovvvrvrissrssnsrsssssasssssransssnssnssis 210 psi faling

265 psi nsing
Engine Overspeed ...........ccoervernrssrisroisnisanss . 5175 rpm

Increasing’
l
DSRV-76021/76024 8-8 L)LLVC\"OQ"
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APPENDIX VI
ALARMS AND SAFETY SHUTDOWNS (Continued)
FUNCTION ALARM [Setting] SHUTDOWN [Setting)
Miscellaneous.
Lubricating Ol Ievel .........ciiiririiiiiiiiniiiiiaians Low s
ENQINe VIDIANON .. ..vvvunssrsnsessnsssusnssnnssasnssses .- Excessive
Lubricating oil pressure sensor Malfunclion ............... On Malfunction .-
Jacke! water I8vel ........ciiniriireiriirsaisaiiiasrinas Low
Jacke! water temperature sensor malftunction ............. On Maltunction
Main fuel tank Ieve!l ..........ccovuveninnnrsresssrriannnes High
Main fuel tank 18vel ........covvirirrriirirrarrisiaiirinans Low
Fuel day tank level .........ccoovieiinsnsininsrarnrnnes High or Low
Generator trOUDI® . ......ccovvvrinsrsnisssnsssersanssans When detected
LOW VOMBEE  ..ovvvvvrrssrsonsnsnsnssnssnsasssssnnsssss When detected
Engine control 11 LOCAL ....vvviviniininismnnininnsnnns When selected
LOW @XCHAUON .\ .ovsvrvssnssrsnssssssrnsnnnssnenssanss When selected
GeNeralor fBUN ......coeverinrsasssssnassnsrsssrssnrsss When detected .
Generator differential  ........ciiieiriiriiirirareriaiians .- When detected
MaINENANCE I0CKOUL . ....civirvsnasnrnrssssnsnnsssannns When selected ..
FRIGD 10 SIBM ....occvesrsoinsssssrrsssssssanansssrasss On failure
Switch NOTINAUTO ..oicvvvunisnersnnnsriccnssnnsanss MCC Switches
Barring Device Engaged . M.i.....oiiiiiiiiiiiiiiiinins When occurrnng
PENG! INITUSION ..\ vvvvserserssvnrrsnsssssasssnntassssns When detected
EMErgency SI8M . ........ccvcurrsnsiantisnsnarairissarsas When intiated

DSAV-76021/76024

AXehy0i-509-1
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(
APPENDIX VIII
FUEL OIL SPECIFICATIONS
Maximum Minimum
Viscosity, $.5.U. st 100° F 45 32
*Sravity, Deg. AP.I. 38 26
Sulphur, % 1.06 -
Sulphur, Corrosion Test (Copper Strip, 3 hrs. st 212° F) Pass Pass
Conradson Cawrbon, % 0.20 -
Ash, % 0.10 -
Water & Sediment, % 0.50 -
Flash Point, ° F (P.M.C.C.) 150 or legal

Pour Point, at least 10° F below coldest fuel oil temperature

DISTILLATION, ° F

90% Point 675
IGNITION QUALITY
Cetane Number 40
’ *Heat Value — determine from A P.|. gravity limits shown to determine total or net Btu/Ib or gallon.

The above specification covers fuel oils classed as Grade F.S. No. 2.

Fuels heavier than the above can be burned in Enterprise engines provided proper treating and pre-heating facilities are
available. In the event it is desirable to use such fuels, Transamerica Delaval Engine and Compressor Division should be

consulted for advice as to the srangements that need 1o be made. An analysis of the particuler fuel to be used must be
provided

For lubricating oil recommendations, refer to Appendix VI,

G/R/AV/GVE 74
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Appendix IX
Torsional Stress and Critical Speeds
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Appendix X
Factory Test Logs

Copies of the Power Engine Factory Test Logs and a summary of the tests are provided in this appendix 1o assist
operating personnel in becoming familiar with the operating characteristics of the engine(s) The data included
IS that recorded during the actual factory test of the engine For ready reference, a summary of the factory test
results is also provided It should be noted that the exhaust temperatures are those recorded at the factory,
under local ambient conditions Temperatures expenenced by the owner/operaltor, therefore. may exceed this
average temperature

Exehkui=509-1
8-11
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FACTORY TEST RESULTS.

Below is @ summary of the results of the factory lests 10 which the engine(s) was/were subjected. Exhaust
temperatures are the average for all cyknders under LOCAL AMBIENT CONDITIONS. Temperatures in the
field. therefore, may exceed this average temperature. Reler 10 the Factory Test Logs that follow for a more
complete detail of the factory tests

8-11A

DSRV-76021/76024

8-11A

Seris) Rumoe: Moresaure Tomparatore iy fomearare | Tompsaie (ave )
76021-2871 |47.9 IN.-HG 129°F 29.94 IN.-HG| B84°F 958°F
76022-2872 |[50.2 IN.-HG 129°F 29.96 IN.-HG| 76°F 945°F
76023-2873 | 48.5 IN.-HG 129°F 30.22 IN.-HG| 74°F 940°F
760242874 50.2 IN.-HG 126°F 29.88 IN.-HG| 73°F 947°F

adarntivi=5 08~
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ENTERPRISE ENGINE

CUSTOMER

Georgia Power Company

MODEL _DSRY-16-4  ENGINE NUMBER 76021 JOB NUMBER _ 2871
DATE November 6. 1981

CUSTOMER REPRESENTED BY

Form D=13 (RY) /2

e

L L L L L LT T LT T T T LT
TEST CERTIFIED CORRECT

Transamerica Delaval Inc.
Engine and Compressor Division

PIPAE . il cutostavusnsnesonsnass

ALLLLL L] IIII.lI.l.'.lI.II.IlI.l.l..l.l...l.ll...l.'l‘

REPORT

OF
ENGINE SHOP TESTING

SERIAL NO. 76021-2871

Transamerica
Delaval

Transamerica Delaval Inc.
Engine and Compressor Division
550 85th Avenue PO.Box 2161

Oakland, California 94621
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® ENTERPRISE ENGINE

CUSTOMER Georgia Power Company

MODEL _DSRV-16-4  ENGINE NUMBER _ 76022 JOB NUMBER 2872
DATE November 6, 1981 2
CUSTOMER REPRESENTED BY

[ T P T T L LT T T PTY
TEST CERTIFIED CORRECT

: Transamerica Delaval Inc
: Engine and Compressor Division

. ERLLLLLLL L L T L L LIy

REPORT

OF
ENGINE SHOP TESTING

SERIAL NO. 76022-2872

Transamernica
Delaval

Transamerica Delaval Inc.
Engine and Compressor Division
550 85th Avenue PO Box 2161

Oakland, California 94621
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ENTERPRISE ENGINE

CUSTOMER

MopeL DSRV- 16-4

Georgia Power Company

DATE

December 8, 1981

ENGINE NUMBER _ 76023 JOB NUMBER _ 2873

CUSTOMER REPRESENTED BY

Form D13 (RY) Y7

L

L L L L L L LT T LT T LT T
TEST CERTIFIED CORRECT

Transamerica Delaval Inc.
Engine and Compressor Division

TITLE Nanager,. Resaarch. &. ...
lllll.l!l.l!lloﬁvﬁlmallill..l.ll..lll.l.il!ll‘

Deesnesssesenrsnsensesseene
e
)
E

REPORT

OF
ENGINE SHOP TESTING

SERIAL N0, /6023-2873

Transamerica
r Delaval

Transamerica Delaval Inc.
Engine and Compressor Division
550 85th Avenue PO.Box 2161

Oakland, California 94621
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Instruction Manual

relerence data 10 the user

Dwg No

R~-4032
R-4033
R-409%9

$243)

§2439

$2440

100232
02-5%0-03

00 -500~76021
09-500~-76021
09-688-76021
09-691~-76021
09-695~76021
09~-805-76021
09-810~-76021
09~-820~76021
09~-825-76021
09-835-76021
61~-560~-6926
61~-560~-6927
61~-560~-6943
61-560~-705%%
62-500~76021
65-%500~76021

Re.

> >» I P >MMAOIO0ONPO0OS "OODOMIr LD

Title

SECTION 9
DRAWINGS

The drawings histed below apply 10 this installation. and are intended 10 assis! in the instailation operation.
overhaul and repair of the engine In addition, the pages in the front part of this section contain information 1o
assist in the use of the drawings as well as other information of 8 general nature intended 10 provide ready

FOUNDATION BOLTING PLAN
INSTALLATION DRAWING
ARRANGEMENT DWG, AU

BLOCK

DIAGRAM

2

X, SKID BASE EQUIPMENT

OPTICAL ISOLATOR ASSEMBLY
GENERATOR CONTROL SCHEMATIC (4 SHEETS)
SUGGESTED CONCRETE FOUNDATION DETAILS
ENGINE MOUNTING

ENGINE CONTROL PANEL INSTALLATION
ENGINE CONTROL PANEL
ENGINE ¢ SKID ELECTRICAL
OFF ~ENGINE
ENGINE PNEUMATIC
EXHAUST,

ALARMS

JACKET WATER PIPING

LUBE QIL PIPING
FUEL OIL PIPING
STARTING AIR PIPING
TEST SO
PNEUMATIC MOTHER BOARD
TWO OUT
SHUTDOWN

BLOCK & SD

PNEUMATIC

SCHEMATIC
INTAKE & CRANKCASE PIPING

SCHEMATIC

SCHEMATIC
SCHEMATIC

SCHEMATIC
ACTIVATE SEL.
ASSY

LOGIC

WIRING CONNECTIONS (2 SHEETS)
WIRING DIAGRAM (10 SHEETS)

8-1

Ahoivi

SCHEMATIC (9 SHEETS)
SCHEMATIC ¢ WIRING

SCHEMATIC

LOGIC BOARD

OF THREE LOGIC BOARD ASSY.
BOARD ASSY

ORIGINAL

(3 SHTS)

:-509"
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Piping Connect .un Numbers

Instruction Manual

“ w
P
e L :
1t I

z :_En mm % E_mmm : i Mw mmwm% m
m.n _mmmu mmwm ”mmaamumammm- 3! : umzmumwmmtww
HR 31T z...ma R _ mm,: HIEHE
.* sssasssdssssasimmaamRRmRRaRRsiz 2 wwmwwmmmw._u..._,mmmmm

i
i m
_u u_ 5 m M £ m
M 3 S m- mr._ S 3 £3. 3 8 » :
3 2 a nm <§%5 Ww =3 = W =23

! mw_ SRR LR L
m_ 3 § I3 IEY .mm.“m&m”mmmww §.§ p33isl mmmmhtwumww mwu-w 5

g i ‘Mnm» wvnmu oiHiii e i iayabiocseadizii il
~m g 13 5 3iii 3] wnmmmL oom.mwchL Pl m 333758 nmmwm
it sabilsahiascaacaily: T ”wmmmw E AP T
Y T Mt L SRR B §294999c3das
Yol 3 sszcnnemassassnssngnnciiozsiarasiastitiaiRanRARRRR RARARRE:

AXiAn01-509-1

9-2



Instruction Manual 0-3
Piping Connection Numbers (cont'd)
ITE™ WATER CONNECTIONS LIEM W
100 -~ Fresh Water Pump Suction
101 — Fresh Water Pump Dascharge 111 « Fresh Water Alarm
102 - Salt Water Pump Suction — Marine 118 ~ Lube Ol Alarm
Raw Water Pump Suction — Stationary 127 — Ses Water Alarm Contact Connector
103 - Seit Water Pump Ducharge ~ Marine 129 — Lube Ol Alarm ~ Supercherger
Raw Water Pump Dscharge — Stationary 132 — Water Temp. Alarm ~ Supercharger
110 ~ Jacket Water Vent 136 - Thermocouple 10 Instrument Board
nz-tnmcm.‘m-m 139 — Lube Oil Presure Gage Connection
116 ~ Fresh Water Inlet 10 m‘w 140 — Jacket Water Circ. Pump Discharge
117 « Jacket Water Manifold Premure Gage Connection
119 - Thrust Bearing Water Outlet 141 — Lube Ol Presure Switch Connection
120 - Bilge Pump Suction 142 — Thermometsr ~ Lube Oil 10 Engine
121 ~ Bige Pump Discharge 143 - Lube Oi Premure Gage 10 Engine
126 - Ses Water Discharge 144 — Lube O Premsure Gage Connection — Supercharger
130 - Surge Tank Connection from Tank 145 - Intake Manifold Pressure Manometer
131 « Fill Line ~ Water System 146 ~ Fuel Oil Pressure Gage Connection
133 - Cuwculating Water Outiet ~ Supercharger 147 ~ Conduit Terminal 10 Alarm
137 - Cooling Water Vent ~ Superchar ges 150 — Jacket Water inlet Thermometer
138 -~ Alt Cooling Water Vent — Supercharger 151 ~ Jacket Water Outiet Thermometer
154 -~ Bige Pump Priming Connection 172 ~ Piot House Remote Control Inlet (Astern)
168 ~  (hrust Bearing Water Inlet 173 — Pilot House Remote Control Inket (Ahesd)
168 - Water Intet ~ Lube 01 Cooler 174 — Pilot House Governor Control Inlet (Slow)
160 - Thermostatic Valve ~ Inlet 176 ~ Pilot House Governor Control Inlet (Fast)
161 ~ Jacket Water Outiet 10 Cooler 177 - Pilot House Governor Control (Speed)
163 - Emergency Circulating Water Outlet 195 -~ Lube Ol Temp Gage
164 - Emergency Ses Water Inlet 306 ~ Fuel ONl Inket - Aux. Module
165 - Jacke! Ses Water Inlet 306 -~ Fuel 0Nl Drip Return — Aux. Module
166 - Jacket Sea Water Outlet 307 ~ Fuel Oll Drip Tenk Drain
170 - Jacket Water Outlet By Pass
171 « Water By Pass Inlet
179 ~ Water Inlet Compressor
180 - Water Outiet Compressor
184 - Raw Water Intet - Turbo Water Cooler
185 - Raw Water Outiet ~ Turbo Water Cooler
187 - Water Outiet ~ Lube Oi Cooler
188 - Water inlet - Intercooler
189 - Water Outlet ~ Intercooler
192 - Raw Water Iniet
194~ Water Inlet Turbocharger
206 - Cooling Water 10 Compressor L.O Cooler
207 - Cooling Water from Compressor L.O. Cooler ATEM POWER GAS CONNECTIONS
228 -~ Jacket Water Drain & Fill Conn
230 - Inmercooler Pump Suction 216 - Pre-Lube Pump Motor Inlet
231 « JW Swundpipe Overflow 10 Aux. Surge Tenk 217 ~ Pre-Lube Purmp Motor Outlet
232 ~ Return 10 JW Standpipe trom Aux. Surge Tenk 222 - Pre Lube Purmp Motor Inlet (Compressor)
243 - Cylinder Block Drawn 223 — Pre-Lube Pump Motor Outiet (Compressor)
250 - Cooling Water to Radiator
251 - Cooling Water from Radistor
262 ~ Ses Water 10 Cooler
253 - Ses Water from Cooler
270 - Deain, Compressor Water Supply Pipe
oy o b - il HYDRAULIC CONNECTIONS
272 « IW hnm’mm
273 ~ Raw War 1~ Mydraulic Connections
274 ~ Raw Water ~ L.O Cooler Iniet :n_ “: :
Hydr Pump Discharge
275 ~ Raw Water ~ L0 Cooler Outlet 2 - & T
xpansion Tank Gas v
276 ~ Row Water -~ JW. Cooler Iniet 234 - Expansion Tank Relie! Vaive Outier
277 - Raw Water - JW. Cooler Outier - T
235 - Bleed Line Return to Expansion Tank
;’.“ ""'ﬂ:" -L%m e e 237 - Mydraulic Pump Discharge (Compressor)
"_c""‘u'. LOMC '.mo“m 240 - Myadraulic Pump Relie! Valve Discharge

8-3
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Piping Symbois

MANOMETE R e PRESSURE REDUCER LEVEL GAUGE
PRESSURE SWITCH D<Q eatevaLve PLUGGED
DIAL THERMOMETER m GLOBE VALVE STRAINER

TEMPERATURE SWITCH

MUG VALVE

DIRECTION OF FLOW

SIGHT FLOW GAUGE

BUTTERFLY VALVE
(Tight Sealing Type)

e

WELD REDUCER

ENGINE SHUT DOWN

v =] SCREWED CAP AND
PRESSURE SWITCH CHECK VALVE 3 i
BvROMETER STOP COCK 4l umion

PRESSURE SHUT DOWN ELEMENT

SAFETY OR RELIEF
VALVE

x| ® (17

K RO E O BB =

TEMPERATURE CONNECTION ~
Reauires %" nalf coupting for all gl
thermomaelers and Mparable socke!
thermomaeter wells and »'' nalf couplings
for temperature switches, etc. (Fuio
1OCALE 4% Qirected Dy owner )

FRESSURE CONNECTION
Requires w'' coupling, nipple,
#op cock, W' x W™ bushing
and %' plug. (Fwid locate

¢

as directed by owner )

STRAINER "v"

SOLENOID VALVE

TEMPERATURE SHUT DOWN
ELEMENT

DRESSER COUPLING

ELECTF.C WIRING

ok
=

EXPANSION JOINT

CAPILLARY TURING

n' ORIF' +

BLIND FLANGE

e

- - —

® - .~

iy

THERMOMETER

PRESSL. W © AUGE

TEMPERATURE GAUGE

METER

®

g Fioar vacve

Fb<OrLoaT swmitew

ok

DIAPHRALM CONTROL
VALVE

THERNOSTATIC TEMP,
CONTROL VALVE

b

This form same s
Form D 431)

»Liu 515091




Instruction Manual 9-5

( . Electrical Schematic Symbols
Symbol | Device Symbol | "~ Device Symbo! Device
SWITCHES ~ Genens! SELECTORS Time Delay Relay Coil -
e /o Normally Closed Slow Operating Type -
// Disconnect (2 pole) Manus! On energization, con-
Normelly Open tacts change state after
Manual delay and reset imme
L 4
.)- -) Circuit Breaker (2 pole) Normally Open ::‘ﬁv‘:n‘m:t
wie Held Closed : shown
Normally Clossd Time Delay Relay Coil -
Normally Open Limit e Sow g
Normally Closed Limit et bt ;:- Position —Gﬂ" mm";::m
ing Return ediate
Held Closed Limit — 10 Center :'N reset .ﬂ'ﬂ delay
M‘!ml. on
Held Open Limit w
- g -~ Three Position 5 Slow szulmg ::mnl-
Normally Open -Q-‘..‘L.— Maintained Position T ly Open Energiz
Liguid Love! 5 | (snown in Hand position)| Contact
PUSH Slow Operating Normal-
'::u'::':.'.g?w SUTTOMS I ty Closed Energized
;I_. Normally Open Contact
Nor
oy e ala st dnens "1\' Slow Relaase Normally

Open Energized Comact

oTe Normally Closed  Held

Normally Closed Open
;' —— Siow Release Normally
Normally Open e B Multiple Contacts, T Clcx‘:n-g-ud
OTHER COILS
Normally Closed CONDUCTORS
Ditterential Pressure e ./v' Solenoid

Connect
Dual Contact od
Ditterential Pressure RE

LAYS
Relay Coil — numbers

Overioad, Therma!

oo
oo

Normally Open 1o right of ladder indi-
Temperature T | cate contact locations -

normally closed con:
Normally Closed tacts are underlined

Temperature
—{ l»— Normally Open contact
Normally Open

Thermostatic -
Adjustabie ] ﬂ{— Normally Ciosed contact

|
e | gaes | e e o

Adjustable

4

5
Zi’
&
oy i
é Ditterential Pressure ala Mechanically Connected
alia
&
o
=
%
-
-
M
&
ra

. ' numbers Indicate con-
: v{w 9 | tact locations, normally
\E'.‘ Normally Open - | closed contacts under-

| Fiow R lined
- |
| Normaliy Closes
@ [T =
. 9-5 b -509-1
008
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Electrical Schematic Symbols (cont'd)

Diode

Earth Ground

Chassis Ground

1
|
i
4
|
|

Lamp

Motor Starter or
Contactor

Motor, DC

Remote Location

Resistor

Adjustable Resistor

Potentiometer

Symbol Device Symbo! ~ Device
LLAN
. - Rheostat
Fuse
-__>_ Thermocouple
Horn
+ + + Terminals
Alarm Bell
Plug & Receptacle : Meters
Line Plug
Transtormer
Receptacle K
Fixed Capacitor Magnetic Pick Up
With Shield
! Adjustable Capacior
% —@— Motor, AC
|

s

tv01-509°-1
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9-7

Valve Symbols

| POSITION VA ACTUATOR) ~ACTUATORS
Basic two Position A Soring return
p s
=11 Two way. two position — M Menual push sctuator
" Three way, two POSItION 'E Manuasl pul! sctustor
: ! x Four way, two position L Detented manual sctustor
D™
&‘ I 4 Five way, 'wo position ¥ Pressure actuator
THREE POSITION VALVE (WO AngATQRl '
Solenod sctustor
Basic three position
[ e —— v Vibration sctuator
p -
+ rly 1 :\ Three way. closed center, three position
— — F Flow sctustor
T I \ Three way . open center, three pOILION
. T K T
1 B L Liquid level actustor
p
4+ +lv1 x Four way, closed center, three position
_;A —TT & ! Temperature actustor
41 v Four way. open center, three posiion

1. Actustors (there may be one or two) are shown sttached

10 either end of valve symbol

¢ h 2. Valve symbols are siways shown in non-ectusted, i e
1 !vt IJ! PO ST GUTT: W e “Normal, relaxed’’ condition
3. The tube or pipe connections 10 the valve are connidered

TT
XK 11 Five way, closed center,
1 113

10 be immoveable, while the internal pessage blocks are
three position mentally shifted between the external connections 1o
visualize valve sction

EXAMPLES
-
VAT INH P
Output
INHP

E xhaust L Supply pressure

Output
L

1 Pilot
0’\[4 1 1\ L

Exhaust” ~ Supply

Three way valve, two DOSItION, Pressure actuated, sDring return

Valve connected normally closed (supply shut off when no pilot pressure exists)
Note output 15 connected 10 exhaust

Valve shown with pilot pressure applied (actuated) Supply is now connected 10 outpL!
and exhaust it blocked Note that connections have not moved, and valve body s shifled
10 the left causing the right passage biock 10 come benesth the connections Also note
this view will Not show up ON drawings



Instruction Manual

(' Pneumatic Control Device Symbols
“Symbo! ™ Device = Symbol — Device
,_]' Tubing connections
i — E Preumatic F lag Indicator
*—1?—‘ Not connected
Prneumatic Indicator,
w ‘” Spring Return Tv:
Pressure Switch Prneumatic Indicator,
W[ A | Soring Return Type,

With Position Lock

Ditferential Pressure
Switch

Pressure Regulator with
Pressure Gauge

Manually Operated
Two way Valve —
normally open unless
otherwise indicated

Filter

Manually Operated
Three way valve

Shuttle Vaive

Filter-Regulator with
Pressure Gauge

Single Acting Pneumatic
Cylinder — Spring E xtended,
Pressure Retracts Piston

Single Acting Pneumatic
Pressure Reliet Valve Cylinder = Spring Retrected,
Pressure E xtends Piston
Pilot Operated Two way Pressure Gauge

Valve ~ normally closed
uniess otherwise indicated

Manometer, U type

Ditterential Pressure Gauge

WYL B (D | e

Duplex Pressure Gauge

Bulkhead Termination

b1 1% |l 0|5 | % |07 |}/

Capped Test Tee

9-8




s, Instruction Manual - 9-9
' Pneumatic Logic Element Symbols
Symbol Device Symbo! Devicx
AND ACCUMULATOR
Prassure Hows from port B te port C A fined vohume chamber: used for timing
when there i pressurs ot A and B 1! purposss  Commonly used i COMUNE1ON

wither A or B & depressurized. C will
went thiough inierne’ exheust port
With 80 g supply 01 B slement wnep
scting 81 40 pai rung and 20 pui ftelling
(typical)

weith an orifice the sccumuistor » filled
Dy & Metered Dresmire 10 deley O daMpe”
owreurt functions

on

Pressure Hows from port A 10 port C, or
from port B 10 port C when there i
prossure 8t A or B Without premurs #t
wither A or B pressurs vents back from
Co®

MEMOR Y

Prossurs Hows from B 10 C 1T A u prws
surized By pressurizing then blocking
A, 8 10 C Now s maintsined beceus
sorme port C pressurs biesds back 10 port
A 10 Overcome pressue leekage ! any
1 port A vents completely port C wenis
through wterne! exhaust por!

NOT

Prassure fiows from port 8 1o port C
CR0aDt whan thers i pressurs 8t port A
With pressure 81 A C vents through
nternal axhaust port  Elemaent snep
scting o1 40 py riung end 20 pe falling
(rypwca')

NOT With Plugged € xhaus Performs
NOT tunction ss sbove but exhaust pon
w blocked Pressure Hows from 8 10 C
axcep! whan there i pressurs ot A With
pressure ot A prewsure fiow from B 10 C
1ops but C dow not vent  Pressure
reteined downstream of C

|»

TIM &

TIMER

Provides 1iming with slow Dfessu ™ 1
from 0 08 1c 7.5 ssconds sdjustabls
With swpply pressure 8t A slow rising
prossure 00 C resching ull pressure when
delay compieted Withou! pressure ot A
C vonts through iniernel axhaust port

SET/RESET — MEMOR Y

Common contguretion of Set/Reset snd
Memory shemants oMb ned 10 CoNvert
OMen ey INPUT MENEIL 10 MEInteined
outputs  Pressurs input 8t port C of §/R
couses pressurs fow to port B of §/R
which tiows 10 port A of MEM slement
With pressure ot port A of MEM slement,
prossure flows from port 8 of MEM 10
port C of MEM  When pressure removed
from port C of §/R slement pressuie
remain trapped between port B of §/R
ond port A of MEM  Prassure fow from
port B of MEM 10 port C of MEM con
tues, despite loss of /R input wgne!
With no pressure 8t port C of §/F slement
prossure applied 81 port A of §/R semaent
Causes prewsu s batween port B of §/R
wnd port A of MEM 10 sxhaust through
purt € of §/A. With no prassure st port
A of MEM no premure fiow from port 8
10 port C of MEM

DELAY

With premsure ot B only no pressure flow
from B 10 € Whan prevsurs sppled 1o
A fow parmitted from B 1o C shter time
deiay  Output delay adjustable from
008 10 76 meonds Ports A and B some
11Nt CONNEC 180 10 COMMOon source 1or
time deley output funetions

CHECK VALVE
Parmits one way pressure How from port
8 10 common output poris A and C Pre
vents Dressure back!iow 11om common
poruAend Crol

TIMERNOT

With pressure 8t port B only, pressurs
fiows from port B 10 port C When
Prevssure i 800 10 DOTT A pressue
fiow from port B 10 port C » termineted
atier deley  Output Lerminetion time
adjusiabie from 0 08 10 7 6 mconds
Ports A and B sometimes connected to
common source 1o Bingle shot puise
outpu!

ORIFICE

Provides & mes1rc1ion DETwesn two perts
of s cireuit With prewsurs sppled 10
common ports A snd C pressure i
materad through ofilee 10 port B
Orifion wie n indicaied on drawing

DIFFERENTIATOR

With pressure ot input port B, there u »
wngie shot output puise from port C
Puise output duretion & B0 meec

PARALLEL ORIFICE/CHECK
Cambines functions of ori!ice end chech
weive 10 paraliel With pressure sppwd o
common input ports A and C. pressurs n
metered through orifios portion of the
slament 10 port B When pressurs i«
VNS UOETTeRm Of COMMOon nputs A
ond C.prossurs 81 port B exhausts quickly
through check valve por1on of the sl
ment Orifics mite indicaiad on drawing

LET/RESEY

Prassure How trom port € 1o port B will
e gement  Prassure output st port B
remains (rapoed when input at port C i
removed  Prassure spplied 8t port A
causes Dressure &t port B 10 exheust
through port € Pressure ot port C over
fides prassuce 81 port AL BOth pressures

prasent §t the wams time

SERIES ORMIFICE/CHECK

Combines tunction of onifice ang check
walve 0 s WiEh Dressur e a0 ed &t
Port B pressurs e thiough check
waive and 1 matered theough o lice to
common ouiput poris A and C The
chack valve POrLion of the siement pre
vents prevsure How from pors A ang C

1o port B Ontice wte (ndicated on drawing

008
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L reco LONG ISLAND LIGHTING COMPANY

SHOREHAM NUCLEAR POWER STATION
PO BOX 618, NORTH COUNTRY ROAD * WADING RIVER, N.¥. 11792

Direct Dial Number
April 27, 1984 T™DI-20

H. R. Dentcn, Director
Office of Nuclear Reactor Regulat.ion

U. S. Nuclear Regulatory Commission ‘ﬂ
Washington, D. C, 20555 50~ /4”/42‘ “7
Dear Mr. Denton:

Your letter of February 28, 1984 requested certain information
relating to the TDI Diesels from the TDI Owners' Group, the majority
of which have been responded to. The last request outstanding from
this letter is for a copy of the Engine Instruction Manual for each
of the TDI Owners' Group Diesel Engines.

Accordingly, enclosed please find one copy each of the TDI Engine
Instruction Manual for all TDI Owners' Group Diesel Engines with the
exception of River Bend (Gulf States Utilities). We are attempting
to obtain the Instruction Manual for this plant and will forward it
to NRC on r:ceipt. This manual is presently under revision and the
copy which will be forwarded to NRC will not incorporate all changes.

As indicated on the cover of the Shoreham Instruction Manual, that
document is also being revised and does not incorporate all changes.
Please note that these engine manuals are continually revised to
incorporate TDI recommended changes as well as utility modifications.

Very truly yours

‘

\q W&
W, J. Museler

Technical Program Director
TDI Diesel Generator Owners' Group

enclosure
RA/vE
ce: C. Ber)inger {"
R. Caruso
W. Laity (Bactelle lPacific T
Northwest Labd.)




